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I. INTROCUCTION

This expert system has been developed to provide advice to a caller to

—_—— e ————— e

a doctors office. The user of the system is the person who answers the

— . — —— -

doctor’s telephone. The user is assumed to have limited medical knowledge and

should not be making medical decisions which could jecpardize the health of a

——

caller. Therefore, the expert system provides the user with questions to ask
the caller which, when answered, should allow the expert system to provide
advice for the caller. The primary décision of this expert system is to
decide which of the following advice to give to the caller:

#1) Go to hospital immediately

#2) Not worry, because he/ﬁ_( is not sick; just take a walk

#3) Take two aspirin and call back tomorrow =
#4) Come 1n and see the doctor

It is important to note that (#3) and (#4) are based on the same set
. — =

of apparent symptoms; they only differ in how they rely on the doctor being in
- — . R
the office; (#3)%01" is in, ?(%“if not. These four types of advice

are the goals of the state space.
This expert system was developed u51ng "VP—EIX;:&;Et"; a low-level

development system for expert systems.
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IT. DESIGN METHODOLCGY

The process of deciding on advice to give to a caller can be
represented as a state space containing the four advice goals previously
listed. Since goal #1 is asscciated with a Wency
condition, it has been made the conclusion of the first rule (rule #1) of the
expert system [See Appendix A]. The premise of rule #1, (condition =
emergency) , then becomes a subgeoal in working memory which is then pattern
matched with the conclusicon of rule #5. The premise of rule #5 then results
in new sukgoals. The state space is therefore searched by backward chaining
in a depth-first marnmer until a subgeal matches a fact in working memory. For
goal #1, these facts (primitives) are cbtaired when the user selects the
emergency symptoms from the monitor (i.e., chest pain, shortness of breath,
dizzyness, numbness in limbs, and/or excessive bleeding). If the required
combination of these inputs is not selected by the user, rule #1 fails, the
quest to support goal #1 is abandoned, and goal #2 becomes the nev;r focus of
the search. If the required combinations of primitives does exist, (i.e., was
input by user), the search halts, advice is given, and no further questions
are asked.

The gathering of information only when it is needed has been
. T —— _.——-_—_' .

—_———————

accanplished by the proper ordering of rules. This was required to prevent

the following situations from occurring:

(1) Tlme being wasted if an emergency exists
(ii) Trylng to estaSPITEN if the caller is sick, when it is already
aggarem: from previous answers. E—
(iii) __,gl__l_jg to establish if the deoctor is in when the caller should
just go to the nospital regardless. —
(iv) Trying to estabiish if the doct octor is in when the cailer is
g usiy not sick. —
(v) Trying to establish if the dogtor is in from the present time of
day when it is cbvious that he will not B in on mﬁay‘-
(i.e., Saturday or Sunday.) R ——
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A major concern in developing this system was the conseguence of

determining that the caller is not sick. If goal #2 (Just take a walk) is

concluded, the caller could possibly claim that the doctor misdiagnosed him

because his symptoms were not accepted as valid by the expert system. If the

symptom is not a choice for the user, the expert system unfortunately will

always assume that there is nothing wrong with the caller. For this reason
"“—__‘-___-__—’—— ‘—-_—_——-———J--_—___*
the selection of non emergency symptoms should be made relatively large and

somewhat vague. A selection of eigh@en non_emergency symptons is presented

to the user in this expert system. Alsc, since the primitives required in
supporting goal #1 involve "and" expressicns, these "and" expressions will
fail if only one of the two required emergency symptoms is. selected by the
user. However, the emergency symptom that was selected must be remembered and
considered when determing whether or not the caller is sick (for goals #2,3,

and 4) . This is accomplished in rule #9,.
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The choice of a backward—chaining (geal-driven) representation for
—_—

this state space is a natural selection because of the nature of the problem,
——
(i.e., four possible goals to be supperted or not).
-.-_"——_——____-l
The testing of the expert system proved that the g;iie;;h‘ﬂmf the
rules established priorities and provided the caller wm_awY as
possible and with the minimm mmber of Questions asked for each situation.
——

O -

Pefore this type of expert system were to be used in a doctor’s

office, it would need to be significantly expanded. The need for the system

re———

to consider all possible syiptoms that constitute an "emergency" or the caller
- e e o st steeet e e B e ———— .

being "ic,kl/““lst Ye carefully considered if the user is expected to rely

solely on the system to give advice.
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ACTIONS .
FIND advice;

RULE 1 ) .
IF condition = Emergercy QL-=&H\\\\\\\H
THEN_ advige = go to hospita

1
DISPLIAY "advise EETTET‘tU—qe—tU—hUE?Tfﬁi*\\

DISPLAY "notify hospital of arriving patient-\b

and claiming {emergenc symptom) symptoms";

RULE 2

ith possible {emergency_ilI;;;;;

IF condition = not_sick ===
THEN advice = take walk

DISPLAY "adviseé caller to take a nice refreshing wal

RULE 3

IF condition = sick AND ]
hour = late <§%

\

THEN advice = two aspirin call bac
‘5T§E;KYfﬁadv1se Caller to take two aspirin and call bac

o CAnE
RULE 4

IF condition = sick AND _~
hour = not late —~

THEN advice = come in

|

< in the morning";

[§Efgqu_iE?Vlse caller to come into—fffiiiiij

RULE 5

IF emergency illness = heart a R
emergency illness =<§E%§Eé;é::£;;gi
emergency illness = ansive =Y=Yar)
THEN condition = emergentny:j:;?gga

RULE &

IF emergency_symptom = chest pain AND
emergency_symptom = shortness_of breath
THEN emergency_illness = heart aftack;

RULE 7

IF emergency_ symptom = dizzyness AND
emergency_symptom = numbness in limbs
THEN emerdency_illness = stroke:

RULE 8
IF emergency symptom = extensive bleeding
THEN emergency illness = extensive bleeding;

RULE 9

IF emergency symptom = chest pain OR
emergency symptom = shortness_of breath OR
emergency_symptom = dizzyness OR
emergency_symptom = numbness _in_limbs OR
non_smergency_symptom minor_bhleeding CR
non_emergency sympitom fever OR
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headache OR
scar_throat OR
coughing OR
sneezing OR
stomach_pain OR
vomlitting OR
itching OR
joint_pain OR
muscle_pain OR
loss_of_vision OR
loss_of hearing OR
loss_of balance OR
gynoceological problem OR
bowel trouble OR

non_emergency_sympton
non_emergency_symptom
non_emergency_symptom
non_emergency symptom
non_emergency_symptom
non_emergency symptom
non_emergency_symptom
non_emergency_symptom
neon_emergency symptom
non_emergency symptom
non_emergency_symptom
non_emergency_symptom
non_emergency_symptom
non_emergency_ symptom
nen_energency symptom hypertension OR
non_emergency_symptom insomnia

THEN condition = sick .
ELSE CoRdltion = not sick;

RULE 10
IF day = saturday or sunday
THEN hour = late;

I I T (I (| O O T

RULE 11

IF time = nine_am_to_two_pm OR
time = two_pm_to_FouT pm AND
day = monday_through_thursday
THEN hour = not late;

RULE 12

IF day = monday_through thursday AND
time = four_pm to nine pm

THEN hour = late;

RULE 13

IF day = friday AND

time = nine_am to_two_pm

THEN hour = not_late;
e

RULE 14

IF day = friday AND

time = two_pm_to_four_pm OR

time = four pm_to nine pm

THEN hour = late;
e

'AsK emergency_symptom : "select which of the following symptoms caller has";

CHOICES emergency symptom : chest pain, shortness_of breath, dizzyness,
numbness_in_limbs, exténsive bleeding, none of these;

ASK non_emergency symptom : "salect which of the following symptoms caller has";
CHOICES non_emergency symptom : minor bleeding, fever, headache, soar throat,
coughing, sneezing, stomach_pain, vomitting, itching, joint ain, muscle pain,
loss_of vision, loss_of hearing, loszs_of balance, gynocelogical problem,

bowel trouble, hypertension, insomnia, none_of these;

ASK day : "select day of week":
CHOICES day : monday_through_thursday, friday, saturday or sunday;

ASK time : "select present time period":
CHOICES time : nine_am_%o_two pm, two_pm_to four pm, four_pm_to nine pm;

PLURAT,; emergency symptomn, neon _emergency symptom;
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TESTING OF EXPERT SYSTEM

The expert system was tested under four scenarics (one for each

Appendix B contains the test traces for each of these tests.

L G
v

Test #1) INFUT: Emeryency symptom = chest . pain, shortness of breath
CUTEUT: Advice = go_to hospital

Test #2) INPUT: Emergency symptom = none of these
INEUT: Non emergency symptoms = none of these
CUTFUT: Advice = take walk

Test #3) INFUT: Emergency symptom = none of these
INFUT:  Non emergency symptoms = fever, headache, socar throat
INFUT: Day = Saturday or Sunday
CUTFUT: Advice = two_aspirin call back

Test #4) INPUT: Energency symptom = none of these
INFUT:  Non_emergency symptoms = fever, headache, soar,_throat
INFUT: Day = Monday_through Thursday
INFJT: Time = nine A.M._to two P.M.
CUTFUT: Advice = come_in



TRACE #3

Testing b:\EXP1l.kbs
(= yes CNHF 0 )

! advice

! ! Testlng 1

! ! ! cendition

! ! ! ! Testlng 5

! ! ! ! emergency_illness

! ! ! ! ! ! Testing 6

! ! ! ! ! ! ! emergency symptom

1 ! ! ! ! ! ! (= none_of these CNF 100 )
! ! ! ! ! ! Testlng 7

! ! ! ! ! ! Testing 8

! ! ! ! Testing 9

! ! ! ! ! non_emergency symptom

! ! ! ! ! ! {= fever CNF 100 )

! ! ! ! ! ! {= headache CNF 100 )

! ! ! ! ! ! (= soar_ throat CNF 100 )
! J ! ! (= sick CNF 100 )

! ! Testing 2

! ! Testlng 3

! ! hour

! i ! ! Testing 10

! ! ! ! ! day

! ! ! ! ! (= saturday_or_sunday CNF 100 )
! ! ! ! (= late CNF 100 )

! ! (= two_aspirin_call back CNF 100 )

Foaius
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TRACE #1

Testing b:\EXPl.kbs

5
!
)
[
|
1
!
i
i
!
!
!

= yes CNF 0 )

advice

1
!
i
1
]
|
I
!
1
!

Testlng 1 PAQ&AQL
condltlon
! Testing 5 g?{;, éﬁ%ff?q

! emergency_illness
! Testing 6

1
; !
! ! ! yoa
! ! ! ! ! emergency symptom
! ! ! ! ! ! (* chest pain CN
L ! [ I ——{=-shortness eath 4 )
. !
!

! (*'heart attack CNF-I O }

s
-

) !
! ! ! (= emergency CNF 100 ) _
! (= go_to_hospital CNF 100 )
.



[ [~ s =% T [

[

P it i

Wi

o

My

TRACE #2

Testing b:\EXPl.kbs
(= yes CNF 0O )

!

!
{
[
l
1
|
1
!
!
!
!
!
|
|
!

advice

! Testlng 1

! ! conditian

! ! ! Testlng 5

! ! ! emergency_illness

! ! ! l ! Testing 6

! ! ! ! ! ! emergency symptom

! ! ! ! ! ! (= none_of_these CNF 100 )
! ! ! ! ! Testlng 7

! ! ! ! ! Testing 8

! ! ! Testing 9

! I ! ! non_emergency_sympton

! ! ! ! ! (= none_of these CNF 100 )
! ! ! (= not_sick CNF 100 )

! Testing 2

1

(= take_walk CNF 100 )
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TRACE #4

Testing b:\EXP1l.kbs
= yes CNF 0 )

| i o
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(= come_in CNF 100 )

(

! advice

! ! Testlng 1

! ! condition

! ! ! ! Testlng 5

! ! ! ! ! emergency_illness

' ! ! ! ! ! Testing 6

! ! ! ! ! ! ! emergency symptom

! 1 ! ! ! ! ! ! (= none_of these CNF 100 )
! ! ! ! ! ! Testing 7

! ! ! ! 1 ! Testing 8

! ! ! ! Testing 9

! ! ! ! ! non_emergency_symptom

! ! ! ! ! ! (= fever CNF 100 )

! ! ! ! 1 ! {= headache CNF 100 )

! ! ! ! ! ! (= soar_throat CNF 100 )

! ! ! ! (= sick CNF 100 )

! ! Testlng 2

! ! Testing 3

! ! ! hour

! el ! Testing 10

! ! t ! ! day

! l ! ! ! ! (= monday_through_thurs CNF 100 )
! ! ! ! Testing 11 -

! vt ! ! time

! LU ! ! ! (= nine_am_ to two_pm CNF 100 )
! ! ! ! (= not_late CNF 100 )

! ! Testing 4

I 1



