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Abstract

We combine XML and object database technology
to develop an interactive electronic technical man-
ual. A technical manual file in XML is fragmented
into objects and then stored in an object database
having the schema corresponding to the technical
manual DTD. Then we develop browsing, indexing
and searching functions commonly found in elec-
tronic manuals. Furthermore, we build an expert
system to assist user make effective use of the con-
tent of the manual. The knowledge base of the ex-
pert system is constructed by converting the proce-
dural knowledge in the technical manual into pro-
duction rules. By using the interface, user can then
access the technical manual in an interactive way.
We have built a prototype system for an engine
troubleshooting manual. By means of the expert
system interface, user can focus on the questions of
specific engine faults troubleshooting and easily find
the solutions.

1 Introduction
Paper-based technical manuals are costly to pro-

duce and manage, and are incapable of integrating
in an automated environment. Their poor usabil-
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1IETM document standard was defined based on SGML
[7]. Due to the popularity and Internet processing, in this pa-
per, we choose XML [18] instead of SGML. XML inherits the
most of the features from SGML with simplified definitions
and adding Internet processing properties.

2The IETM classification is described in Section 2
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Wec omh nnX oMonlac Id nj ts Wa Ia 1L aMboLnh
lec ghyj Lalbvap i nljlcj nj vep nj g neonbnId vIi r
o-cu lcvej bm- aXalci a .Ap IAD Wec b dum nlHj

onvlhyc aMbolmhlj y lecac LocmlHj a §j v-Mgca ger
aviiw ] bacp onbvegMm-pnj g onnha gnlnD Wec al Limyc
i cgM dimlecac gnln 1Xoca lj nj ts Wa la ccvr
Inhj D, acl Ldalnj gnng dim nla dimal Lmyc nj g
ge-baenXIdh dum nlHj nm gexj cg 1Li nTt aMa lec
b dm nldj Fb- ke nvvcaatk-c Imcrn -Ij y lem prer
ynng-caa Ld venj yij y lcvej L-LyXD Wecac alnj gnnga
mffMie lec ge-benX Ldgnln j B cMm- al nbi1 Mzag
lenl nme j Il 1eg 1L nj XonmhhvMnmal.d Fnne Lime nngr
Fnme aXalci pLml L nj X onmhbvMnmal Xc¢ Ldoneacj 1nr
14 D Pz h xfiSh x GWGa nm gcalyj cg 1L nvelewc
lec jcMm-BX IdgIvM c¢jl aloMl MealfDtj nggh
IHj IL 4§ dm nlHj -nXIM njg jnwiynlHj p ts Wh

enalec ngwnj Inyc Ldj dim nlHj i nhjlcjnjve njg
MygnlcD

, wlmghj y 1L1ec -cwe- Ldlcvej bm- aloetal bml Hj p
ts Wh  Ia v-naalxcg na d~IFa .AD Plonhlj y dohi
ab o-c -cwe- I j Ij re-cvlnbj bm—Xrlj gcucg onyc h r
nyca /X-naa 3 c-cvlnlj bn—X1j geucg onyc b nyca
/X-naa fithnj g c-cvlnbj bv avili~l y gIvM cj la /X-naa
PID X-naa 2 ta -ij cnmal Ml Mg ts Wa Pp Hop i 1a
Pz h xrlnyycg nj g lmalLmg §j x-cDX-naa A'la al iMr
IMug ts Wh a nMelieg GlL njg i nijlnfcg § n
j LjrmagM gnj 1 ne-nlHj n- Imlkvlrlnkej 1cg e lemm
vebm- gnln knacDAAlj n—XpX-naa k §j 1cyml ca ij 1 crmvr
Ibrc omeacj InlHj LdX-naa Ats Wh aFlHe lec gnln dim
Llecnonbvcaacalj v-Mglj y cuocrh aXalci mMcadmlec
gho-nX Idj dim nlHj njg LecmMcmmoo-bmlHj a
aMre na ghyj Lallva Lmvli oMcmi nj nycg lmlj j yD
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, ai ¢jlij cg omwiH Mr-Xplec ts Wa aXalci  lela
onocnwlj allaldnj Sh x Lkqvl gnlnknacpn vli olx
jejl dicjlenj y Sh x x-cafjlLlec Lkqvl gnlnknac
njg vli oljcjl Ld Miemlj lecndhvea dimnvveaalj y lec
Lkavl gnlnknacD

flbml Ldn—pFc vlj algemej lentj y nlevej bm-1 nj r
M-Sh x x-cjlLlec Lkqvl gnlnknacDWe ¢ nimmj ycr
i c¢jl Ideci ¢jlalj nj Sh x glvM ¢jl ta yImencg
kX lec cci ¢jl njg nllnkMc -tal gev-nmlHja 1j
gLvM ¢jl 1Xoc gexj Bj /GWGH.fiTfDWec vionl Hjj
LdGWG b n acj ac la v-Lac-Xme-nlcg 1L gexj iy j cF
gnln 1Xoca nj g elwrmmebm- m-nlHj aelw j Lkqvl
gnlnknacDWeMipl L cjlcmec levej bn-1i nj Mi-Sh x
x-c §1Llec Lkqvl gnlnknacpnl xmal n jcF aveci n
vimeaolj gy y 1L1ec levej bin- i nj M- GWG laycj r
cmmlcg B lec Lkqvl gnlnknac plecj lec lcvej bm-
i njM- glvM cjl Ia dmyi cjlcg 1L Lkqvla nj g
¢j lemg lec gnlnknac .P3fD

Wec InaT' Idlec dmyi cjlynj Sh x glvM cjla
H1L Lkgvla vnj ke ghtgeg §1L IFL onnhaO nj nr
Xala nj g ycj cmlHj D Wee dim cmonnh ta 1L nj nr
XN Sh x glvM cjl §jalnj vea nj g lec -nllcmin 1L
omgMrec Tkqvl gexj HHj a dinlec c-ci cjla dMg
B leci DWeM Fc ci 0-IXnj Sh x onmemdimnjr
n-XNj y lec alntMIMe Idlec levejbm- i njMi-DDec
gcalyj nvlgce ycj comlHj onbymi lenl onbgMrca Lkr
vl gexjBHjadmlec cci cjlaFebe lmwenmalj y lec
gIlvM ¢jl almdl MueD

Wecj Fc vljalgemlec gealyj 1Ld Miemlj lendhveD
Wec Inal Id kMeghj y aMkvli olj cjla ILd TeXFling
acnive nj g knbFalj y vlj alala LdeF 1L gcalyj lec
omeacj InlHj dimlec §j lendave nj g vIj werh lec vIi r
injgal lec Hlemhve HIL fiMnX §j alnM1Hjj a Ld
Lkqvl gnlnknacD Wec oMolac Id lec §lcmvlbic
aMkvli oljcjl Ldlec Macmlj lendhve I 1L ec-o Micm
nvvcaa lec onbvegMm- Tj IF-cgyc Id lec lcvej bm-
i nj Mi-DWec onbvegMm- Tj IF-cgyc Ldlec lcvej bm-
i njM-§ ycj cm- vlj alala Ld onbivegMm- al coa dim
InhMk-cae LI y Lmghyj LalaD tj cnve alcop Mcmla
naltg 1LgLnvldj adieli ¢ gewhveapnj g lecj vecvl
dimvlj ghHj a dimlec gewhvcaDWec 1nhlVk-cae LI y
onhvegMu talecj aFBvecg 1L nj llecmal co nvvlngr
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filyMe £iO, meHcviMe Ldlec ts W aXalci

B y1Llec maMl LdvecvIlj y nvlHj DWela onhivegMua
a meocnlecg M1b n vlj vvMHj tan dM gD: kwilMy-2%p
lec TeXFIng acniwe nj g knhFalj y § 1cndhvea nne j 11
aMWlejl dimlec nklmc onbiveg MuD

Wec avcj nofil, @Ml geaviikceg laabh bnmlLlec i dcm
¢j ve onbivegMu Ldn nMcrknacg cuocrh aXalci .fiPfD
WeM Fc gewe-Lo nj cuocnh aXalci dimlec B lcmvr
Ibrc aMkvli oljcjl, j cuocrh aXalci vlj alala Ldnj
B lcmvl i 1j lendhwepn T LF-cgye knac nj g nj i dm
¢j ve ¢j yij cDCXlnyylj y noonbonml c-XpFc wnj i nTe
Mc Idlec vIjlcjl Ldlec onbvegMm- Tj LF-cgyc 1L
vlj alnMid lec Tj IF-cgyc knacDtj llecmFIngapFc
jeeg 1L gexj c lec GWG dunlnyylj y LM lec nMca lj
lec onbvegMm- Tj IF-cgycD Wec GWG dumlec onhr
vegMm- Tj IF-cgyc ta gcavidkeg §j Pevidj ADWecj
nj §jdmjve ¢j y§c la miiMmg 1L i nTt lec Hlem
nvlbic onbivegMe FLiiDtj lela onocipFc ci o-IXn
nMcrknacg cuocrh aXalci aec— 1L kMbg M lec cur
ocmh aXalci DWec i nlj InaT ecrme kevli ca elF 1L
vlj werh lec Inyycg ombwvegMm- Tj IF-cgyc B 1L lec
dm nl IdnMcaDtj knedlec ts Wa aXalci laaelFj
§ filyDeD

4 Building an Xr L Objocn
u ambalo
tj lela acvidj p Fc xml gcavidkc lec GWG Idlec

levej bin- 1 nj M- njg kMbghy lec viomaolj glj y
aveci n i lec Lkagvl gnlnknacD Wecj Fc geavikc



lec onmljy IdSh x glwvM ¢jl njg lec ycj comlHj

IdIkqgvl gexj BHj aDCX cucvMb y lec Lkqvl gexr
jBHj vlgeplec cci c¢jlalj lec Sh x glvM ¢jl Ia
c¢jlemg § lec Lkqvl gnlnknacD

4.1

Wec levej bm-1 nj Mi- GWG Fe Mic ecme Ia ngnolcg
dili nj ts Wh alnj gnng GWGp h txr5 RIr7LRG9,
1D tl vlj alala Id lemc gbhttaldj a gcavitkcg na d-r
-IFaD

t ochnical d anual ut u

e The publication-related information def-
inition division Wcoemh e nXobeolmM.Xab
daljtnMiXo sejMeWtohXsl MitXog yb tonjaWm
LXXv oM epl MoleoMrne jerejp nMibtXop dsel
Mep tobs XV nhtXo p tjjans MitXo p M Welng

e The document structure definition divi-
sion Wcoemh e misanbase Xh hie WKnal eolg
yb nXonmimmejel eobmXh LXWip ni Mibesp nenhtXop
dMM sMli p Mldeo WAp ebngp Mnama Mju Xao Wto
LXXv-XsteobeWHi f fi mITwg

e The maintenance rule definition division
Wécoemh e 1 MobeoMne nhkedmXh hsXa Ljem XXb-
to.g fXWmo he fiffi X he dasdXme Xh
1 MobeoMune sajep xe csnb MMuke h e nisan-
hasemXhbsXaLjern XXto. dsXneWise iXaoWo Hi e
beni otnM1 MaM XhM tjtbMu eo. toepM Wh eo
WrejXd hiefif i 1 XWj Ik, >We conb i nXchdbe
nLconb olnd bjntisi oMXc nL.ohmeconbd] necs gna
s Xy vpneoMXWr hmvpneoMX Ipjohn i nXcldbe nl,
o- bmnLihmuMg sioMXd ym Mmon Amihmunyd
ohmuMy nLjnaoMX on Amihniunyd bneoci j Mo
MInjl soMX on ochmihniu jnasoMXd s Xy NMiohnX
cosonh m¥oWr hmfir fi nLLl sMonXs Xi mconbe M

chnf X B DMVIWAV

As t racll nolorodc dluci o gna Iuc
d Ad

e X nmh nXo o-bm ymajsoMX M s fir i ym Xne
ohminl bncMWX jnas oMXchM { Mh Mt cp Anank nXoxeFW

3The DTD for the maintenance rules is used to guide the
generation of production rules. See Sec. 5 for details.

<!-- Declaration for maintenance step -->
<! ELEMENT step (title,preaction?, nessage?,
question+) >

<! ATTLI ST step XID |D #l MPLI ED>

<! ELEMENT title (#PCDATA) >

<! ELEMENT preaction (subaction)+>

<! ELEMENT subacti on (#PCDATA) >

<! ELEMENT nessage (warn|notice|note)>

<! ELEMENT war n (#PCDATA) >

<! ELEMENT notice (#PCDATA) >

<! ELEMENT note (#PCDATA) >

<!--Mai ntenance question’s declarations -->

<! ELEMENT question (checkType, checkDevi ce,
rel ation, psi nf 0?,
ifthen+)>

<! ELEMENT checkType (#PCDATA) >

<! ELEMENT checkDevi ce (#PCDATA) >

<! ATTLI ST checkDevice figureRef |DREF #l MPLI ED>

<! ELEMENT rel ation ( #PCDATA) >

<! ELEMENT psi nfo (#PCDATA) >
<! ATTLI ST psi nfo figureRef | DREF #l MPLI ED>
<! ELEMENT i fthen (#PCDATA) >
<! ATTLI ST ifthen status CDATA #| MPLI ED
Xr ef | DREF #| MPLI ED>

Weomb i n XMX Lbad njtesh sl g j éatbhj hab ytbv

ptj méhc lrag trbmast bdg bht troylsng yj asg vs-
yetesh rebmmaru. A yeg vibfijueyts Lbf hbj ad yylsm
hjar bdg bht tuvb éh trb sDbat LjtjDjyb yarbg jw

troylsng éhc j , jt dyt sl bdbg bht tuvb ad yyby. Mrb
,jt dyt jvvmjar ey hjyu ts eg vdbg bht jhL g jé-
tjeh jhL ey yox adbht lsmtrb vomwsyb sl trey vj-
vbm Mr bnb j nb str bmj vvmj ar by ts smej hethe bd-
g bht tuvbywlsmbkj g v trb r éominar eaj dj vvrsj ar
BywjhL trb,jt jhL hsh-, jt jvvisjar Pwizq zh
trey vj vbmwfi b smj hebb trb bdg bht tuvby jyj ,jt
dyt. Wmedtbytmteshwiib yrsfi eh We. Ptrb yar bg j
Lbf hetesh * W com nimi mmcX <!ELEMENT para
(title,paraName,paraData) <W e co nbibnbX
AdoLb adj bt et sXnhdi ng oyoMisvp ico povr
0j biom XMoL b no- vs sdv W

udaoj ico XMoL b MjjoX dvmsvp id ico t et sX
MobiomAfio Mbv icov Xdjo f DT mdNiL ovi sv ico
dnwM nbi bnbXWu XnoX\snom sv , oMAkAico ibXF
daoviojsvp bv f DT mdMUL ovi svid dnwM nbi bnbXo
MvX%XXdaifid . bjiXWk vo sXid bvblgflo f DT ndM
hL ovi svXbvMXbvmico dicoj sXid . jdnhM dnwM
no- viisdvXadj ico oloL oviXalhvm sv icoL We co
bvblgXXdaf DT mdML ovi sXbMdL . IsXomng hX

4The schema definition is written in Object Data Query
Language (ODQL), the database language provided by the
object database Jasmine [6]. OQL is similar to the standard
object database language, OQL, of ODMG [5].



defineClass PARA super:Element
{class:
String paraDef default:
"<!ELEMENT para (title,paraName,paraData)>";
XietmCF:PARA
getparagraphbyContentStr (String cstri);
List<XietmCF:PARA> getparalList();
List<XietmCF:PARA>
getparabtkeyword (String pkeywordl);
PARA getparabyparaTitle(String ptitlel);
List<XietmCF:PARA>
getparalistbyparaTitle(String ptitle2);
instance:
TITLE title;
PARANAME paraName;
PARADATA paraData;
String XID;
String paralo;
String compareContentList;
List<ITEM> item;};

Wecorb i n XMa djb ts hlgba L ybvpaep st mlp bjb-
a bpr

epc Lp u. A dLohbrfi fp rgeh dLdbnDTbobbwop u. A
, InhbmXInjx F1lbhh k rt dohyolb Ip u. A dlohbm
rmbb Tgd g 1tpstma hrt rgbffB. Irlpylny kPAix gb
dmhyolretp ts tfidlr ybvpere ph st mrgb bjba bprh ep

rgbu. A ytloa bpr éh1Lmdy tor Tggb rnlGonhepc

ep ybdrg-vihr t nybmrgb ffB.  rmbb dmhyol by fix rgb

u. A dLohbofi WmbMa djbDrgb tfidlr ybvpaep ts

L 'ELE hjba bpr eh hgt Tp ep WeefiLfy/fi X gbp L jbls

ptybep rgb ffB. rnbb éh bpltoprbubyDip tfilr ts

rgb 1t mbhdt pyepc rxdb éhl nhLrby Dol g LhMNMTpar (

Lpy !'ELEtEiparl ep Wefilfy/fi3 dtp fill Hrnhl Hpc rt

Lptp-jblsptybep rgbffB. rnbbDrgb1tmbhdt pyepc

tfiPlr eh 1ohlrby Lpy rgb tfidlrhts ehlgdgy ptybh
Lib ephbrmby ep rgb pbTjx lmblrby tfiSlrDlolg Lh
|ELEarr ¢ Wefilfyfi

A bstracllato dui gca nard
agA rtagcchlg
fp rgeh hblretp Th ybhl refib rgb eprbnhl reGb ohbmep-

rbrell b ts rgb hxlrba het Tp e Wecfii fi Walr T yb-
hl refib rgb hl bpLoat ts eprbobl ret p fibrTbbp ohbmlpy

TITLE titlel23;
titlel23=TI TLE. new( pcdata :="C2S1P2" 7,

PARANAME par aNanmel24;

par aNanme124=PARANAME. new pcdat a : = " Check"?;

CONTENT cont ent 125;

cont ent 125=CONTENT. new( pcdat a: =
" Checkwher car is damaged?",
ref erPara: =" C2S1P2") ;

| TEM iteml26;

itenl26=I TEM new);

iteml26. content=List{};

itenl26. content =i t enll26. cont ent . add( cont ent 125) ;

PARADATA par aDat al27;

par aDat a127=PARADATA. new( ) ;

par abDat al27.iten¥List{};

par aDat al27. i t enrpar aDat al27. i tem add(i t enl26);

PARA paral2?7;
paral27=PARA.new(title:=titlel23,
par aNanme : =par aNanel124,
par aDat a : =par abDat al24,
XID:= " ¢2_s1.21 "7 );

Wecomb in XMa djb ts thlbgy vbpreyetr stmlr bjb-
abry

Ir brceab ymohjbu ttyac bMibny vAuyba fif by. br
vbugnehb y. b gt ruyymgyetr ts y. b bMibny vAiyba stm
y. b e ybnhgyeb oubmer ybral gbfi

As tracllm oduialginiaad maallrg

alncC
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5At the current stage, we only implement Chinese inter-
face because the content of the technical manual is in Chi-
nese.
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