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The Definition of Data Structure for Design Knowledge Database and
Development of the Interface Program for using Natural Language Processing

°] % A* - ol il A 3 Fr

Lee, Jeong Jae - Lee, Min Ho - Yoon, Seong Soo

Abstract

In this study, by using the natural language processing of the field of artificial in-
telligence, automated index was performed. And then, the Natural Language Processing
Interface for knowledge representation(NALPI) has been developed. Furthermore, the
DEsign KnOwledge DataBase(DEKODB) has been also developed, which is designed to
interlock the knowledge base. The DEKODB processes both the documented design-data,
like a concrete standard specification, and the design knowledge from an expert. The
DEKODRE is also simulates the design space of structures accordance with the production
rule, and thus it is determined that DEKODB can be used as a engine to retrieve new
knowledge and to implement knowledge base that is necessary to the development of
automatic design system. The application field of the system, which has been developed in
this study, can be expanded by supplement of the design knowledge at DEKODB and
developing dictionaries for foreign languages. Furthermore, the perfect automation at the
data accumulation and development of the automatic rule generator should benefit the
unified design automation.

LM & 7o)z, MARAl N B} oae%%
W, ZaeE ERANAG 2 BUARE 4
SEEA BANE DAY, NS, AAH 5H  AnE Avdelw, AAAes 5T Yol

o

Z22& UFs) AF 71T WAt EHAT Aoz dAs7t &olatng 8RS M

299 - AR S4¢ /Y FIEAYE FZE AN2 AHHo olgdA A7t sloig
Agrnoiw BANZE DEAI A ABAA G
Y¥E A2k ZYA ANe] 28 4YS B APTN2Y S Be HETME YYOE HEE

%‘3}%1‘3}.267’ IJu, AECte BEH AYe # TR A4E G5H7] Wi, A2 S

*AMEWGRE U F A AN AA AY, ARTER, A A
A g e ek

- 187 -

3

é

ox



Far T s A Al43d A6% 2001 114

At A4 &Ho B A7l A8FH,
S8 AL AN A" oL HE= F39 He
2 3ds] oz o] Atk 1y, 1RE A
A 87t Z7HE] uet AESY g AR
2 BE37 R, 2B 7iEdl g AAS
7b5 @ HI-RISE™9} SACON®™ =9 AE7IA
299 o] o) FolHE M olg AEIAA
92 AAAEGY Aol EREy d7 ALH
o] TAHW Ao oH, Ak e A
2lo] ool TA FrbstF o WFe EEE A
& #e st A7 A Y] 71Fe] v ekste
=g dag A% 2ok 247)ua
2" 3 AFE X4 BH 28 7d, X4
5 2 A By 5 F3E& 71 AgH &
g0z 7 wa Ago] FLsE 4 Bold
azist Bt 71 wet, Ao Avt FAt
Wys}etsl EF|AUXA 71E] AHI|HA L
e 2= Jido] oE & SR FokE0] LA A
dolgjwo] A A2 I} ArPAAHE 2
g3t LKBSS EDUCE T3 Z& Al2we] sidd
HAckMY g o3 AAYe HARNE E
date zREFRA dg Aot HE¥sA g7,
ARA T AdA g AME A X

2 dFe AAY olfHe TIAZE FFAM
My B3A 53 22 F849 A4FFHA A4
ok ollel, EAYYE Y sHed FEY A
H3 x2¢ 4ARYE BHY £ Y& ARTR
g 2AsI, AAAY AZTMALHAA FH2
2 ALE £ UEE AJgd AEFRE M A
A A4 "ol ¥ ol (DEsign KnOwledge Data-
Base, DEKODB) & 7Hslm, AAA4 32 AE7L
o] AR & A AAAANHE ol L7 &
Eo]~ ZT2IW(NALPL, NAtural Language
Processing Interface program for knowledge rep-
resentation) 8] 7A¢E HFHSE Lt

Ox

5]

I. dAIXI4 dioleisfjolAe Atz E

AARN YL ZAAE EFAIWAM, BIAN 53
AE7Ie] ARA A Zo] FF2Z §
AE AAE e st dARAe 4
A, FE489, AgzA, AAA T oy RS
3 olen, ZE W el dAFY AR
EA|, dFFEe] AAGL 2 T 9u], T4
3 §FFFo) £ Fog TR 5 vt A
A2 BEYL HAAFA RS AHE, Mg
& FHOE pREld Holguo] Aol Ho] 7}
3t

7t MEE MAIXIA

TR 2838 Med AAANE FA(pro-
position) &} Ze] AMAZ FHY £ e =Y
Aue A PFo wE AAZ TIEE 5 3
e THE FBRE A U =¥y HEE
o] f3le] AlMS XU Wy =2 wloj2g #A
24 (logic-base and relational model) & AH&-3}H,
Az 73 EEL FAE sdse vy x4y
< ARy Y8 737 wolA Ed(rule-base
model)& AHg-3Hg )

=88 B 93 HAAY EBHL A
(facts) & A 9] (definition) 24 83} =g &l A
AHEERE =g olg3le HAEAM o=
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Fig. 1 Example of the design knowledge from the
practical code
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Table 1 Example of the acknowledged term for sym-
bol processing
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Fig. 2 Conceptual design of working flow
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A2 Eokod HolRol HARRE 7E7) W
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of me gol Atk
g ardat 43 239 ¥yel g A

we B8 dolEMo2g FESAG 4AX
574

49 5RQ& M & ZBE F e delEuol
2 HolEE BA¥ & Yo, £F0E 5y¥¥
T AE EE AAAYE AdoiHgE oE4T A
A2 g T8 dolHuiolze #5E + AL Aol
T BX 22 B2¥E Med AAANI dgA4
< Ardoll HolER FFo] JFedAT, 1

o|9)9] HAR £ 7|5 FHLE Hol
UAA L7 A Eeol AAAHY A AHeR2 AT
F it 4 71ZE AdoHEst ofd Alg
Ze] Exe Y4gg B3 HAAY oo~
o F&¥rh rlzE tEo]ARH(Acknowledged
term dictionary)ol AAEpet A pEHEC
Fig. 35 Fog HolE A7|vite #AE et
ek,

Acknowledged Equation
term dictionary aterm
kva f equation
o_va eq_no
va J or_ea_no ‘]
- adterm orlglnal source
_"' L__ base factor |
Factbase Rulebass
f_no — r_noe
. :vl rivl
4 01 tlot
M 2 riv2
vd ravl
to2 reol
*_relation rav2
trelation ravd
join fa02
oriirinal sourca r_relation
base fector [ t_relstion
loln ~ ——1——
orlglnal source
baze factor

Fis. 3 Relation chart of the defined tables

L. AAXIA Rlze| Bl

P55 229 ¢fe] Welx T, tikd EIHxF
ERE HdAXHYE F2F S AR OE o)EL
<83 FHxIEd s G, MEE Id3A
Zo 98] X2 W fo] Wl I HA WES

NEFA AAR 2] dolElwle]Xd F&HE A A
2lo) wid@Ado] wAsT}y u|d@Ade FFos
Z8-3+2) (redundant rule), 2%+ (contradiction

rule), &3 (conflict rule), ¥ (subsump-
tion rule), 222 % AAF(unnecessary condition)

5ol lem, A4 vdEge FHE AAAY
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Table 2 Comparison between knowledge-base system and database management system

Knowledge-Base System

Database System

Complex
Data Expression Explicit
Easy update

Simple
Presentation internal meta data
Difficult update

Few instance
Data Form Don't Guarantee faultless
Consist of fact and rule

Many instance
Guarantee faultless
Consist of fact

General Use Matching
Solve e .
Use heuristic Simple
Alone user Multi user
Environment Virtual memory Use Assistance Memory
Central type Distributed type
Performance Slow Fast

HolEwol2g o] 8¥ AL dFA X¢ AAS
SAAD § A7) WE A A F B,

a8, o Aje HgAYL A7
283 dlojEjulo) 2 A AT ] o] & EHE A
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7iut A"} gojewlo]x FEAIAE Abo]d
B F Qe 2o)dg vlwEAcrh 24 71EHA
2" 3 dojguolA A AW AjFAA
Zza% BAE A85F9 Zolol 93 A BYA
(unified mismatch) & s1Z2sE Zoith 2% Y
2 BAl= X8 Y (expressability) A, 715 (func-
tionality) &A1, 4% (performance) TAZ T&H
o, & dxdrae 2% EYXE NAE + =
E ARTZE AYsd AFE FYIATH

M. xledof %2l & o] QIElHclA
Zza iy

AANE ALY dHolEwol~e REFXE °
L3t ERog F¥Y HAANNLERE A¥E
HEa17) 98 A AHeE ol§E U lx
Z27%¥¢l NALPI(NAtural Language Proc-
essing Interface for knowledge representation) &
7Mestdch NALPIE 34 AQ A8 A3
s tHEelE WEshE APANY Y AdoA A

A2, HAMO o3l 2
%, HAMI o8l 248 AnE ANste 23
ARz UE % Ao

7h HEOAR =Y

A oz BdE HAANHE Ay s
Ne A R o] e 7158 Y 7
2 BIsy e BIHEE FYse Aol Fast
o AFHE Z2IPE A2 FAAdE A2 s
o], 348 715 W Er1go) Aol
A Az GA] Aold Zolth

r Input document I

¥

Pre-processor
{acknowledged word s ACK”%‘.M‘?dQEd term
conver) ictionary

Y
HAM

- morphology analysis
~ automatic index

k3
Design knowledge database
(DEKODB)

Fig. 4 Conceptual design of NALPI

Table 33 Zo] thekdt o] tig AAAA T
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g 97] 931y, F2E A F2 ojgHE &
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Table 4% Ze] 233t

i

B3 Reloixzlr |l Fx2)
2749 Fuz 99 dANe 2aE B
FAYANA QAHOZ ALHE ZAE IS

pecial
Symbol ,
Input Doc :ment |—» M::’a';:;f:y —»| varlables and
operator
cognize

J Acknowledged
f term Dictionary

Acknowledged
term Transform

input for HAM |«

Fig. 5 Flow chart of natural language pre-processor
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2. HAME 0|83 XHE Mol U A
RI&) ®x2i7| e

=g &7

¥ dPoAsE HAM(Hangul Analysis Mod-
ue)! Fo)N Helx EAL s|woE sk AE

3 go], A, EF7E 59 gy ®EI|E9 A ¢l (automatic indexing) 71'8S AM&&ch 3
Tahle 3 Various expression of the concrete specification
vired expression expression I expression [l
req P in document in document
AIYETRT A FEHT- Ao FEAEY =2 v A%
4259 A Y. AbSA 2o 5.
= o
238E Z4E -—l dHEdG =asEy 1Y FaEa
FRAYE M. SIAPE-

Table 4 Example of acknowledged term dictionary

I dF L 9 ® 9 wE T oo o = 9
FULHE M, Mu AbEE Al ?a paid
ALSIZ R HE Mg Md ga5AF P pail
LIFEANE M Ml ¥ E 2 O pb
ZAYE gERT fox fck H 2% 2N O min pmin
AI2YEA: fy fy A2 0 p
FEE b b §EH 2y o pc
FEE d Hojdaw) £ max pmax
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A
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Woz b 4 3tk HAM®) A5AAe thest
2ol olfojAnt WA Fgel EFE MlolE
3o HHL Fig 634 2ol Feld 4o o
st ARARE EAse], 490 FHE Pyt

= AR YAE FRH FoA E-8oi(stopword)
11619} E4 AQle] F& ol ot AlolE
Adgae FPoE o)FoRth I AF A
Al 7W A7 He E@EA 94 7is VISE
01 3 7%, B89 A 71Fo] AR AR,
E-&olAbd, Bgoabd gl o8 ERHUT

:LEM Peld EAE B3 A0 FHE A
o] AAA e 7 g9 FAL TS Rt
ojZolgkE YuE FEIe LFHVE ST o
A FH37] A8l Fig. 7% 22 o130 A
F Aol A" p27F gasteh I, 2
Foll A o]&% HAME ©)4&<l g A Al
Ho] T2 FoA FXErE AYIL tE 7]
el HolME A4 A FHEEHJG £

NAE FAA7A ALd HAMS 7158 AHEA7H

4 oor >

r Korean document
v—

l Morphological analysis
v

| Unacknowledged term inferring |

v
| Complex noun Analyzing
Y
| Stopword processing
v
r Excess indexing list J

Fig. 6 Automatic index for morphological analyzing

li Korean document 4'

v

{ Morphological analysis |
2

[ Stopword eliminating J

| Index word list, Drawing J
v

[ Post_processing l

I Indexing list |

Fig. 7 Idealistic system structure of automatic index
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Fig. 8 Display of connecting the acknowledged term
dictionary for input the design knowledge doc-
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Fig. 9 Display of printing the indexing result
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Table 5 Design procedure of expert

Order

Detail design

Expert

cross-section assumption

load computation

steel ratio assumption

normal strength
computation

assumption of 'd’

assumption of b’

computation of dead load

combination of load

computation of pmax & pmin

computation of 'As’
computation of 'a’

strength reduction coefficient( 2 )

d/b =15 ~ 25

table 3.1
equation 3.9

table 4.3.1
equation 4.3

p =

As/bd

a = As-fy/(0.85-fck - b)

trial method strength compare Mu £ 2 -Mn
Table 6 Working step of manually query
Order Constraint Query Searching value Next query
! it sopdition(sirength) Mu tr method pai. Mn
11 consider base factor pai constant
12 hypothetical value Mn d As, d, a
121 hypothetical value As b, d p
1.21.1 hypothetical value p p Prin, Pmax
1.21.1.1 consider base factor Pmin operation constant
12112 consider base factor Drmax operation Db
121121 consider base factor jo operation kl
1211211 Input condition kl operation
122 hypothetical value d operation 1
1221 Input condition 1 constant
123 operation a operation
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Design the cross-section,
where fy = 3500 kgf/cmz‘ fae = 300 kgf/cmz,
WL = 14 tf/m.

Fig. 10 Design example

1] 2
sigmay, sigmack, D, L, | } sigmay, sigmack, D, L, | j
& - - T A
strength Mu.  Mn. pai. D. L Mn. pai @ Somay. sigmack.
Mu 83 me n. pal As.a BE
v o [ I 2
D &L =>Mu

e d
[ D& L=>My [
Mn & pai => strength Mu
sigmay & sigmack & As & a => Mn
As & sigmay & sigmack & d => a
p&b&d=>As | p&b&d=>As
d=>b | a=>b
I=>d 1=>d
pmax & pmin => p ; pmax & pmin => p
sigmay => pmin i sigmay => pmin
pb => pmax
k1 & sigmack & sigmay => pb ]
sigmack => k1 I

| A
i

Mn & pai => strength Mu
sigmay & sigmack & As & a => Mn
As & sigmay & sigmack & d => a

pb => pmax i
k1 & sigmack & sigmay => pb |
sigmack => ki '

sigmay. sigmack, D, L. ¢ ~| sigmay, sigmack, D, L, | B
N = Mg el
sigmay. sigmack,
As, a7 b o e n.d|9-? ne
R P S LU O -
D&L=>Mu D&L=>Mu 1

Mn & pai => strength Mu
sigmay & sigmack & As & a => Mn

Mn & pal => strength Mu
sigmay & sigmack & As & a => Mn
As & sigmay & sigmack & d => a As & sigmay & sigmack & d => a |

p&b&d=>As ' p&b&d=>As
d=>b d=>b !
1=>d 1=>d
pmax & pmin => p pmax & pmin => p
sigmay => pmin sigmay => pmin
pb => pmax pb => pmax
k1 & sigmack & sigmay => pb k1 & sigmack & sigmay => pb
sigmack => ki sigmack => k1

|
‘
i

[Wk‘nown_\aiu- runkﬁo@;Véluﬂ

e

Fig. 11 Example of Working data flow for reasoning

Table 7 Searching data from the DEKODB

Search | Knowledge base output | Equation output
Mu 29 el2
Mn 9 el
pai 11
As e9
a e3
d 26, £27.£30
p e8
Prin f15 e’
Prmax 27
Pb el
k1l 13, 16, 17 el0

* f-. knowledge of the fact-base table
* r-: knowledge of the rule-base table
* e-: knowledge of the equation table

1) Design knowledge
® 8 B F2PEAEE 5000kgf/cm’ S Z3H
& & gl
@ k1& fck7} 280kgf/cm®o]sto] ™ 0.850] T},
2) Preprocessing using NALPI
© 8, 27, AILFEIE, 5000, 13
@ Kk, fck, 280, °}s}, 0.85
3) Constructured Data in DEKODB
© FIZFELE, 5000, o3, 8, B
@ fck, 280, °13}, kl, 0.85
4) Transformed Rule Expression
® ($AND (SAME CNTXT AT (LISTOF FY))
(SMALLERP* CNTXT 5000))
@ ($AND (SAME CNTXT AT (LISTOF FCK))
(SMALLERP* CNTXT 280))
(CONCLUDE CNTXT K1 085)

Fig. 12 Converting the rule to the DEKODB’s data

ARE AE7MIEE Y AHuoliz &agde] 3
+5 ¢+

N. 4 =

vRer 28T F e dAAHYE dHolH
FA - B deste AARYE Axde d7
olgE F AU AAAY dHeolHwo 2 FH3}
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