HEDIC -~ A MEDICAL EXAHPLE QF SHePS

by Diana Yebster

1. IHNTRCDUCTION

MEDIC is an interactive medical questioawanswering systen
which deals mainly with facts about hemophilia. The facts are
stored in a semantic network, The system is designed for
information retrieval (involving some inference and logie)
rather than as a diagnostic system. That is, one cannot give
thhe system a list'of symptoms and then inquire what type of
disease is present. However, the user can ask questions about
certain symptoms of a particular disease and then surnmise that
a patient having these symptoms has that particular discease.

A sample session with MEDIC will show the type of s?atements
which can be stored and the type of guestions which can be
asked. In the example below, lines beginning with the #

fther eniries are output by

[

prompt are typed by the user. R11

Q

=

C. Further dialogues with ¥
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ven in Appendix G.
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iED DIC are g
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The processing times are given milliseconds.
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SYSTEM 1.3 =-= UST 28, 1979
HEDIC IS A MEDICAL QUESTION ANSWERING SYSTEM WITH A DATA BASE OF
HEMOPHILIA 1HFORHATIOn. YOU HMAY ASK A QUESTION, I.E.
IS COAGULATION TIME NORMAL IN MODERATE HEMOPHILIA?
02 YOU HAY ADD INFORMATIOH TO THE SYSTEM, I.E.,
COAGULATION TIME IS NORMAL IN HEMOPHILIA.
TO END THE SESSION, JUST HIT CARRIAGE RETURN OR TYPE
BYE (WITH A SPACE AFTER BYE)
AND HIT THE CARRIAGE RETURH.
PLEASE ASK A QUESTION OR ENTER NEYW HEMOPHILIA INFORMATION
HWHAT SYMPTOMS ARE COMMON IN HEMOPHILIA?
PROCESSING SENTEICE
EPISTAYIS IS COMHON IN HEMOPHILIA .
BEMATURIA IS COMMON IN HEMOPHILIA .

INTRAMUSCULAR HEMATOMAS ARE COHMON IN HEMOPHILIA .

IN HEMOPHILIA .

LARGE DISSECTING
HEMARTHROSIS IS COHMHMOKN

TIHE

A Qu
PTO

.60900000G0000EY

L“"U

PHILIA INF

EBRAND

ORMATION
D'S DISEASE?

TENCE
LA LVS

PROCESSIHG SENT

EPISTAXIS IS COHMION IN VON WILLEBRAHD'S DISEASE .
MENORRHAGIA IS COHHON IN VON WILLEERAND'S DISEASE .
BRUISING IS COMMONU IN VON WILLEBRAND'S DISEASE .

PROCESSING TIME = .7258000000000E%

PLEASE ASK A QUESTION OR ER CR NEW HEMOPHILIA INFORMATIOH
¥YHAT LAB TESTS ARE NORMAL IN HEHOPHILIA?

CE

PROCESSIHNG SEHTEH

TEST IS HORMAL
HEMOPHILIA .

ONE-
THROMBIN TIHE

STAGE PROTHROHBIN TIME
IS HORMAL IH
BLEEDING TIHE IS I“IORE“'AL N HEMOPHILIA .
PLATELET COUHNT IS HNORHAL IN HIZHMOPHILIA .
PROTHROHMBIH CONSU.iPTIOd TEST IS HORHAL IN HEH
COAGULATION FACTOR-RELATED ANTIGEN HAY BE ©




FIBRINOLYSIS IS NORMAL IN HEMOPZILIA .

PROTHROMBIN CONSUMPTION TEST IS NORMAL IN MILD HEMOPHILIA .
CLOTTING TIME OF WHOLE BLOOD MAY BE NOBRMAL Iy MILD HEMOPHILIA .
COAGULATION TIME IS NORMAL IN MILD HEMOPHILIA .

COAGULATION TIME IS NORMAL IN HODERATE HEMOPHILIA .

?TT IS NORMAL IN SUB HEMOPHILIA .

PROCESSING TIME = .5936000000000E4

PLEASE ASK A QUESTION OR ENTER NEW HEMOPHILIA INFORMATION
®BLEEDING FROM MUCOUS MEMBRANES IS COMMON IN VON WILLEBRAND'S
DISEASE.

PROCESSING SENTENCE

SENTENCE STORED AS THE FOLLOWING NODE M112

(M112 (SYHPTOM (BLEEDING FROM MUCOUS MEMBRANES)) (FREQUENCY
(COMMON)) (TYPEDIS (M65)))

(265 (DISTYPE (PLAIN)) (DISEASE (VON WILLEBRAND'S DISEASE)))

(DUMPED)

PROCESSING TIME = .20880000C0000EY

PLEASE ASK A QUESTION OR ENTER HEY HEMOPHILIA IKFORMATION
*WHAT SYMPTOMS ARE COHMMON IN VON WILLEBRAND'S DISEASE?

PROCESSING SENTENCE

LPISTAXIS IS COMMON IN VON WILLEBRAND'S DISEASE .
MENORRHAGIA IS COMMON IN VON WILLEBRAND'S DISEASE .

BRUISING IS COMMON IN VON WILLEBRAKD'S DISEASE .

BLEEDIHG FROM HMUCOUS MEMBRANES IS COMMON IN VOH WILLEBRAND'S
DISEASE .

PROCESSING TIME = .3208000000000E4

PLEASE ASK A QUESTION OR ENTER NEW HEMOPHILIA INFORMATION
¥*HEMORRHAGE INTO FOREARM MUSCLE MAY CAUSE NERVE COMPRESSION IN
THE ARM IN HEMOPHILIA.

PROCESSIHG SENTENCE

SENTENCE STORED AS THE FOLLOWING HODE HTT

(K77 (PROXZCAUSE (HEMORRHAGE INTO FOREARM MUSCLE)) (MODAL (MAY)) (SYHPTON
(NERVE COMPRESSION IN THE ARM)) (TYPEDIS (M1)))

(41 (DISTYPE (PLAIN)) (DISEASE (EENOPHILIA)))

(DUMPED)



PROCESSING TIME = .2216000000000E4

PLEASE ASK A QUESTION OR ENTER NEW HEMHOPHILIA INFORMATION
#®NERVE COMPRESSIOHN IH THE ARM MAY CAUSE LOSS OF USE OF THE HAND
® IN HEMOPHILIA.

PROCESSING SENTENCE

SENTENCE STORED AS THE FOLLOWING NODE HT78

(¥78 (PROYCAUSE (NERVE COMPRESSION IN THE ARM)) (MODAL (MAY)) (SYHPTOM
LOSS OF USE OF THE HAND)) (TYPEDIS (M1)))

(41 (DISTYPE (PLAIN)) (DISEASE (HEMOPHILIA)))

(DUMPED)

PROCESSING TIME = .3314000000000E4

PLEASE ASK A QUESTION OR ENTER NEVW HEMOPHILIA INFORMATION
#NERVE COMPRESSION IN THE ARM MAY CAUSE GANGRENE OF THE FINGERS IN
% HEMOPHILTA. :

PROCESSING SEHTENCE -

SENTENCE STORED AS THE FOLLOWING NODE MT9

(379 (PROXCAUSE (LERVE COMPRESSION IN THE ARM)) (MODAL (IIAY)) (SYHPTOH
GANGRENE OF THE FINGERS)) (TYPEDIS (I1)))

1411 (DISTYPE (PLAIHN)) (DISEASE (HEMOPHILIA)))

(DUMPED)

PROCESSING TIME = .3379006000000EL

PLEASE ASK A QUESTIOHN OR ENTER NEY HEMOPHILIA IHFORHATION
#H{HAT HMAY CAUSE GANGRENE OF THE FINGERS IN HEMOPHILIA?

t

L“J-tl

NC

tlj
tfj

PROCESSING S

YERVE COMPRESSION IN THE ARM HAY CAUSE GANGRENE OF THE FINGERS IH
hEdOPhILIA .

EHORRHAGE IHTO FOREARM MUSCLE CAUSES GANGRENE OF THE FINGERS IN
HEPOPHILIA .

PROCESSING TIME = .7841000000000E4

PLEASu ASE A QUESTIOH OR ENTER NEY HEMOPHILIA INFORHATIOR
2YHAT CAUSES LOSS OF USE OF THE HAND IN HEHOPHILIA?

PROCESSIHG SENTENCE



NERVE COMPRESSION IN THE ARM MAY CAUSE LOSS OF USE OF THE HAND IH
HEHOPHILIA .
HEMORRHAGE IHTO FOREARM MUSCLE CAUSES LOSS OF USE COF THE HAHD IH
REHOPHILIA .

PROCESSING TIME = .1941000000000E4

PLEASE ASK A QUESTION OR ENTER HEW HEMOPHILIA INFORHMATION
¥BYE

s mer W e fma G B e BV Gme MMk S s Mar G M um R M S MO e AR NS M GaP U6 Gur Rt W Ree b M WD AN Ml M3 D D R M Sm T D GRA SA GED M M Gew Wmd Gar S due M ee Gt B G St BN R G e

The data initally entered into the system were selected
from data provided by E. R. Gabrieli, H.D. of E.J. Heyer
Memorial Hospital. Further data were obtained from books on
hemophilia by Lewis, etal. [5], Hilgartner [4], and Biggs [2].
Facts about Von Willebrand's disease, a coagulation disorder,
have also been added to the network. The systenm can accomodate
data about any type of disscase, provided the data 1s in the
appropriate form, and the lexicon is extended accordingly. All
the statements which were parsed (i.e., accepted as gramma-
tically correct) and stored in the SHePS network, HEMOHET, are
listed in Appendix F. Also in Appendix F are the questions

which have so far been parsed along with their answvers.

The system consists of the following major components, each
of which reflects various choices regarding the allowable data
~= its format and representation:

The lexicon, which consi t allouwed words and
bl

some of their possi



The semantic (SHePS) network, HEMOHET, consistingz of
all the data structures that represent sentcnces
and deductiocn rules.

The augnmented transition network (ATH) grammar, which
defines the allowable structure and treatment for
valid statements and questions, and is used to
build data representations for statements and
natural language answvers to questions.

Each of these components will be discussed separately, in
detail, later. Of secondary importance is the front-end, which
acts as the interface between the user and the rest of the
system. This interface is standard, with no ;nnovative human
engineering, and will be discussed in Appendix A, The Users?!

HManueal. .

The system operates in an ALISP environment using several

files of ALISP functions for suppport. These files are:

£
=
i

Top-level functions which serve as
front-end to the systen. Appendix
. contains a listing of the code for
these funciions,

Pt

PARSER -~ functions which utilize the augumented
transition network granmmar to determine
the validity of input sentences and
call SHePS functions to manipulate the
data network. (See Bates [1].)

¢}

SNEPS - f ions which construct, {find or change
of

ntic network. (See Shapiro

72}
]
2
o=
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INFER
MATCH - used to invoke inference rules and trace
MULTI their deduction.

Of course, the usefulness of such systems as PARSER and
’ y
SHePS weighed heavily in the decision to build the system HEDIC

along the lines we will describe.



2. LEXICOHN

A meaningful natural language sentence consists not merely
of words, but of words which fit together in a proper way. So
our lexicon is not Jjust a list of words. Fach word has an
associated 1list of "features", nost of whiech reflect how that
word can be used or even what it means (analogous to standard
dictionary entries -- word, grammatical category, definition,
etec,). Such features indicate case or categorical restrictions
which define or delimit the word. One type of restriction is
the superficial grammatic or syntactic one. E.g., words can be
nouns, adjectives, etc., or subjects, objects, etc. Thus the
grammar would contain rules which require each statement to have

a subJject and a verb, or each preposition to have an object.

Unfortunately, syntactic grammars tend to accept many

ct

syntactically correct but meaningless sentences. As expscted,

Venipunecture safe in hemophilia.

Prothrombin consumption test in is.

would both get rejected syntactically. But practically any

o]

nglish sentence can be made nonsensical (though syntactically

il

b

correct) by changing a word while fixing the syntactic category,
J & &

as:



Trauma causes hematuria in hewmophilia.

Trauma causes infants in henmophilia.

This last statement is nonsensical (as opposed to merely false)
in that the meanings (or semantics) of the words are in

conflict.

In order to avoid such sentences, we could use a semantic
grammar, introducing deeper case information which feflects the
semantics V"sufficiently" (We do not try to capture the entire
meanings of words.) and making the grammatical rules take these
semantic cases into account. (Ve should point out here that our
use of the word "case" is consistent with the currently popular
general sense discussed by Bruce [3, p. 336}: “A case is a

relation which is 'important?! for an event in the context in

.t

ot

ch it is described." In our situation, a sinpler definition

=

ih
is more appealing: The case indicates the role of the word in

the sentence.)

In general, a semantic gramnrar is practical only when the
domain of discourse is rather narrow. 3ince we are tightly
restricted here to the realm of hemqphilia (and some related
diseases), semantic cases are both natural and useful. Some
of these cases are disease, laboratory test and laboratory
result. An example of the type of restriction imposed by the
semantic granmar is that every laboratory result nust be asso-
ciated with a laboratory test. 0f course, the semantic approach

allows relationships between sentences to be discerned, thus
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improving question-answering. The main disadvantage is that
sSemantic grampars tend to be larger than those syntactic

gramamrs which accept the sane sentences {1].

The grammar adopted in HEDIC uses a blend of syntactic and
semantic cases and will be discussed in the formal context of
ATNs in Section 4, Qur lexicon retains the needed case
information via the feature CTGY. As an examnple, consider the

sentence
Prothrombin consumption test is normal in mild hemophilia.

"Prothrombin consumption test! plays the role of a laboratory
test, "normal" the role of a laboratory result, "mildﬁ the role
of the type of disease and Yhenophilia® the role of the disease.
This role (case) information is stecred in the lexicon (and
thereby available to the PARSER functions) in the following

faorm:

(HEMOPHILIA ((CTGY,DISEASE) (NUM,SING) (FTR,INANIM)))
(1s ((cTGY,V) (ROOT,BE) (TENSE,PRES)))

(MILD ((CTGY,DISTYPE)))

(HORMAL ((CTGY,LABRES)))

(PROTHROMBIN/ COHSUMPTION/ TEST ((CTGY,LABTEST) (NUN,SIHG)))

The CTGY feature allows data to be partitioned into tabular
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Lab test Lab result Type of disease Input Statement

o = e g ma - T R— W ans wie was e e M EEN WA WY BRI AP BAR s e e o - - -

Prothrombin norumal mild henophilia Prothrombin coasumbtio:

consunption . is nornal in mild

test hemophilia,

PTT variable nild hewmophilia PTT is variable in
mild hemophilia.

Thrombin normal hemophilia Thrombin time is normal

tinme , in henmophilia.

Our syntactic cases are presumed to be familiar. Our semantic

Cases are shown below with sample words for each case.

Labtest -- PTT, Coagulation tine

Labresult -~ abnormal, normal

1

fa)
e

Symptom =-- fever, petechiae
Frequency -- conmon, rare, cyclic
Proxcause ~- hematonas, trivial traunma

Proxcond -~ bDleeding t
Factor VII
er

8]

¢y, antibodies against
rt of intensive
Disease -~ hemophilia, Von Villebrand's disease
Distype -- nild, nmoderate, severe

Treatment -~ analgesic, anticoagulants
Recomnendation -~ safe, hazardous

Temprel -- in, after

Age ~- children, adolescents

There is one group of CTCY¥'s, the idiom related ones, which

sSe

(&)

lie sowmewhere between the syntazctic and semantic cases, Th

CTGY's arise fron the fact that a phrase, rather than just a
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ingle word, is often used to represent a concept. They allow
words to be amalgamated into one granmmatical unit, due toc the
overall semantics., For exaﬁple, several words are used to

s

deseribe a lab test like "prothrombin consumption test". The

corresponding lexical entry would be:

=

1]

(PROTHROIBIN/ CONSUMPTION/ TEST ((CTGY,LABTEST) (KUM,SING)))
The category feature of prothrombin consumption test is given as
lab test in the lexicon and is in 51nbular (as opposed to
plurel) form. The slashes (/) allow ALISP to read the phrase

le instead of as three

v
(@]

"prothrombin consumption test' zs
senarate words. Such phrases are called idioms and are treated

internally as if they were single words, essentially as noun

So at any point in & sentence where a noun (sympton,

kel
jé3
3
)
%)
o
4]
L]

lab test, treatment, etc.) is expected, an idiom could occur and

sibility (via the idion subgranmar

4]

will be investigated as a po
to be discussed in Section 4). The lexicon provides the infor-
m:tloq about whether words are beginnings, middles or ends of
idiom phnrases. Each conpleted idiom is also in the lexicon with
its appropriate Teatures. The lexical entries for Yprothronbin

consumption test® and its idiom-conponents are:

(COuSUMPTION ((CTGY,IDIONMHID)))
(PROTHEROMBIN ((CTGY,IDIONBEG))
((CTGY,IDIOHIMID)))
(PROTHEROMBIN/ CONSUMPTION/ TEST ((CTGY,LABTEST) (NUH,3ING)))

TEST  ((
(( KUM,SING) (ROOT,LAB/ TEST)))
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Another interesting feature which is attached to a word is

it

54

ROOCT, ROOT is used for handling synonyms. All synonyms

-t

1111 be stored in the SHePS network as onre particular word. An
examnple is the phrase "partial throunboplastin time", which is
another way of saying "PTTY, So, the entry for "partial

thromboplastin time" in the lexicon is:

(PARTIAL/ THROMBOPLASTIN/ TIME ((CTGY,LABTEST) (NUM,SIHNG)
(ROOT,PTT)))

ROOT is used for dealing with a word which has several (legal)
spellings like Yhemophilia' and Yhaemophilia®. Their lexical

entries are: :

(HAEMOPHILIA ((CTGY,DISEASE) (ROOT,HEMOPHILIA)))

»]

i

HEMOPHILIA ((CTGY,DISEASE) (NUM,SING) (FTR,INANIN)))

ROOT is alsoc used in a nmore customary way, namely to store the
root ©f a verb., The word Yare" has "be" stored as its root.

Its lexical entry is:

(ARE ((cTGY,V) (ROOT,BE) (TEINSE,PRES) (TRANS,T) (INTRANS,T)))

dote that if a ROOT is not given for a word, the word itselfl 1is

assumed to be the ROOT.

Our lexicon (see Appendiz E) contains about 400 words,
aleng with their associated features. Of course, it does

not contain all the words that might be used iIn discussing
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hemophilia. When a word, say XXX, in the input sentence 1is

not in the lexicon, the message:

"YZX HOT IHE DICTICUARY"®

is output. The word along with appropriate features would

have to be added before the sentence would be acceptable.
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SEMANTIC (SHePS) NETUWORK

w
.

As we indicated in Section 1, each statement in our data
base is stored as a semantic network. The network representing
& statement is most easily visualized as a directed graph with
labeled arcs (called descending arcs in SNePS). (For clarity,
Wwe suppress the other types of arcs when possible.) Terminal
nodes (called atomic constants) represent individual words in
the sentence. Each such node is designated by the word it

represents. Honterminal nodes (called molecular constants)

represent word groups, namely phrases and sentences. These

where X 1is an

—
P
'
12

nodes are denoted via symbols of the formn
integer., The arcs enanating from a molecular node }x point to
the nodes which are its components or constituents. The labels
on these arcs specify the role (case) that the indicated

constituent plays in the group of words represented by Mx.

As an exanmple, consider the statement "PTT is variable
in mnild henophilia." It is represented in our data base by

the graph
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LABTEST LABRES TYPEDIS

VARIABLE

DISTYPE DISEASE

HEMOPHILIA

or by the lists

(14119 (LABTEST (PTT)) (LABRES (VARIABLE)) (TYPEDIS (M3)))

(3 (DISTYPE (HILD)) (DISEASE (HEMOPHILIA)))

SCRIBE function [8].

3}

as produced by the SNePSUL D

We snould note that if a sentence is input with an

unmodified disease phrase, as in
Petechiae is rare in hemophilia.
a molecular structure is still built tc represent the type of

the disease, with the word "plain® assigned as the default

DISTYPE. Thus the.word "hemophilia® is viewed as a phrase
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[
o
cr
[
O
(s}
=
[¢]
1%}

"plain hemophilia%, Graphically,

DISTYPE

@Laz)

"Plain hemophilia® can ﬁhus be processed like other types of
nemophilia with the same deduction rules and ATY granmmar. ° A
plain disease is treated only as a speecial case when forming the
ture (if the disease had no modifier, put "plain" in as the

modifier) and in sentence generation (if the modi

(9
]

ier is ¥%plaian®,

The SHePS system is also used to build tenporary variable
and pattern structures during gquestion-aanswering. SHePS enploys
so-called auxiliary arcs to distinguish between constant nodes,
as in the example above, and variable nodes, as in the following

7ork built to find answers to “"Yhat lab tests are abnormal in

ey

net

L.
severe hemophilia?%:
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LABTEST LABRES

$VAL

WHAT - —~ @

AR DISTYPE DISEASE

G (o1 id

Mmoo

The Tx's denote temporary molecular nodes. :VAL and :VAR
are auxiliary arcs which identify "WHAT® as the name of a
variable atomic node (See [8] for a more thorough discussiwon.)

1

In Section Y4 we will see how such patiern networks are nmatched

within the data base to answer questions.

Our semantic network also contains deduction rules, which

ire¢ meta-sentences in the sense that they express relationships

5)

e

between types of statements, rather than expressing nmedical
facts. The SHNePSUL version of each rule is presented below
followed by its English versioh and an explanation of how the
rule is used in question-answering. Note in advance that these
rules use bound variable nodes as in predicate calculus. These

nodes are preceded by dollar signs ($) in quantification and by

asterisks (%) for later references.
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RULE 1 --

(BUILD AVB ($X 3Y $7)
AHT {BUILD MIN 1 MAX 3
ARG ((BUILD LABTEST #X LABRES VARIABLE
TYPEDIS (BUILD DISTYPE %Y DISEASE #2))
(BEUILD LABTEST %X LABRES PROLONGED
TYPEDIS (BUILD DISTYPE #Y DISEASE #Z))
(BUILD LABTEST %X LABRES REDUCED
TYPEDIS (BUILD DISTYPE #Y DISEASE #Z)))
CQ (BUILD LABTEST #X LABRES ABI ORHAL
TYPEDIS (BUILD DISTYPE ®Y DISEASE #z)))

If a particular laboratory test X has a laboratory result
of variable, or a laboratory result of prolonged, or a
laboratory result of reduced (in any particular disease), then
the laboratory test X has an abnormal laboratory result (in that

disease).

This rule would be used for guestions like:

What lab tests are abnornal in mild hewnophilia?
(i.e., What lab tests have abnormal lab results in mild

hemophilia?).

The rule defines what laboratory results fall into the range of

abnormality.

BULE 2 --
(BUILD AVB ($V $Y $X 38Y 32)
ZANT ((BUILD PROXCAUSE #Y SYHPTON %Y
TYPEDIS (BUILD DISTYPE DISEASE #Z))
(BUILD PROYCAUSE #®Y SYMPTON ¥X

7

ot

CQ (BUILD PROXCAUSE ¥V SY PT

T
O}

TYPEDIS (“UILJ DI TYPE #Y DISEASE #Z)))
Ok

TYPEDIS (BJALD DISTYPE #Y

DISEASE #7Z)))
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158 interpreted as

If a2 condition V causes symptom W (in a particular disease)

L)

and if a condition ¥ causes symptom X (in that disease), then
the condition V causes symptom X {(in that disease).

his rule reflects the transitivity of the causal relationship.

This rule would be invoked if a question such as the

foilowing were asked:
Does V cause X°?

V causes ¥ and W causes X.

®
=
33
o
st

where

An exanple from the data ba is the following. (Part of

(D

S

I’]\

this example was given in the sample session with MEDIC in the
Section 1.) Suppose that the following statemenis have already

been stored in the systen.

Hemorrhage intoc the forearn nuscle wpay cause
nerve compression in the arm in hemophilia.

Nerve compression in the arm may cause loss of
use of the hand in hemophilia.

mpression 1y

Herve ¢
of the fingers i

cause gangrene

|<.|- ‘j
p. e

he ar nay
heno l

i
'U

Hemorrhage into the forearm muscle causes
loss of use of the hand in hewmophilia.
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or

Herve compression in the zrn causes
loss of use of the hand in hemophi

]

ia.
will be given in reply to the question:
What may cause loss of use of the hand in hemophilia?

Since we have the above rule, an answer can be determined
by the deduction system. Without the rule, the answer to the

guestion would be:

"ANSWER NOT FOUHD®

RULE 3 -~

(BUILD AVB (84 $X $Y $z)
&ANT ((BUILD PROXCAUSE #Y SYMPTOM ¥
TYPEDIS (BUILD DISTYPE #Y DIS

%y
£

EASE ~z))
(BUILD PROXCAUSE #Y FREQUEHNCY COMMO
TYPEDIS (EBUILD DISTYPE #Y DISZASE fz)))
CQ (BUILD SYMPTOM #X FREQUENCY COMMON
TYPEDIS (BUILD DISTYPE #Y DISEASE #2)))

is interpreted as

ot
O
.
2

If Y causes Z (in a particular disease) and if

2]
<

mp
Y is common (in that disease), then symptom X is comnon

(in that disease).
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RULE 4 --

(BUILD AVB (3¥ 3% $Y $2)
&ANT ((BUILD PROXCAUSE #Y SYHMPTOM %X
TYPEDIS (BUILD DISTYPE #Y DISEASE #Z))
(BUILD SYMPTOH #X FREQUENCY RARE
TYPEDIS (BUILD DISTYPE #Y DISEASE #2)))
CQ (BUILD PROXCAUSE #Y FREQUENCY RARE
TYPEDIS (BUILD DISTYPE %Y DISEASE #2)))

is interpreted as
If W causes symptom X (in a particular disease) and if

syuptom X is rare (in that discase) then W is rare (in

that disease).
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parses natural language statements

3
)
[}
fuecd
3
(=
w3
ch
oy
[N
]
(o]
"3
@]
(49
(¢4
(¢
cr

and guestions and generates natural language sentences. Ve

chose to describe the grammar used in HEDIC via an ATH because

-

of the well-known ATN attributes: perspicuity, generative power,

efficlency of representation and operation, and ability to
capture linguistic regularities and generalities [1)}. These

attributes have stimulated wide (in fact, doninant) usage of ATH
grannpars in natural language understanding and questiem—
ansvering systems. Consequently, many systems are now available
to support the ATH usep ~- PARSER and SHeP3 in the present

My

case. Qur prinmary sources of dinfornation about ATiis were a

paper by Woods [10} and the execellent summary by Bates [11l.
Genereation from a hebtvork is discussed in two articles by
Shapiro [7 ang 8].

)]
o
[
"3
[
(0]
o
o
[a)
2
frt
[
o
(R
(18]
"3
2
ko]
=
5
-
o
v

Our ATH can be depicted as

W

labeled states and ordered labeled arcs. There 1is a specified
start state, S8, and set of possible final states. Horsover,
each arc 1s augnented by a test and set of subsequent zetions.

1.7 <

Honterninal PUSH arcs allow recursion, while augmentation allow

i side effects, anong other things.

As an example, consider the following two arcs emamating
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fron

one of the nodes in our ATH
that are not shown here.).

(POS-DISEASE

(CAT DISEASE (HULL (G

7

23}

TR
(SETR DISTYPE

(TO DISEASE-PQOP1))

™

(PUSE F

IRST-OF~-IDION T (SETR

The graphical

representation would

(There are

IbI0

! DISTYP

'PLAIH)

1
ju

(SETR DISEAS!

))

i

2
w

three other arcs

CAT DISEASE
TO

]

) (JUMP POS-

b4

Check for DISTYPE.
If none, DISTYPE :=z HPLAIHY
an¢ DISEASY :=z current word.
Otherwise, test fails,
FIRST-0OF-IDIOH
TC
Always put IDIOH
in ¥-register.
Here, parsing has arrived at a P0Ssible DISZASE. 1 the
word has CATegory DISEASE and the test suecceeds, then th
arc 1is traversed and the indicated actions are perforned

NO

1))



is restarted at the

the network

IDIQH can be conmpleted, it is saved

after which execution

HOUH state (without consuning ans
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1 1

]
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The gr

diagrams of Appendix
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y

picture of the

S

e
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-

grammar (sans

&)

DIC, while Appendix D shows

i
£

(g

conveantion) for

Here we will be content

principles on which the grammar was based.

0

FIR

38 T-0F~IDIOH

will provide

augnentation,

state
the lower
P0Ssible

to the

input striag).

a similar
as per the usual

the actual grammar.

with a brief ' discussion of some of the

The overall parsing procedure can be sumnarized as follows.

Each input sentence is Wprepared" by ieleting
prior to parsing and by arranging the words i
systen then tries to parse the sentence as o

P o Y b vy 3 ~ v pr e £ -
successful, a natural language answer (if any
Otherwise, the systen tries to parse the sente

A sucecessful parse builds a senantic netuork

the information in the statement (In fact, the
in a register called FRANINE, parallel to (or =a
parsing, via the augmented actions.). If thi
system responds
"EHTRY DOE3 HOT PARSEW,
Since statement parsing can be discussed
Juncture, we will discuss it first. The parsiag

3 - e 5] A P vy = Py EERE T gy ¥ S
is based on the assumption that certa

|~
=
ot
e
]
(¢
%]

all punctuation

z list, The

part of) the
parse fails, the

o]
"3
(0]

o} casily at this

of a2 staztement

of words or phrases



will occur in certain locations, relative to each other. Thus
sentences are ecxpected teo be structured according to various
syntactic and senantic principles, as discussed in Section 2.
The syntactic principles sre those of standard BEnglish, e.g.,
-~ A noun phrase (as subject of a statement) will usually
occur at the beginning of a statenent and before
the verb.
-~ Prepositional phrases may occur anywihere in a statement.
-~ Adverbs may occur anywhere in a stetement after
the subject.
-~ Predicate adjectives occur after a verb.
The semantic principles derive from our case distinctions, and
are much more powerful and restrictive, e.g.,
-~ If 2 lab result entry is encountsred in a sentence,
there must also bs a lab test entry in the sentence.
-= If the verb W"cause® is in the sentence, then
2 PROZCAUSE entry or PRUOICOHD entry nmust occur in
in the sentence.
For exanple, these principles allow the folleowing types of
statenents to be parsed:
~- Some lab test has some lab result in somne disease.
~-- Some synmptom is sowme fregusncy in sone disease.
-=- Some condition causcs sone synptom in some disease.
-~ Sone treatmentl has some reconmcadation in sone
diseasc.
One interesting feature of the ATH is the idiom subnetwork
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Lo unich we alluded in Section 2. At any point in the parsing

where an idionm is allowed, there will be a PUSH arc for the

o5}

IR3T~-0F~-IDIOH state (as in the example at the start of this

ion), which instigates the following procedures:

cr

(e

[ 5]

the word can be the first word of

-~ If so, then is the second word in the parase a
middle (not first or last) word of an idiom.

~- The checking continues until the word being
processed is a last word, then idiom-phrase is
popped, as a whole, back to previous (Jjust after
the PUSH) point inm computation.

See the
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It is interestin
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even though the whole phrase
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to parse within the idiom sut

is not in the lexicon, in which case the phrase will not parse

'1'_"

in the whole netvork. Fer example, the phrase
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will perse within the idion subnetwork because of the idaicens,

¥"fatal hemorrhage®, Yhemorrhage into the forearn muscle?, zand



However, the phrase "fatal forearm fingers®™ is nonsensical
and not in the lexicon. Tihe example in Appendix I (which

of & statenment with tracing) also
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shows the parsing of an idion.
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tatement has been found

ot

0 be acceptable, the
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Onc
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a
system searches throuzgh the data networkZ to see if it

incorporates new information. If the information is new,

o

added to the

e
[

then a2 new node representing the statement

LIt o

network. This node in fact was built up (in list, not

)

SlePS, form) as the parsiang was proceeding and is the
value of the sugccessiul parse. This was accomplished by
setting appropriate registers via actions on the aroes of

the ATH. For example, if the arc

(CAT PRONCAUSE T (SETR CASE (COIHCAT 'PROMCASE #))

(TO CASE~POP))

is traversed as part of & successful parsc, the current uord
(or idiom) is saved a8 the PROXCAUSE. As an illustration

Es -
tement

3]

of the final building process, consider the st

Hematomas nay cause f{=zver in hemophilia.

Suppose

has not yet built the molecular SHePS structure. In other

e vt 1 + 4 3 1 R i TTACITY T Lo~ A
words, the parse is heading into the FPLHAHE-POP state. AL
2 in . . . ., . . mY % K4 7 & o L
that instant, the register FRAME will contain the 1list



-2G-

(1)

ad

e
S

@

@
o1
4
)]

o+

«

D
v}

sl

)) T))

AW
j)

FRAH

Iy

s TR

(POP (APPLY FI

structure

built

ther

i

(returns) e

ot
DS

po

o
"o

AT

the

Thus

o

hich looks 1ik

.7
W

DISEASE

9]
3

128

I

or returns

retwork,

]







