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Abstract

In order to keep the safety of automatic ships; it is required that ship automation systems
find the factors of marine engine troubles faster and recover them immediately.

Recently, expert systems in artificial intelligence perform complex tasks demanding a large
corpus of expertise. To construct such a system, a knowledge engineer must extract domair
specific knowledge from a human expert, and augment the knowledge base of the computer
program with it.

In this paper, we examine whether expert systems are available to be applied to ship autom-
ation systems.

To deal with the special domain problem of knowledge engineering, representation of knwledge:
is very important. We use the data structure based on the frame model and productibn rules to:
represent knowledge.

Further, we show that the knowledge is useable for the diagnosis of marine engines by using

the backward reasoning to analyze the cause and the forward reasoning to find the result.
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2o, DARESS [BEEL I HY B3tE Fad A . o]xst w4 ARAAERRIS B
SRS AAERY £dolttn € 4 e #H4 #@wY el B RPZET o)A
she HBNEC BT WL fskdE HFESe] R Aol 0oy N

A W A IR MBS BOE BRI WSl a 9= ATsngE (Artificial Intelligence;
LUF Alz b9 @Bl m# T8 (Knowledge Engineering)o]l FMstast A9l 4T
SR R sh-b fES B A HPY%RAel e £4A4 o4& 4 Yo, =3 4
o] A FIMFES RitE 4 ot Mol vk ool & MmEMT ol ol A Joisre]
4| £49 & Production Rule({F PR 2 3 %)% {3 Production System(LIF PS2 2V o o #
ol gk, Ak PR-& ALY 4Bel A BB Aol oz Post o] o8 #3477 Formal Re-
«duction ¢] MFH" o 24 RES AW Aok, AlY WSErL ooz m#kdh0Y Hess %
g Wsty] A2t Rl AL sl 2¥le) RIS A$d Aot DENDRALY, MYCIN®,
EXPERT!®, OPS', MECS-AI', RI'", PRODOG™ %9 # 2dlo] 1 fial floj=, o] 5o &)
#MFIE PR 5 IF-THEN fflo 2 #i—3tol e}l mie] He B 49w G Yl %,
B, BRe] BB, ##HMM (Inference Engine) 24 5 22T MEE W + Jd: F Tk
el BET A2de] H 4 Uy HEY. F o]AL Ny BITHERE Eoled] WS T
I OBAEER A shgl

o] R & Software #%9] ®o 23e »w Knowledge Base(BX'F KB 2 %) o} Mpigs s
of Sles, of WE MEBR BEE AL Y =% H299 EegEe ety FEd ud
KB-&= m#e E% 2 Haa @4 a5 @ siin &= Qefok s, S RS F
Asta, =3t KBS mie stel weh oo MY RIEME (Problem Solving)o] wf gestAl =
elok &et. a2k KB & kX PRel|uk k775t S #1809 Bt 48 prrel wteb & AH BN 2E]
o2 FET oebd HAMY HERG, ==
B’ WSS LB AR HRol Ry
A X Flkiko] Hring o},

olel 3t MBS ARsly] 95l W Wopks)
‘Minsky ¢} =] o] ¥ (Frame Theory)1¥ef] u}erg
T 23| 9 K 2 ¥ (Frame-based system) o 2 dl 418 BASE
OlEHEE MRS R, PRol: #KE woAA
HAUBE WA A del no} Tske Hrgon
HEH =R A2 als BEE 4 958 3
= Fkell B A Hgs ek, 10,1909

VT BES WK PN R wop = P

KNOWLEDGE -BASED SYSTEM

X RULE -— | an
«— | RE

INFERENCE ENGINE

= NZH S EHAMY Weld =4 gkl USER
& B AL Bk Hikg o194 FIEstE A
o SEAREENS B o) BIRHE Bolm, & Fig. 1 Constitution of the System,
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MBI Sl A o) BB SYSTEM o] BI% HR 3
Bigk m#e AR o BWEIBRIFEZES S8 MBS rReted 2 BWE T3 99 Figl
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2. HHERC EXH BE

WAL 28-S BT 7 Sell Aol A, e EHERA o8 AW Mk, =i R
o] ZA BHL byl ol Foll MiS ol gA XBT AU sk MEA JHY &ES aslnz
BEHY 2l AT Aol g e Mol FEHL Folok gt

1) ZB) o3 mas HiSsor & Ad st KGR Mk o1 9A EEste EAHET At §

= o) B} (Meta-Knowledge) o] #3F 3.

i) Fedkbk: - A B M BT, MR Q= mERS o] AR WiRMke] BEINES 3l

7t A= —HE wmEER SRl Bk

) ML) - mERS EYIRE R MEE, RS A= fRael o RERe R ZHE + 4

T fenel B, |

o] 2§ Ehkoll A & | 2ol 4 = KB E d| o] e} o] 2 (Data Base)&]— HLA W] o] /-k(Rule Base) = #%

Kk, vlolebwlo] 2ol Talql Ao = wlolEligii S A BHEY HAS, =T HAl o] 2o =
AR A %4 syl 2 g

2.1 #EXel m:aou B3t ®R
v o] Mg = Flg 2ol A el wheh zro] =aqlel BHHESIE HH, § BHY AEM HEE
2 =el ol o] BMRER AT zA HEY BEET BEMmez Jela glvh. Fig.3e] of st 2
< MEFAEEE FIHS] B ERBA A EGEKE BB ol
<data-structure>::=(<data-structure %> {<context>})

<cuntext> - ti=(<context > i<attribute>}) :
<attribute> i=(attribute s> (<data-type>) ({<value>}))
<data-type> .= data | unique-data | numericai-data
<value> 1= <data 4> | (<min-max><numerical-)
<min-max> o= omin | max

<attributeds> iz a-kind-of | purpose-of | cause-of | part-of |
condition | state | mahe-from | pressure |
, temperature
% The item enclosed by braces may appear zero or more tlmes kS

Fig. 2 Data-Structure of Frame Model by BNF Representation Method.
o] ¢} 7re| Fig. 24 2ol A Y “DATA-STRUCTURE 4”0 2 = “ENGINE”?, “ELECTRIC?% o & %
i o “CONTEXTH& o2+ #iE 5, 2 HES MENeE BRYT LEH de Ao &
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-

(engine .

(main-engine
(a-kind-of (data) diesel-engine)
(purpose-of (data) rotate)
(cause-of (data) diesel-oil fuel-oil air)
(state (unique-data) stop run)
(condition (unique-data) normal abnormal)
(part-of (data) cylinder piston . . .))

(main-engine-_jacket-cooling-water
(pressure (numerical-data) (Smin +2.0) (Smax +2.5))
. (temperature (numerical-data) (Smin +50.0) ($max +70.0))
(condition (un.igue—da ta) normal abnormal))

Flg '3 Example of Data-Structure for Ship model.

ﬁﬁb} _._f;} “ATTRIBUTE #£”0 2= “a-kind-of”, “purpose-of”, “cause-of”, “state”, “condition”,
“make- from” “part-of”, “pressure” “temperature” 2 Jr¥fste] B9 1@5‘*9— B 1, “VALUE
@”4 7é-r°ﬂr 23k Rkl “’r?/P SHEE wrded 2 #iEEE “ATTRIBUTE £73 “VA-
LUE :&”4 A}-O] o} “data”, “umque data”, “numerical- data”i F3 ). “VALUE:&”O] HEHY -
JEE A+ e ASolE 2 BEERA daa’® MMsE, “VALUE &%) B ul o) ehekt
A4 st dleletabg BiEslok Bt A%, FIF ol MBI MBS Sstop, run”die] A st
ARAo] o] of 517 wf Fol> o S F-& A foll = 1 A2 A “unique-data”E AR, T3 “VALUE
£7o] WefEQ) 7 $oll = T RMMES A “numerical-data” S {FHFth. = “ATTRIBUTE 45”0 “state”,
“condition”®] 7 -$-oll = “VALUE 479 #i:fi=4 “unique-data”%, “ATTRIBUTE 4”s] “press-
ure”, “temperature”®] 7 9o = “VALUE 479 #3424 “numerical-data®2, =2%¥) 3 “ATTRIB-
UTE £7¢] “a-kind-of”, “purpose-of”, “cause-of”, “makefrom”, “part-of”$) 7 $-oll = “VALUE 4”
8 HHfEEZA “data”g K& FARC.

BlEst 2ol =ad ml KB HRE B MMM #as MEmes BErd + At

2.2 BEMCl RAYol Hst KR

FH JERS RAS KB Astd @Bl A4 32 miel vt —@mer Wy 9¥a
RS, PR FMsIY £Rss1 =2 .
—jzyoz PR
IF situation THEN action
IF condition ‘THEN conclusion
22 KBS A IF WUEME) o THEN 3 (#ReH 2 K508 4 o=t
Fig.4 = BEM A £KF37] At R 2064 @#EHZ Hkow, BNFERHHR o
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<rule> ii=<premise-part><action-part>

<premise-part> ti=<condition> | <connect-function><pemise-list>
<connect-function> ::=$AND | 80R

<premise-list> iz=<premise-part> | <premise-part><premise-1list>
<condition> si=<function><context><attribute><value>
<action-part> tiz<action> | <action><action-part>

<function> =38 SAME I S8HIGHI 8LOW

<action> ti=<context><attribute><value>

Fig. 4 Syntax of Rule by BNF Representation Method.
el Yepd Aolth. & 1AL S HAERE 7ML BEFES Hikst7l $13ke] TAND/OR tree]&
FIRD 0w, ghthel 1M kY Bt FEYL A9de 2E#R} @ilfHe= BiIsle Aoz
Arad A B ~ERES Ak o FAA K@Y FEERE “$HIGH, “$LOW”, $
SAME”s+ 7+& mel “CONTEXT 47, “ATTRIBUTE 47, “VALUE 70 24 #RS glod,
Expeno) EHEE “CONTEXT 47, “«ATTRIBUTE 4”7, “VALUE 4”, “CF(Certainty Factor; LI}

weEEs A2 EREel A

((Sor ($same main-lubricating-oil pressure abnormal)
($same main-lubricating-oil temperature abnormal))
(main-lubricating-oil condition abnormal cfl1))

Fig. 5 Example for the Rule of Main-Engine-Lubricating-Oil.

Fig. 5= el M mpael JEEHMES A ol HIt HAS DR RAFTAA A3t B
o= FELE flolth, o) shzke] PRl HKEEE T MikE KEsh= AL 2 FBE H—LE +
ol7] W o HEHEES WESA E 4 vhe RES A6 SUIMEE 9 BT Rl 4
oh FiEhel glet.

2-3 WXE BR

Ee FIRE fehol A ol AR WS GRE FHEo o RER MR st g

= HEES MEs mEsg o AL FLER BHRE EME & At WEIY MEeH, d4x &
Bl BAHES BHAD £ st sk MEe s E stk g Sof Fig.s5elA & M K
Hsb pE EEEAES B @ehA MR o n RES JEEWRELST s MR T
2A 2 Aoldt. o)A Wl 4 MEES EKEE AL wzA LEGI A4

A Hzco A= maEEd W BE #EEE (F=1=%, %%?5?5011 Hal BEY WEEE
CF=-12, 2 99 7%= ¥R MRkl =t dhlfiE MEstglich

AF, 2MHEY FHS el, et 3

i) wAEHI(AND)S] 7S =

e1\e2 = min{CF(el), CF(e2)}
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ii) REFMOR)Y 7Sl =
el\Ve2 => max {CF(el1), CF(e2)}
2 EHA

Fig.5 = IF~THEN{(#:#) - (%9 BITE)) & o] TASI6) 917 w 5ol 1) HAle] E il
2] MEECF = ohg3t o] ExH= o}

CF= (efeie] memE) x (fme) EITE)

ER Shbe] WY mEE 1EY HlezYy CFlolely &Y 2 Mise] oo HAloal
B CF2 2 s vt s Bayes o] EWIE Fifisle 2889 mEEE th&ah o] o4& &
et

CF=CF1+CF2(1-CF1)

& Azl A= “VALIDDATA@E S} LS ke FIAste frmsle] oot

24 ﬂ%&gl ﬁu@r iﬁ?]ﬂ, f&IE

2%, 22204 KBRS WlER el #5e maavh. 20 Rel Sebds 2 mEe
Bk 3P, Bl AR WS Kol MAMOR AR AL AgolE A s o] obr
ek ol shAel el BB, @, BE ARAA KAWL £ Y= Mz wRdsdn @ -
¢ Aolu,

A Azdol A ke BIMAES 24 “DLTDT”, “DLTRULE’M#7}, S initec =4 “ADD-
DT”, “ADDRULE”l@ﬁﬂ-, BEMEES 24 “EDITDT?>, “EDITRULE” & # 7}t 4% EFEH ol Q).
EX B 0l 20 UL WIS Asko] 15t FIHS vl o ebu o] 2o FFEEFR] @ “CON-
TEXT #7, =& “ATTRIBUTE#"$ ABY S 296 ANFES ERea BANS BLT = 9
=3 BEs ol gl

femBhe= KB 4o M Fmsted #me BITehAA MERRS HTes Mo KBl
= BarHel AR, WEF MEEESA M o o ol M#e ol ¥Al HHA ol wel
Al MR E =24 ZebA o,

A Wl A= hBRE REstd 5H S HES Pt BRS s [Pz o p v o 5"y
S BRE #F3t BRE 7o A KRR HAKES BRAS. =3 B 224 #l
SlEb7l %A A REHGEtE ket HAEY B wel BAT 4+ JE% RUMEs
PENIE s

A A 2F e &) F(Algorithm)-& v}gs) o] BRI

1) INITIALVALUE o #)fi{ % Eae}.

BIE Eol #Ele] E¥Mmes B Jddd £ KBUT 5o AL, EF, BE So] &
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fEAEEA ol Ao WBELET SYSTEM o BAF #E 7
REER LA Aeld
2) HYPOTHESES ol B7£9] fERio] == KBS RETH.
B2 Bo] £HERYe] {Zi-¥ g “(main-engine state stop)”e] ZZA =T},
3) miHHERRY A
3-1) Bifte] HEHEeEiel Faste Bl RS)E MEES JHRFFA 9ste EEL.
3.2) R(s)9 M6 BHERT 18, == “$0R%| gstd wHS KEEXE K63 4
Lol = fhamEie] FA Hedms ek
3:3) R(s)9) fEfkERe] “$AND| &3] ke KHEXRD #Hadd dod HIFEED
INITIALVALUE o #fEst=7t5 J%sts], #EshA @ EHEER Bt FlRAH
A CEMTS. EEES 2ERCT RS fREiel HER .
3-4) #iim= #5imefe]l RULEUSED o #EvEshd =za9l& EikAl71 3, FAESHA o iy
et
3.5) INITIALVALUE o] fpfeebx] o fraidtsl Frre] 2 HEY REREE LT
o] KMHURAEE KrFkdls fFge “ATTRIBUTE 47e] “condition”, “state” & “VALUE
&7 Ep(f7F “unique-data”®] 7o s, “ATTRIBUTE £%e] “pressure”, “tem-
perature” = “VALUE 479 #3457} “numerical-data”q) 7 $-ol = w= =z 7% 43
SIS _
36) #am= HEAEE BHE sl 3)& AT
4) BIims 4%
4-1) fHate] famEnel fEfEskE B R/(s)E WEEES Mo o st #EiEEshet
4-2) R/ ()9 el 1M, == “$AND"™| 3t S MiFEER fHasel slod &
L e ot
4:3) R/()9] fefhiie]l “$OR™0] o3led B BUHEES fasd dod KIEEE &
& Ehetd Hams BT
4-4) HeomE BEURERS #EeF%SR7E RULEUSED o] #fEst Z2ad-g (FikA71 2, (FasHA
om gkt
4-5) 3:-5)F EiTH+
4:6) #wE HEEERE BHE 9 H)F BTTH
$19] @3] Z6l 4 RULEUSED $##: FIA MU FrEists] $18 #mel, dlolelsl o 9
AA FHRE WES F J= RUEEED PRSI R ste FLESHA BRe] K== AL b
k3t EhE #EEA FIAH
AIMAES A & N 2HdAE “WHY?Sh “HOW g7 #fsl o] glom, “WHY litke )i
e st 9t RS B sta, “HOW W= #RE @R 8k wimitRns P
). E#Rde] (=13 HRABd glolA “WHY e} “HOW”pgel o &) iF#e] MES LWiis Fig.6
oA KBS glvth

L
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> (diagnose)
FPlease give me the current state
>State of main-engine is stop.
Yes, I see.
>Why state of main-engine is stop:

What is state of starting-lever?
srun—-position
What is state of cooling-sea-water-pump?

ron

What is pressure of cooling-sea-water?
snormal

What is pressure of main-lubricating-oil?
*3.0

What is temperature of main-lubricating-oil?
240.0

What is state of fuel-oil-service-tank?
snormal

What is state of rfuel-oil-booster-pump?
roff

Off state of fuel-oil-booster-pump deduced
abnormal pressure of fuel-oil.

Abnormal pressure of fuel-oil deduced
abnormal condition of fuel-oil.

Abnormal condition of rfuel-oil deduced
stop state of main-engine.

What is pressure of jacket-cooling-water?

¢ 2.0
What is temperature of jacket-cooling-water?

:60.0
Off state of fuel-oil-booster-pump deduced
stop state of main-engine.

>How is by stop state of main-engine?

Stop state of main-engine deduced
stop state of shaftc.

Stop state of shaft deduced

stop state of propeller.

Stop state of propeller deduced

stop state of ship.

>end

Thanks, see you again.

Fig. 6 Example excuted by Backward Reasoning and Forward Reasoning.

#

4. %5

DLz Zre] & BB A v Mind @RS HEE slo BEZHS BiTes 2w ME R

WEEEE BAglen, K& Q2% UTILISP 3= fFRste] Mafsigieh
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=) MRS LR G dlolEMEEE MRS MmEe WEmes KT & dgden CATT-
RIBUTE 4”0 2 {# A% “a-kind-of”, “purpose-of”, “cause-of”, “part-of”, “make-from~, “state”,
“condition”, “temperature”, “pressure” - {VAABSEIC] ¥ AL FHe KB £ vk 4A
A} =8 “VALUE £79 #5455 el 7] $18ke] 283 “data”, “unique-data”, “pumerical-data”
Lo fas oS HHAE £ dgeH, e ER, B4, BE Sz FAsA AR 7
A, HHT A= PR3t MHAamMstd A 299 BTEES BEREAZ 5 A9+

=3 FENY A JE s 97 @ kB = TAND/OR tree] & FIHstd =2 Ails ik
Ao 2 Al S BRES fEmE s BRY #or 2R wng At dezmz R
LRy Hiik (Heuristics) & FIfiskal gom qrslel, ol kel A & A&2do A& fEHLY ST
BAAR o, MK et WRY REH wE HEEE RS CF1#%d RAdezA 57
2T HIE T F dvta A, 4299 HITHES BHAZD + b a4

Bl sk e =al gl Mk PR JEEE T #d EBse AL e XIB), M) 9
Tkl A stk ¥ —EBES WREAZ 5 sidhz A4, AR deA AR
FEE M0 7] wlRell LLES FAAR HEEE oiWA MEMEAZD At doEx oS B
= o] ok 3 FiH] v}

=g A A 284 AL HRBEZA S “IS-THIS-TRUE”, “WHAT”, “HOW”, “WHY”o|+,
TEo Higol B fEaA, 1Bk MR, FHEAHTY EHid HEE 4 g zeiv By ais
A EREES A AT &E, HKEES EEH W HEE HEslY dA dome dog
o prERER & 4 A& Heidh

2z & KAl BT Sl Bl W3 I3 FHET flolnz & HARE AR AN
ol HRAANZ AR HFIRA AR 2ok FMT BAle] fERS ook & Aolw o shzko] A2
glo] KEMLS Gl-& Aol H2vle] FITHE, MERREN T BiRascder & Aold. =g &

HES R sk EAR MEE 0.0UTY FHEA HalA= FARAL AR HE
7 e BEel FHE Bt #RE2 Hv AT wrh ol WK Rl AR FsTE o] ok
g Aole ol dt el A WHIKAE HEI MR F AEY KBRS 2RT 4 dv A2 Higt
A stk A 4=

3
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