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— ABSTRACT

@\ Some known medical terms may function as non-medical terms depending on their

%" particular context. Accordingly, the prosent inventors devised systems, methods, and

2 soltware that facilitate determining whether a term that is found in a medical corpus is

00 5 likely to be a medical lern when found in another corpus. An exemplary embodiment

o—( .
receives a term and computes un ambiguity score based on language models for a medical

00 and a nen-medical corpus.
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protection. The copyright owner has no objestion to the facsimile reproduction
by anyone of the patent document or the patent discloswre, a5 it appears in the
16 Datent and Trademark Office patent Gles or records, but otharwise rogserves all
copyrights whatsoever, The following notics applics to this docwment;

Copyright € 2005-2008, Thorasor; (lobal Resourees.,
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Cross-Reference (o Related Application
15 This application ¢laims priority to U.S. provisional application
60/723,483 filedd on October 4, 2005, The provisional application is

incorporaled herein by reference.

Technical Field
20 Various embodiments of the nresent invention concemn systams, methods,

and software for identifying medical content in documents and linking those

documents to other documents based on the medical content,

Backpround
25 The fantastic growth of the Inlernet and other commputer networls has
fueled an equally fantastic growth in the data accessible via these networks, One
of the seminal modes for inieracting with this data is through the nge of
hyperiinks within ¢leclronie documents.
Hypalinks are user-solectahle elements, such ag highlighted text cr
30 icons, that link one portion of an electronic decumient to gnather pertion of the

game docnment or to other docwments in & detabsase or comyputer tetwork, With
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proper computer equipment and network access, a user can select or invoke a hyperlink and
almost instantaneously view the other document, which can be located on virtually any
computer system in the world.

Although many hyperlinks are created and inserted into documents manually, recent
years have seen development of automated techniques for identifying specific Lypes of
document text and Hnking the identified text using hyperlinks to other related documents. For
example, to facilitate legal rescarch, the Westlaw legal research system automatically
identifies legal citations and attorney names in text and links the citations to corresponding
legal documents in a database and the attorney names to biographical cntries in an onling

directory. For further details, see U.S. Patent 7,003,719 and U5, Published Patent Application

Although the automated linking technology in the Westlaw system is highly cffective
for lepal citations and names, the present inventors have identi fied that this technology s not
well suited for other types of content, such as medical terms. For example, the inventors
recognize that identilying legal citations and entity names within a text is generally simpler
than identifying medical terms hecause Lerms may function as medical terms in one context
and as non-modical terms in another. Legal citations and person names, on the other hand,
generally function as legal citations and person names regasdless of context.

Accordingly, the present inventors have identified a need for automated metheds
identifying whether terms are medical terms or non-medical terms.

A reference herein to a patent document or other matter which is given as prior art is
not to be (aken as an admission or a suggestion that the document or matter was known or that
the information it containg was part of the common general knowledge as at the priority date
of any of the claims.

Sumimary

One aspect of the invention provides a computer-implemented method for inserting in
a document a hyperlink to a medica] document associated with a medical term in the
document, the method comprising: receiving a term included within a document; determining
an ambiguity score for the term, wherein the ambiguity score is based on first and second
Janguage models for respective medical and non-medical corpuses of documents; and
determining, based on the ambiguity score, whether to insert a hyperlink in the document to a
medical document associated with the term; and inserting the hypedink in the document if the
determination to inserl the hyperlink is allirmative,

G ARERT dae
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Anothicr aspecet of the invention provides a computerized system comprising: an input
for receiving a sct of terms; a processor for execuling code adapted to determine an ambiguity
seore for a term from the set of terms, wherein the ambiguity score is based on first and second
language models for respective medical and non-medical corpuses of documents; and means
for determining, based on the ambiguity score, whether to inscrt a hyperlink in g first
document including the term to a medical document associated with the term; and meuns for
inserting the hyperlink in the first document if the determination to insert the hyperlink is
affirmative.

Another aspect of the invention provides a computer-readable medium comprising: a
code sct configured to receive by a computer a term; a code sel configured to determine by the
computer an ambiguity score for the term, wherein the ambiguity score is based on first and
sceond lanpuage models; and a code set configured to output by the computer the ambiguity

SCOTS.
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5 Brief Description of Drawings
Q| Fipure 1 is a blocle diagram of an exemplary gystem 100 which
%" corresponds to one or mere embodiment of the presont invention,
2 Figure 2 is a flow chart of an cxemplary method of operating system 100
o0 5 which corresponds o ons or mnore embodiments of the invention,
o—(

Detailed Drescription of Exemplary imbodiments
g The following detailed description, which references and incorporates
g Figures 1 and 2, describes and illustrates one or more exemplary embodiments of
8 10 the invention. These embodiments, offered not to Iimit but only to exemplify
— and teach the ittvention, are shown and described in sufficient detail to cnable
§ those skilled in the art to mulke and use the invention. Thus, where appropriate

to avoid ehecuring the invention, the description may omit certain information

known te those of skill in the art,

Exemplary Computer System BEmbodying the Invention
TFigure 1 shows & diagran of an cxemplary computer system 100
incorparating a system, method, and software for assessing the ambiguity of
tel‘lﬁs, such ag medical {erms. Though the excmpl ary system is presented as an
20 Intsroomnected ensemblo of teparate components, some other orbodiments
implement their functionality using a greator or losser number ol components.
Moreover, some embodiments Intercouple une or more he components through
wirol or wireless Tocals or wide-area networks, Sune cimbodiments implement
one or more portions of system 100 using one or more mainframe computers or
25 severs.) Thus, the present invention is not limited to any particular Rictional
partition,
Generally, system 100 includes input terms 110, term-mmbiguity
caloulator 120, and ambiguily scores output 130,
.Input teiing 110 includes one or more terms, such as a set of termsg from a
20 medieal databage. Tn the excmplary embodiment, input teems 110 includes terms

{from the Unified Medical Language Svstem (UMLS),  The table below shows

COMS ID No: ARCS-321657 Received by IP Australia: Time (H:m) 16:46 Date (Y-M-d) 2011-05-18
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that UMLS includoes a great number of tertns in disease, injury, medical

procedure, body part, and drug categories,

Category Terms Concepts
Digeage 189,712 69,948
Injury 42,141 28,997
Medical 134,179 72,918
procedure

Body part- 38,041 22.260
Drugs 244,752 120,959

5 In some emsboditnent, inpul lemns 110 wee tenns extracked fom une or more
input docurnents, such as an electronic judicial opinion. ot othet type lagal
dotumsnt. _

Coupled to database 110 is temm-ambiguity calculator 120, Caloulator
120 includes one or wore conventional processors 121, display devicel22,

10 interface devices 123, network-communications devices 124, and memory 125.
Memory 125, which can take & varicty of forms, sucl as coded inslructions or
dats on an eleotrical, magnetic, and/or optical catrier medium, includes term-
ambiguity software 126, Tenn-ambiguity software 126 inchudes various
sollware and data components, for determining or caleulating for each input torm

15 - ¢ and ambignity score, Scorefterm) defined as

2 lug(l’(ﬂNewa langy) lUL,(P({iJ,Pg(zl lgqg_)}_
K 101,(P(1‘]UAJL.S lt:n;g)} Pop( PO UMLS  lang))

Score(term) =

where
log(P(t{lang)) =" log(P(ngram}lang))
Fel

and lamdal and lamda2 arc constants, which in some embodiments are gsed to

neimalize or smooth the scoring fanetion. In some crbodiments, lambdal and

COMS ID No: ARCS-321657 Received by IP Australia: Time (H:m) 16:46 Date (Y-M-d) 2011-05-18
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5
lamda2 are sel to 0.5, The exemplary embodiment uses ngram backoff with

Witten Bell smoothing to smooth the languags models.
The exemplary scoring function is based on the intuition that medical

ngrams, such as “hepatic,” occur relatively more ofien in UMLS than in news or

18 May 2011

5 lepal and that ngrams such ag “drinlid” will ocewr relatively more often in news
or fagal than in UMLS. Tertns having ngrams thal are more highly predicted by
UMLS than news or legal tend to yield a larger score and thus indicate that the
given term iz more likely a medical term than not a medical term when found in
anews or legal document.

10 Term-ambiguity calculator 120 outputs a set 130 of one or more

ambiguity scorcs based on the input terms. (Figure 1 shows that the inpu termas

2011202308

110 and oulpwi scores 130 are also tetained in memory 130.) In the exemplary
sbodiment, the scores are output as a ranked list, with each score associated
with corresponding terms. {Note that letm may include one or more words.)

15 The ambiguity scores can be vsod for a varicly of purposes, including for
example determining whether it is appropriate to ingert & link in a document
including a given term back to a TILMS docwment assoclated with the term. For
example, in the output ferms shown the terms having an ambiguity score greater
than 1.5 may be congidered as clearly being medical senms and thus linked with

20 high confidence back to related ULMS documents. On the other hand, terrns
such as “word salad” or “anticipatory vomiting” that have lower scores should
not gencrally be linked back to a related ULMS document without contextual
corroboration.

Txomplary Operation of Systent 100

25 Figure 2 shows & Howcharl 200 iltustrating an exemplary method of
operating system 100, Flow chart 200 includes process blocks 210-230. Though
these blocks {and those of other Nlow charts in this document) are arvanged
serially in the exemplary embodiment, other embodiments may recrder {he
blocks, omit one or mors blocks, and/or oxecute two or more blocks in parallel

30 using multiple processors or a single processor organized as two or mots virtual
machines or subprogessors. Morcover, still other embogiments implement the

blocks as one or more specific interconnected lardware or integrated-cirouit
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-] modules with relaled control and data signals conurmunicated between and
i throtigh the modules. Thas, this ind other exemplary process Qows in (s
< document are applicable to software, firmware, hardware, and other types of
2 impletmentations.
5 3lock entails receiving a set of teyms. In the exeiplary

% Block 210 entail g f terms. o it 1

cmbodiment, this entails receiving a set of terms from UTLMS ot an inpul news
o0 or legal document into memoty 126 of term-ambiguity caloulator 120,
% Execution continues at block 220.
S Block 220 entails detertnining one or more ambigoity scores for one or
o~ 10 more of the input terms. In the exemplary embodiment this entails computing
: ambiguity scores according to the definition set forth above for Seore(term) in
g equation above, which prevides a sum of two conditional probability ratios.

Each conditional probability is bagsed on language modct of set or coipus of
documents. In some embodiments, one of the conditional probability ratios is

15 omitted fom the scoring fanction, Also, in some embodiments, the conditional
probability ratios are inverted.

Block 230 entails outputting one or more of the detennined ambiguity
seores, I lhe exemplacy eibudiment, is eolails culpuliing in printed or other
human readable form; however, in other embodiments, the ouiput may alse be

: 26 used by another machine, component, or software module, or stmply retained in
nemaory.
Congclusion

The embodiments described above are intended only to illustrate and

teach one or more ways of practicing or implementing the present invention, not
25  torestict its breadth or seope, LThe actual scope of the invention, which
embraces all ways of practicing or implementing the teachings of the invention,

15 defined only by the following claims and their equivalents,
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The elaims defining the invention are as follows;

1.

A computer-implemented method for inserting in a document a hyperlink to a medical

doeument associated with a medical term in the document, the method comprising:

recoiving a term included within a document;

determining an ambiguily score for the term, wherein the ambiguity score is based on
first and second language models for respective medical and non-medical
corpuses of documents; and

determining, based on the ambiguity scove, whether to insert a hyperlink in the
document to & medical document associated with the term; and

inserting the hyperlink in the document if the determination to insert the hyperlink is

affirmative,

The computer-implemented mothod of claim 1, wherein the second lunguage model is

bascd on a legal or general nows corpus of documents,

The computer implemented method of either one of ¢laims 1 or 2, wherein the
ambiguity score is hased on a ratio o a probability of the term piven a non-medical

corpus o a probability of the term given a medical corpus,

A computerized system comprising!
ar input for receiving a scl of terms;

a processor for exceuting code adapted io determine an ambiguity score for a
term from the set of terms, wherein the ambiguity score is based on first and second
fanguage models for respective medical and non-medical corpuses of documents; and

means for determining, based on the ambiguity score, whether to insert a
hyperlink in a first document including the term Lo a medical document associated with
the term;, and

means for inserting the hyperlink in the first docwment if the determimation to

insert the hyperlink is affirmative,

The system of claim 4, wherein the second language model is bused on a legal or

general news corpus of documents.

LR Y doe:
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13.

)
The system of cither one of claims 4 or 5, wherein each ambiguity scorc is based on a
ratio of a probability of the term given a non-medical corpus o a probability of the

term given a medical corpus.

The method of any one of claims 1 to 3, wherein first language model is based on the

Unified Medical Language System (UMILS).

The method of any one of claims 1 to 3, further comprising:

determining that the ambiguity score meets a specified level

The method of any one of claims 1 to 3, further comprising;

linking the term to & relaled document.

The system of any one of claims 4 (o 6, wherein first language model is hased on the

Unificd Medical Language Systemy (UMLS).

The system of any one of ¢laims 4 to ¢, further comprising:

determining that the ambiguity score meets a specified level,

The system of any onc of claims 4 to 6, further comprising:

linking the term to a related document.

A computer-readable mediam comprising:

a code sct configured to reccive by a compuler a forti,

a code sct configured to detormine by the compuicr an ambiguity score for the
term, wherein the ambipuity score is based on first and second language models; and

a code set confipured to outpul by the computer the ambipuity score,

The computer-readable medium of claim 13, wherein the first language model is based
on amedical corpus of documents and the second language model is based on a legal

or general news corpus of documents.

ERECRMOGT 1 das
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The computer-readable medium of either one of claims 13 or 14, whercin cach
ambiguity score is based on a ratio of a probability of the term given a non-medical

cotpus to a probability of the term given a medical corpus,

The computer-roadable medium of any one of ¢laims 13 to 15, wherein first language

model is based on the Unified Medical Language System (UMLS).

The computer-readable medium of any one of claims 13 to 16, further comprising:

determining (hat the ambiguity score mects a specified level.
The system of any one of claims 13 to 17, further comprising:
linking the term to a related dogument.
The method of any ona of claims 1 to 3 ar 7 10 9, wherein the ambiguity score is basced

811}

log(P(1 | News lang)) v log(P(t | Legal _lang))

og(P( I UMLS _lomg)) " log(#(t | UMLS _lang))

where ¢ denotes the term; News_lang denoles a news corpus; UMLS_lang denotes a

madical corpus; Zegal lang denotes a legal corpus; 2, and Ay are constanis; and

log(PU | tang)) = iiog(f)(r;gf'am | fang))
i=1
where lang is a placeholder for the corpus of interest; and # denotes the number of
words in the term /.
The system of any one of claims 4 to 6 or 10 te 12, wherein the means for determining

the ambiguity score is adapted to determine the ambiguity score is based on

og(P({UMLS _lang)) * log(F

log(P(1] News _tang)) . log(Pr] 1egal lang))

SPLC-BR T 0
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— where ¢ denotes the term; News long denotes a news corpus; (JMLS lang denotes a
-
\ medical corpus; Legal lang denotes a legal corpus; 2; and A, are constants; and

>

<
= ,,
o0 log(P(¢ | lang)) = zlog(_f’(iig}'am | lang)y
A |

5 where lang is a placeholder for the corpus of interest; and » denotes the number of

o
-] words in the term +.
o
-
-
[Q\
—
—
-
[Q\
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