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ABSTRACT

An expert database system is an expert system. which is developed on databases using DBMS
technology to manage facts and rules.

An expert system or known as knowledge-based system comprises of knowledge base and
inference engine in which their knowledge base is used to represent expertise knowledge as data and
rule. The knowledge can be called upon when needed to solve a problem by the inference engine. In
large expert system the knowledge-based can be represented using frames called frame-based expert
system or frame-based system.

Frame-based expert systems are widely used as the knowledge representation for such expert
systems with large knowledge bases. Many systems have the ability to connect to external databases.
Facts stored in databases can be loaded into expert system’s knowledge base and inference is
performed by the inference engine of the expert system. In many cases, such external facts are
required several times for each inference. Thus, a lot of communication traffic takes place. This
research work present a design and implementation of a frame-based object-relational database system
which has a tight coupling between the expert system and the external knowledge base. The external
knowledge base also use frame as its knowledge representation. Moreover, it has its own inference
engine so that inference can be perform on the knowledge base side and the results, not only simple
facts, are sent back to the expert system for further inference. A medical consultation system is used as

an illustrated example an Oracle 10g object relational DBMS is used as the database platform.
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@ w d 1 o @ o d 1 as Y =
mmanwumzmnmgmﬁm Llﬁ$ﬂ31ﬂﬁﬁﬂﬂﬁ5$ﬁ?1ﬁ?ﬂ€}ﬂﬂlﬂﬁﬂ'ﬁm UV UBUAUDY
Ed k4 b4 A 3/ a A £ o a P=3
ﬂﬁvlﬂﬂ'l5ﬂ“LI‘HTE]']ﬂﬁﬂﬁgﬂiﬂﬂﬁ]ﬂi’ﬂﬂi‘ﬁiuﬂ'ﬁﬂﬁlﬂﬂﬂu'ﬁxll']_l “If\‘lﬂ']iﬂ'l'iﬂﬂﬂﬂiﬂﬂﬂﬂﬂ'ﬁ!.!.‘I"I“Ll

£ ¥ v
ANUINUIzTUBgAUsTaveseNN AU Iz as 19 uazIrmnsnnuidesadudiaanny
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v 3 ‘3 o o 9 a o
vaennuinrsgnunulugduvulaldduyusgivdnuuzvesanuiuazilszdnsnmlunms

147U

[ b4
gwanuiuazaa lnmsidivezidludwidirgigavesszuuguanud duiu

() q

Tuadoda lezesinoswaziBeanuinuma TuTadmeduguanuiuaznalnmsiiene

2.2 m'snmum"mq%: (Knowledge Representation)

Tunarfimuun 18imsdnunis uazdmuagiduvumsadadaumuanudl’
nawguuy uamaansosadunguing #l85uanuionld 3 guunldus wuuldng
(Production Rule) UWUUIATBY10AUMIY (Semantic Network) ozt 1915y (Frame) 1y
Sneniiwufianii swvenaniduamzuuyldng uaznunlFisuiniu Wesnnlumsats
ﬁ’a;mummi’unu1%'ng1fmﬂu3§1€ugmﬁﬁun‘l%"lumsﬁmmiznuﬁﬁmmqnm‘ﬁ'qa o
msadedaumuanuduuu sy dugluuiinoinufiduissinndumamalums
WannszuudiFnmaydeiagdniug

221 msunuanudunung (Production Rules) Hugtuuuii lidudouudnss
wisdmiumsununnud FaiuesiinnudangulunswauraunnudiFmssandunnmug
FINTLUIUNIS c‘ﬁa‘luﬂﬁuﬂuﬂ’nnixmumﬁu%zﬂi:ﬂau'lﬂﬁ'wwmmmﬂ (antecedents)
HOZIFAYDINA (consequents) Fumauzszydon lynTemamsel uasraifumaveamsnsziin
ﬁaﬁmmmmfu A7BY1FY

IF span of beam is known

THEN  depth of beam is (span of bema/12)

IF flow is open channel flow

AND  Fround number > 1

THEN  flow is supercritical

IF flow is open channel flow

AND  Fround number = 1

THEN {flow is critical

IF the object has two openings

AND opening at top is larger than that at the bottom

AND  enough space is available on left side

AND  space available on right side is too small

THEN take the pipe by the left side of the object
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AND  take pipe into the object from top opening

i 4 & & a ' : o o 4
mamshszy lungiinilaazaeniuGouy uang ludeiamindudeu Arfign

ol

' v o a a4 ) { 4
TdTinudwdsamsognldunuderiinaialungdefinfiuazasaudlunsdingdond Sag
wea o o o a :13 y 1
uazfuautaveaiudesgimualumsunudeomasie lunsdiianuadredu diedruma (F)
& Hiiys ¥y & a4 o d A A v d a o 3
yoanguuiiuTalasdamvesangniauludnuiion niedemssniugnilowmdnnlag
Ald nisnsziinsgy I3 ludauna (THEN)  szganszdiwazngeziteu Taosia luda

& '
ganuiizdsznoy lidongnasang Fmumguandingezgnsrusiweglugiung (rle

bases)

2.2.2 MIUNUANNZBUUINSH (Frames)

ms;mummi’xmuwlsn'lé’\'gﬂmumﬂuﬂ‘izqmﬂiﬂu Marvin Minsky 141] 1974 [13]
Lmz"lﬁ’ﬁm5ﬁuﬂuauu’zﬁmﬁumu’ﬁuwﬁqﬂ%Qﬁu(‘ﬂ 2004) [1] uwrfinvounsuAD
Inssadredoya (data structure) dm5usvswdoyasiiadrsquoaafanionnus (ypical
knowledge) ttazi3ond1 Ins sadrauun sy [121114] é”a'tfuMsmi’lumssmuﬂ'a'mixmu
nits %@ﬁﬁﬂﬂﬁaﬁ%’mi’fﬂgaiumnmummi’uazmmmmmiums’iﬁﬂﬁuﬁau Wudanung
dvsududumuveanuafanisimunszinndae (assification)  uasdunins ey
ﬁfnmwmauﬂw%mﬂ?amsi"nuuﬂwmm;‘jxmnﬁ1ﬁ'mfué’au (taxonomy hierarchy)
[12115] Tt 10UTA (entity) ﬂﬁwm;ﬂsmss'ms'mﬂ'.nng"ﬁ'ﬁuﬂuﬁ’:wum?imﬁn‘iﬁqw?ﬂ

v
HUIAANY

2221 lassaiaveansy Inssadsveansuisznoulidqe Soves
e a4 aa d a
wsun1¥oedansy, adeanse uennsiadveursy waz Wuan4] wsusnezd
ady &2 o P . agy 2 '
MAINMAIANNHIY VNRANSNAIAYIRNIINIZY (particular object) 11AZ U1IANS1ID AGY
v ¥ v
Y99I NUAUAVTAMUBUAY (group of similar object) INBLEALBZANUUANAIIT TaLEnFsiiA

vo9 suooniu aanamsu uag Suauauinsy
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Automobile Frame l
Class of: Wheeled Vehicle
Manufacturer: Audi

Model: 5000 Turbo

Number of doors: 4 (default)
Number of wheels: 4 (default)
Color: Red

Gas mileage: 22 mpg average (procedural attachment)

310 2.3 MednInssad nveusy

anasu : azldiNeeTuiunguunsing nie amravesiag uazamisagn
‘ﬁ a ulsw ] a 4 4 A w al
FITWLV VI UBYNTVITIY (taxonomy) TAAIE &3 AmaiHsy sl aaeanmilounulunng
= o ' o 9 ~ =) o 1 ~ o A
amasy Ao ddeamiuaz dasagn ondu gsama 71 lull adeawiTaoh adeaduq 910
wsuuiannsagnidunea lfasugn 18den1s dunea
a '] 9} a 2 w & [l
suauaunmlsy : wlflumseSursiviagmmizinges Fedmunilu Tnua
qavo ves oynsuisu uazdhumsui 1l adeagn Snuda du msuiildlunsdreds Sag

a Q

AN - 4 A o A v o d ﬁ ] 11 ;r
MWD 30 duauaunsy slities aaeanuonaNuduRus tuadoauuimniy uag
I 1 e A = 1 a‘t = c; T
uaeneaguautanie adoadeq w19n aaramsy Taoierveziimsnlaouniassly
=4 - - s o’: [ = d o
afoan suduauRinsy A& msizaziiy aves adealy suauauisy 3alusududesd
=] ar ar = ar :& U 9 n’;‘ o ¥ A:' -~
andeaTuiy aarasy e 'l ludnionileeranan1dh aaamsy dussimniailou

Fudunnuves dumuauvinsy e [11[2)[14][15][16]

1
=

[ =3 a wa
aden: lundazmlsuszlsznenlide adeanse uenniiadiovsnnuauiia
n’: 4 an 9 a ] v 9/ ¥ = 3
vounsuiug lumsunilegersilldvaie adeauazuefiensnain1dd uulfavearsuiu
o o 9 g ar T = a = wa A
gnimualasmisiusau adeadialuny [12] Tuudas adenvzefiedeguauiia nie
s = ' =] a =1 A a ' v ] A
MIfuduNsveunsy uazlunnas aaenvziinves daeadasondt A luaaen nie Wa
o & =] u’: n,; r =Y o 3 @
@03 [15] Fermwes aaeatiuerniluldnn laelSe1s (default value), iunossmes & 11l
4 A 3 o
wsudu, niaaveanszulumsnaniuldaunla [11][14]
1 [~ S & = ' & & [~} A 9
wWuan: Tuudaz aaeavzdl Wusndeoradiuinnd nite Wuanlunils adomne 14
o a @ o =Y =] : [ 4 o VoA
AILAUAIYDY dasauazAIA NN U aaeatu Wiamdsasoldies muanusudu
TAu Avesaden, smuasiinvesdoya, dvuaveuvavesanilullld, uazdimua

a { o ' 3 = ¥ A ¥
ﬂ%ﬂiiﬂﬁﬂzﬂizﬂ']ﬂﬁﬂﬂvlﬂ]lﬂ FUAVDILA DS ﬂum‘nnmﬁ [14]
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- i a a J [ °
Value Type - 111 Yuamisznaniugiuiiosuvsiiavesalu adeadlumsimua
.. 1 ' o £ A Aangy 1A i‘_l
type restriction ¥84A11U Frvesaaon ¥ Wuaniiszannsol laua andel Taveziilu
o o = a @ ' . a d VoA
ddnualifuivio Aad vosdayanyal 1 integer, string Wioiiludad vos A
annsodiuly 18 dudn
v ) 4
Default : Wlusiigamiunld die Avesadon Wudiie nie lilimsimuanla 1
Constraint : 1 vusniidmuasiioysali 18
a; o o " 1 =] roaA Y 9/
Minimum cardinality : 111 Yhuamiidmuasmaunives svesaden il ldedraios
AN A
Ao o 4 1 [ T Al Y
Maximum cardinality : Hu Huamidimuaiumves Avesaden 1l lasgiaun
Nga N
a0 Y L A:{ J [2d (]
Range : 1y vuamiivwihfiszyvouwavesdoyanezslsinglu Arwesadon iy
o =] ) A =3 9
@Y UAY, luneiion w3 10 e 100 udy
dy d‘ = @qﬂ' oy l; 4 = -‘Q.
If added facet : Uil YhamuuunszuumsiszymsUfianazifaiu diefinsiy
' < o = ' =
andnluademnnsunenisoniuilu Aueu (demons)
If needed : i1y Wuamszianidoady dgaiiudy udsgsianniie lulimsszymld
1 [ Ao 9 A kY 3
Mupsdaon Niinnudesns e ldssutanavuziiy
If removed : lunszanumshezl §iid derrniolu afeagnaveen
Wugnauisoiilassadiuilung 18 sdunwisanuiusignnsadimuanives
-] o ' ar 5 [} u’: 1
aneanse Wuamludnyuznaten (Multi-Value) 18 dniusteaszl1diaives Wuamiy T
fulludesiinaauidozaouiin (Atomic) Wi
) < ' ' s R |
Fa91nd 1dna1ndhedu agal 183 vusmiuily nsasavaeun edianilsves

= o o J (3 ‘& Q
sy Mhimsmuguuazsmus mvesadon nio Hames IWiuluawdesimua e

=]

o = [ a @ 1A a Y 1 o
wihiadiouilungildlumsdamsifeaduaiitiy, au, w5e Usuise mlu Aaaes
t4 ] v ) ] [ v
wennnil tieann wuamilungilFumsiinanudr 1188 mldddedis iy
] o { 1 < . 4 =
Whnlndlu Hames ud Wuwneziinihnldastnasuailu adenduq nioiielinisfos
, s & & o w : s 4 g '
vagm lu Wames ¥es adoaiug Wuaniainsoioven1ves Hawes 1 adeavounsuu
9 o n’: &£ aa Y Y P aa  a c? aa  w
14 &l vhamiatinnummsalumsiieio 18810 FsmsTiasouuniidumsidsouuy
9
dunes Auiudenan lanszuumsunuanuiuuumsy szausoiimsitisis lasmsdy
noa laudn TuliATue
Tuz1¥ 2.4 WudediaInssadraasanuduiusveunsy Tash idsusooud
. o v o da 4 e .
(automobile frame) ‘i]:‘,iJﬂ’JmﬁiJ‘Nuﬁﬂm‘Nimﬂ?mﬂuﬂﬂuﬁﬂ (wheeled vehicle) Taomsy

7 4 o
snsudzhumsugnues veamsuiaseasuanide iudu
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n’: ) 1Y &R @ @ w 9/ a o 9/
mauulianuadendstuiuiaglunuimeduTsunsudeing uaz gudoya
= o ¥ ¥ A o ar 1 L3 o o 1 aray
B33 uadeunnalsndingysznae sy funiwmediudag e duliliquani@ans
L ) = Y o u’; o L =] llsl '
HONUIAY (encapsulation) TunwIMAIUTAgIY Tagezgnredusivaziuaniolu’ly ud
5‘: 1 3 ara [ ' o kY 3lq 3/ <
iyl mszesiuguauidvesnaiduesinge: luawisogauauiu 1dend1d ez
¥ v E4 "
isanszuaumMsy pluuumesdingn hifiguaudfvesnisvedu dudiundsndu
= A a ow o o o & Y a ych:': ar aw 4!’.’4 9
Aludoves JuvuIFeIngduius Fudiuldfsanugiuuvveasy auideiisaldszoy

[ a o w o w o
ﬂ'lii]ﬂﬂ'ﬁi']u%ﬂgﬁ&‘]ﬂ')ﬁﬁ‘]ﬁﬂﬂu‘ﬁ

Wheeled Vehicle
Class of : Vehicle

Travel : by land (default)

Parent

Automobile Frame
Class of: Wheeled Vehicle
Manufacturer: Audi
Model: 5000 Turbo
Number of doors: 4 (default)
Number of wheels: 4 (default)
Engine:
" Type: overhead cam
B Number of cylinders: 5

Gas mileage: 22 mpg average (procedural attachment)

3 o v @ w d
310 2.4 et Tassaauazanuduius veuwsusooud

2.2.2.2 malimaiamsunuanaiuvumsaluanddenald dmsumaiia
> '
masmsunmuanuinuumsuil Wui ldsuanuauls vaziowih e luaniionan
Y sy oy Y _w Yo o w Ysa Yo v ¥
A Tasmmizanutendesmsaiedunuanuidmivanuini lnssadedudou mse
{ o s ﬂll 1 o = ‘& =
Wuivensuiu Taoia 1 nanuuafalunuumsy Fawesswazdoalnseairennuily
g e o yd' Y A s ¥
sUuuulndifesiuiag szannsasesfumsdssunanannuinlndifvsiuTanursanuiiu

s @ aas

) kY cg =3 3 as Y o w v 3= ~ = @
’n';‘a"lﬂmmm ElQ!L?JUd%ﬁ“ﬂ‘lii’)‘ﬂ"lﬂﬁﬁ'l\‘lﬂ‘izﬂ’liﬂg [1] uaneauun UWWU'IEJ'IN%‘IWN'IE‘IJLL‘U‘U
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A: 1 s ] )
ﬂmmum’mi’unuMswumﬂgmua mazaﬁu1ﬁa1nn1swmmummﬂuﬂmiLmummf
¥ ¥
unmﬂsuumwmumuﬁqa"mmnmwﬁ [1][16], uIAINssY [14] , MIODAUUUAMU

o Y { g o q @
gan g [4] SHudemsiannszuudisengaudug Taona 1y (2] Tasndeadionisiaun

9 ar \

' 1l A oA A A ¥ e
dauIngnlinezeglusdvesmu, insesiie nieuldonszuugiuinyhsanasg ey

v
=

= 1 _y & 4
adilaanlszavilunguain aad wLispw3e Tilsaen (Prolog) ludu dFunTosilen

1&3uanuiioudau vy 14un Smalltalk, KEE, Kappa-PC, KL-One, Protégé-2000 (i

o ¥ = .
2.3 nn"lnmﬁﬁaﬂﬂumzuugwmmq (Inference Mechanisms)
(] - =) 9 & 9 3 9 dll a  a
Wudiuaruguuiamainnsdumidaezauminagiuanuiinemsaadule
gruanudaziludau state space naznalamsidvezilunszuaumsduni nszuaums
aa w 9 ar [ o' | a 9/ ar o (Y] o Y o = ar A 3
vzl dydnual Taomsidenngiaeandesiudgydnyaivesdamasauasiungive v
¥ d a 1 2 a o 1 A v v 1
ladoiiensalny Genszuaumsiinsziaeilsuiiuviaelasndenuthvine luszuuy
a q’»’ aa W ° & aa o do
AiFemnaiunszuumsiissansagansein ldnatoma Fanszuoumsitiviion s
NUNINTDIITAD backward chaining 1@% forward chaining TasN backward chaining Ao
nszvaumsidunaouTauithnany (goal-driven process) luumizdi forward chaining 1ilu

nszuuMsniunaou Inodoya (data-driven process)

2.3.1 Backward chaining
A do A o a yd
funszuumsidundeulandhwing Tasnmsauihwinenegluganuivum
Wudus uazaszuaumsitozngarauiiie ladvesduls Tnssadeadoyanlely
¥
JTUINNITUIUMIIHIREABA UM IIAS 1 §1TAIU (working memory) %30 1B
1 < v o £ | 5=
(context) @IU AUANYDING (rule stack) HazdIAUANYBATIMUY (goal stack) Fauiio Tnn
4 b 3 L t& aa o ) s "
aufifnan1snsziedmilslunszuauns ity 1su Mmasden(select) NITUG(match) Laz
a _ 5 d' T —=a el 1 3
M3TUNTZVIUMTS(execute)  1ARTU FoyanlFludiunszurumsittumaniuezgn
ndsundas msAnyifransznuvesmsnsyiiuu Iassadedeyassninenszyiums
[ v
FivdudlunenanilunisAayinszurunisvesna lnnisdtade Asun1IinuLes
aa o =) v 4 { o g o [ § 1 <
AszLIMMIItRnIzgneTnerumsAsunlasiifalunudwiienu dauduaneIny
: d 4 ' o o y_ .9
uagduaudnveuihmng Fludmauinvesng uazauandhvuieziilulnssadadoys
& 4 v & & o a
I3 1INA3 19V UNDTANY
d. QI ¥ dy. Al T U o
Taoioisunszuaums ludiuveaiionuszinaldwazdwlsidhmngezgnay
9 a2 n’l‘ o 24 A Ao
i T lusudmdhnane simiunszuaumsegsiimsidenngusnlugmngdeiidauysidhming

= o

i o < 2 o ' ' P 4
Tudau THEN wazdud I lusudnvoang defaedeedangdon 6 snilungusninfidauls
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' - > { @ d o v
whwineludauma Antungded 6 szgadwdn I luauanvesnguasdunlsithmineezegly

¥ [] L
audnithmine aomzvouiionu sudnthwine uazaudnvesnguaaalugilii 2.5 dsil

Flat slab Sss_6

Context Goal stack Rule stack

a & g g
31."" 2.5 ADTUSUDUUDITU mmmﬂmmu LA AUANYDING I

o Aa o ' & A o

witlumngded 6 Wungusnilidusidhwingludiuvesna Fuilongded 6 gn
=) g s a o ar 1 ar 1 A o J & A =)
@oniuin Susgsuimstugiume luduniudsngiulungdaulenluusnfie "structural
i @ 1 o ¥ g1 A -] a dyw 3
system IS rec rigid frame” mssugngawisansyiae h ldnaediedemeesefisiuldgnas1d
Yy o g aa  w ar 9/ o 4 o

uda dnfunszuaumsdietuesiaadnnls "structural system” 1idludhmutoiogiiu daiu

o o & ar o A daa o
vegnira Taonisaudaulsidr I luaudnidhmusuaz ddlddungusnludaaniidauls

b4 [

ihvueludau THEN Wh ) luaudnvesngdles dniungden 4 szgridendmSunsmia

& & i ~
Iﬂﬂﬂmummmm‘muazmmﬂmﬁmuﬁﬂﬂu;ﬂ‘n 2.6

Rec rigid frame Sss 4
Flat slab Sss 6
Context Goal stack Rule stack

a & 3 g
gﬂ‘n 2.6 OIUZYDUUDIU ﬂuﬂﬂlﬂ’]ﬂl”]ﬂ llﬁzﬂllﬂﬂﬂl'ﬂ\?ﬂ{] 11
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Textbox

CLP-16
Textbox
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< aa o 4 & y 4 4 da
apuilnszuIuMIIImoITTuasvaeuNou lvusnvesngden 4 F9nfAo "load
: 4 P ;
bearing IS by rec framed structure” ¥991nWa# 18A5 "load bearing” vznauiluiihmuy
o o P [ o as
Pepfunazgadudh W luadathmineuazagdod 1 ssgadwdh Tl luaudnvesngdaas

Tugiii 2.7

Masonry wall Sss 1

Ree rigid frame Sss 4

Flat slab Sss_6
Context Goal stack Rule stack

UM 2.7 aomizvouilonu audndhmine uasauanvesny I

& y &4 o oA . A 1 q 9y ¥ e w w
doulyusnyoangdon 1 7ufe "no of stories” Fe3vsvom g lFtoumdmsudn
4 a 1 2 g a LY v o i g o
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T 3 1 = o ﬂy’ é o F L _- 4
drnufisnuuas ldaniuesedniungezgnld Faei i lddhmneilgiuuazdanesen
5 < ; § 4 A o o & S g
T griin Pludnuifenu Fuilledhnunoilepiugnastiunaznggnld ludr veaudnues

< =3 o -
aguazauanithnmineazgnateenawuaaslugli 2.8
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No=15
Load bearing =

By rcc framed structure

Rcc rigid frame Sss 4
Flat slab Sss 6
Context Goal stack Rule stack

4 4 < <
31"" 2.8 9071USUDAUUDITU ﬂuﬁﬂlﬂ’lﬂu’lﬂ Elﬁ:ﬂl!ﬂﬂ‘“ﬂﬁﬂa v
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No=15

Load bearing = By rcc framed structure
Structural system = rec rigid frame
Maximum span in M =7

Clear height in M =3.2

Floor system = beam and slab

Context Goal stack Rule stack
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BNF 1u3ii 2.18[6] fnuailemdmiy <ascii>, <alphabetic>, <numberic>,
£
<double-quote>, <backslash>, 1A% <whitespace> IUHEINH “* nurwdaiwIulaques

Sl a 4 =2 . . - .
IMANIUNINAVU LAz “-“ KU set difference HNIUIHA <performative™> i specialization

YO <expression>

<performative> ::= (<word> {<whitespace> :<word> <whitespace>
<expression>}*)

<expression> ::= <word> | <quotation> | <string> |
(<word> {<whitespace> <expression>}*)

<word> ::= <character><character>*
<character> ::= <alphabetic> | <numeric> | <special>

<special>::= < |
|

<quotation> ::= ‘<expression> | “<common-expression>

<comma-expression> ::= <word> | <quotation> | <string> | ,<comma-expression>
(<word> {<whitespace> <comma-expression>}*)

<string> ::= “<stringchar>*" | #i<digit><digit>*"<ascii>*

<stringchar> ::= \<ascii> | <ascii>-\-<double-qoute>

51/ 2.18 KQML string syntax 1131/11111) BNF
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2.9.2 Reserved Performative Parameters
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:sender <word>

:receiver <word>

S 1 or = A ] ar 1
Parameter WINTIaA3 Jdaazf3 U959 ¥o4 performative HauAnA1991A A5 UnazAda L

virtual 14 :from 10 to parameter U84 networking performative

a 1 a o adad o
aMIn 2.1 ﬂ‘{ﬂﬂ'l“'li'llllﬁﬂ‘iﬂlﬂuﬂﬂl’)‘iﬁ LOZANUHUIUUDIUU

Keyword Meaning

:content The information about which the performative expresses an attitude

:force Whether the sender will ever deny the meaning of the performative

:in-reply-to The expected label in a reply

:language The name of representation language of the :content parameter

:ontology The name of the ontology (e.g., set of term definitions) used in the :content parameter
ireceiver The actual receiver of the performative

:reply-with Whether the sender expects a reply, and if so, a label for the reply

:sender The actual sender of the performative

rreply-with <expression>

:in-reply-to <expression>

¥

a1 <expression> Ay nil 3o parameter Hiuanielynn performative uadeany i

mandalftimsaeundy §1 <expression> 1y t udrfdsrzaanTsmsaoundy dnziiu dds

¥
ar

e

e

MANTINIABUNAUNBY 1Y :in-reply-to parameter AIWAINUNDUNY <expression>

:content <expression>

:language <word>

:ontology <word>

:content parameter Wumsuaasds “direct object” Y9 performative AIBYIIUYU i

. 4 Ay v ' 2
performative name 131 tell 17 :content V21T sentence 'ﬂvl.ﬂgﬂ‘ljﬂﬂﬂm'l <expression>
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14 :content parameter douily valid expression Tu representation language ‘ﬁgﬂizu
=) 9 ] dy " A
Tag :language parameter H3® KQML 11 :language parameter ‘lu'ﬂi’lﬂg] HBNIINU AIAINNYN
5 o 4 o
191u expression Aol subset ‘UENWNQﬂﬂ'muﬂTﬁU ontology named %®3 :ontology
r=) o s - g T
parameter 130 standard ontology @113 representation language 1 :ontology parameter i

151ng)

-force <word>

Y c?ﬂ g 9 o M W hl 1 a

217171909 parameter U Y permanent umgﬁmmmmwmz Nﬂglﬂﬁﬂ'ﬂijﬁﬂ'\ﬂﬂlﬂﬂ

= A T d’l 9 = dyd Ll A 1 3
performative A1BU4 9¥1IFN Heavonlfiasanumnelueuing (parameter fiioginos1d

@1dun nanAse overhead Nl suilu)
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gﬂﬁ 4.3 A Frame sub schema Using NIAM

--------

Default (slotname)
Constraint (slotname)
If_add (slotname)

If_need (slotname)
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g‘l]ﬁ 4.4 A Frame main schema Using NIAM
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FRAME SLOT
FNAME: string SLOTNAME: string
FRAME_TYPE: string Has: set(SLOTVALUE)

Has : set (SLOT)

Default (slotname)

Constraint (slothame)
If_add (slotname)

If_need (slotname)
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FRAME
FRAMENAME FRAMETYPE SLOTNAME SLOTVALUE
SLOTVALUE
SLOTNAME SLOTVALUE
SLOTVALUE
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CREATE OR REPLACE TYPE t _facets row AS OBJECT
(id NUMBER(10),
slot_id NUMBER(10),
name VARCHAR2(50),
facet_value VARCHAR2(50)
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)
CREATE OR REPLACE TYPE t_facets_tab AS TABLE OF t_facets_row

CREATE OR REPLACE TYPE t_slots_row AS OBJECT (
id NUMBER(10),
frame_id NUMBER(10),
name VARCHAR2(50),
facets  t facets_tab
)
CREATE OR REPLACE TYPE t_slots tab AS TABLE OF t_slots_row
CREATE OR REPLACE TYPE t_frame_row AS OBJECT
(id NUMBER,
name VARCHAR?2 (50),
frametype VARCHAR2(50),

slots t slots tab
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14

Tagsmueeszuy ladail
Function: find frame
Input: facts
Output: answer

1. find frame that match facts

loop
find children of matched frame
push into goal stack list

until no children of frame found

pop frame from goal stack
bind slot variable with fact
match frame with current goal frame

o eNIeN Ghi s k)

return matched frame
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& o = 9 A 1 4 & U ;
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Query i
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Attached procedure No attached procedure
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Execute Retrieve Value
Slot value < Return value
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Function: get_all slot value
Input: frame_id, slot_name
Output: answer

1. answer:=null;

2. parent:=null;

3. answer = call get_slot_value;

4. if answer = null

5. parent = call find parent;

6. while parent is not null AND answer = null
7 parent = call find_parent;
8. end loop

9. return answer;

317 4.9 Sane3finlunsminvesadon

lﬂ. ' L IJ s 1
aszuaumslugli 4.9 sziflumsmaadeanamsuilogiuladu T darsune

> 1 Ed
wimudwudunazeziinmsioaflendulugzii 4.10 uaz 4.1 amdrdudail

Function : get slot_value
Input: frame, slot_name
Output: answer

1. answer:= null;

2. begin

3 SELECT id INTO v_slot_id FROM slots_tab
4 if v_slot_id is not null then

5, begin

6. SELECT 'value' INTO ret

7. when no_data_found

8 SELECT ‘“default’ INTO ret

9. when no_data_found

10. SELECT if_needed INTO ret
11. when no_data_found

12, answer = NULL;

13. endif;

14. answer ret;

15.end;

U7 4.10 Sanesfiudmiunsdsmnnaden

Function:  find_parent

Input: frame, slot_name

Output: parent

1. begin

2. parent := null;

3. SELECT parent INTO parent FROM parent_tab
4. if no_data_found then

5. parent := null;

6. return parent

7. end,;
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M3190 5.1 uaaalsuiinernulsny waz Isanineadesiumsihey

No. frame slot slot value facet facet value
N1 Parent -
Earache yes default yes
basilar skull
Head injury yes default yes
fracture
Cerebrospinal yes default yes

fluid otorrhea

N2 Parent -
Secondary
Earache yes default yes
otalgia
Pain on pulling no default no

(referred pain)
the auricles




M135197 5.1 (A9)

El Parent =
Children External Ear,
Middle Ear, Inner
Primary otalgia Ear
(Disease of the | Earache yes default yes
Ear) Pain on pulling | yes if changed if slot value = no
the auricles then 20 to
“Secondary
otalgia”
E2 Parent Primary otalgia
Children otomycosis, acute
cellulitis,
furunculosis, herpes,
relapsing
polychondritis, Ear
External Ear Trauma, Foreign
body, Impacted
cerumen
Pain and swelling | yes default yes
of external ear if changed | if slot value = no
then g0 to
“Middle Ear”
E3 Parent Primary otalgia
Children AOM, OME,
Trauma to TM
Middle Ear Otitis media yes default yes
if changed if slot value = no

then go to “Inner

Ear”
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E4 Parent Primary otalgia
Children Bell palsy,
Inner Ear
Temporal bone
tumor
E5 Parent External Ear
Otomycosis Characteristic of | {white plaque, constraint {white  plaque,
ear wax black spore}* black spore}
E6 Parent External Ear
Acute cellulitis
Infection and yes default yes
inflammation
E7 Parent External Ear
Furunculosis | Small firm tender | yes default yes
red nodule in skin
E8 Parent External Ear
Itch yes default yes
Burning pain yes default yes
Herpes Small red bumps | yes default yes

or blisters appear
around auricles

and mouth
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E9 Parent External Ear
inflammation and | yes default yes
deterioration of
cartilaginous
tissue
Relapsing
inflammation of | {hearing loss, eyes | constraint {hearing loss,
polychondritis
other connective | inflammation, joint eyes
tissue inflammation} * inflammation,
joint
inflammation}
Serology test negative default negative
El0 Parent External Ear
Ear Trauma Trauma to yes default yes
auricles
El1l Parent External Ear
Foreign body
Foreign body yes default yes
E12 Parent External Ear
partial loss of yes default yes
Impacted
hearing
cerumen
a sensation of yes default yes
fullness in the ear
E13 Parent Middle Ear
Pus in the middle | yes default yes
ear
Infection yes default yes
Acute otitis
If changed | If slot value = no
media (AOM)
then g0 to
‘IOME!’
redness of the yes default yes

eardrum
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El4 Parent Middle Ear
Glue ear yes default yes
Presence of fluid | yes default yes

Otitis media
in the middle ear
with effusion
Infection no default no
(OME)
If changed | If slot value = yes
then g0 to
“AOM”

El5 Parent Middle Ear

Trauma to {Barotrauma, Blunt | constraint {Barotrauma,
Trauma to TM
eardrum trauma, Blunt trauma,
Laceration} * Laceration}

El6 Parent Inner Ear

Unilateral or yes default yes
Bell palsy

bilateral acute
facial nerve palsy

E17 | Temporal bone | Parent Inner Ear

tumor - -

- A 1 (] é
* yuenaunenotalastanile
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No frame slot slot value facet facet value

Bl Earache if changed if slot value = yes
then go to “Symptoms
to earache”

Cough if changed if slot value = yes
then go to “Symptoms
to cough”

Basic Question

Sore throat if changed if slot value = yes
then go to “Symptoms
to sore throat”

Fever if changed if slot value = yes
then go to “Symptoms
fever”

B2 Earache yes default yes
Severe head if changed if slot value = yes
injury then go to

Symptoms to “Emergency”
earache Pain on if changed if slot value = yes

pulling the then go to “Primary
auricles otalgia”

B3 Cerebrospinal if changed if slot value = no then
fluid otorrhea go to “Symptoms to

earache” and set
Emergency

“Severe head injury”
=no

else admit
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B4

Primary otalgia

Characteristic default normal
of external constraint {Normal,
ear Inflammation}
Characteristic default normal
ot car venx constraint {normal, white,
black}*
Itche default no
constraint yes/no
Inflammation default no
constraint yes/no
Characteristic default normal
of eardrum constraint {normal, redness of
the eardrum, glue ear,
perforation of
eardrum} *
symptoms default normal
about facial constraint {normal, Unilateral

nerve

or bilateral acute

facial nerve palsy}
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reference number 12345

Patient Name wwilasalsn udased
Patient Symptoms Otalgia

Earache yes

Pain on pulling the auricles yes
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(ask-one
:sender clientl
:content “INSERT INTO patient VALUES ('12345', "wigtlasalsn udaused,
'Otalgia’, 'earache’, 'pain on pulling the auricle')”
‘receiver serverl
:reply-with earache symptom

:language sql
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:ontology earache)
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Abstract: An expert database system is an expert system which is developed on
databases using DBMS technology to manage facts and rules. Frame-based expert
systems are widely used as the knowledge representation for such expert systems with
large knowledge bases. Many systems have the ability to connect to external
databases. Facts stored in databases can be loaded into expert system’s knowledge
base and inference is performed by the infarence engine of the expert system. In many
cases, such external facts are required several times for each inference. Thus, a lot of
communication traffic takes place. This research work present the design and
implementation of a frame-based object-relational database system which has a tight
coupling berween the expert sysiem and the external knowledge base. The external
knowledge base also use frame as its knowledge representation. More over, it has its
own inference engine so that inference can be perform on the knowledge base side
and the results, not only simple facts, are sent back to the expert system for further
inference. A medical consultation system is used as an illustrated example an Oracle

10g object relational DBMS is used as the database platform.

Key-Words: - Frame, Expert System, Object-Relational Database

1 Introduction

Frames are widely used as the knowledge
representation of large, complex expert systems [1].
However, most such expert system shells have
internal frame-based knowledge bases. They are
internal in the sense that frames are loaded and
* stored in the main memory of the expert system
during consultation sessions. The knowledge bases
do not have the advanced data management
facilities such as indexing, query optimization,
concurrency control and recovery control which are
common in modern database management systems
(DBMS).

During a consulting session, there are facts that
are obtained from the user interactively and facts
that are obtained from inferences. Inference rules in
conventional expert systems arc executed by the
inference engine on the expert system’s mzzhine. It
mainly uses facts obtained interactively from users.
Facts from external databases are sometimes loaded
into the knowledge base when required by the
inference procéss. In simple systems, relations that

contain both relevant and irrelevant facts are loaded
into the knowledge base. In more advanced systems
only related facts are loaded. In both cases, there
are no inferences on the external database (or
knowledge base) side.

Our approach is different. We propose an
architecture that includes an inference engine on the
external knowledge base side as well as one on the
expert system shell side. This approach enables
inferences to be performed on the external
knowledge base side so that only the inference
results are sent back to the expert system instead of
sending facts several times during an inference
process performed by the expert system’s inference
engine.

Due to the similarity between the frame and the
object relational concepts, a prototype system is
implemented on an object relational database using
Oracle 10g DBMS.

2 Frames
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Frame was introduced by Marvin Minsky in 1974
[2]. It is a knowledge representation that has both
the data structure and inference capability. It is
suitable for the representation of concepts and
classifications. It is also suitable for the
representation of a taxonomy hierarchy [3][4].

A frame comprises a frame name, slots or
attributes of the frame and facets [5][6]. For
clarification, frames can be classified into class
frames and instance frames. Class frames are used
to describe group of objects or class of objects and
can also be organized into taxonomy. A class frame
therefore has parent and children as common slots.
Slots from a parent frame can be inherited to its
children. Instance frames, on the other hand,
describe particular object instances. They are the
leaf node of the taxonomy and have no children
(41[5](6)(7)(8).

Facets are used to conwol slot values and

corresponding operations. It can be used to -

establish initial slot value, slot data type, possible
value range and next activity to be performed.
Validation rules, trigger cperations and derivation
rules are common facets as well.

Frames are similar to objects in object
programming and databases but the most important
difference between them is the former lacks the
encapsulation property. Objects are encapsulated
but frames are not. Attributes of an object class
cannot be seen from object users, They can only see
method signatures. Objects without encapsulation
which is well known under the name “object
relational” are therefore a perfect match of the
frame concept. This is the reason why an object
relational DBMS is employed in this research
project. :

-3 Coupling between expert system
and databases
As mentioned ecarlier, the coupling between an
expert system and a database system extends the
capability of the former to have access to larger
databases [9]. There are several systems thar have
the capability such as the Perk database [10),
EcoCyc [9], PARKA-DB [11] and Sophia [12]. All
of them employ relational databases to record facts.
The Perk database connects to a database using
OKBC operations [10] and refers to frames in the
database by loading frames into the main memory
for inferences. Its later versions employ object
views and uses indexes to point to the required
frames. EcoCyc system and PARKA-DB keep
frames in relational database and load them into the
main memory when required. Sophia also keeps
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frames in relational database and use SQL query for
frames loading. All of them do not have the
inference capability on the database side. Only
tuples of relations are transfer to the expert systems.

In the following section, we propose an
architecture which employs an inference engine on
the database side. Frames are kept in an object
relational database. The expert system can request

“derived facts which can be obtained as a result from

the inference that takes place on the database side.
Since the database side has frames and the
inference capability, we therefore call it an external
knowledge base. ’

4 The System Architecture _

Fig.l shows the architecture of the FORXDB
(Frame-based Object Relationa! Exper: Datztase
system). The novel feature of this architecture is
that it has an inference engine on the knowledge
base side (the server side) as well as the client side.
Frames are on both the knowledge server side and
expent system (client) side. The client-side frames
are those that involve user interaction and fact

acquisition. Inference on this side can lead to a

reference to the facts on the external knowledge
server that can be inferred from other server-side
frames.

The client expert system side comprises the user
interfaces both for the expert and the user, the
frame-based internal knowledge base, the
knowledge base maintenance tool and the client-
side inference engine. The external knowledge
server comprises an inference engine, an object
relational DBMS, the frame-based knowledge base
and other databases that belong to other information
systems. These systems are the data sources of the
external knowledge base.

In a consultation session, the user consults the
client-side frame-based expert system. The main
purpose of this client-side inference is to gather
current information on the subject matter. The
inference rule in the first frame will choose the
most suitable next frame to go to. Several frames
may be visited on this client side before the client
expert system gathers enough information which
are to be sent to the knowledge base system on the
server side for further inference.

Inference on the external knowledge base side
focuses on using existing facts which are already
stored in the knowledge base and other relevant
information systems. The result of this knowledge
base inference is sent back to the client-side expert
system and finally to tile user.
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Fig. 1 The FORXDB System Architecture

5 Implementation Issues
5.1 The Meta Tables

The FORXDB on frames is kept in system tables.
Fig. 2 shows an Object Role Model (ORM) [13]
diagram that describes frames. Corresponding meta
tables with some sample data are shown in Fig. 3.

FRAME
FRAME ID | KB ID | FRAME NAME | FRAME TYPE
1 100 Th stat Class
2 100 Th fatl 1

1ssue 3, Vol. 5, March 20 ISSN: 1109-275
SLOT
SLOT ID | FRAME ID SLOTNAME SLOT_VALUE
1 1 Air_Conditioner
2 1 Fumnance
3 1 Mode
4 ] Sctting
5 1 _Temperature
6 1 Room
7 2 Parent Thermostal
9 1 Children Thermostatl
FACET
FACET ID | SLOT ID | FACET TYPE | FACET VALUE
1 3 Defauit Heat
2 4 Default 68
k] 5 Default 65

Fig.3 Meta tadies odtained from Fig.Z and soms
: sample data

5.2 External Database Data Source
In this project, data from existing information
systems are used as the data source to the FORXDB
system. Inferences are performed on frames which
refer to other frames until a fact is found in a
database. Methods are employed in order to refer to
facts on the data source without copying them
permanently to the frames. Thus avoid data
inconsistency when updates are made to the data
source.

In this project, Oracle 10g object-relational
DBMS is used to manage the external knowledge
base. Since Oracle 10g has a feature called dblink
which allows an Oracle DBMS to refer to other
Oracle databases and use SQL data manipulation
statements directly on them. In the case that the
external databases are not Oracle, a utility called
OCA (Oracle Open Client Adapter) can be used to
retrieve facts from them. In the implementation of
the FORXDB system, only fact retrieval is required
so we are well-equipped with data access tools.

Facts which can be obtained from an

external source are predefined by the expert. For .

example, patient records in hospital information
systems are needed for a medical expert system
consultation. If the required records are not
available, then the expert system will ask the user
interactively. Frames that interact with external
databases are instance frames. Their corresponding
class frames have attached procedures in the facet!
The instance frames actually inherit these
procedures from them.

5.3 Object Relational Database
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An object relational database supports non-
atomic attributes. A table needs not represent a
relation in the traditional sense. Multi-valued
attributes, composite attributes and simple attributes
are allowed. User-defined data types (UDT) are
also allowed. These UDT comprises other atiributes
and methods and are fully encapsulated.

The concept of types and instances are .

clearly distinct. Unlike some simple relational
database implementation that mixed the concepts of
relational schema and relation in to a table, object
relational allowed types (or row types) to be
separately declared from table instances. Figda
_shows a sample table Student with a composite
attribute NAME and a multi-valued attribute
COURSE.

Stadent

ID NAME COURSE
i FIRST | LAST
E st031 | Jane Hunter | Economy
) ) | Pianning
st072 | Richard | White | Computers in
Engineering

Fig 4 An object relational table

The corresponding row type and table definitions
together with some sample insertions are shown
below:

CREATE ROW TYPE Student (

id CHAR(5),

name ROW (first VARCHAR(12), last
VARCHAR(20)),

course SET (VARCHAR(128) NOT NULL)
) '
CREATE TABLE students OF TYPE Student;
INSERT INTO students
VALUES (

'st031°,

ROW('Jane', 'Hunter'),
SET('Economy’, "Planning")
)
INSERT INTO students
VALUES (

'st072', .

ROW(Richard', "White"), - .
SET(Computers in Engineering’)
%

Subtype hierarchies and methods are also
supported. The following SQL codes show the

3. Vol. 5, Marc : 1109- - 563

creation of the super type EMPLOYEE and
subtypes PROGRAMMER and
REPRESENTATIVE.

- CREATE TYPE EMPLOYEE AS OBJECT (

NAME VARCHAR2(20),

SALARY NUMBER(6,2)
)NOT FINAL;
CREATE TYPE PROGRAMMER UNDER
EMPOLYEE (

LANGUAGE VARCHAR2(12),
PROJECT VARCHAR2(30)
)i
CREATE TYPE REPRESENTATIVE UNDER
EMPLOYEE (
REGION VARCHAR2(30)
);
CREATE TABLE empioyees Or EMPLOT L,
CREATE TABLE programmers OF .
PROGRAMMER;
CREATE TABLE representatives OF
REPRESENTATIVE; :

The object relational table is neither a relation nor
an object since it allows non-atomic attribute
without éncapsulation. The encapsulated part is a
user-defined data type.

6 A Prototype Medical Diagnosis

Expert System

Medical diagnosis is a process that requires skilled
and qualified physicians. In remote areas where
doctors are not available when required, other less
qualified health care personals may have to do
the job. A medical diagnosis expert system will be
an invaluable tool in such situations. Patient’s
records, symptoms and illness history are essential
information for the diagnosis process. It is clear that
some information should be available on external
databases (such as the patient’s records) and others
have to be obtained from patient’s interviews.

A frame-based expert system uses set of
rules for inference. Rules are facets in slots. There
is a mrigger mechanism that checks activities on a
slot. If add, if need, if change and if remove are
typical facets which take action when slot value is
manipulated. In the FORXDB system, forward
chaining is employed. Since the system has 2
inference engines, one on the client side and
another one on the knowledge base (knowledge
server) side, inference can be done on both sides.
The client side first takes care of user interaction to
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obtain current information interactively while the
server side takes care of the inference from
recorded or historical information.

In the medical diagnosis system, the client -
side .inference engine guides patient through
relevant questions based on the given symptoms,
Fig.5 shows an instance frame Basic Questionl
which is created from a class frame Basic Question.
The user specifies the earache symptom and the
corresponding slot value is set to true. The If
Change attached procedure of the slot will refer to
the frame instance “symptoms to earache™ which
leads to further information on the patient. Finally,
patient information frame instances are created. It
will be submitted to the knowledge base system on
the server side for further inference.

SErASR Eoe ! ¢ changed
mmfE I ( if slot value = true
Earache: | then go 1o “Symptoms
Cough: flo carache™ )
Sore throat:
tFever: len|  [if_changed
{ if slot value = true
] then go o “Sympioms
cough”™ X
INSTANCE: Basic
|Earache: TRUE
Cough:
Sore throat:
Fever:

Fig. 5 Sample frames on the client side.

There are two techniques that are employed
for the server side inference. The first one is to keep
" the frame instances from the client side as server
side frame instances. Methods on the slots will
direct inference to the final goal. The second
technique is to keep information from the client as
parameters of store procedures which in turn, carry
on the inference. This second approach is suitable
for small amount of information is received from
the client side. Fig. 6 summarizes the inference
activity in the frame system.

~“Fig. 6 Frame inference mechanism

Frames on the client expert system side
guide the patient’s interview process and send
information obtained to the server whose frames
access external databases and perform diagnosis.

. Appendix A shows server-side frames of ear-related

problems and appendix B shows client-side frames
of earache cases.

8 Conclusions

The paper presents a frame-based expert system
architecture that has an inference engine on both the
client consulting expert system and on the
knowledge base. Inferences that are performed on
the client side are mainly user’s interviews and
interactive fact gathering. Inferences on the
knowledge base side are performed based on
already known facts recorded on the databases.
Frames are implemented using object relational
database technology. -
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Appendix A: Some server-side frames of ear-related problems.
[rame shot slot value facet facet value
] Parent
o el Earache yes default yes
basilar skull f Fead W[ = o Vet
Cerebrospinal fluid otorrhea yes default yes
. Parent =
Secondary oulgia Earache ys default yes
(refermed pain) - - -
Pain on pulling the auricles no default no
Parent -
Children External Ear Middle Ear,
Primary otalgia Inner Ear
(Discase of the Ear) Earache yes defaull yes
Pain on pulling the avricles yes ifchanged | if slot value = no then go to
“Secondary otalgia”
Parent Primary otalgia
Children olomycosis Aacute
cellulitis  furunculosis,
External Ear pops, TAESE
polychondrius
Pain and swelling of external car yes default ves
ifchanged | if slot.value = no then 2o 0
“Middle Ear™
Il Parent Primary otalgia
Chilaren AOM, OME, Trauma lo
Middic Ear — 21
Onitis media yes default yes
- if changed if slot value = no
then o 1o “inncr Ear”
Parent Primary otalgia
Inner Ear Childrea Bell palsy, Temporal
bone tumor
Parent Extemal Ear
Otomycosis Characteristic of ear wax {white plaque black consuraing (white plaque black spore)
spore}*
Tl Parent External Ear
i infection and iaf Yes Gl | ves
E . Parent Extermnal Ear
Small firm tender red nodule in skin _yes default | yes
Parent External Ear
Itch yes default yes
Herpes Buming pain yes default ves
Small red bumps or blisters appear yes default yes
around auricles and mouth
Parent External Ear
inflammation and deterioration of yes default yes
cartilaginous lissuc
Relapsing polychondritis " fl ion of other c« ive {hearing loss cyes constraint {hearing loss cyes
. tissuc inflammation, joint inflammation, joint
inflammation}* inflammation)
Serology test negative default negalive
Parent External Ear Ear Trauma | Parent
o Trauma to auricles yes default yes
Parent Extcrnal Ear Forcign Parent
- Foreign body - body
Forcign body yes default yes
Parent External Ear Impacted Pareat
Impacted cerumen - T Lonumen
partial loss of hearing yes default yes
a sensation of fullness in the car yes default yes
Acute otitis media Parent Middle Ear
(A0M) :
Pus in the middlc car yes default yes
¥ Tnfection yes i dchault ys
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Ifchanged | If slot value = no then go
“OME™
redness of the cardrum yes default yes
Parent Middic Ear
. Glue ear ves default yes
Otilis media with Presence of fluid in the middle car yes defaull yes
sliusion (OMEY Infection no .| default no
! If changed If slot value = yes then go to
" “AOM™
Parent Middle Ear
Trauma to TM Trauma to eardrum {Barotrauma, Blunt constraint {Barotrauma, Blunt trauma,
trauma, Laceration}® Laceration}
Parent 5 Inner Ear
Unilateral or bilateral acute facial yes default yes
Bell palsy nerve palsy
Parent Inner Ezr
Temporal bone tumor
- i 1 1 ]
* one of them
Appendix B: Some client-side frames of earache cases
frame slot slot value facet facet valoe
Earache if d if slot value = ves then go to “Symptoms to-carache™
Basic Question Cough if changed if slot valuc = yes then go to “Symploms to cough™
Sore throat if changed | if slot value = yes then go to “Symp 10 sore throat”
Fever if ch d | ifslot value = yes then po to “Symptoms fever™
Earache ves default yes .
Symploms 1o carache | Severe head injury ifchanged | if slot value = yes then po to “Emergency™
Pain on pulling the auricles if changed if slot value = yes then o 10 “Primary otalgia”
Cercbrospinal fluid otorthea if changed | if slot value = no then go to “Symptoms to earache™ and
Emergency set “Severe head injury™ = no
clse admit
Characteristic of exicrmnal car default normal
constraint {Nommal Inflammation}
Characteristic of ear wax default normal
constraint {normal, white, black}®
liche default no
. ) constrainl_ | yes/no
Primary otalgia Inflammation default no
constraint yes/no
Characieristic of eardrum default normal
constraint {normal redness of the cardrum gluc car perforation of
eardrum}-
symploms about facial nerve default normal
constraint {normal Unilateral or bilateral acute facial nerve palsy}
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