Metamorph: Theory of Operation

Premise

Inthe days of alimited flow of printed information, a sharp observer could stay ahead
through astute comprehension and good organization of materials. Managing abusi-
ness, analyzing trends, or forecasting investments was all possible for the competent
person staying ontop of one’sjob.

But when one considers the sheer volume of text generated in a normal day oflife in the
nineties, one might hesitate before drawing a definitive conclusion about anything. There
is hardly a profession which does not rely in some way on digitized informationas a
resource to stay current. This is true fromlaw to medicine, fromreal estate to politics.

Certaintext defies databasing: text whichis nonpositional or otherwiseresistive of
fielding and categorization, text whichis context richand containsimplicit knowledge.
Not onlyisit difficult to create a structure for storing text which is as efficient as actual
content when all possible interconnections are desired, but knowledge engineering hours
cost dearly whenthe needisimmediate.

With the advent of word processing, fax boards, scanners, OCR technology, and online
data sources as automated solutions toinformation overload, electronic textis being
used to lower costs and raise efficiency. But only whentext canbe accessed as freely
asit wasinputin the first place can a dynamic information system be deemed truly

Why Metamorph?

Metamorphis the best solutionto text problems where meaning is animportant part of
thetask. It contains built-inintelligence without knowledge engineering, andretains
contextual richness whichmight be otherwiselostin aless resilient indexing system.

Combining techniquesas apprbpriate, the Metaxnoi;ph software packageintegrates a
freetext scan, hypertexting, and concept based technologies, optionally utilizing an
inverted index only for optimization based on size of textbase.

Metamorph finds concepts, phrases, wildcarded strings, quantities asthey existintext,
approximations (including typos, transpositions, and misspellings), variablelength
patterns, special expressions, and meaningful responses to natural language queries. Its
user syntax is simple, whileits search engine locates a multitude of patterns adequateto
match the complexity of possibilities inherentinthe Eng lishlanguage.
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Document Content

Documents are constructed fromideas. Theseideasare communicated in sections
made up of paragraphs, comprised of sentences created from abroad vocabulary. As
language has evolved through centuries of civilization we haveused wordsin context
with other wordsin anordered stream which we hope will transmit meaningto others.

Digitized narrativetext recordsthis transmission of’ thought,usmgevelypuncmauon and
spacemarking along with the exact word formsinthe sequencetheywerewntten down
toaccurately represent the intended message. Nomatterhow casuallywritten, itis the
ordered presentation of content which contains the maximumnuance and connotation of
theauthor.

While various methods exist for efficiently storing lexical items out of context, the
retrieval method isincomplete fit does not include anin context check for validity.

Metamorphmakesuse of the inherent organization already present in narrative text.
Itemsare retrieved in association with otheritems within the'smaller or greaterunit the
author choseto record hisideas or facts. Document organization such asline breaks,
sentence endings, space between paragraphs, page formatting characters, and section
headers which were already used to create the documents in the first place can beused
to demarcate concept groupings within which associated searchitems lie.

 Inthis sense, the formatting of the units of communication used to construct the docu-
ment carry asmuch information as thewords themselves. Additional tagging or prepara-
tionis not required if these natural markings canbe used intelligently by the retrieval
software.

WhenMetamorph searches adocument it readsin abuffer ofinformation, asitis, in
sequence. It thenlooks for searchitems inproximity to each otherinside ofanatural
delimiter suchasa sentence or paragraph. Sinceall that informationis present, all
associations are poss'bie unlikeaninverted file mdexwhxch knows onlyisolated
occurrences of strings indocuments. Evenwhere indexing isused at a first pass! for
search speed optimization, afinal read of thetext isalways donetolocateitemsin
relationtotheir context.
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The Quest for Relevance

A computer doesn’t think; a person does. The task of retrieval softwareis to quickly
provideinformationas close as possibleto the question at hand, so that the human can
read it, make associations, draw eonclusxons and perhaps evencometo a new
realization.

Toachieve thzs task, the programmust present relevant choices. Themorerelevant the
information presented the better the software is deemed to have doneitsjob. Itisnot
the software’sjobto evaluatemeaning, but rather tolocate possible meaningful matches
and present them for review. |

So, where does this meamng lie, and how does the, soﬂware find it? The answer comes
back to theimportance of context, themost emcxent storage methodifyouwishto
retamallposmble connectionsfor evaluation.

Words ofthemselves have several meanings. Look up any word in a dictionary exclu-
sive of the way inwhich it wasused, and it will be difficult to guess what it means. One
can’t expect a software program to know what evena human can’t reason out. But
plugtheword intoits context and themeaning becomesimmediately apparent.

Searching anindex for alisting of every time a certainitem occurs can berevealing for
aninfrequently used word. But generallytoo muchinformation comesback. Ifyou
expect a software programto find meaningfisl matches, there mustbe an association of
items. Ifthe association ofthoseitemsis too broadthen you have still failed to find
relevantinformation. ' .

* Humanintelligence dependsupomtsabxhtytodxscemdtﬁ’erences, similarities, and
identities. Thmkmgmcludesﬂlegroupmgofcommonahtxes intoclasses. Itiseasierto
»mentallymampulatebroad categonzatlonsthantokeeptrackofanulhondetails These
collectionsof similarities canbethought ofassets. -

Language setscanbe composed of many things: the set of associated words which
describe a concept, the set of characters and digits whichdescribe different part num-
‘ers, the set of sequenced characters and spaces which have beenused to delineate a
frequently misspelled word, the set of words, digits, and punctuatxon whichdelineatea
range of values, and soon.

By locating sets inrelation to other sets, relevance canbe pinpointed. Thereforean
"intelligent text retrieval program must allow for specification of any type of set of lexical
items, intersecting with other suchsets, inside of meamngﬁﬂ communicationunits. Itis

uponthismandatethat Metamorphwasdesxgned

If welook at the word “*bear’’ by 1tselfand match every occurrence, areference to
*‘the brown bear in the woods’” is as equally valid as **shejust couldn’t bear any more
abuse”. A search for “‘arms’ byitselfcannot be faulted forlocating ‘‘hisarms were
long” evenifyou were moreinterested inthe subject of firearms.
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Butifinstead we look for **bear arms’’ within a sentence, it becomes a simple matterto
locate *The Constitution clearly safeguardsthe righttobeararms.”” And since we are
dealing with sets, it will be just as easyto locate ‘ ‘He hoped that today his father would
let himcarry therifle’”. Where the concept ‘ ‘bear”” (whichincludes *“carry””), and the
concept **arms”’ (whichincludes“‘rifle’”) crossinside the natural delimiters ofa
sentence, we have found relevance.

Inthe same precise manner we canpoll anincoming newswire for a paragraph contain-
ing the set of possible spellings of *‘Larousche’, the set of 'wordsassociated with
“election”’, andthe set of word and digit combinations which have anumeric value
between 1 and 100%, to seeif anyone knows how Lyndon] Larousche actually came
outintherecent election.

Inthis fashion, degree of required relevance, how wide or how narrow the realm of
possible matches, isentirely under the user’s control. The statement ofthe queryis
interpreted as a number of sets, which must intersect (ornot) within some naturally
defined boundary.

Where these setsintersect is theresearcher’starget. The task oflocatingthese points
with speed and precision is Metamorph’s job.

Metamorph Search Strategy

Metamorphreads text, just like a person readstext, in sequence. This iscalled alinear
search, or afree text scan. Even whereindexing isused for optimization, thelinear read
is always done as a final step.

A queryisinterpreted as a number of items. Each ofthese items can be expanded into
aset of possible matches. Metamorph has different methods availablefor searching
based on the type ofitem and its set. Its missionisto locatc places inthe text where
these sets intersect.

Having read a big chunk oftext into its buffer, Metamorph picks the most eﬁcxent way
to locate at least one qualifying searchitem. Thenitlooks backwards and forwardsto
the beginning and ending delimiters beingused, to seeifthere is another qualifying
searchitem. And soit goes, untilit finds aunit oftext containing occurrences of
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The delimiter boundaries are defined as expressions which the programunderstands.
For paragraphs this might be two new line characters inarow. For sentences this could
bethe ending sentence punctuatlon These expressions can vary withinthe scope of a
definableregular expression.

Every actiondoneis designed for optimum speed. Anything whichdoesnot contribute
toqualifying whether a portion of text meets the requirements ofthe query is considered

unnecessary,

A search whichtakes more work, like evaluating wordsin text as quantities, isrooted
wherever possible to searches which are very fast, such as a word or string match. By
rooting a search is meant that the fastest searchis done first; then the more detailed
searchneed only be done on the text within the delimiters surrounding the found item.

Using the 250,000+ word Thesaurus provided with Metamorph, most wordscanbe
expanded to word sets which can be quite Jarge. The power ofthe searchisnotinthe
size ofthe set, but inthe intersection of these sets. Wherethey cross lies meaning.

AMetamorph sgarch for “*acquisitions greater than 1 million®’ quickly reveals aburied
reference to *‘a purchase offering was accepted last night for four and a halfbillion on
behalf of Acme High TechInc.”” Or it takes a query like *‘Has there been a power
struggleinthe Near East?"’ and skips over unrelated references, presenting immediately
“*The conflict in Kuwait forced a confrontation.’”

““Power’’ is automatically expanded toa set of 57 possible words, including ‘‘force’’.
‘“Struggle’’ is expanded to 23 associations, including ‘conflict”’. ‘‘Near East’’ be-
comes a set of 6 including *‘Kuwait’’. There may be hundreds of articles onthe Near
East, or evenon power struggles, but there are only afew relevant responses containing
anintersectionofall 3 ofthese sets.

Inthe same sense, many specificor technical words do not require equivalent associa-
tions. The power ofatechnical searchis notin finding its synonym, but in finding the
exact technicalterm inany form, in association with some other set or sets of concepts.

Vocabulary is as personal asthe people who write or speak. Therefore the user, rather
than a detached programmer, can teachMetamorph what’simportant about one’s own
languageusage. Inso doingMetamorph’s Thesauruscan evolve with every search, its
updating an automaticby-product of continued use.
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But synonymsare only part of the picture. Sometimesitis merely the presence of
several oneitem setsthat a person seeks. Software documentationis as oftenasnot
searched withthe Thesaurus off. The ability to find the one lineinthe Unix manuals
where “‘files”’, *‘copy’’, and “‘superuser”’ intersect could save hours of wasted time
and be make or break on the efficiency of an automated help desk. k

Inusmg Metamorph, onelearns how bést to state queries so that the desired associa-
tionsin text can be found. The more experienced user can take advantage of learned
syntax tolocateits special searchitems. One canget quite complexinthe statement of
whatisto be found, and in making use of a multitude of program features.

What is most important for satisfactoryresearch resultsis remembrance of program
goal; that is, to letMetamorph help you find relevant text fast, so you canusethat
information inthe best way possible.
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Definitions and Function

Text Metamorph can Search

Metamorph can searchany file, preferring text of flat ASCII format. Metamorph can
search files which are not flat ASCII, but it is the ASCII characters which will be

recognized.
Where files contain a mixture of text and graphics, the graphics charactersare skipped

over; the ASCII text is recognized and retrieved. You canevensearch abinary file for
text strings.

Whentextis foundit is displayed withMetamorph’s Browser, as it was entered.
Certain control characters are filtered out for cleaner viewing.

Since Metamorphreads files in sequence from beginning to end, the usefulness of the
responses is dependent upon content being stored in correct sequence. You canfind
ASCH stringsin a databasefile; the retrieved text will make sense tothe degree that
string makes senseinits stored context.

The files to be searched need not be loaded, indexed, or prepared in any way; you
simply specify the names of the files you wish to search from the Files Selection Menu.
Metamorphreads those files where they are, asthey are, without the need for any
modification Multiplefiles canbe searchedinany combinationacrossdrives and
directories

Metamorph can search stream datalive as it comes offa wire or circuit. Therefore you
canprofileinformation asitis comingin offlive wire data feeds without thenecessity of
downloading it first. Any query whichcanbe executed against static informationcan
alsobe runinbatchin sucha dynamic application
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Definition of Terms

Query:

A Query isthe question or statement of searchitems tobe matched inthe text. A
Queryis comprised of one or more searchitems, which can be of different types.

AHitisthe text Metamorph retrievesinresponse to a query, whose meaning matches
the Queryto thedegree specified.

SearchItem:

A SearchItemis an English word or a special expression. A word isautomatically
processed using certainlinguisticrules. Special searches are signaled witha special
character leading the item, and are governed respectivelyby the rules of the pattern
matcherinvoked.

Set:

A Setisthe group of possible strings a pattern matcher will look for, as specified by
the Search Item. A Set can be a list of words and word forms, a range of characters
or quantities, or some other class of possible matches based on which pattern matcher
Metamorph usesto process that item.

Intersection:

A portion of text where at least one member oftwo Sets is matched.

Dehmlters

Delimiters are repeating pattemnsinthe text which deﬁne the bounds within which
searchitems are found in proximity to each other. These patterns are specified as
* regular expressions.

Intersection Quantity:

The number of unions of sets existing withinthe speciﬁedDelimiters The maximum
number of Intersections possible forany given Queryls the maximumnumber of
designated Sets minus one.

Hits can have varying degrees of relevance based on the number of set intersections
occurring within the delimited block of text, definition of| pro:nrmtybounds, and weight-
ing of searchitems for inclusion or exclusion.

Intersection quantity, Delimiter bounds, and Logic weighting canbe adjusted by theuser
aspart of Query specification.
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Concept Set Intersection

Metamorph’s vocabularyis around 250,000+ word connections, constructedina
dense web of associations. This vocabularyis stored in a Thesaurus, also called an
EquivalenceFile. Proximity of concept canbe finetuned to qualify degree of relevance,
providing matches which are sometimes concrete, sometimes abstract.

A keyword entered as a Search Itemis looked up in the Thesaurus for associated
wordsit can deem equivalent to the entered root word. Thislist of words and their
word forms comprise the keyword’s concept set. Text containing meaningrelevant to
your Query can be retrieved by locating placesin the text where more than one set of
concepts meet. '

The content of the concept sets and the number ofintersections presentin a given hit
determine how relevant the response will be to thestated query. The definition of
proximity bounds as a sentence, paragraph or some other designated block oftext can
determinehow tightly orloosely these concepts are correlated.

Default Operation of a Metamorph Search

A default Metamorph search calculates the maximum number of intersections possiblein
a hit based on your Query.

Metamorph picks out the important words in a question, and counts the number of sets.
Iteliminates noise, and does a searchfor any hit containing matches to the remaining
items. Each valid searchitemis assigned equal weight.

Ifyouask: ‘Wasthereapower struggle?’’ the program looks for hits containing one
intersection ofthe two sets * ‘power’” and *‘struggle’.

Searchitems are sought within the proximity bounds of a sentence. A *‘sentence’’ is
specified as the block oftext from one sentence ending tothe next sentence ending.
Once the first searchitemis found, Metamorphlooks for other qualifying searchitems
backwardsto the last sentence ending, and forward to the next.

Whena qualifying hitis found, itisbroughtup in context of the full text in whichit was
located, andis available for browsing. Those words or strings of charactersinthe text
whichmatched the searchitemsare shownin contrast. Theentire hitis highlighted.

The name of the text file in which the hit is found as well as the entered Queryis always
shownalong withthe hit.

Default settings are stored as variablesin a profile.. As such, almost every aspect ofa
search canbe adjusted by the user through the User Interface.
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Tailoring Metamorph’s Linguistics

Concept sets can be edited by theuser to include special vocabulary, acronyms, and
slang. Thereis sufficient vocabulary intelligence offthe shelf so that editing is not
requiredto make good use of the program immediately uponinstallation. However,
such customization is encouraged to keep online researchinrapport withusers’ needs,
especiallyas search routines and vocabulary evolve.

A word need not be **known®’ by Metamorph forit to be processed The fact of a
word having associations stored in the Thesaurus makes abstraction of concept pos-
sible, but is not required to matchword forms. Suchword stemming knowledgeis
inherent. And any string of characters canbe matched exactly as entered.

You can edit the special word lists Metamorphuses to process Englishifyouwish. As
itmaynotbe xmmedxately apparent to what degree these word lists may affect general
searchmg, itiscautioned that such editingbeused spanngly and with the wisdom of.
experience. Even so, what Metamorph deemstobe Noxse Prefixes, and Suffixesisall
underuser control.

Noiseisdefined asthe small, common, relational words which appear frequentlyina
particularlanguage and refine and fine tune specific communications, but do not majorly
affect the larger concepts under discussion; e.g., about, in, on, whether. Pronouns,
question words, and state of being verbs are treated as Noise for the purpose of a
Metamorph search.

Suffixes are the common endings to words which modifytense and form but do not
change the basic meaning of the word; e.g., -ing, -es, -ed, -tion, -ary. Prefixesare
common syllables added to the beginning ofa word which change the meaning insome
way; e.g., Te-, pre-, un-, dis-. |

Any of these lists can be added to or edited at will, enfirely at theuser’s discretion.

Tvypes of Searches

Many types of searches are possible. Ifyou do not otherwise specify, a word entered
aspart of a query istreated as English, and passedtoa pattem matcher which follows
certainEnglishrules.

You can search for English words by themselves (that word and its word forms only),
asa set of words and their word forms, or as part of a phrase.

You canalso search foraliteral string of characters and caninclude wildcards (*)tofill .
inthe parts you don’tknow, rooted to the portionofa stnng youdo know
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You can call other special pattern matchers with a special character leading your
expression. Thisenablestheuserto find fixed and variable lengthregular expressions,
approximated expressions, or numeric quantltm exlstmg intext as English words,
letters, and digits.

A special expression can be searched for in combination with another special expres-
sionof the sametype, or witha different special expression, or with other English
words. Anyvalid searchitem canbe searched for asintersecting withanother valid
searchitem.

Itisintended that what s easiest to enter, thatis English words, be interpreted ina way
which will get themost satisfyinguser results without the need fora long educationin
how to specify a Query. On this basis the program defaults have been derived. Itis
encouraged that the more demandinguser study the informationin the manual onhowto
construct a query, aswell as the Supplementsdetailing special query syntax, torealize
full functionality provided withthe program.

Our program motto is * ‘Ifit’sthere, wecanfindit.”” Use Metamorph’s different search
capabilities asa benchmark for accuracy regarding existence or absence of information
intext.

Metamorph as a Hypertexting Tool

““Hypertexting’’ ismaking hooksfrom coarseinformationintomore detailed or refined
" information, whichcanbe selectively activated.

Indexing programs offer a fast search against easily indexable subjects, titles, and
" authors, but do not provide the abilityto look for proximity of concepts withinthe
narrative of such entries.

Using Metamorphasa first level operator on an overview file of abstracts or synopses,
one can find discrete correlations of concept at a first pass. Thisis muchlikegoing toa
card catalogina library and being able to read the whole entry, Metamorph can do
concept searching against the descriptive abstract aswellas just thetitle, author, and
subject. Once theright entryislocated, ahookto some otherinformation, image, or
media type can be called up. ’

Usingtools provided withthe Metamorph package 1t ispossible to mark certain
sections of text so that afirst pass searchis done on portions of the full text only. This
' makesitpossible toretainalinear concept search agamst narrative text, while limiting
the amount ofinformanon Metamorphmust search through atafirstpass.

462



Oncea hitis found which represents anintersection of the concepts designated by the
querier, theuser canselectively launch another search on certain preselected data by
pressing ahot key. Thetagged data canbe made to hook to other information by
callingup another Metamorph ondesignated data files, or calling up associated figures
ordiagrams ortables or graphics displayed in their native format.

This model can be extended to a CD ROM jukebox, where the user moves stepwise
outthroughmythical terabytes ofinformation. This approachisideal for multimedia
environments suchas huge photographic, graphics, or audiolibraries, where
Metamorphisused against descriptive catalog information as anarrative switchboard
for selectivelylaunching the appropriate application.

Other Metamorph )!gplications

Automated message handling environmentsare an excellent environment for Metamorph
since Metamorph has the ability to read a live wire feed as the data comes in without the
necessity of preprocessing the data in any way before it canbe searched.

News profiling of articles whichare **hot offthe press’’ is another place where reading
the data asit arrives canbe crucial for time sensitiveissues.

Suchsystems wouldbe rmmmally labor intensive to maintain and expand, using tools
provided with theMetamorph package.

Since Metamorph does not require any preprocessing orindexing of textfiles before
searching, it becomes an ideal companion forimmediately searching text which has been
scanned inusing OCR (Optical CharacterRecognition) technology.

Forthose people who have C Programmer capability, customiuser interfaces which call
the Metamorph API (Application Program Interface) at a C code level canbe designed
to makeuse of Search functionsin an application environment.

. One ofthe most obvious applications would be where some in place database or
document management programisused to organize and selectively retrieve data subsets
from verylarge systems, then usesthe APIto passthat data subset toanintelligent
concept search accomplished by Metamorph.

One canalsouse 3DB, Metamorph'’s database program, along with Metamorphto
maximize efficiency andintelligence of searchregardless of size.
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