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Introduction
Random-Accessible-Text Svstem for sssociated  Texst
Analysis (RATSATAN) is a set of macro  routines
designed to be used in PL/1 main procedures on 1BM

“equipment; as other manufacturers begin to market PL/I

compilers, these routines may possibly be used on other
hardware.  The routines are  intended  for  natural
language analyses but may be used for any data consist-

ing of a sequence of specificd symbols or symbol combi-

nations.  They relieve the rescarcher from all dula
management responsibilities, regardless of the size of the
text, und provide a number of germinal language
analysis Tunctions that can be combined for a sensitive,
highly flexible analysis of a literary work or other natural
language lext.

RATSATAN is an extension of work reported in ear-

lier papers by Smith. One, entitled “Some Lucubrations

and Specifications for a Natural Language Analyzer,”
characterized the computational problems inherent in

natural language analysis, describes a set of fourth level

functions that meet those demands, and matches them
with a specific hardware architecture, still in  the
developmental stage.! Al the heart of that system are the
notions of recursive definition of categories (categories
of calegories of categories...) and associative access 1o the
text (the ability 10 locate each occurrence of a character

string of set of such strings within their full text con-

lexts without expensive, time consuming scarching).
Smith concluded that the computitional requirements of
natural fanguage analysts, when codified into a “rough
draf " of a programming language, exactly mateh the
characteristics of a hypothetical high order programming
language that would grow naturally out of an associative
memory and processing machine, When that paper was
written it seemed posstble that such o machine could be
developed by mid-decide; today it is evident that this
will not be the case. Rumors coming out of 1BM's ad-

“vanced systems division suggest that the next generation

ol muachines is likely w offer associative processing capa-
hilities (perhaps by cyeling the contents of memory rath-
er than by driving memory) but it is unlikely this group
of machines witl be marketed before the late 70s or
"R0s.

In u second paper, entitled “RATS: A Middle-Level

Text Utility System,” Smith described a list processing
software system that-realized miany ol the characteristics
decrihed in the first paper.? Intended for the researcher
wha can program ‘or who has aceess o programming as-
sistance, RATS provides rundum siccess 10 a text such
that’ cach occurrence of a given word can be located
directly along with fult text context. That is, the pro-
gram can directly address cach oceurrence of a4 gnen
word and then move sequentially from that word 1o the

beginning of the text and 1o the end of the text. RATS,
however, was limited in its original lorm by the amount
of main storage available. Texts too large o be held in
main storage could be processed only by relatively ela-
borate programming technigues involving intermediate
storage, multiple. passes through the data, and multiple
job steps. )

RATSATAN  resolves most of  the  technical
difficulties of manuging large textual data sets and goes
one step Turther than RATS in actually providing germi-
nal language analytic functions that compute muny of
the measures, collections of words, or contextual strings
that constitute much computational language analysis.
Below we shall describe the data management routines,
first, and then the associative processing functions. This
deseription s intended only as an outline of the basic
design off RATSATAN, not as a user’s manual. The
latter is i preparation and will be available Tater this full.

Data Management Facilities

T’rcliminury Processing.  Texts 1o be used  with
RATSATAN must first be processed by RATS. Textual
data is prepared virtually as it would appear on the page
except that syntactic marks ol punctuation are separated
from the preceding word by a blunk. Textual data in
this format is scanned by RATS and some six index
numbers are gencrated that specily where in the text a
specific word occurs, Five of the numbers ure hicrarchi-
cal and, for prose, represent volume, chapler, paragraph,
sentence, and word in sentence, respectively. The sixth
index number is o lincar sequence value that runs cu-
mulatively through the entire teat (the first word s
numbered one; the second, two; cte. until the lust word).
RATS then represents the text as a list structure by di-
viding the reconds deseribed above into three separate
files of duta structures connected by pointers. The first
file is a dictionary of word types, the frequency of oe-
currence of cach 1ype, and a pointer 1o the index infor-
mation stored in lile two that describes each occurrence
or token of the word type. The second file contains the
index information Tor cuch word. stored in alphabetical
order for the corresponding word. It also contains a
pointer 1o the third file. The third file duplicates in
structure the second file: however, it is ordered lincarly.
(The index information for the first word in the text ap-
pears first, the information for the second, second, ele.
through the text). For each locavon, the word that
would appear there is indicated by a pointer back 10 the
dictionary. The figure that follows illustrates the RATS
structure for a single sentence by tracing the word, e
through the pointer structure, Tnput for RATSATAN is

a test that has been built into this three-file structure by
RATS.
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CREATE. The first s;l'up in RATSATAN, proper, is
the CREATLE step. It wkes the data structure penerated
by RATS and loads it into a random access device;
currently, it is implemented Tor an IBM 3330 disk.
While files 2 and 3, the alphabetic and lincar files of in-
dex informution, can he accessed through modular arith-
metic, a separate search dictionary 10 be used with the
RATS dictionary by the data management routines is
created inowhich the first word on cach track is listed.
The search dicitonary is passed along with the three data
fites 1o the user™s analytic program or they may be stored

Jrermanently Tor subsequent anulyses.

INPUT MODULE. ANl data management is handled
by an input module, called by the processing routines
described below. 11 a dictionary word is desired, the in-
put mudule performs a binary search on the search die-
tonary 1o determine the appropriate track; il that track
IS ot in Core, it reads the entire track into a buller and
then performs w hinary search, using an over-laid strue-
ture, o locate the appropriate record. Since the alpha-
betical and tinear files are accessed through numericul
pointers, the appropriate truck and position within the

‘track can be derived directly through modular arithmet-

I
CBASIC RETRIEVAL ROUTINES, While all RATSA-
TAN routines may call the INPUT MODULE, it is used
most closely with three retrieval routines. SEARCH o-
cates  the dictionary  position ol g given word,  RE-

TRIEVE WORD, its opposite, identilies the characier

string form of a word stored at particular dictionary lo-

cation. RETRIEVE NUMERICAL returns any ane of,

the specified index values from file 2 or 3 or the fre-

guencey or pointer from file . As with all RATSATAN

routines, one routine may serve as an argument lor

another allowing then to be used in combination.
Associative Processing Features

The associative processing routines provide through
software thevillusion that the user  has associtive
memory amd associative processing capabilities. that s
the user's program can access each oceurrence of a par-
ticular word in its full text contest. Most of the associa-
tive processing capabilities are based on u set of categori-
sation features.,

Cutegorizaton Fearures, A single Tunction allows the
user o idently o collection of word Ivpes as w category
and 1o wassociate it with a name, Thus one may identify,
sav o all of the words that are proper nouns, or imuages, or
words that constitate a theme. This [unction is recursive
so that previeusly defined categories nuy he combined
W form Sl farger cutegorios or previously defined ca-
tegories can be mined with addtional, midividual words.
Once delined, categories may he saved, along with their
names. on aunibary storage and read in by another fune-
tion for future analvses. Since o CILCROTY i Just a set, we
have provided a UNION function tht combines a group
of categories and an INTERSECTION function that
determines the individual words shuared by cach of a
group of specified categories. ANy processing routine

10

that takes as an argument a text word can also be ap-
plicd 10 a category or one of the category functions
(UNION and INTERSECTIONY. It is this feature that
gives RATSATAN miuch of its power and generality,

Fregquency Cotnr Funciion. This feature allows the
user o compute the frequency of occurrence of a word
or category within a specilied interval of text. The textu-
al interval may be defined at any hierarchical fevel (sen-
tlenee, chapter, ete.) by specilying the lower and upper
bounds.  When used with the linear number, these
bounds may be the actual lincar numbers or pereen-
tages.  With the datter, RATSATAN determines the
lincur number boundaries for, say, 1% of the ext; placed
inside a loop, the function can, thus, be used to compulte
a distribution with 100 cells over the text. The distribu-
tion values, in i, can be displayed graphically or
passed to an analytic procedure, such as a factor analysis
program or a nonmetric multidimensional scaling pro-
gran.

Concordance. The concordance routine produces u
concordunce fur the word or category of words specilied.
Context is defined by the user i any hierarchical or
lincar level with the number of unily preceding und
succeeding cach vecurrence.

[} Use

All Teatures are meant o be embedded in a PL/I
program; thus, the researcher has at his disposal the full
Nexihility of the programming lunguage as well as the
RATSATAN functions. PL/I und RATSATAN features
may be combined for Nexibility while relieving the user
from many of the laborious aspects of programming.
Once the user is aware of the protocols and calling se-
quences of the data management routines, he may ex-

pund the basic set of-functions 10 include special pur- .

pose lunctions of his own design.  Our own current
plans for expansion call for one additionul capability that
will allow us to deline cutegaries of contextual puatierns.
This function will define a category of all occurrences of,
for example, o word from category T opreceded within
live words by a word {rom category 2 but not a word
from category 3 and succeeded by a word from category
+ before the end of the sentence. While this function
will be useful in a variety of contexts, one of ity applica-
tons will be equivalent 1o the General Inguirer concept
of content analysis.

We are currently prepuring a detiled user’s manual
for RATSATAN. All programs and documentation will
be availuble through the Penn Stare Computation Center
after Qctober 1, 1974,
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