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SUMMARY

This study serves as a starting point for the development of expert systems
in the area of structural design. The resulting System, I-BUILDS and BADES,
functions as a designer’s assistant in the structural design for buildings and
bridge respectively.

This study is composed of three main parts, that is, the construction
of K-CLIPS, I-BUILDS and BADES.

The programming environment called K-CLIPS is under development for
computer implementation, in which a mixed language programming is utilized
to couple two other languages and which is being upgraded to expand its
capabilities. This includes the knowledge representation of O-A-V Triplet and
user interface facilities which embed the computer graphics library and window/
menu systems.

I-BUILDS performs the overall processes of building design according to
the systematic design model. The user takes part in the design process by
inputting a few primitive items. I-BUILDS represents the design information
using Object-Attribute-Value triplet and heurnistic ruies. In I-BUILDS the
human knowledge acquired from experiences of experts in structural
engineering is incorporated into the conventional building design system, called
BUILDS, to form a knowledge-based building design system.

BADES is divided into several subsystems. BADES-S, BADES-C and
BADES-F are for preliminary bridge design. The tasks controlled by BADES-
S are determine the span length, and to compare and seclect the appropriate
superstructure types, ranging from small to middle apanned bridge. BADES-
C chooses the construction methods of the selected superstructure types, while

BADES-F chooses the foundation types.
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AN AR HES} Ao 38 HAE AEAAA A FE 728 &
AEAANLEe A9 HoA @a)s] Feirta] oj2A B HFH Ex WA BEo]
B o|Foll Wi AWS T A BHHA 49y E FEo] e7]7A) 9
F4A4E A o7t g4 Ao ol ASARRES AF) F 2
ARG J9A FL o HYSREA o) e st &0 BAH LA FRE
& AA e Erb o)A HPANAEE FEH Aol AP 74T HEAR 5 U
7NEe] EraYe] FAEG FFHU JHE 8 AE Alxglo] AEIS BGo



2 98 ¢ 5 UA =He Aold.
* 287 ¢le}s) o] ~(user interface)

484 ABsLE AEAANA FEA} N2HE EFAEE AT A AT
£ Aoz AR A2Ws) 7S A% AR WAES AT, A8AT 2 F
Aol BA 44D EReyntax)e 4A A4E & Ak, £= URE 2AIE ol
gatod A8 Ashel tisE UL

1.3 214 E@d

2) Al o] 2ol AR A8 T4 2 AF7HA A KBESojA] AL§-soigkd
o3#) 7t RlolA 2 YeE Fold & e, BA7A Ag3sie]) wo) o) §sh=
AN PSS 2048 d o534 A

(1) Production Rule
(2) Semantic Network
(3) Frame =+ Schema Representation

(4) Logic Based Representation

* Production Rule

s11¢] Production Rule® LHS(Left Hand Side) ¢ RHS(Right Hand Side)s]
#(Pair) 2.2 o|fojzict. LHS 42 48¢) A (Lis): 4 == 212 vhehlls
o) vl RHS 49 489 dA: 995 Jebdr. o3 A4xE /Y AU
A4E 5P FHesE JehlEs Aol s EE 2zt REo ue A7 ARE &
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gler, A et wa Fold FPol he YHE EHJER AdLFgn
¥ 4 . of £Y FiYs GHesE HEH FAE BF MAdf A vlAF
o] i1, ole] AYL 7]& 9 doj2 B L AP FArhe Aol

* Semantic Network

sjulnk(Semantic Network) 24 (Object)Zte} BAE FZ3ted A4S EH=
71 golct. ommte RBE Nodes} Arcz FAe] sldl, s BEF A (Object),
Ad(Concept), 4% (Situation) & el Arc & 253ke] 348 vehiA H
t}. o]2|¢ T4 FHL AFH FZE BAE £ $49 AAS Adws
ks Aejrh. @HEL 7zt kx| A g AME JebllsA EE 2 FiE
AqsE AF FH7I7 YE %ol w2 HEME Zrss RS ATy
& E@eA R Aol

P

* Frame(Schema) Representation

ma ERPEL AN Hao) FHS Fol A4 EW & 7ol 7 x4
o majele) o]E3 U4 Slots & AT Yeo) o] SR AN} 4L v}
WAY B o2 st JB(link)S Yehid. B E Y2E shbel e ey
e T Yoz Yus) Ade] /KA HE0. o}F BF Inheritance 3 Hc}.
ol @ £Fo2HE Meta- slots ojzks Ro] REd] ol AL BE &£& W=
£ Aol B, L £F0] HHAT o)A o Folg T Astol AY HH
g Uk £FZ 014 Demonolehe Qo) Yol o) Interpreter oA ZAE
et e R oW 2T Qe B4 Ade] Uy ZAAL Contexts] ATt

ohizt F2g Edehe tlE ol B



* Logic Based Representation

EEE V2 Ae 2L dgddel uy AYE =z EYsE ¥Po
vehdt}. olald =elx= BE 1 219 Predicate gt= =28 Eds=dl, ol Ay
Foll 712 214 AZ2H. =712 dole £FE 2 FAS A4S
¥ 4 Qed, ol dEHQ Aoz PrologE § 4 Uk old EH) AHS 4
23 AT i @A a3 4ol AEE =S} W Aleld

1.4 Alo] A (Control Strategy) 4=

EAEelge Aule 270 <A A4 B 2PoZ2RE TR} SEY
Hlol] o]27]7}=] ) &o]3}4(Solution Path) & FFZHProblem Space) Wojj4 &
Yats A& T8 HF 27 A8 94F EAE o] AG(Problem Solving Strategy)
olZt 2 3t=t] o] WHjell= Blind Search XM 3 £ 3 7H- B F B4s= Weak Method
o} AFEM B AYH Hri34=(Evaluation Function) & o]&3te] BAE7S
€ o]3= Strong Method7} itk HE ARl BMAEE 9sted Fe) Y
= ol &3, ol Ee) TS HEJ ALRE E79 7Y <o]F8o HFE
WEEA fok. @ KBESoA AgsEx g3t EAEo] AAAFES g5 3
o}.

* #MA2E(Forward Chaining)

42L& Bottom-up, Data-driven == Antecedent-driven o]gln%x 3}&=0l, o]
Y2 ok = Ap4l(Facts) 2 X-g] HFAe(Goal State)71x] 2= Hog &

A RAE BE AHEl AR U=l 2 Aol HEY Y F2 HES EF



HATH2 Y 13%%). o) e UHsE dejgbs Hm e AY(HAR)o] Y= B
Aell Hstr}. o] Wile) GHL BE ZAE0) i 5§ ALEL Udomy o
Tos Add W2 oY AUE] VA4 ALE Uk W2 Zo|HH Fo
LY Apd(Event)ol o8] EAEo] Aeke] 2HY 4 o) o)alFt Y4 e Azl

&% Event- driveno)atz 3.

* ¥714E(Backward Chaining)

Backward Chaining & Top-down, Goal-driven, Consequence-driven, 12]x
Hypothesis-driven o]g} sz @}, o] e HE(HE) 2 28E Aztato o] 714
= LA FE dlojek(Facts) 7} Contexto) QA2 ML}, wkef 25 7kA) ¢
AU ALERA o] AHE NUARA Ko €Y 4LSL oA Sub-goalz 4z}
3t o] Y5 Wb whok slyo) Zs A ot A Yufjo) 2o X Mo g2 &
Aol Wt £ohE 7ol tiete] mAjeA) (P 1.3%=).

* Means-Ends Analysis

ol W WA Heist ZHYe9 Mol Ho] 1 2elE ol Y BAH ol
(Operator)§ #=of o8-8 o Operatorst WY Yoz Wale) Aeo] Hgg =
ke £ e slgehs Operatorsh 488 4 S Sub-goals 4HshuiA
ebAl Heh means-ends WL HUFED $1 2E BEE o) LA sn o]
e A7 Feish ol E FoluA sh Axkzte HolHe] SMHo Ao
H 4 s BAY HEY & g

* Problem Reduction
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EAESYAL EAE 2 "9 2EH(Sub-problems)2 1}ro] SHS A
. Eeld £452 AND-OR 222 A5+, AND ==t 49 A4y

eEF 7127)E ArcE AL, o)F =252 AND =57} HelH7] fsjAE
E5 7ol Hojo} #r. OR =E& AGsls =239 shigl A=l & ghg
7t olfd FxE g EAol uld AR H§7) s AL oo o
F28 Afols F33-E0] AND-ORZAZE E7]98to] A4g5c). ol 7
axn E3d EAde g Y8 do) §8.

* Plan-Generate-Test

71272 generate-test YL BE A5 8 HET o5E oz ZEAY
& WEA7E A7 AEAE $F ® A7k 7 88 M=28d. plan-generate-test
PR e de) £F FATNN YARH ARRoy A AU oY
AGL plan GANA GelAdl of M UHY doletol ¢ ARzl Y43
o Holetell o}t sl WA .

* Backtracking

Backtracking RHgg 249 Z(Path)g gHtg o o]de AYSS sEex
HeHs Aol o)A Backiracking A4 12 & 2L Holstsd Yo 2%
olv} Fite]l 2T B Holl o454

* Hierarchical Planning and Least Commitment Principle

ATH AYe Hele ASsie AdYAFoE AYS 4t Aol}. dEEH

A2 dAlNNE 4AFEo) Sub-systems] HAZ oA L @
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Ao PSS 32 GAlol RE MEAF AMEAQ Agoldt oY WAH2R A
2¥lo) BEAE i Bu AFHezs A £P3HA AL Aarl) FY EA)
sic}. 7} Sub-systemof] Wiyt #i= oA B 4 Urh. ZH Sub-systemol] wig o
#H H4E A4S d 2eE FEE YEIF 884 s A9E A, F AN F
2 Aol U a7k G2 e EAe i AR dFE L& £ vt o) v
ARAL HANe7] Aste] 2 NA2goAe] AAS 55 A F23id. o] Least
Commitment Principlee]gtz £22d. W49 AAS FAF o e of W 3

M7} Qo) AdrtAE WA A dech

* Agenda Control

Agenda: ¥#)2] Eo]7]7} $3etoiof ¥ 2le) FAjoll H¥ 2ol Agenda
M) AFL Agendaghel] e LEol Hal $HVS Fodsts Yol B Aol ¥
2 470 2 Yol WA AYHrt. o FA g Mol EA ojH Rl §
i F4E A7 A 2o 53¢ FAE bR 7] A4 AHEHg. Agendas
4] oJ27x e FPAHA x4 H(Knowlegde Source)o] 42 FEE mIshA=E
A Z=glol) A o] §-¥d.

1.5.1 Expert Systemeo] 3 Hof

AR Azds) Ae Ags] AE4T BRE SE o4 AYEAE H4Y &
e AFE zzades YdolAAT 1N FAY HAE 44 U FHsAs
gEHEolol tate] 2 71%o) A HYoht LuelFel R& A AYEAS
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TRA & FEe BAKE FEE € 4 A A4 o] AES Axdo] 8
T Fobd ¥ 4 2

ol 4o EAle 28T F71944 €W dolghs] BEEUH Yy e 2
Hd4oz S4x0Y & Ao B 7402 FdsE FUS 4o BB
olE® doletol Y Aolg FY & U, aefehd HAML BT Heh A
7t AlLRog ol ¥ Hokel EAE SR P, o]= AEANY Zge 7
T8 AHEee] HEILE BubauiAl £ 458 ANE 2L d4dRG YL H-3a
ok ¥k a2EZ AEA NAYL vlolBE HHIT ZHSY, L£2Ean] 2
A% dolebE gFojel 3 2 AHY FHolu FBH FHL ¥ & Yojof
ot 2EH WEA ALLE TR HlNE AEALe 2oy Yy >E
sz 2ol et st e Aol otk exde] ARAN2® & 7Y

LBz obF F2 Foks BEA] Q& BHol didA At

HE7L AL 7R} HGgg Falol] g 712 sl Be AgSo)
Rk RAE AR Aol 27} Qo 29 o] 1 MgRote HAE 7
HIZEE stedol g} Al QWS CEAZY 7ES e ASS S AE e 3
= A& A AU olgsiodol B s HEI I} HAR TokellA] B3
oid A2S 873 W Fobrh Ak o, ojmji AEI} A 2o) u]AE ol 4

B AAZ Fol 23 4 Ak s AEIFE od 972 aBax PR %

ol

Helehd 8% & 2l %2 713 BE7)T7 Hesthn A4ms Bofs A

e

of Aok vlAtozE HUHY o) §2 BE EANE AR} REahn) wma
MhE AZEl ERE 4 17 diFol BEA AxFo] 2R BUY o7} Heh

AE7} Alagle] H8Rek: Derivation® & 2 2e Formation EA7A 2] HEE
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o) 7}, Derivation EAojAE 81§ 49t FEo24 B9 249 AAH
d, o] 5L Aojz ALELRE 48 FHEF FAL HE&AE o A 7%

2
e
re

o] Hic}. Formation E4ell 4= E2le 20| 7} BF AlA ¢k 2t 424 P2
A ZojZch. AM PBANE dREe] EME of FdHA F B Tl HA
A .

* Derivation £# 2] o< o

o Interpretation : o] dlejeb: 252 HuE otst7] Asked 450 .
)2+ Dipmeter DataZ ¥ 4&tod A2 sigdol} AFdl i ARE 53¢
Dipmeter Advisor 1} ZEZE B2 A PROSPECTOR[®# &8 1] Fol AU}

N3

o Diagnosis : o] E4= dlelels] EHozRel A2 4aE dohlE 77
Edjolr}. o] BE 9 FHZE MYCIN[#HzEY 3] 3 32 2% AdEA
g8 5 A

o Monitoring : A& A% Moz B4sted Hasiolo} & A2 Aejol w3
27EE W57} olFejAE EAo|dt.

* Formation £#|2] o4 o

Formation 2= Generate-and-Test W4 e} ol 49% 4 A&d), o]= A2
o] ¥ REd o s A s NS, 2 F FEe 3] 19

Hg4go| AgHr. Formation M= BE 7 A ¥72 ve ¢

Constraint Satisfaction ¥ Optimization £ #]o]c}. Constraint %&FE & 7} 4H
o AFZAL T = Aolm, AHEALE A 2 HE FAAR 3= £
olc}. o] RFe FAY dZE GF AAYE E 4 A
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o Planning : oJe ¢ FEE 2447 Asted LTHE P59 AYS 4Ass &
Ao]r}. o] EHQ dj&= MOLGENe] 2t}.

0 Design : t]xQl2 ojH @ 715 & 937 fsted EolHel HAde Ay
Al 713 43 HA AR 2= RI[¥uEd 1] od, oj= VAX 7#
B 94S dAlsh 2y 7228 dd9an 239 wixg dARAE T
o},

1.5.2 FzHo}e] 2g o

A AledEet W2 A9 dodoly HEIL Axgo] 2EE Q). o d HEH}
AR AHEE dlejebulo] 29 Hel 1Ee) 227D W K48 EUYA) wa)
A TFES T+ AAN FEIHE o) dsidE E 1.23 . FEEHY oY
Z1AZR AT, AFTRE S oy FobE P Hid, £ dPoas AR
7t AL ol YUY F2F Y] BE HolE ERWG. FETo|gH 224
L% AR E AYYol Aot Bl & & Qid), FETUY A4 Y
BFAE ANE, FES Jojulx J5ol o FEAAH B, TR 4AS
E5atAl

5% 4 3

.S

o AEAA 2T %ol mKol AN GA% AYE Fohod
Be Fobel FHE g3A =

nlo

>
i
flo

FEFH) Hol

rr
L

4 FE ¥olr M

i

% + A

L) NEEA : YRS FFoll Gt AE, Y, B2, Lagrd, &, 12)n B
g0l B3 979 49
2) 244 : 83, A4, $A94 9 IS, FH2NH4S Bof
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& 12 7% Pobe] AN

28| olF £+ = o] Zhat A} ¥ 7 F
=) WA Agsle s e bl e LOTUS 1-| Stene & IBM PC
i ol S 4 2-3 Webster
E | WA £ AL Atstn LEH SAel EXSYS Stone & IBM PC
#j 1“‘!_1‘5]11 & 2% ﬁﬂ"é." Webster
SRAS AEe AANYS o»i]u] #H71, DECISION| Stanford
FACTOR Univ. 1BN PC
| DAPS 2 AebZoll olgr BtE AR Hah HA | EXSYS US Air Force BN PC ‘.
SACON MARCZ} o w2 FxsMM =z a2 ENYCIN Stanford DEC 20
£ dle]e} —.—ui Unw
SPERIL 1 xl?l nl,aﬁ-g- 557} C Purdue Unlv PDP 11745
SPERIL II| A=A & "571-. PROLOG Purdue Univ.| VAX 117780 .
4 | CSUCL F28e BHrc, HYBxE FH7 EXSYS Minnesota IBM PC
Z7hst ol it AHE. Univ.
T FACS FEN 2213 7fojx=, PRISN Rensselaer IEM
Poly. Univ. | Ninicomputer
A | PLASHTRAN | MSC/NASTRAN =2 @ e] A&z} A-F. LOOPS Berkeley YEROX 1108
CDA 3718 $1% sandwich Panel 2] PLEXSAR | Lockheed YAX
“é’ﬂl P‘H'-
E+ AASHTO “*TZI 2]91 ok ii Aol meF ¥}, FORTRAN | Lehigh Univ, CDC machm@=
;} ANUBC e A}%H Zl——-— PROLOGL | Sydney Univ, SUN 3
:'-'_T . . - — .
= SPEC e B 4;_17113-1 & ﬂﬂl Framekit| Carnegie- VAX 11,750
| Mellon
RETWALL -3-‘!!,] 2 el 3} d]ﬁl‘i?’ll BUILD Sydney Univ. SUN 2
T BDES m?ff'»l Ay, zolg, aﬂti;-}ng X]—-'r‘ PASCAL Duke Univ. IBN PC
= WISER %—‘8}%.«] °§§}‘- 7-]'*1- KEE Housten Univ Symbollcs
A HI-RISE A48 ‘;l 2L HAE ouidA, PSRL Carnegie- VAX 117750 |
Mellon
LOW-RISE | A& HEs +2 741 .mll‘dif"ai?%l 5’37} 0PS5,C, | Carnegie- VAX 11/750
] LISP Mellon
ALL-RISE | 752 ofjuj-dA. SRL Carnegie- VAX 11/750
4 Nellon
Al FLODER oA Yol glold xalgle els HAy | 0PSh, Carnegie- ¥A¥ 11/750
LISP Meltlon '
Hl COST B o] TxA| A gk AFH AT Framekit! Carnegie- VAX 117750
Rulekit | Mellon
DENSITY FRAARAS Y= 2349 A]/'-‘E“ SRL Carnegie- VAX 11/750 i
Nellon
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3) 2243 4 A4AEN S Y7y BEEE PEHE Edst AAH Ao
EE Au)ad%q A% Ao Q.

4) FEALY : AF, 2P, B, 24, 712, Pags] R Eae) B AL

Mz

5.) 71ek AUAY, ALSA, A, UFEolE ERFYT S o7 oJodo) A

Ad 71 RS AFEE ol 8F FEES A= 724 o TR o) x| &= of
ek 22l BE A2 T3 A5 AL e ABY oz E7hsHd
EAA o) g okl 27729 8L AHsaiA s g9 Aoy of
stod AEsLs Aol ol @ A4S zHANA ALHIE 23S Ay
T AAE A5 TFR AU E sl FRAL g A5 =4 7 2
a Aot

*AREA S o9y

MEEAA HEH AR Aoz % s} o7} o HollA AMAs=), o]
2 Stone and Webster Engineeringoi} 4} 74} %jo] 4EHoR o]§5T Y. o=

2 32 7ol kel S5} $HH 1 AWol Y ALAS EBehn

0 WA-Welding Advisor

W s, S g, BB HEHYES i) HEY 144 E 4y
s Zlo] oA o, YU WY SHEZ g H7t7t o)Fo) A A, F
7t o] HalA)7) Aol o]y T Ho] Hex]o|o} Fhr}. o Apgtol] WF HE I} AjAE)
T AHFEE AEY £3589 4o wpo SurE THARE Addssd =32 2.

HA o] NER2 ASME 7120 &0 o]t mazs)se FHseA g2 4



o A§ LOTUS 12302 F4sigien, lzazzy 399 % 15079 F22 37}
2 8 AATAES Tgdm Yt of AU HEAS Stone and Webster
Engineering ¢} §3#¥ ¢l Bill Hathaway 9} olZ A% o< Gavin Finn 2}

Martin Rooney o] gjato] Nd=] vt

o WDA-Weld Defect Advisor

7284 A4NHoA BYGE Y olHAFeZ A FEsE ATI=A
9% SR FEHY 2o ¥ S FIEE AYS A= A o] A=
We] BHolc}. o] AL A4 Aol vhste] XY FHo] AMLHA WA 714
#o) 588 b A2WE FUAFEZ A EXSYS = Aol of# F5ENL
o, IBM-PColl A} d¥o] 7Hg3}ct.

B HoAE= PRMYE HEH 9 A AR A2 o ] 4k,
a2 7158 Y, AR Yoy f¥aLsxzade] AEHU A At A¥E
2 T8} o] Bopl 7128 2T Yol THE 237 Wi AU

£ GRS EARE B AZE 234 do

=

o SRAS-Scismic Risk Analysis System

o] AL 7|EAES) AYE 4} A0 Balo] R Stanford efFe] A3
o) eed AEEQed, FHE Al o 25, FEE B3, 22z 4t
Holl ole A H dg5ol o] AT gRasd AP 2AYAAE Al
ABRZE 71Ee A%e ANHYE duiFrsed Ao E5E FE AEAANLE
Qv] 2 HEL ALY AFo hg o] Aol Qo] FEHEF AYsKr). of A
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292 DECIDING FACTOR 2= Qo) 23] 75 0] ¥l.en IBM-PC, XT, AT

A Aol A AFel dAlol Ao

o DAPS - Damage Asscssment of Protective Structures

DAPS: Ashg7s 22 WEdFol 24 Fuol thated 471 H8E Hrhat7|
Aokl Mol SAste] A Axdolch WP sl APHd Wdo) A
293} sl AEE dehie ol et AP 2EREA ol FZEY
P15 ol felel Fhs Aol dletel g ARG, olT @ FEE S SaYtol N
Wolete) FB4eR Pojool AAde RRRE WLt FAZNE 2ES

& QAs, 18] Tkl disto] HAAE Hole 4 A #3lth. DAPSE EXSYS
B 4e Asssen), FUAREL 3o BM-ATeIA Aol Hsehrh. DAPSe
S7oletd Fuzzy Logic A8t 28 s 8o ot A% 715S Huhst

3t 9.

o SACON - Expert System For Operating An Analysis Program

SACON & MARC#: 889 22422 as dolele EnF 2945+ 4
7 A28, MARCS| 4-832}7} oloff dsalAles #AE welsr) Hsted Mg
k. SACON & Fzsl4EHd dated 713 2 239E ¥ 5 YA =%
T o] A7 EMYCINe]| 2jsted AFH FAUF2S A& ¥ 17079 73
o] 1404 2] AZH49 o] A] Amo]2E FAs = Ar}. SACON 2 19794,
7)1&2) EMYCINol et 42 H-47Hs A& A7 fsted /s o, EMYCINe)
SR oksjo e Hgo] sl gde] p o|Fol= sgo] FA U

o SPERIL-I - Seismic Damage Analysis

243 A7 o) Folls AEL 2 ANFEs E4ulolzEd], ofH AEU A$o

r
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Ase A2 AAHes Rdatr) A% AREe AR Ao} P25 RueA
thol AE4ENF a7] A AEA) sdste] Male] el Frislolo} k.
SPERIL-IE 22]¢ AEg Fsie] Uaw AE7 Axqeld. ol 474 vlolg}
o A7s) ASESS] ZE A ¥ AHINE AY T AES FEHVG. GE A
3]s ALY N Y 44 H=F dehiEo. SPERIL-IS Purduer) shof4 /)
SR, $AES o e C doj2 FY=Yn PDP 11/45 o4 o] 7b%5
a4

o SPERIL-II - Seismic Damage Analysis

2@ AolFol: AL} o7 Hrhsie) A¥ol 4dd AAA EE ofoll F
=Y AUAG dAsolor @t o] AlAWE SPERIL o] wAH Aoz T43
o) olsish 1A% g FEv}. SPERIL-IH & Aoz A4ujolzs) Aol A
SPERIL-II &= Meta-rule 2 A}-&&m] o}2]3 Meta- ruleol] 7)xetd F2S 253}
#ho] 7t 2Fola AU EON} FAREo| Asrts Holdh

o CSUSL-Concrete Structures Under Severe load

A 43S 2 A YI3dLe T2 T2 ES sl4e] FRPE) 7)28A)
SA EdAE 71&E2 BT A4 gl Hete] o e AHE QA sE A
o AZE EAeld. siqIPHegE s ol BE olf=d, of wye wA
S A4 sFol 2@ vEa AUAd, FEET} FRAEE Bie 2xE
A4S ST s Aol o] AER} Ae] aF e} F o]y FEEL 850
U AR A4S ¢YE 5 Ag Bl #F o] a3l o|Fo AR
qdS § 4 A& Alxgle] 7% & Ad§ HAENNEH-ANAYG o] 5o
7hal 7l ol ¥ EAH e M 424 ¥EE 278k o] AAgS Minnesota s}

40



4 T. Krauthammeroj ojsto] suts|gieo) AALE L o]Lajn), A|Axle] B0
TEES AAREE AYY Potol Halle) HEE mMyjn, 7 FEE &
F7hetgol oy AR of 2= Aol

o FACS - Finite Element Guide

WS FRA2EY LA BN HNE Y, 2de el dA)e HAS
ARNA Bk AdH dANAE 7129 B8 FEM 2 o] 8% ASlE o] g
7128 AAAAN AdditgE 7% He g FHS ) RGE 2xHel A} v
A gFolx7] ol 27m 2 FEMoj P8, 2718 £38 AL
HetdEs e US Sgeng vyl 2 24943 W o &+ A 719
A Aole o] HojE FEM 22290l %l meldgja AEAE 8¢ 4+ 2

€ BEHIARS 279, o|¥AR 24 FEM F2s=g AREE 7 A7

o

B ¢ A& Aelrh. FACSE Rensselaer Polytechnictj#hs] B. Gregory s+ M.
Shephard o} ol A=z Yo, ol CAD A2goja MTe= TEAY 7%
FH HALE Ao BY wiF Lot AFA NS EUYo 24 1 o]4S
LT FACS & VM/CMS $-9d#4& 7171 IBM wjo]2g HF oA Ayyo] 7}
S8}

0 PLASHTRAN - Two-Dimensional FEM Technique Consultant

FEM 271209 g2 530 $4350] delbe Ho| toletd Zujshe L2 3
Aotk ol2i ¥ HAZL ARG 4o tlE GE o) H L ool AARE AA-> a4
CRAANI> HEA>AA LG A S BEY GG BoW W
Ao et ol g Ude] BHYo) HYW AN AAA} AHUZZ Y Lgmn
Pz 2 EAlo] B AL AL wolnh. 2UY ofd Aefol] o] 2 AL 5L



o N73e 878A guz PLASHTRAN & MSC/NASTRAN =219 487
2 =7] sished MLt o)l LAEAE 2dgs o|#ze dl Aoy FHAE
= w2477 A% 24 A PLASHTRAN & Object Oriented &ioj<d

fn

LOOPS 2 &4, ol AASEL olg3tnz 4] Yo zRe A%
2 #A9g. PLASHTRAN & ®x) 839 4%, #2284, i 4 28 4%
AFEEAA HARS] $T, GAMTE) TPETol AW AEE A FE FHE
7}zl e}

o CDA - Composite Design Assistant System

FETTRE NS 159 4R, A4y, 2T AUFH AYer #EsE 4
ABRAY 8A5L oA Hed, o) FokildE: MRS AR, 471l e
W Ao WaA Hh 2z oA@ A4e] FUS THAT el
2y stowg sbg ATE7) A ARWSH ot 4A S ol8tA H. ol
A4 7o) wely] ANAE MEe A% ERT IHAE FE 2942
wasA Ad. CDA & FFFYAE & HE7 A2¥ezd 3718 A%
Sandwich Panele] 4 Aol #ig Aoj}. CDA & PROLOGE ¥ PLEXSAR = 9]

f3od F2E Qe Sussex izte] POPLOGRE #7464 A¥o] gt

* M ARk

B oyt 2T 4% 3 A ARALEE MAR 2EYAF k] F
BrAAEe] 442 A FET Pt EHR o8 & A ¥ =
o AL FARTY BE Hofo) AEHEZ o}F $8% P & Arh

o AASHTO - Bridge Rating Systems
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NFLAAE F2FT RN We] dFE FAZA AT §7) A% 48 79
E2ao] Mes)eidlg. azht ola ¥ AAES Agadd $4 AR FE
A5 HA of st S4e] vk XFAHAE € o) A2 LAY AFFo) YRR
of Ak o g FolAlm, o]H W AYH dolebs} SAWGE Aol}. o]H &
HE Qete] RFLALE SHE LAIE € F ol W2 FHo) Ao o] FL2
dAMo] REUE Bt A AZAE dASA ) o] 2L mF LA o
BHH BE B4 A ¥ £AF 87198 dlolelulo] 22 A4S dnyrd).
o] Al4812 RCH A%} PS [-Beam & 747 @&AAH &5 g9 wge J73g.
EF AASHTOS mgyrias AFA4, 2ez 92440 3¢ PSS =Y
e}, o] CDC #jA|A4olA A8¥o] 753 FORTRAN o2 /M5l

o AMUBC - Australian Building Code System

TEL 249 THA AFA e ol B AEAAS G2 o
B 2 2 UT AAYez EHGHE U 8L V)8 Y. 9ee £3
& FES ol gAY 43 FHo| YojofHe). o] A2YWE F=F 4§
s o] FHAE 57 AW FHog AEEn. o] A& PROLOG 142
TEERen, B08R/B086 o]z 7FE|2] MS-DOSlA] Hufo] 7hs#ny o 700
Gele) R 40Ke] 7§73 2%

o SPEX

FES A AAA7 2ol APHAE REekEd AL A ot 4
A5 Aol Yo} HATFES A4 4 A& B TZado] YA ol Y FE
£ A2 daAY G4 FYHRR FES ASHE BAD 72 WSS SYA
AEA wEAse. SPEXE 72224 4AE A8 AN #2493 Axdoln.
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ol oA x4 MEG AHgsA Heg Blackboard Al2RE olFd R e,
34 9= FORTRAN <lolE, a4 s A4se]=g o887 AsiM:
FramekitE, 2] 2 B3 9] 922 A4 & cholehulo] 2 9] &4 18e] INGRESE
7t} g8t Q. SPEXE Carnegie-Mellon tf ol 4] Yt 289 A9 214
AYS Aol BY Z2adw B9 43S AUAEY) Hale dFET RE #
g0l

* FRALY Rk

2 Ao FEAL H4H 9 /e AEA ARG 49t 714 €9¥
B AL AFe FEAA BFH Ao, o] A& 4EHA B
W dFEAHoz AdsERen BAXNAF AR Edo o5 o] Fo
A}, g AAREL ¢4 9 2P 44, 22T uge] AT iy LAl
o} MBS} A Ao FZEAAF AN A Y e AS 4AEAS SFAel w2,
teto] He LAEMNNE BES} A2ggo]l AgHHYold E&-F & F Aem,
2Ad dAEANNE Bxe] 7jHeE FRE dARDd B olHE FAUA

2 4 Rk

o RETWALL - Retaining Wall Design System

NaTdAs 2249 A% A% Bgsied ojd T ES LANYE e
el oy 229 ¥ ARG F2F R4 AATHAE EVIAHAE 4
3 ko] F4e] ¥t RETWALL %7} A2 47288 FofollA o]
§ AYUS ATey) gl ARG of AL AEHe] §jFH el w2t HHY} &
W o) el o] F2E S olu|dAE ¢P3td ATS dE . o] A& BUILD
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g ol shed FHRE, ol $UFEE ol§3n Quentus Prologg =loj3)
t}.

o BDES - Bridge Design System

RFAAL digke] B2 Foig UG, nFdAt T Afols e Hll, A
Z WEARSS A s =d, BDESE North Carolinao] 48] t&EE nFe
AR, 244, 843 FE F19kd AL o] A HH = 4§
A7 mge) 71890 H Y4 1ANer EQGn 2P s, Tl AE FAB
A< Ao drt. BDESE Duket %ol 4] J. Welchol] #J#f Pascalddol2 5=l

ANFEE A 72 el

o WISER - Design Modification of High-Rise Buildings for Serviceability
nZAEe dAde oy AAHeln, Bk Faz M A8 ANEE o8
2l Aol At ol AEY ARE ATt ulge Gl A PEA
HEs ook gt ol o2 ZAL AMEE ol F¥ AES AFFHE= ATl vd=
7] WjEelrt. WISER & wigte] $Ha#E APH Ao 29 o] EHQ ZAE
dhgo 23te] SHdl o), THAE 57198 AL o] AL52 LISP=

# KEE #7204 shutsim gl=d) Symbolics 364064 A 8=}

o HI-RISE - Preliminary Design System for High-Rise Buildings
HI-RISE & &el7} 4243 4494 £ FAEYU A& «dndAS A% B2
7 Axgold. AFY £2AY, 5 Grids} Fo)x® HIRISE & 9 s F2%

225 HA7

rr

FENARE daA Ao AR N LAE 3] d8) A 7
A2 % 29 PYIAS e olsi7} Yojof vl HIRISE & 71&2) 24
& WAshe] ol AHaFA ot o] VAX Aol4 AysiE PSRLAC)| oj3}o]



A eo), PSRLE za9 2 #3714 £E8 HedA

o LOW-RISE - Design System for Low-Rise Industrial Buildings

LOW-RISE: 418 AE8) F2AY, diul4Al, 2= 9718 S Agelz
L e an y sAzaUe] A3 oF AgA Aol w AU MHAE
Ae wyc. LOW-RISE & OPSS, LISP 1@ Codeld AHgste] FE=RE,
o)A GL HI-RISE o} ulsetet. of7l4 OPSSE el A9 2 WX& Ssked
489, LISPE 8143 e Snalfol, 2ei C & delehuiolsste) Jum
Bl o8 sI%iTh.

o ALL-RISE - Design System for Preliminary Design

ALL-RISEx HI-RISE# Al4¥ Ao ojn|dAd Grdel 43¢ a74=, 4
Ael A W2 . ALL-RISE: 7hil7] HEdAT 4 Add Uz
olojel SRL 2 AsIQon of Alxxgle] AYEHE AAZDS A ZHA LA
Were e vkl dhgel] B3 A7 Yol

o FLODER - Design System for Floor Framing Planning

FLODER: Zo]z] HalA %o viated Xaldde) Gridd Hahs HEJ AlLPeR
A o] Axge) BAe AR Al2gne] GridE e A4S ZA sk 54
a4s 72HQ 4go] 2B HAA AT s Hein. ol HI-RISE#]
# BnBoz ALsR=dl, OPSSe LISPE F&sRed, 714 OPSSE e 2

2 ¢na&F2 LISPE Ig=ut.

o HI-COST - Cost Estimating System for Preliminary Design
HI-COST = A% A2l B4 2471 AH L0t} o] FRAILH
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o} ik Gl Qo] A7 5|2, HEA 2R dlo]ebu]o) 259 cUEjsio]
22 9% KADBASES A4-4-% £%e7] fiste] Aus)gick. HL-COST & A4d
F7}9) A o] 25k vl g vl o]l o] 2§ o]Fsto] A HulE A} o) Carnegie-
Mellon witoll 4 Husl Zaj3lat % 7]4kdo)e) Framekitsh Rulckitd o] -]
T35,

o DESTINY - An Integrated Design System

AES) gAE 3%, F2FY 202 7ATRSS) d2ista oo §Yez o7
X, 937l FEALEY AL ol G og) A4 S| Sukdet. 27
B2 F24AR4e) A8 A E F89 HHE A2go] 275 =0) DESTINYE
ol#i®% 272 Blackboard $H-g elgsted &l AdH FHL ol sre) 7]
@alol ek

* 7lebe) Hof

o] HollA= ol gl AFetA 2k 4 sl HEI Aol Waod DB}, &
Ui A8 f2d B Ao, FAE 7AF S 282 HAE HAIEE o] &3
RNEF ZZ W},

o DAMP

AEol WAE B9 4¥g RS EZHY HAY Py AES A4RE
B2 golg. AE4 HAxe 2e FARA7) Hso] DAMPeE HEs} Aad
of ALARED, ol 710l el $ud Hojo] P HAF A58 RS 4
&1} DAMPE 218 35he] QlEishol A8 sipo] bt TEZE o} Uido s o

o, FAFEES ol &8 o 150 ) F2o] WAslol sl Helzt e <&



HE

o Pump-Pro

Pump-Prox $ixe] o3, 7]A1F, 12 Rz FHol Y5aA ol AgE F
7] $)8ted LA gL 2 3Wo 2 A Stone and Webster Engineering 47} -+
AREd, ANFSYE ol ¥, o] AA®E Martin Rooney o] #jsted 743
MAID Service 2= HAFE2E GG A§ste] FHERET ol& vlo]A2 HFFE
A Aye] 7h5det.

o VA - Vibration Analysis

A-E RAE7) 7o) A AFEM S AFE FRFEAE] A e FAU,
o] Al2®e] Yge AHER dojetE Folxol st 2 HAFE AY Ao ohirth
el PAH7e o doletES A¥udd v a7t ol VAX 11/78064 4
At E)= Mini-MYCIN# IBM-PCojl4] 4#=]= EXSYSE Zt7} F&=o] AH§9]
7Vs st}

o ICAI - Moment Instruction Program

du|dAls FEF oA 5] PE Fokr A, ol ZHA EA . 19
B2 o] RAME FERAS HHe} YAA) Ygteng FU8L: TEaYC] A
o] o] &5 ¢ o} o] DAY 2L MAH Yol Nl FAMHRT = 3
A el SEA Sed, FEAA FHol sl ARE §71 s o] A&
o] = e}, ol AAUFE FAVNME A2l GEPSE &= doll4 50| HR =,
C <1018 o] g3t IBM-PColl4] 4o} 75ahe}.

1.6 AE7} 2299 7o)



AE7H AAWo) A 71gE QA 18 AHs Y 7149 W) HRe] 433 By
o] sl olaldt BAA JUz: e HE & 4+ Yo

0 AR A& WA BEAA} GES UE BE EAE SARY) Asted A
44 2

0 HE7F AL&R2 745 %2 (Knowledge Engineer)7t 7433 A&7 4 e )
23

o HEJ ALY WME X)7Htel] H5(Prototype) o] FAH o] %l 4 U

0 AE7} AL @ale nE LT Eooj )it EHe] 87 o]}

A2 AL d e Aol gA EH=AY WA & U1, ol A4 o]
FAL "R Rl ¥2 dAle) Zaaa 7o AFTHAGE Ao A AE)
Al&Rle] LrolA o]H @ Zlvizt delutAl Ao AR} A2RE dAS AL 248
ol Ro] VA A7 FIHES EE o)A 54T AT, S 7 gy

ATshe uio) Fol ¥HA 5L sxn Urh.

L A7 2902 942 A8/} dES A BE FAE fds7] st ALd
T RXe FAA dAAE BEL A2 71HE Ao YHY EAE E019
dto] A4S 273t HofolAl BEAo) vz 2% 24 4 =A olud. ¢l

2 BE7L sl HAdo] s B EAE W] HES} A2 sgen

1) £47} 32 AL Eopolojcl 32, 8L 442 AL £8ebx) ofobok ahni,



2) EAE AR AR UFE 4AY UF oA otk #w,
3) A7t WEetA Heisjoiof 32 a7
4) EHo B AEsLe §Ho] Yook W}

2. AE7 A28e A AF M (Knowledge Engineer) 7+ 74E HE7Hsh A& sh=) A
oo Agel dANE AAEE B BB A2 of Lol FAbshe L
Yol sjotel ALST ek olAT W) YRE XA EA/PEH ol EUEE
WS E7F 2 ols AATUAE TWEG. g8 WPE ARAEA A4E A
THA Hd. ATHY ALE ANHE el F RES Y] 27T AT LA
= AES A7IHNeR wE WRY dvld BHstelo @k ol AT HAIL

HHes FHS oz Ry U A4S Su2ZA FEgidtn & 4 W) WHEel

3. AEsL A2WE HE A7l #3(Prototype)o] FAH ol B4H ¢ Acks o
AWS ¥AY APotAaE BE 4 AAY ZE 4L nAT W S0 ¥ 5
g, whek Aage] f@HAE EAZ WU gz, 283 Prototype & A8
o 44 S5 USE EHEold yuol HEE Aol AEI A2RE WE
Azbeke] Qo] FAE 4 Yok 2 UER Aol ExA e A o)
REsA BoiHn WHS A8 AP EPE XA PCEEOIA Aol 7 2
Sojch BE ALFE A4F 715l Yol Folstolol Wt 2et} A4e X4
o BE WY ezt Axde Hgol) $AF Ashe] BEI A2 A
#7] 9sted AHET EFU dojel $E3 4T A4S €z Wk

4. AR} AARL daje) nE 2XEgojdd EAg ARG o] AFE A
e Eale] gl uE 7L mEE glo] B2 & oA HEV ANEHS
A7) 98 AQE e oAt A%elA et 71U Y Pl W& FLel
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= AE A&Ro] o]HE EAES E 4 U Aol NHE Axn 2xEg]
o) A7 AZ"c 2 HEA AL AGH Lol FL5w, £TEY
of EAe] JWelut 2xEYols] 7|&s] WA Helo) NANE 4] A Mo}
o .
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2. Expert System+%-& =

2.1 572 3%

AR} Axg g EF(tools) g AL AP A2d & F57] A% A
S FEPAA FE T2aYPA2Feld. HEN A2 FHE st AHE
Zagelas HEHeg ¢A A+ 71&9 FORTRAN, PASCAL, G54 ¥4
ZAl9] qlo](Problem Oriented Language)st 49 ¢FA%53 dejzi= LISP,
PROLOG#] 4% 3 2 ¢1o}(Symbol Manipulation Language)7} et EMZEAe] o
ol= EMy A YFol HPsA dA=UE, EET FORTRANo| 4317
A2 a7 Hag 715 /MR 3%, £%, FANel Loty el o853

e AT ¥ 5 A

nx

A8 del

rr

AFAEe] HES Slsted AEH dej2A LISPE FYELEFE
(List Structure)s] P2 = 4&& A7) ¢ = (Mechanism)e 2 =o|id
3714 glAE: §HEo] ¥ (Parenthesis) 2 E#H{od L&, o) FFES
ALoAY g g2Ey H & 2. SH2EF2E 58 AES A deld 5
2= o). % PROLOG 7t 239 72445 23 sle AL AHdelARt AE7L

2 A& fste] AR wol AgET e dole HAl LISPolr. =il
£ 7} Al2¥lojl2) FORTRAN, PASCAL, Calel%5 9 ZAF 49 delE A4-3# 7}
RAA AFAsEoke] AdAAE |44 LISP, PROLOGS 2 &4 7de)7} o
HAgss & 4 A

Jaxe) HEEE ol 74 WA ERe) Ut ¥ 4 Yo, 2 FHo
2= 47 gt 42, JldtL 49 A5, oldE B OMPAYS E93
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oAy, x2aY =9 dolele] YBY HeSS 5 4 U LISP doj=
I el AEHo2 W] Aoz NHES 4AH LISP Machine g E3ts}o]
HFEIS FFol ahe} AYYE & AE A AT JF¥ FF7 Y=, 2 Folly
7t4 #9 2A& INTERLISP ¢ MACLISP o|t}. fal: RE sAzE Egais

Common LISP 7} LISP ¢lo)8} 7]3o] 532 Yt}

Hixelols Z 22 dolE o] &4 AEA A2 23S 27
ebA obFdl AMFglel T ¢ UL Ao AE TR A% A4 A 2ESH
TE ol9A EHHE=AA AE ARH g el o] HYF AL} 2] Azol
TE g . o) HHL ZP‘-&SM 7] fste] HEIL N2RY) 25
= ¥t Ae2A A4e] s@uY o FE71EL 7] FHS AL E da] S
Toke] ARAATE Aoz JAYS FHE & 9A o) £ Ao 77 @
T Ak THS AR Al $UG ATFE ol AL AxHY AL A%
RET] HFo] & £8e] H AL Sy P 4 glE JAolg. o] HE
7t AR S tool 1 £TZ e Bdde) BRo) wet g8 7ol UFol
o A

o Expert Systems Shells(Skeletal System)
o High-Level Programming Language
0 Mixed Programming Environments

o Rule Induction Tools

Expert Systems Shells

doll FE Az RFEL YARGAYL g

——t

MYCIN

re

AE7H Al&RY

¢



(Buchanan, Shortliffe 1984)[% %@ 3]& € & Ao ©] A7 SRR - R
2 Ao} 28 227123 SYANHE, F ZEHHAE o] PR o] =¥
ATz 7w Aastol 438 Aol aE AARE Ao] 7H5stA =R
o] ¥ Empty MYCIN % Essencial MYCIN o]t ¥2$& EMYCINe)t}.
o]a]@ EMYCINS Abgats ASolls A4$4E 249 Y53 o]F =2} ¥l
2 AR e 71gold A = FEZEGNAY ol T =H{2 ¥
24 SACON & dlE & 4 2&dl, SACONS A Aol 2 8L TR

M4 z2a9e MARCE AHgate dl 88 A4l EHEUG.
% 2.1 Expert System shells

Name Knowledge representation,| [mplementation
inference,and control

0-A-V triplets

EMYCIN If-then rules INTERLISP

( MYCIN ) Backward chaining DEC PDP-10
Certainty factors
A-V pairs FORTRAN

EXPERT [f-then rules Various computer

{ CASNET ) Forward chaining
Confidence faclors

0-A-V triplets

KAS [{-then rules INTERLISP
{PROSPECTOR}: Forward and Backward Xerox 1100
chaining

Certainty factors

] - . .
Expert system shells x4 A7} A2RE F5H87) A% 2724 Mg ¢

& Ao ojtel HeHokol] AT A A2 ALY F o] BEI 2N
ALaE 715 g zaie] g B XE HE et HE A|Lee) EE
mEojd Aot 2HLE ol Yl E7E WA AW HEL Axzele] HEE
ook GALGE AL WE AZhe] AEIL Al2gie] Aol Folstet. 2 FAMA X
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§ FobolAlt Ao} 7izsl n, A4 EQe A, Y75 AGo L AW A2
9 Fgs) WA Hoz Hof Uk 7)ol MG EFZE E 2.10) g
& uhsh 2t

High-Level Programming Language

A & G dol AL BQA7) Asted FAS e § B ST 4E
3elo] 7AAelt 58, 22lm Hardwarce] 9o whet 7Ushed AHgah Aol 7}
ol o)t 34 AAge Mainframe o)1} Minicomputer, == LISPH 4]
d $% €2Z A, AL HE 1000244 63tg7tz el Mol e R

o A2 BF 100 SRE 4 g stHeg 7o) A5 o, ol BE A9
§ WHEEIA 45o] M. o7 Software st 57t M2& 7o}
AHg e 7ol whet Al WA, $HAA g F43] 2 59| Fusd. o
T8 E 222 AUE HFEAA Ago] s EFES T8 %Y Aol

ol EFEo] AR A& AHL F&H Uk YREo| NAo) AP BT
Hol A& dE 28 HAFEA 4go] s, £F HFE ) g x14o] A
8 e ALSAR 259 AL FASHGE A Has E1E o] 88 4 U
oA =EFF ALgatw wE Aol HES} AlAgle] F52 A% AH(Prototype)
= 8 & 4 slens n¥g PFY & U oW FASE s AFHoz ¥

HH2 E75e] 0y, 24 9 BRI BN o) g=1 s W, ol ETF of
BEole das 24 do) s A dHE 450l Folof dt.
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3 2.2 High-level Programming lLanguage

Name

Knowledge representation,
inference,and contro!l

Implementation

0PSH

0-A-V triplets

[f-then rules
Recognize-act cycle
with conflict resolution

FranzLISP, MacLISP
VAX 11/780

M1

A-V pairs

If-then rules
Certainty facts
Backward chaining
Depth-first search

PROLOG
IBM PC

INSIGHT2+

A-V pairs

[f-then rules
Forward and Backward
chaining

Certainty factors

S.1

PASCAL
IBM PC, DEC
Rainbow, Victor9000

0-A-V triplets
[f-then rules
Multiple objects with
inheritance

Backward chaining
Depth first search
Certainty factors

LISP
DEC-VAX, Xerox 1100
Symbolics 3600

EXSYS

certainty factors

0-A-V triplets
If-then rules
Forward and Backward
chaining

¢

Various compufers
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L. Aol 71%e] 1A - Mol FHHL vlfFo] WA £ F FE02 =] .
AW FAE A7 £ A FEAAS HEA e EAE AHEAY U
lA= ZHo] 75 %

2. A4 Eee) A} - 289 S FAeZ EHA Hiud), ot 4T A=
Rer FHoZE FAS) FAE AAA HFA 05 $HE A & W2 7
dd A7 A9el Be FHe2 vehier € A$E Yok

3. 4 £ A - ME 4%y
A% Woz Pk .

it o)z Fatm FEHoE FAIG EHol

o

4. A2 e vEAEA - o]l =7 HYHLZ AU AANNG AR A LH 9
ol Ao A= & SoftwareE & L7t dFEA ele Al2" ShdsE A
AL Edad. dEEW Editinge]i} Debugging2 H@d A HE 24 u]o] 2o

HZol 7Hsd=S & U 8377 Hgg Aol

ri

AEHe g2 AEI A2 755 #7198 HHer =7 E A8 AP
3o AEZ A2 498 A6 2 dda B TR 2XgS 2] AF
7} A2 FEamA 3= A o], High-level programming languages:= w5
shells k= A48 27h Melsiof & o] o] QA o Hule) x7E Hg W9
7t A BHAsch £8 5HE Folko] AARS FEY o 2 Rofol R V)
€ A7 L B 5 Ae fdd(flexibility)S Az Ak 53 FE )0 =

A, conflict resolution, H3Fel =3} 4971 24E 5+ Yo},

Mixed Programming Environments

57



oA AT 7S] MAA o] 42 Age)7t TEY Aol B TS
Qo]2 4] LISPY & ¢o}§ o]4% 4 At BE Programming Environment 2
Be]9 T2adw toole A&olA AH87Hsdt Fadel, ddE, AHSAste] UE
Holz, B A4 @5 HEZ A0S Agss o €2 A dFE

o8 71sss 7Hi4.

oleldt 715 ez YEAH Aoz dul), o, #HAE, 4971%, A4ulelx
8 ddEst U g A APMFE Ao 4SS § 4 Aed, o 7%
2 AYFANY AFHAW FHFY o] FF vdshs WAog AHEAGA BEE
ATsA A EGE 75zt g =2aWF 2AYE TR F e 7%
(Break) & S0} 1 gAle] x4julolxze] A ZAH & 4+ AA &
q,29x975e2MNE x2aPe] AYAF A4S HSAA & Ae B
EMYCINoj 4 2| Aujol2ellA] a4 448 4 glod €adh JEE A&
ALTEH AL GIZE 4 A £ HFE 2WY2E o] 3o U= /ol ¥
A2 Agsed UFA 7S AAGFo dal L FE AT wpE AN UH
£ %5 A HYE, 2dHe YK oo &S 7R At dFEe B

7} A&

QY Ao SFetA 2 Aol ozl AFAA 2HE ¥ 5 U

o
rlo

= 75 AT Qad, ol AL oAE 7%l WAEH] A ot AE
A2RE FHRRE 27} o]E o] T2aYS stodok frt. ol AT A7
A9 715 olel 2715E AesE A4ue|2F A7) AR e st A o] 7]
L A 4uol 2ol AE AAES FHE MAdE AS EF AEd, ol A8
Efoll o}t FAolt e Eol thal olitlelz} ol F s EW Aol el B
de 8 3 2 ddd
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Jd 2y BAL AFAF, WHY 2AYA, AN A%Y T2aWss] A
3}ee) ol Fobs) A2 £¥ebmz Hybrd £E7dn $a)9ay. 2219 87
& AEA A2 AAS EQ) A3o] Zajle) HolgREE ARE T
£, o ZAAS YRE AH BANE dolehdlolxs] AL Wi} xaLo]
e AS Y Aot EME veie AezA 27s) TAUL 249 oE

& AT, +049 ol B4 gow s &% = Facet ojat: £4L 7}

A

) B3

¥

Z2ad 837 AEI A2LE 274 XolE 5o Agery FHEYE
At

L 2AAads] g4 - 2239 4L 73, ZaldFe 583 AAEHe] 752
.

2. =elA FEFAA o] FERNHYY 2H - AHEA} 229 HHE HojY 5 Y
.

3. Conflict Resolution & Z2e] 7Hsstth - WSl el HE75% F2o] o]
A g d, 2 FHEe] 1A Bl AUAE 2PY 5 o

4. A-gAe] He@ oldE st HFE zaAPAg 49 715E F1E & A

T W 57 FHoE uxrdHon xZadw 3L Ags] uldn, EY
Hardware§ 2%}, KEE, ART a2 Knowledge Craft $3 72 2 fH
544 =3+ LISP Workstatione|u} SUN 3% ¢] Supermicrool) 4 7b540, 7132

63k QeI Lol B2 oo AHE A% Hated o]AHY 7152 A2 £7s BM
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PC-AT SolAE Aol A5sA shels e AL ek At o)A A&
He 7 A4S e ol YT BHo} A 7128 AGE AX ¥ 1

& ¥ 2.3 Zz2ad9 B30 S AFES vla, 4932 U

Rule Induction Tools

ge) 5 Holq ATH AEI AALE EF0 z2ad BAG IAE Tx
2 $ol FHE HEo} W= &, A4 ¥5§ FE Rule Induction Tool o] k.
Microcomputer o4 A& 75 % 44 2xEgole 7AA™AA BF 200 WA 1200
g2 Aroln, iy Al TIMMel #A$d& PC, Mini com- puter, Mainframeof]
A g7 aAE 1000604 50000 23 HE7HA] gob. AL A2@eZe dE B
25l EXPERT EASE7} ). @z A8x48 78 &40 E 2.49 Fid= N
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# 2.3 Mixed Programming Environment

Name Knowledge representatlon, [mplementation
inference,and control
Frames with sleots
Object-oriented Zeta/CommonL]SP
Cogrammin TI Explorer
KEE T -% hen ru?gs Xerox 1100
Muliiple objects and Sﬁmbolrcs 3600
extensive inheritance Lambda
Forward and Baclward
chaining
Frames with slots
User-definable inheritance| INTERLISP
LOOPS attice of objects Xerox 1100
Forward and Backward
chaining
0-A-V {riplets
ogical links between ZetalISP, VaxLISP
éects sMultiple objects | Lambda
ART inheritance DEC-YAX
Forward and Backward TI Explorer
chainin
Certaln%y facts
OPS-5 rule with frames
User-definable inheriatnece
Knowledge Object-oreinted Common LISP
Craft Brogrammln DEC-VAX
crward ang Backward TI Explorer
chaining Symbolics 3600
Agenda
#E 2.4 Rule Induction Tools
Name Organization Implementation
Expert/ PASCAL
Ease Intelligent Terminals IBM PC, DEC
Rainbow,Victor9000
TIMM Genernal Research FORTRAN
Corporation IBM, DEC, Prime
Rulemaster Radian C
VAX,SUN workstation
ACLS Southdata Software PASCAL
IBM PC, APPLE I1I
ETS Boeing Computer Service INTERLISP-D
Xerox 1100
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2.2 FHEA A9 ¥ A2YEE =79 =2

AE 7 2§ FHGA o b WA TP AFE HEsnqd o Ho}
of W EME d&aA ojalstedof gt 1 o Foil EAlo % AP AE
b Az EFE AFSAY Adsor gk 2eln UM 853 A4S AFES A&
W EF7F AFss dolz2 B8 of gk 7Eell P& EFE AFY AAA, obd
A2 E =FF E AUAE 242 A4S AUx dd. EFF A4 HAE
A2l 75 A7t AuE Y ¢ Rouk EFNA HFRE 7ol §AH]
Rol HERokof dis] HES A4EE 4 gl 2 EFE g Adae g%
of o8 HE Hopol 717 A =7E ALY & Aot W2 AR o] 27H
t}.

FohE ok AR A2WE FFe7) A% TR Ftho] hRojer ¢ Hebrt B
BAREZ §dddol Foloh B GRS oM FHE S AYE A4S
dF 8.

(1) =+(tool) Wi-ell Al #2134 Algto] 75 slck 8hit, T4 d471%5-& AT
o ¥} e EFUo) 4 AT 4 2lg FE o ¥a(external function)Z = A&
® 4 lolo &t

(2) AfA 2R HeAE AUz Yook o} G Fopoll AL AAEY
S APY & s Bo2A A AR, A ule|2g AY|, a3 A4 o] &

s) #els Eolsjr}.

(3) d2i7tx] 2E¥uE AT Yoy, FAGA W2} FE2Hu S ddsted 4§
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¥ 4 Aojok gt | F o] 2(diagnosis)o]i} Z AH(interpretation) o = F 21 A&
2ol edstn dAl(design)} A (planning) Hz2Zo) Hrpsbr}.

(4) &2 programe]u} t}2 programmingdo] @ sedz HE} | 2¥3he] ik
el @k o] ZAL FRAARANNE S HAY B2 7Eo 34
L2373 8% A29g 74% 4 A= ERololek @

(5) 497158 AU Yojof drt. 224 Ade) AYSE HFa7| A= 4
7)ol ojop g}

(6) od27tx B3 4 At BAL AUT Yolok Brt. A E FolAE guA
(debugger)st sl El(editor)§ od2)7ta] 7158 22T gow Helshd.

(7) RE A4E E%44e A2 Yeng uncertaintyol] e HelE & Y

710l Rejop .

(&) g 2 GAEZ Fejotod ENE dso} ¢ W) a3 &, Agle=
HUE A9E A Baks Aqol 445E A 4o] oA Yoty s Peg
224 A4 dol2s] GAFHo] 4G3] Folgo] 2EARE BaATY & At

() A-822) H2)F 98 window/menupAlg AT et 2o golnzzlE 75
3t primitives§ AFaho] ARMER) A2 £ Yojo} G}
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3.K-CLIPS 2] 7] gt
317 8

CLIPS + NASA/Johnson Space Center®] Anificial Inelligence Section jA e AAF=
(forward chaining)g Z]'d Production Systemo]c}. o] A]2ge] 7jg BHL2 9L FHFE o
A12] LISP2] Holxj 7|H5g B¢3ta WA LISPLR /Y8 =54 =9 &
T Hed n¥ B A viFe’ PEIFAI2EE 2 A deka, =T E 2ojely
AL A3str] A Aot cLipse] 48 aostd ¥ 3u3  Zeon e
AT APE FF 19 KCLPS AHEYE Bzab) W

¥ 3.1 CLIPSe] H4

Facts A-v
rule
Knowledge Relation
| Base variable
Uncertainty =8 X%

Recognize-Act Cycle

Forward Chaining

Inference Depth First Search

Breadth First Search

Meta-Rule, Agenda

Edit --- Micro EMACS editor

Trace
User- —
Interface Explanation

¥indows

l Other language interface
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K-CLIPSE 7|29 CLIPSS] 7]%-& 24, AE sto] ByL ¥ 987, AT 52 B8
Al2E F2o ¥ 7120 2T AL AT EAH £7E AL BYos
) KAIST £2-2 813} o)A] 7] 33 £ 7],

78] CLIPS ) 7]5-& W2 ok Apahe the3) 7ot

_JD:L

(A4 2879 8%

#HA 2] CLIPSAM+ A|A]& Auribute-Value Fefj o] A& E (symbol lisp 2 HH3}
2ok a2y g2 FHHARAE A Ee] AFFY F2E AYx g,
e A AB A4 HAS A o] AS T2 EF FYMmle) o2 FEHH o} 3=
E W w¥e] a9 39E2 ASHA F2E ZUEHI| o] So|T Ty HA 9
A2 71| F7HE gt IFA Fogy FH £F Folx A4 ALHoR
2 5 stk

2) s stk 715

Ve A2 AT RE FHIeH A EF7 AT BRolz
#of Atk o]Y 712 FYIR o|FolAE Y4E AT audE BT 4
YA BezM UL AU W% R AL FYlE YA ALY 4 Yu
294 Yo KOS/ AFHE 990 £8 FMIZ AN eol2e FaE
vt AAReR ¢ 4 ok

(3) AHE-A ek ABfsfo]2 7]5-o] g

AEANAYY FAE A2e FEFYL 2PYS UE 7150] Hold 542 7}
Am ged, o8y FEE AR AR | FEIAA AT A0 A2 AS
S Y3 AFLE 5 YA sh dejsel £ 9
ool 7l5sl HYHE A% AHEAAA FLE ATY 5 YA S Us$rls
3 AHgAE 3H das JAART dna ¥ 2 ALY+ g AryAy o
34E YAt
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@) 29Y olue P4 27}
AHEAee] dEHel 2R g FaW 94k A2 Holel] Y HRE Ty

2 ANSE Zo| Hzelth K-CLIPSAAE FA44M 7 T14Be ¢ & gex
A4, 9, BT E¥el B ¥F R
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32 K-CLIPS2) XAl EH Tz

K-CLIPSS 7] 24 T2 F8 AYue]2el ARRAR ol X4Ho]AE =
FIHEF s 4289 BxvER 39 313 Zo] Hel ok

r K-CLIPS INTERFACE —l l

Knowledge Inference On-line
Editor Engine Help
A /
Interpreter
\ 4
A N o] & e

facts rules frames
User-defined functions

a9 3.1 K-CLIPS o &



ANz FAY A4E ol NNEY T2 EZUY 4 Yo ol: o
&3zt

0 Facts
0 Rules
0 Frames

0K-CLIPS %28 ©¢]-Fej3l User-defined-functions

aeER A7 DE2EE Agshs AEL A4 HelAd 47px] 8
HE 459 A4 U3 RAelztz ¥ 4 vk ARRAHE AM(facts) R Lo
o (rames)® 2 sicH A& U o|F zFspr) AW F4 N 4§
FY2BM BTk EANAE A¥oe HZAY 5 Y= T=aPs JAY
T A% oS8 7zl didt ARrdd 49 5= 1g Bz sy 321

324 Held 3 2 AYE dE¥t 29 3194 zHy WAy
(kmowledge editoryy= ARG-AFR dtolF AAjjo]2ol Y& AL BHU] 43, =
Zh A4 Avd §& FEAHY o @AM ssEA sEo

3.2.1 AHY Facts)

FE237 AA staticP 2] 4) o} AL working memorye] K73} 5=, o]= K-CLIPS
AARSH T A S AU o] o] o2 B ALY S ] 3to] FA o] H LW} o]
Yoy meof slute) ALY Fobehe o B asserio] L A B &L reracto] o} 223
A7 2] AHd& Wi of F7hsh= FH ol deffacts?} Yo} o 7|4 H o E = AU GL 2]
AE(list) Aoz FHHAC}

3.2.2 93] (Rules)

A A o] 2o = K-CLIPSS| o5l F2Fo] Fdt. F4& e 2L Pz
T €.
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3.2.3 Frames

K-CLIPSo} M= fact-lists2hs o o] €} Mo} o] 2)of =)o) Befs) A2 E 8o 7p53}
S5 GA TS Zedd Vel ANEH $£HE Minskey 7 A 202 ANV 2o
= ZHY Fxe T golst UL £E (ode) 9ol F Tefg 7] AL BAR 1
B AST22 9o /b2 9589 xoe 9949 AYES THEN oz 4
B AFREG ARHY F4F BUOL ZdY Pzl 7 curbubehgs A
€ $%4 auribue) 3} £ Zhvalues of auribuie) of )% Ho o] KE o) HEL &%
Sloy 22 FHI 2 SRelME X9 o] ¥ o 5oz UYL Y 9=
demon'o]2HE ERA|H (procedure) § F Y 4 ok i} K-CLIPS ofAj: Z 2]
A71SE TR G2 DA AFHY P40 ASHES FUE

323.1 ZapAe) 3o

K-CLIPS of Mt =of 8138k 8 3= 28 Toiclass) 2 220 28
£F defive class ol 3 Fosnl, 2H2E FH 44 vrb BEo) A
K-CLIPS2| AJ4] o)A &of S2Ht} =¥ define class = 4+ S~ (superclass) ¢
sHH Fo~ ubclasy) ) BAF AA B T Feks 92 4B SW e B,

{define class frame (beam column))

714 9] Feh2 beam & AHY FHA fame 8 $2Y 2EZE 44 et 2

£7F D A4 oAy 39 32 9} Zro| linkedlist W2 Uie] 245 e] 9
o JET Mo maA geAE 27)9#, hashable o] 2l amayef B gepo
WA (address)?) E A (pointenF 7| st Yk 23A Youa ojn] Fejd FapA
=AY 3 2928 284 ok hashubles) FxE 1Y 333 el ¥
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3232 Fef2e &%

%2 39 715 AHBste] Salre) 228 VE 4 ATk FAa shte A
(object) B FERATHE $2& A4S T £ S $43%e M 4 ot
K-CLPSofA ) 228l 228 A4 olao] A3, A7 € 4 92, =% &%)
£43E ¥ £ Yok ol AYE HsEA st el creaeslon,
remove slot, add slot, modify o] it} ¥A-& o}2-3 2o},

(1) (createslot <class> A<slot 1> <valuel> A<slot 2> <value2> )
<class> 2] &% <slotl><slot2> &) ZH<valuel> <value2> & X 4] vfol2ef 7]¢]

ok,

{2) (remove_slot <class> A<slot> &optional <value>)
<class> 2] €29 «slot> o] ZH2 A7 8ot 9 <value>E 2AA] 9o <«slo>

B ol A7 €4

(3) (add.slot <class> “<sioi> <value> )
<class> ) £Fo| o7 A Y e Y A4 o] 4T AL UL

(4) (modify <class> A<slot> <valucl> => <value2> )
<class> 8] €322 ZH& <valuel> o] A <value2> 2 HEA| 71}

3233 S A9

gopas) 2R G0] A4 wol2o] FAHE ol AEE FHY WY s 7
A (maich) Sok & W] Yostch olwf ek, £XOT FHE A4 ol BF
9 A4 dolashe thEA ASTZE JHITh olHT AF TzeAE Fakis 22t
£ Fehist 259 BA T U 4 Yok olF VAR EHH FIY Aoz
ASHE B3 TAAY HRRAo|PT Boh K-CLIPS AN E T2 2e 2719
FAog Aelstel ARY + WA ATk 3714 <cassd> <value> of W W57
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CLASS 1 CLASS 2 CLASS 3

CLASS

VALUE 1 VALUE 2

SLOT 1

VALUE 3 VALUE 4

SLOT 2

¥ 3.2 = AMe]~e Linked-List

HASH TABLE

CLASS SUBCLASS 1  SUBCLASS 2  SUBCLASS 3

1% 3.3 HASHTABLE ¢ &y

7l



golz 4 gtk

(1) (SUBCLASS.-.OF <class1> <class2>» )}
<class1> o] <class2>= 335 SefA 2 7= 7L A&t

(2) (SOLT.VALUE <class> <slot-name> <value> )

<class>2] 3 <slot-name>2] 444 Zho] <value>d-S A& ¥t
3234 Z2}~2) Predicate

RFsHs Z7o] WESE Foas 23 EE SR A4 Welad B 5
718 A3sle] TRUE 9} FALSE 9 o2 HEd Ft AL Fa29 predica o]}
I g

K-CLIPS of 4 ARS8 4 & Aozt v A3 A4 23S A8 4t

(1) ( slot.of <class> <slot_name>)

<slot_name>o] <class>2l £F ¢ A& At

(2) (subclass.of <classl> <class2>)

<class1>©] <class2>F 319 A= 7lA& 2§ A &5

3) ( slot value <class> <slot-name> )
<class> 2] €% <slot.name> &} &4 gto] A &H reum o] &/Jgro]s IR gfo

FALSE 7} it}

A9 71552 4737 Ha o A2 TP AF So] Elr

KCLIPS> (defrule Move-Block "rulel”
(SLOT-VALUE Monkey Aat 7x1 #on floor ~enegy 7hl)

(test (>="hl 3))
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(defrule <rule-names> “this is example”
(declare (salience 10))
<pattern> ...,
=>
<action> ...,
)
defrule- 572)-& 7§ 2] 3H= % & o] 2 <ule-name>€ 312 9] o] B-& e "L T
T BA| U} =>2] gH-E-2 LHS(left hand side)2} 81w) 5§ RHS(right hand side)e}a
FEth 33 2} LHSo| Sl& <paern>E-2 4 2] 9] A= Y7} B4 91w 9 ¥ ¥ 2=(paten
variable)g X 3¥ 5 givh. 223 tfo|Epwf o] 2of <panern>T} uj x| == EA s} 74 o
RHS] HA® <action>e] =8 5]+ o], o7]ol A AFRE 4= Q= YL A2 APUE 2]
F7h 71T A A, FAY 29, JHARY 979 P45 8750 9} o
T Sl v

(defrule determine-engine-state "rule1”
"rem <- (query phase)
(not {(working-engine 7))
=>
(retract ?rem)
(printout "What is the working state of the engine :" crlf)
(bind ?response (read))

(assert (working-state engine ?response))

determine-engine-state 7 2 9] o] F-0]=] rem A4 (query phase)?] 7) ¢ A2 E L}ERY
T 5 Q8 P(element variable)o] ™ Nresponsel= T3 o] €l W 4olt}. 73] o) SUES w3z
HE A4 olx Hio AP E AP sl 429 o] v} P (binding)H ch. RHS2)
actiong2 Shtd) £ 5o 919 rerracti= ofo] e} o]~ (query phase)eh= AP A7 A 7]
A asserts A £ APA)S F7) 3}



(SLOT-.VALUE Block Aat 7x2)
(SLOT_VALUE Banana ~height high ~at ?y1)
(test (neq ?y1 7x1))
=>
(bind ?value (- 7hi 3))
(create..slot Monkcey Acnergy ?value Mat 7y1)
(create—slot Block Mat 7y1)
(fprintout ¢ "Monkey move the block from “ 7x1
" above which a banana is hanging” crlf

"Current energy =" ?value crif))

o] 742 Monkey $} Banana F2j o] A Monkey 7} 4AHE vhvhizl olgd e &
vl et
3.2.4 User Defined Funtions

K-CLIPS:= AM&-Ab7} st gl 712 %< (basic function)E vpgoz ¥ 53
313 AN s F2Y S5 glvh B AogE 5T AANA] g oA,
uae 3eet 43A A8 4 Atk °l g4 T3 RHSAAM Aol 75

slo] o)Ho] FoF UE AN H2E ¥E THFY F A
§ S°] ¥square £ ¥ x g AFo= ’Q—J‘“E}-

( defun square (x) (*xx) )
3 oE 4 square © QA4 EA] AHRE 4 ek
( square 2.5 )

d5xolE 250 Ese] YdsE e
6.25 o]t}



= o

K-CLIPSolA Tl F ¥ B45E B AR 39 85e) 449 4 Utk 4SS

(defun sum.of.squares (x y)

(+ (square x) (square y)))
o] ¥ xy T AFE AFto sk Yol
( sum.of.squares 2 4 )
A" Z3e] g 20023 Hrigo
EX o] ¥ AT A A3 4EET,

( defun my-assert (x y)

(str.assert (stcat x"+" y )))

( defrule my-assert-rule
(data ?x ?y)
=>

(my-assert 7x 7y))

a2 Abde] ( data user define Jo]®  fact-listof = (user + define) g1 ApAlo] s}
assert o E T Ad2E A F YR sumoofsquares FpE AFRE FAL H

= s

( defrule Sum-of-Squarcs-Rule
(data 7x ?y )
=>
(bind ?eval ( sum.of.squarcs ?x ?y))

(fprintout t "** Sum of Squares " ?x "," %y "= " %eval crif))
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o] #Yo| W=7 HHAH A ( daa 3.0 40 ) assent L (run) & 3}
*¥ Sum of Squares 3.0, 4.0 = 25.0

9 #HZE st

ol9igto] AHgAA BT YT AHeto] d2AN F15¢ SUE 5 Aok
AR 2 BAW 27 ALE A BE S 9.

FAE d&5HY 99 Y B HoHoma ALEASe] UEHo|A
(interface ) § He3tA ¥}
defon B ol 2ol , AHSAF FAT Y4B AULEF 2FsAt AYH Yo
S YU v BT 7t veold oA ¢ B AAY £ 9
£ U5E KCLPslE ATHT ot oldo] dFehe FFolz AU

(displayfunc) :  HEQ P9 o]FEE TUE Y}

(remove_defun <function-name>) : <function-name> of ¢]8H YF 4o FIAE
A 27 Bt

(ppfunc <function-name>) : 7§ 9% <function-name> 8] UYL& ITHE o}
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33 839 defolx P

AEMI2 AN A9 AYHor AASE Abdolr REL A2 A
b A1F8 ol ¥ AYS shtelth 2y 7|Ee AEMIARETIHE ©x
d2E EiQlel UJ2¥slsT ATste] AEAAAY ALAote] Fuo] Mool Yol

ol 29T HE =7A Heloh o] e Hear) 8 g RESAAYET
AME 4BY Ueo|2F 8 Y5 R oy ¥4 S22 AT A

T gtk 2y BAZA S ARG Tl 2Hr)5E Apea] Bk 4
Felth. K-CLIPSHME FAE/A|2 A2 o)sfe] & 271477 H8] Al2d
TEA $EE £t 959 R ARYAY F2Y59 YA} AT P4
T A3 F2 3tk vt FEKIAY ARl dxo g FRE Jdux
¥ B BT ARSAE BeEA ARE A2ded ATnd ¥ Aed AR
e dHUeltt d=tEaE REIMIAYY ARALY A AdA 22F Z3
W ARE ¥k 327]8 dEfol 9AE Yoz AT 2YPSolnt. 2T
PRRIeR S HteE $4E AT ¥+ 24 289 A ogos vax
A AREAS oM E 198 2ges I Eob HolA AFH UAEHo|A B
T WA PCAAA ALESIEF AR Qo

331 8jtje v

T 97NN A A2 o, 2H0Y ¥4 4ol A PCA Mg R o
AL A A golo) it}

AFER}7} o] L3 = PC2] Video Adapter®] THF A4 zpotsof #}. Monochrome
Display Adapier (MDA)= ©3] Y2Emhe] Z¥o| 7153ie] 23y £e] 7%
Adapter23= Color Graphics Adapler (CGA), Enchanced Graphics Adapter (EGA), Hercules
Monochrome Graphics Adapter7} it} # Q-fojA] A}8-3 Adapter®3= Enhanced Graphics
Adapter (EGA)E o] 8-3}¢ic}.

Z} Adapterel whe} 3}@ie) 3], 8199 resolution, display type(Za} T Fuo] Pajx]
A €tk PCAE MHe PE: SAXE Ukt o



1) JAE B E(ext mode) : §AE R0 PCHAL cell® o] FolA ] ZF cell 3
Lbe] auribute$} character® ZPAth auributer FA4o] 42 gr1E AW AL
chararcter= ASCIHEALE w3t 13 3449 YAEwco s 43go s
EEQDo)TxBE LEROZ R4 o], yEE ofeh2 A4F + ot VA &

T AL HE gAE w9 $17 8] 373 80 column 25 line g ZFA T

Screen
Column 1

Screen $
ol

Line 1

Window
Line 1

Window
Line 10

Screen
Line 25

Window Window Screen
Column 1 Column 15 Column 80

%Y 34 Window in 80%*25 Text Mode

2) 2@ ¥ ¥ S(graphics mode) : W 2 =2 PCEHTEL  pixel® == 7 pixels
Aol shle] oz et pixeld £t AlAaWel 42wt o E(viedo
adaptor)®] Zof wiz} gepich. 29 3.5 Y o) RS AFE = (0,0)0] L xyd
AEZre AERC] AHEE A FUsjr) ¥ dpdA ARSE pixel®] G 640*350 o}
ct.
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©, 0 (640, 0)

(0, 350) (640, 350)

2% 3.5 Window in 640 * 350 Graphic Mode

T AFAA AL P R PrE H2E BEF AMSsta glon, JaY ¥4
=2 Y oA Fos o] AHg-H)
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332 959 ¥4

K.CLIPSE AR AlolA ot FuE Washd A 4 Y& =8 A3
o 2 YHE EeE ¥7P el U F7)9 9E4E g0 AL ARBES
$u2EaY 29 99 44D A S 1SS AT o IS ok B
of 98 T4

1) window—open ¥~

o) Wt HE VESE AP Aol WA Ao Uk AN A AT
HdE42 Wx e =718 43 ot

(window._open <window. id> <left> <top> <right> <bottom>)
<window_id>l= 1500 HEE Mgl Zog o] NEE Yo B o] YEFEAEE T
S olME Y &3 As$o Ao Tt <eft><top><right><bottom>< ¢ £-5-2] 27]
g 34 s e BTk

2) window_close ¥

of B4t deid UES 3 o YESE DA U A5 AU
(window_close <window-id>)
<window_id>E XA 51%] e} (window.close) T+ AHE- T A9 9 PE$E BT ©X

A |t
3) window.select T
o] ot MU HESE Qs ASE oA HRael  uEhizA ¥ AS

A8tk

(window-select <window.id>)
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4) window_move &=

o] YHE MUV VR4 AXF WHHTA Y F-9o] AL T,

(window.move <window-id> <x> <y>)

<>, <y>E Y40 ARAA S A S et

5) cprintout §H=-

]

52 73 Yot

o] Yot AESo] AN E TS B42A primoust-FAH 7]
3= 1 AR

(cprintout <iterm>...<iten> [crlf])

6) window_remove =

V=T vl old d BRI S Aol dES71 AR 2HE Sl $18 A
A€ A=9-E vm2 oM A7 sk et o) o] o3 Mdd AU P

t TS shaabel uehta go vEhA 8 29 AN Best &
window_open® THA| AHgol o}

(window..remove <window_id>)

{defrule test-window
(WINDOW INDEX ?windiw-index)
(WINDOW TITLE hitle)
{MESSAGE ?string)

=>

(window_,open ?window index 10 10 25 25)

(window._title ?titie)

(cprintout "This Window Meassage :" crlf ?string )
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(pause)

(window-close Twindow index))
(assert (WINDOW INDEX 1§)]

(assert (WINDOW-TITLE window-1))
(assert (MESSAGE "Wcelcome 10 K-CLIPS"Y)

o] 72 0] =957 A E g FH L EHIETEES

(10,10)

window-1

This Window Message :
Welcome to K-CLIPS

(25.25)

333 o3 U4

A uas ARy gde Belskna B A AsHEAee o 2 ¥
2% 7M.
(make-menu <mcnu-id> <x> <y>
< " argument-1" >
< "argument-2 " >
< "argument-n " > )

A7 cmemwid>i  ARESHE diRe BEE Il e, <o<>E By
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o A& HuFE viEPAL 383 < argument-1" >..< "argumentn "> =
el ARE ¥EE BEAEE 2Ud
AEEST FAYAE AT AT EARY Y oS Ze] F Yt

{(make_menu 1 20 20
" Column Element "
" Beam Element"”
" Wall Element "
" Brace Element "

" Slab Element ")

Ay A

oA71M RAAY A5t olne NE AP THAM, ANA P55 o] 93]
& dehdth 393 IS FAYGring e H3HE $RE eI g o] BT
S9ehd shaelt ofdls) 28 Po| veidth 2z $5& 2% -4 Downy| 9}
Up7l & AHgstel B3¢ 23 FAVIE AH8atd sk e YT £ Yot o

Proh HES Yoo Blote] Afatd g BelY ALYETFRY S U

(20,20)
Column Element

Beam Element

Walll Element

Brace Element

Slab Element

334 Y B
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474 AR Y& TURBO-ColA AF o 298 P48 7@ mstd 738
Aoz $rsl FAS SYA Agsnh BA ALY £ e BHE 2 BRA
che 2

DES- S i
a) initgraph : T YR =8 A dahE T 7H3 A A ddot
b) closegraph : 2 W R Eo]A BG ¥, JAERER H o

2) MY

a) setcolor : AHS-8 4] & 7§ o} dp= Y
b) settinestyle : AFE-E A12) TF 9 FAHAE A At
o) setfillstyle : S| A A1 2] Y2 FFE AL Vot

d) settextjustify : 22| $]x) ¢} 23 ¥}

¢) settextstyle : ALS- 8 T4} E-F2} 27|18 F 3 Pt

ki

3) 2 g

dyac: NEE = B

b) circle : ¥-& 22+ T

¢) drawpoly, fillpoly : 944 4-& 22|+ T

d) ellipse, fillellipse : E}4-& 28] -

e) line, linerel, lineto : %) 41-& 28]+ 34

) moveto, moverel : ¥ A FHEH o] A A} 3= A2 7= B
o) rectangle : ALZHE-& 22 W4

b ber, bardd : 38418 AR A € 2T B
i) pieslice : Fpo] X & 28 & B

j) sector : EF 2] Y R-F& Y= T

4 ZAHT
a) outtext : VA X H AN EAE ZTHE3I= T+
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b) outtextxy : X] F H o)A EAE TAEFE 34

3341 24

1) initgraph ¥4
(initgraph <color> )

initgraph Frp= WY HEF A|AY o= PoA) ARl s Fpus  go
E ALY 28 4E V3 S UA gt <colomi= H32ef AR 7} 235}
§ Ao} ¥t

I 3.2 Type of color

Nl\l,r:g;c Symbolic Name
0 BLACK
1 BLUE
2 GREEN
3 CYAN
4 RED
5 MAGENTA
6 BROWN
7 LIGHTGRAY
8 DARKGRAY
9 LIGHTBLUE
10 LIGHTGREEN
11 LIGHTCYAN
12 LIGHTRED
13 LIGHTMAGENTA
14 YELLOW
15 WHITE

2) closegraph T~

(closegraph)
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closegraph ¥+ 2 »EE wAUE 7S] Ao %)

3342 Mg

1) sector =

(setcolor <color>)

sector ¥ initgraph FFefA VAE 4 whE A4 AHEE HaEA <color>
T A2e] 44" Ao] A3 Bt & 32F Fzstet

2) setlinestyle 3
-(setlinestrie <linestyle> <thickness>)

setlinestyle ¥ 2] ¥l (ine style)™ 44 F7] (line thickness)E A 3= Pr=
A <linestyle>l A& E 33¢] vEbG Mo FelF g FAs= #Hek 3,
<thickness>of = ¥ 34e] Yehd 12 F7] F 3 AR ef Pl

¥ 33 Line-type 9] &/

Name Value Description
SOLID LINE 0 solid line
DOTTED LINE 1 dotted line
CENTER LINE 2 centered line
DASHED LINE 3 dashed line

¥ 3.4 Line®] Thickness

Name Value Description
NORM WIDTH 1 1 pixel wide
THICK WIDTH 3 3 pixels wide

3) setfillstyle ¥

(setfillstyle <pattern> <color>)
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sefilsyle Yk AN AHEY YA AN 4 Qe Poolnh. <patem>
dt WA BUL AAE WEEA EiSo EAE BF shiE Agsel B
colot WM AE APk WA YA ATV E328 Yase] 4Ys
ok et

¥ 35 qYY TFH

Name Value Description

EMPTY FILL 0 fill with background color
SOLID FILL 1 solid fill

LINE FILL 2 fill with

LTSLASH FILL 3 fill with //#/

SLASH FILL 4 fill with ////, thick lines
BKSLASH FILL 5 fill with \\\, thick lines
LTBKSLASH FILL 6 file with \W

HATCH FILL 7 light hatch fill
XHATCH FILL S heavy cross-hatch fill
INTERLEAVE FILL 9 interleaving line fill
WIDE DOT FILL 10 widely spaced dot fill
CLOSE DOT FILL 11 closed spaced dot fill

4) senextjustify ¥
(settextjustify <horiz> <vert>)

settextjustify Tt AL (ext justification® A% s ¥4 TA] default & FF d
# A= LEFT-TEXTo| % 43 o] disjA= TOP-TEXT o]t} <horie>$} <vert> oA} A&
g A3 1360 eid 3t F shieleje} otk

X 3.6 Text?] Justify

Name Value Description
LEFT TEXT 0 horiz
CENTER TEXT 1 horiz and vert
RIGHT TEXT 2 horiz
BOTTCM TEXT 3 vert

TOP TEXT 4 vert
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5) settextstyle T

(setextstyle <font> <direction> <charsize>)

A9 Yo} EAS 2ojxE Ban B 3278 ZPse
Haoloh <fon>ef Fate) Wel7t ZAolof st W, ANM LY 5 Y=
Ate) Wel E 379 93T A Zo] st 848 bitmaped FES} j2i7}¢| stroked E
EE AHSY 4 Yoh <dicionsds FAZE 2Rt 39 P W52 54

A2} 4WAZE Ao} B} 22T <charsize>s 7 Babe] =7 E AA A

L ™

seutextstyle =

® 3.7 Text®] Font

Name Value Descritption
DEFAULT FONT 0 8*§ bit-mapped font
TRIPLEX FONT 1 stroked triplex font
SMALL FONT 2 stroked small font
SANSSERIF FONT 3 stroked sans-serif font
GOTHIC FONT 4 stroked gothic font

¥ 3.8 Texte Dircction

Name Value Description
HORIZ DIR 0 left to right
VERT DIR 1 baottom to top
#.39 Textd Size

Size Description

charsize = 0 stroked font gt ARZ (* 4)

charsize=1 §*8 pixel rectangle

charsize =2 16*16 pixel rectangle
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1343 J=)9 ¥4

1) arc

(arc <x> <y> <stangle> <endangle> <radius>)

ac B 4] (ocyp)olm Bo] <radiuse], Al TE <sangle>o] A
T3 A57t <endangle>?) QIE T2 Po|oh MF 9 ztmi WAL s
AFETE. 32 ¢ %] 0oy, 124] 4 8ke] 0 E s 7T},

2) circle ¥4

(circle <x> <y> <radius>)

circle B Mol (<x>, <y>)ole] WHo] <adive>¢l ¥ TEjE Bialn) Qe ¥
AlBHE A9 #7715 2do) 7hstellinestyle 34 A2)EE 49) Weje HMow
=] gt

3) drawpoly 3>
(drawpoly <x 1> <y1> <x2> <y2> ... <xn> <yn>)
drawpoly Hepi= VA9 A 443} P2 («xI><yl>) HAAM (o>, <yn>) 93]

7% A4 YU 22 Yaolot

4) ellipse Y=

(ellipse <x> <y> <stangle> <endangle> <xradius> <yradius>)

clise #5E BMIE 3 Y4d, WFE o) YT SHE wAe
<xradius>e] 2 #=2]& WH-L  cyradis>E AW}, AlZE o] Zhe «stangle>oln] =)
& A=} <endangle>oltt. 39 7wl WAIAYRFO R AAHT: 34 Wako] 0z ou,
124] 3+ 3ko] W0EE Az e},

ks

5) line &~
(line <x 1> <y 1> <x2> <y2>)
e WAl AF" D9 44 FH, 2718 AHEe 3 (@) "7

(<)Mt e A4E T2l Baoldh of B4F ALLsE WAY L
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a3t 9

6) linerel 3
(linerel <dx> <dy>)
linerel 3= WA X oA AAH A A (cao<dy>) TF AT AT g5t

7) lineto 3=
(lineto <x> <y>)
lineto B4 W] X AM BA (x>, <) 7R HAE Sl el

8) moveio T~
(moveto <x> <y>)

moveto B4 Mol B FF o) $71E ¥EE TUS

9) moverel B

(moverel <dx> <dy>)

moverel B A4 A A (do<dy)TET BANNE dFhe @
4ok,

10) rectangle =

(rectangle <left> <top> <right> <bottom>)

rotmgle 45 VAL A AR FHE IAZRE TE YPelth el
copye AApztYe] JzARE slRiFle, gight<bouom>E EX TS 7t

o

11) bar B
(bar <left> <tap> <right> <botton>)
bar B reciangle W49 FAMSIY ARZEEUIRAE A9 A o] Ehdn

12) bar3d T
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(bar3d <left> <top> <right> <botiom> <depth>)
bar3d e bars] 32U FHE S Y5 BA <deph>ol
Hojof %t}

13) fillellipse g4~

(fillellipse <x> <y> <xradius> <yradius>)

fillellipse P, ellipse 2} Tt el o] Ayg 49
o] th=r}.

14) filipoly ¥

(fillpoly <x 1> <y1> <x2> <y2> ... <xn> <yn> )

fillpoly Bt drawpoly®} S sh} TAE opzhy e Mxg
A dc

15) floodfill 8}
(floodfill <x> <y> <border>)

floodfill = YR (<x><y>)ol| A <border> of AHH YAto g
Al7le Haroit

16) pieslice 4~

(pieslice <x> <y> <stangle> <endangle> <radius>)

pieslice Br= arc T2k fAbsh Q5o Y93 2HA Q4L

=459 49 HAo] Yepun,

17) sector &

(sector <x> <y> <stangle> <endangle> <xradius> <yradius> )

Fr8 274 44

Ho] Aot 2

4 o] =43}

R #EE 1l

sector Fr-E fillellipse ¥-9} $Y3lt} elglo] HEL FA|Y = =1

1344 EA32
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1) outtext ¥

(outtext <textstring> )

=]

outexti= MY o] A4 AHAH jusification, EE, WA/ A5l ¢y ¥
AHE 2l «textstring>E- o] A S Trolr)

2) outtexixy 5=

{outtextxy <x> <y> <lexistring>)

outtextxy= R HE HEY (<o<y>) AA AR justification, FE, W3, 37]4] wjet
Yy FAY <extsming>E 3o} BA| s o))

92



4. #x £

A.JF A%ol B £Y

1. P.Harmon and D. King, Artificial Intelligence in Business : Expert System,

John Wiley and Sons, New York, 198S.

2. Hayes-Roth F, Waterman D.A| Lenat D.D., Building Expert System, Addison-

Welsey, 1983.
3. D.A.Waterman, A Guide to Expert System, Addison-Wesley, US, 1986.

4. B.G.Buchanan and E.H.Shortlife, Rule-based Expert Systems, Addison-Wesley,
US, 1984.

5. S.Weiss and C.Kulikowski, A Practical Guide to Designing Expert Systems,

Rowman and Allandheld, Totowa NJ, 1984.

6. C. Towmsend and D.Feucht, Design and Programming Personal Expert Systems,

TAB, 1986.

7. L.Brown, R.Farrel, and E.Kant etc., Programming Expert System in OPSS5,
Addison-Welsey, 1986.

B. AEANLY wo] 4 Y

1. F.Chehayeb and J.Conner, GEPSE-A Computer Environment for Engineering

93



Problem Solving, Research Report R86-11, Dept. of Civil Engineering, MIT, 1985.

2. F.Chehayeb, A Framework for Engnecring Knowledge Representation and
Problem Solving, Thesis of Ph.D Degree, Dept. of Civil Engneering, MIT, U.S.A.,

1987.

3. Mark H. and Richer, An Evaluation of Expert System Development Tools,

Expert System, July, Vol.3, No.3, 1986.

4. Phillip J.L., William J.G., and Del D., Expert System Tools for Civil Engeering

Applications, Expert Systems in Civil Engneering, 1986.

5. Joseph C. Giarrantano, CLIPS User’s Guilde, 1987.

6. Sobelman and Krekelberg, Advanced C : Techniques and Applications, QUE,

1985.

7. M. Waite, S.Prate, and D.Martin, C Primer Plus, Howard W.Sams & Co.,Inc.,

1984.

8..B.W.Kernigham and D.M.Ritchie, The C programming Language, Prentice-

Hall, 1978.

9. Herbert Schilt, C : The Complete Reference, McGraw-Hill, 1987.

C. HEANLYo) B¢ £

1. D.Sriram, M.I.Maher and S.J.Fenves, Knowledge-based Expert System in

94



Structural Design, Computers and Structures, Vol.20, No.1-3, pp. 1-9, 1985.

2. D.Sriram, DENSTINY : A Model for Integrated Structural Design, Artificial

Intelligence, Vol.1, No.2, pp.109-116, 1986.

3. M.L. Maher, Expert System for Civil Engineering : Technology and Application,
ASCE.

4. M.L. Maher and S.J.Fenves, HI-RISE : A Knowledge-Based Expert System

for the Preliminary Structural Design of High Rise Building, 1985.

5. M.F.Rooney and S.E.Smith, Artificial Intelligence in Engineering Design,

Computers and Structures, Vol.16, No.1-4, pp.279-288, 1985.

6. Furuta,H.. Tu,K.S. and James,T.P., Structural Engineering Applications of
Expert Systems, Journal of Computer Aided Design, Vol.17, No.9, pp410-419,

1985.

7. W.J.Rasdof and G.C.Salley, Generative Engineering Database-Toward Expert

Systems, Computers and Structures, Vol.20, No.1-3, ppl1-15, 198s.

8. S.J.Fenves and J.H.Garrett, Knowledge Based Standard Proceeding, Artificial

Intelligence, Vol.1, No.1, pp.3-14, 1986.

9. C.K.Soh and A K.Soh, Example of Intelligent Structural Design System, Journal

of Computing in Civil Engincering, Vol.2, No.4, October, 1988.

10. M.S.Jones and V.E.Saouma, Prototype Hybrid Expert System for R/C Design,

95



Journal of Computing in Civil Engineering, Vol.2, No.4, April, 1986.

11. M.R.Wigan, Engineering Tools for Building Knowledge-based System on

Microsystem, Microcomputers in Civil Engineering, pp.52-68, 1986.

12. D.Sriram, Knowledge-Based Approaches For Structural Design, Topics in
Engineering Vol.1 edited by C.A. Brebbia and J.J.Connor, Computational

Mechanics, 1987

13. M.L Mabher, Problem Solving using Expert System Techniques, Expert System

in Civil Engineering edited by C.N.Kostem and M.L.Maher, April 1986

14. C.K.Choi and E.D.Kim, BUILD-A : A Three Dimensional Analysis Program
for Building Structure, Procecdings of the Second International Conference on Civil
and Structural Engineering Computing : CIVIL-COMPO 85, London, England,

1985.

15. C.K.Choi and E.D.Kim, A Preliminary Model of I-BUILDS : An Intelligent
Building Design System, Proceedings of Second International Conference on
Application of Artificial Intelligence in Engineering, Knowledge Based Expert
System in Engineering : Planning and Design, Edited by D.Sriram and R.A. Adey,

Computational Mechanics Publications, Boston,USA, 1987.

16. FBY7Ie Y, AFTASE o4 DTS FZ4/LAS HEANLL A
(LII), =t&t714 2], 1988-89

26



PART I : A€ 44 HES} A2






1. 4 &

e

L1 d+¢9 5§54

Ad ¢ 4 $e) AR A%} BAL kS 71¢ 3 P} ol Yol TEY
UAE ASse] Rok. ol2l@ D59 7|42 AFE S 284, 7o) Hay 24
AR, o2 HHEIS IR T AA HHEE 4ol A5l sgio
o AU EES FHAL & UAA = 2y o|HY =goje] AR Sy &
ZE fiolE solvt A3 29 87§ TEA71A Ban Yo o= T 7t Hopol
Al 712 A AZE gjo] RS A WS ¥ WIS e

Tl A5 opol A9 AFE ol FHH o Bato] 7 ol EW WAl 7)Y Aol
A ADAF 2ol o] 271742 2%, dY, F4, 28 9 NUE WHEE s 2
7t Bgslol 2t Bopolld FHAsA o] m A} AZTFEE ool A9 AEE 2
ol &E F2 FZEY M4, 7 FARAY 4A, 4 W FY, AFTHY, 28w 2
AlA Loizl A3gE SHsSE AR Folr. AN AZTFEZE H4H AR
°k) AFE AEL Bgd olBg TAR B Zgad o Ayl Youw
T A, AT adn £98s) 445l % AR x| 27U, ¥}

2oFAE Fgolls CAD 270 E<s|o) A4Ag TERAFH TA olutx]

o

R a8 =

22U A AH5F2BbE R 7 BobolAe) B FE ALESS 2
A7 2 s w8 dREo) 71ES] HAA doj(Procedural Language)ol 7] 3

FAHY AE AFZ e FHY FHoll 4F 49 Yo}, FxBole # dAEFE
A TR, P HHLA, e A% F2 Y47 2 S0 A% Q¢S
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HAFElol & &8k (Routine Design ol2t ¥%) Agolgich 2} Aol SolA
£ AAS ez del YUY EAe HE Fed 2 $EA nige] vy,
AFHE AW dPAR 7S mow Urh o] WL Yol YEHAL} EE 4
AHo2 44 s(Formulation) 7} ol Hoksl E4) &, 7129 AEste] Aol
A ZE8A = A (ASEW €%, 74, B2l 4A(Creative Design))e) 2o}
o) %t

A7 A2 AT AT dejEokillA 7Ha BF5HU dF7 AYs)E Hok
EA, ol EANEY dAldA AHA $HE vdehle AR T2, o)y
& Y THZ 5P FokolAde] EAAAAG Ayt AN FAHE o] Aol A
A oq7ha] Ug FHE 5 U= o) AF A4S HFeo) WA T2 v}
THAAD. 9714 AFolghs LS AH4Z HE, 2H 9 H54n HE ol2E
FERYS bt 82z Fohr). o2 E Aol U] YU # xPPI
= 4 Red, i @ o|HF 715 71EH ¢neF4 dej2: FHEIIA
A33] oA™Y FYe|rt. Aol YE s $HE EANAL FAHA A58

€ A, ol wiitiol L Hoks] HE oA Fisio] Aot w1k oY 2|4
= AEARFY Qoie] AFelol MY £ Actd, FZFckoll 4 HESI} S
Ao HH{Eel AHAE o2 FAHE AL 5 UL Ao} olHY MY
E HEA ALWolte AAdlo)& AARLE 2@ Lol HAE kA 2 o}
e ARI HZ7)go] obd HE7S) AXoA EHAMARPL Sl 2H 9
AE4S A7 LYs ddeA H 22 ASAE AAER 2 ool B
i Aigte] FYE 3 9

THEANA Y HAT YN AEAAN AR o] A5 FAE EE7] Ao
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AAGAE BA8Y s 2.

1. EMdde 4

2. olul4d A

3. B4(slY = R 4A)
4. H7

A ol dde HYS s dAof NE AN HE oA Aot 2
UoolAE Aol HEEIY A2 22 43} Al AR ok =214 g
AN F2 o]&slo) 3, EH oY Hofe) 4o 8 s|REL Belsln =229
BEo WU go| o3 Y= HAHolr) 2L} dlu] dA == Yol Yol A
8 AHEL AADNA B8} o5 7] o] 2w U S 73 HESY
Aol AEE & wholl 2. ola|P AGE ATAS 9 3 Bopz A 25 EHEo]
A2l AE=o] 291 illstructured x)4}e) WErx HEE T didste = =147
HE A 258 Fgol o2 BTk o]y A4 A4t HE 71 A2 (Knowledge-based
Expert System)2 £2 Aol 9Zahs S 2oy e o 4a4e g s}
A dAEt dFdn Ag{Aned Al2). 28oe A HFEIE n49) A
AR7IZ o) g3t AL o)W HENE R ¥y o A BE77RA
I3kl e AF L Hol: A WasT}.

L2 d74 9

T dTE AT P24A BgolN Yolus Ay FAs e 7129 <o
(FORTRAN) 2 =232%9% 9% 444 #7420 BUILDS] 1% &, AEHQ

3AUY P2, A% /UL ole Y FRAA, A4, AH oo swy g
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WS BRI ALH X HU@ ol Fax, oY FEAA BANA FRE e
AX &, A& FRALRY 47, 2289 2dg, 49 olsie) ey el
3 Ael, A4 o dARGS 24, AE, 2z dejels) A5 & AP
A4g Ao BUILDSS AH-§48 A48 F= HE7} A29e T4 8

23, AES AYY A4S 2FHE Fok) £4, F u]RYNH EAE 97
7] fiste] AR NAWEE F2E S, YB(prototype)e HFHAY M} %,
AA%7] fistel REL FEA 29 FEHE SR (tools)S o] gehA He}. ol B
Aol Y S77 s Ao Bol dF2 Wil Hol, BB 72y T
FE FAe) A4e) EHoz ndFH EANAY H2o) Foldt wH, SA A
ANt AAHog dHsta E4, tFu 71&9 FORTRAN, Cse| ¢ag o
olsh HHY A2YWE FHH7]7 oA HolUeh. o}F I Neko] B AF
A AL FHol} LAFHYLE 4 EUY 4 Y AEs} Aoy 72
# =72 K-CLIPS(KAIST-C Language Integrated Production System)& A}-£ $Hc}.
K-CLIPSE 71&2) LISPRio}oll ula] Celo)7} 7hxli= o] 4) 4(portability), 4 2|5
) BHE olgatod Calolz slojlrh. £ ¥ Y4sle] MIHE DI dojEL
£99 Yoz 450 15ehr] AEN(ANSEY Co) Fx 2195 FORTRANS) 3
Z22UE dolel HEgle] 27 Wk Ased AL & Adk) ofn] Ao Y
Z2IYG HPH FVALAS PAY 4 UA soiFch E ATl HES A2
® Mg £7 K-CLIPSE 388 222 489 44299 [-BULDSE 7
24
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2. I-BUILDS 9] 78
2144 2

A5t AR 4T Wl d7A Y dANE, FARAY 27, AZ5Y of
APEEAS] S BAE n2thed AT Yo, AR, A4, B4 © 44
45 B AERLES DEEA] §4 BALS FA A, FERAS oH W 2
Bolghs #7148 @ HEo A AR AYY F2¥ 247} G, o8 TaIE
A7 7154 Fo) HARZA APo] A olFol NelHEF oz Zash}.
53 REARS FHA 2 445, wid A AU 2L £9 Qs el Mo}
3 AR ARG 2, $Ex0), Tl LAEH 2L VY AYZAS Way
= R FAS HHA WA, Hho] A2 EAHoE Auke) ALY & A
shojof k.

TEHA BHoNY B Ao n58Ho) wa} $Hu9 7} 777 o} =)
B8 ZER F2Ee FAo] FRA1H. AR Fae 2z TFEZA L) 245
M oelHE FEALYS AL HE ALF NEe oo, %9 WY FA)eg 4
ek o)A A2 AZo) sMg UG 2xy4le FHao 25 Ager Hy
8 ZAE MR & dE Aol ¥ & A, FEYALS A= F28%lez
A, dulnl, A6 AMHel dn YRpze) Ay g F& AHkzA,
EWT, 2W37), B, R YZA, Fols) Ho n), w4, s g2
s AZANEL 8Tl Ylon, =g 3, A4, 34, 714X $E255E ¥
SIHATES B.22-25).

flr
of

3

e AFAR FHAdA BFEE GBeAE =Y Fdaun 2z ux
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B7l 74X E 54, § & dAS5E, AFE a3z o N2 J4us, o
T WS Fe] dolgt Mol FHE Folfty) WEd fHellX dTH uiglk AL oY
Fulolde A ddels Mgt oM, o3t ARG AN BFSHel 9
T AAA EA F8Y AAE wid o E dAAE A4S Al A&, 2 HHYS
dted 4AE B4R RAL. olB T AL AF A5 71 ¢F2 A7) Aol
SR A4 F, AGF} o AT A ZEHAHTE AFE A8 €A%
@REey Eel3tA HeozA AERd 4AANLES FYR7 A 7eH 2o
g vdsA sl

e

WiHe 2 A4 $5ote FAE F2 AUY ol 8ol 2AB o) FojAx
2 Agoz AAY UTol s AL FYe BE3Aeol k. FEEHE ofol
AL NGl FEA% /LA o] Zolgt J58lA 7] WFel Az o] Fof
A FRES AMEA, 53) AE% FEA2PS AHoE EHE L o1HS o)
HAdZeh oA Hobi 2 oA FHH AYS LHE REolmE A48 AAI
2 AE7 Axde] 40 Wate s duddx ¥ 4 Ut

2 ATtE fs AL Al 4AZY, FERaLs A% 5454 BY 7|8 o]
H A of Beke HEHQ FHH 4L vidoZ 453 A 4A 9 LBA
e AL =] shizd, 53 A& dARA] AF79 A5F, 2=
A, BHIAE e iz R ok FitAGe] 4E FEY YRS AGHA Ho=
A e ARAE HHol st o) HER o]HF UM HAAYS Y
B B2 AYesd 2 o) Ur. oA HEANAGLL o]f o2y Fe
AlZboll Aol H7tel B & &= Mol vl B WEE s RE ¥He A

BE Mas & & Renz AF9) 449 Addt =58 2 4 Ao
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2.2 AZ4AS UBAA(BUILDS)

TEET BT AL BF F2AYe) 9B 712 4AS vigoz F2H4,
B A, SHg, Y, ATEY dHRYSo] Tl o]RojU. o] & AYY
T 25 A7 54 Ao] ol H2st dAso) Yeng ¢Y ZHS Wi
T S A ATEgold UBH s} Axgoz ¢ B o
AERE AFEG AE R NG RES Hathsted A4S &) 2R 28
o UHte s dde 4ANAS Aol 4 o) Axule] FL A o) B o] 4 S
T 87 U AFES FRYHAN 2AIA ) YA S HEHEE Aol
A B wteh b Aol RRA HEL gF 2% 2.18 o] ey <2

( START D)

v

* ANALYSIS o ———— UPDATE INPUT DATA

* MEMBER DESIGN

* CODE CIIECK

ATISFACTORY ?

v

* FOUNDATION DESIGN

v

* BILL OF MATERIAL

v

PRINT RESULTS
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F AEolE MEHA 27144l g AHololebE AAse] T2 42 $9
I 2 Aol vt Rxie] dAZ Bl BlgAS B3] fisod 4323 44
Lol 873 2ol 71eke AT ES st AE ARG WG WFA
HA Racd sidabs Bl 4UE 53, 235 A e g & 5
T, ST FEFE AL Fol UAHd. aE 2 4AE Wi HEA
o% AY =iggle] o|FojAA Hel ojHY LMK AZFZE ] LARY
B 7 715 & 9% SoftwareE F4%ezA 44349 $ES A 4%

T AU

BUILDS 2229 AE7Ze sdold3e] Zasdde 9 e dAndz
9% + A FHY AZHAY YBA2W (an integrated BUILding Design
System)e]r}. BUILDSoll 2|4 A% 4A= A372E ] g4 d4o2 iy Azd
. 714 AR 7 FolA] ZebA dAH Aslel YPoz W YUz Aos) =8
2 BYYHG. ol Aol et 3 HHUY HYsHe| AR $Fo] el 24
o] A& 9 A% o] Fa7ict. BUILDS-Ad] &3 A8 9 AEe] Zai4m Baje) 4
A7 BUILDS-C/Sell $jated fstod 1ol o H4E aHel st oFoj R whrt]
WM o) $oe) BAARL HHo|Ee] LAHY olgol iGE Fol wE A7
of Mol Aol AT S 71 ol 8. Xl 47 ZubA 5% BUILDS:
Fol #)sted 7)29) 34 4A7} o]Fe)it}. ze)2bA) BUILDSES BUILDS-Boj
e} Ao] Watodxm o] 27e] &YW BUILDS-Doj $jste] =08 2<io] o]
%ol X AEe) AAFYL SV W} ulgo] RFE ol Y AP 72
NA-RALA-AH] Hgo| Mz e FZES mdo] chsto] wE T

BUILDS: #33t%71¢d 253434 Aue m21Wes 4 JE7FEE 4

104



AL Afol AFES] 5T F2ITHANA AP E5S & 5 A 337 9%
FHoE AEEUG [F2EY B.12-16]. o] A2WE 2¢ 2.2 9 o] a 7|5 olw
o o] RALPer F4sie|gld. BUILDSE %z 02 71%% 713 f93
< RALYE 71402 dAY ¥ 4A9 LBALEE AT 2L Ege]er}.

o] AJLRIZ A&¥ HME ¢Bsted AEHoZ FYY 4 U: AL F BHoz
i Rout, T wGHaE 2 B ALRANE AHEY S UAg. F 2 219 £ §
EolA] T2 HAG GAlANA AEA7 AAE HEST Rl wel dojelE 54
oA HEAE ¥ 5 AA =% A2 AU 458 5 UA sod ool
fjete] AAAYS WHESE Fo E4E AH0 WAl ALY 7Y 2 B4
LRZEe FERB2 oF 2¥ 233 72

FZ84 2239 (BUILDS-A)

AETZ9] 42 BUILDSAAR Zolld 7H4 $8% Hio] . 27 £
HogE

DAFRE e Ady a49

2)AEe Mg T4 e AR L ALA Yo B2 alEe) A
Aste S4& 5& Do, 223 A9 F4HL ol gt YA olete] g3}
9 Had, vAReR HFH THHAE o] fde] U8 9 ZolojelE 1Yes
APt e}

71l B FHRHA A4 $9¢ 5 AL Y z2 WS WHHH=
°l§ €A% 53 AU,
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B |- BUILDS-A : Analysis of building structure

ufl--—--- BUILDS-C : RC member design

| S I BUILDS-S : Steel member design

L ¢ BUILDS-F : Foundation design

D | .- BUILDS-B : Bill of material/cost estimation
S |—eeeees BUILDS-D : Drafting

18 22 BUILDSS HA|A

BUILDS-A

‘// ? Dcmgn
Reanalysxs
BUILDS-S/C/F
J/ Quanllly
USER <— Cost
BUILDS-B
FORTRAN Output & Graphics Data

=> BUILDS-D

(o] —

18 23 BUILDSY RA|AE7E A
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0 M RAHY Szt WAFE) AF AARF L PIR Ygotew
A4t H4g ¢ 4+ A.

o FHAA  FHAAY) LT A PolE Ay YYNe s WY pos
F AFo2 ddsted 7 mug Y4 FHT ANPGRS B AH}E FHs o
3= BAE FE 5 A

0RE FHH : FHEY ool A% Wit FHAHES U H9oj R Y
A% AeF, REFUYA A% A4 a4, 2en RS g% $TaHE
4] 7Hgfe}.

o AR Y : FHAFT o] A AT AW A4 e o) wy
T ASY 471 gAY AEe uHYNLE & Aol o] $H.

I ZaeEe ¥ 44 =233 (BUILDS-C)

A vy YITagE AL 32 4ARY AWH A4S B2 s
olFoiAL glon), FZEL HAR o) WS A xo] 27T Y- Ay
olch. waha) & HANLH A ZHE T2Ee] 4AS o) o] L2
E S AU A7, w5 Hot 2 g %1, QA 271G ALl
432 9 AAGS U A4S BRoo AR, YRl dANE HERAH
A HREC] oo $9E 4 UEF = Yd.

olF HelA L2ae) Aol AAE LANES HESHLAYES ZRo
o BEETAYE FZEE 4A%Y o8 719 4ATy HEE Sold 4x @
Aol A Adetn e dHY FFE HHted 4 delo) uY A% LY gy
Foll ¥ dlojelue]l 28 F5 4. oY FRT o]ate] WA Y AAAL FAH
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FogA, A R A3 P2 A58 AAHPIN EAd5HS AAAA F
AZ Fesd. A4 AAFFANNE 4EH IAYZHY A9 FHEA
ad} MRS E #]igle] A ol SAGH S AARA Hy, BESH WY ¥
A4 AAYAZA AEH GHs FHez BE MY 2108 WFHc HAdA
Hlgo] 71 HATE dug 493, § Foi7 ddR N SHEAA A A
TFE AR WA dAgads 2 o7 SHE Aol s Yy 4 A
TS Ao AARE AgHolm AAHA LAF FHSA S, oY ME
9 HES #AE + UE FAHY AHE T

AZTRA e 44 (BUILDS-S)

BUILDS-S= BUILDS-Acll o3 A&7 29 sl4A 3ol e} @z]e] A543
8 FFZE ALFEES HEso] IR HELEAF ¢4 + UAEF T4
. 719 HPLAI o) B o|E3 Wi Ui B 2AdFE F= 252
B2 dAloE o] oj2ifrz BUILDS-SoAE dAlAl0 &FEE o2 A%

52 AEAA Leveld AEA (FE9 HY, 243ESFS) 3 4 ¥ Level 9
AJEA (e &, @8 A7) el HEA7E MEE HYE s
off aat HEAES ilﬂléﬁl% Fdrd. 53] AE A Level o ARZAE WF
A717] fiste] AHEEE V2= FHAEUGNA B4 HHHE AEFHoE T
g 4 UA AU AEL BAAS Pt AHezd UdEHoln AAHA 4
AXN2Ro] =t

AE 7}x9] 44 (BUILDS-F)
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of T2 AES HAA A U5 el S EAFT shiel 7j 4 A0
gt 2o, o] BUILDS-Ag} BUILDS-Dej) dAA| ). z2a=
o 5P RE AAS 7], 48, EAVEA ] gddel e 2 AT o
g 24T U5, &2 712y A HEHT A8 dneag Ausn 3
< 718 Afole g7zl st stde] wixloN AAYE A FA7=A)
E A4sse] g0 d@yee] 712448 AFEE P 5 YA .

Z2aoll A AU 712 el 5 drtRolr). ¢ Nk SYPY
71z, 5871, AA720lx, ZAE 712E U7z dif Aol 97N EHPH
W7l 73 de] AHgsiE 2 7129 HalEA Ake] A w g A Hol
. EWxE SYRUNEE dAsnA € o, Ao ¢y} AY F MY A&}

T ZAGAG AL R 42 Aol AFHd. AV 2E SHG7IR A
HHS To] JEHA JHH 2] wbolgo] JE ALol A, Ahite AHHe] YT 7
of & 379 7122L FRTFZE G5 S ARAH77 olHE @), ZAR ) ¥

T AR HEFTE FoluaA ¢ o, 35 Ak uwl, ko] FE(Cavity)o|rL} F e
7] o3 US4 Lenses] £5 T¢ain AL wf, A5 FHol) 35T A7)
2 % wl, FUH) AP @ Ao ALY o)LL FLIjEo] WA=
WS HEste] dA4AA BIuR)ol 0|2 M EATA ).

Se712Es AT 7129 gl FollX 7HF Hol AHEsn] B Hest A=A
AET A AFo] FRFZES AR & & e AS, EE ko FAY 4 =
AH(Inclined Forces) o] #48t= AU &9 A47sAol 9 w) 483 2
ZERIYNA = g3t d Aol =25 ol ths) A= Load-transfer yhi-g AH-gahx
T35 Al ALY AFE ol g NS Afetg. 2eln 3 Y F
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HYE ANME FRRAYS A3 A% HHE FA) T & Aok

B xadei ARy TR WAAe] w8y z2adse e JE7)
2] Gubye) Zjade s H 4% 447} H5 ¢ 344 22a¥e|d. £4 BUILDS
F BUILDS-A¢} d7sje] Qlomg 7|xel Be HEAQ H4e] g FZ2FRH
dAGE 47 7128 AT 4 Yo ofn ATH 7z HAXNE o §H
sith. wety BUILDS-F& A% e 443 §43A4 488 4 o] 7129 a4 ¥
AAA 2= wlg3 Ag 498 dFE & Aok

A3 9 A4 2239 (BUILDS-B)

BUILDS-C/SFe] 7} 2 XA A HA4dA7 Ty A0 F2A 2P0 23
¥ AL +95A At $4, R28 AzE (Bill of Material) 7} 4 Aj 2 #oll w}e}
AAE T, HFFAE s ey 44U, A4 FHY @F 1944 B2
Database g o]-88ted AHg SA%c}. =8 o] Aol NAAT ] 2ol 4
4, 44, HARA o2& RE HPo] Y FZRAN RaHE F4U

=98 =229 (BUILDS-D)

2 z2aqdis HFAEW(ETEZYE AES AFo) 371 <) & AT A4
87=E FEEUE Plotter o 8t AFEHY 4 AEF BUILDS-DE s
Rt el BUILDSWolA siqs Aol dehd: FEE €2 o8 =1
B & A=E dld. AFEYET LHe FHEE LY FA9ES ¥ &
U S5, 712HUE, 7128 715 AZFE fdl AZEHE Vlxd A A
JAE Hddiel A2 7153 Zl2d I, 7120 712 8] HAYAES A9
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Uetd 71xs) J2g FAE, dEue) 2ol 1%, B, Aol dE WY A€S
deble RALRE, 2% 559 3UFUE, 2 2de) YU%, sxte s A5
ol 85l ggAelt HEANS ol Z1A8E NSLLAEZ A7) 8 7o
Eelo] #49.

BUILDS Dol 4= 848 230l wet S0l 2718 ARezy KSold 74
St A0 - A6, Bl - B6a7le EHE 9845 UES oyld. E¥ BE 5Ug o
S04 29 & AT WA 2 3 UL L 15E AYEE SPEAETWS
YA $A sheich UM SR o] FAMoI A5 o) HAL Sy
AAZRESR 37X 5o B¢ 484 Uk WY FADG 27AE & 4
R AFE 2d9F Fobod $90hn2 A2 UOHAD ERTAA % 52)e B
Eo) ARetn P £HE AL 4 Yok 22l Z2aW A& AgE ¥
4 FAAL & dew AUEZHY YAUSEF £Y ¢ YA ¥ 097
BUILDSHel 4 s 43t dAlsh dAlslo] Qo) Adas) 258 4ae) & & A},

2.3 I-BUILDS®] 4% xd

AES AT A2 T2 RE $FS wiE, 21680 Y g m= dAo) 3
¥ 7IEF S BEHEA 712 Abell A ALAAE FREL PRI Ao
o A €A ARe olHY 4F S WY £29 FHYH} 5L B2 A
B2 Hddet $3E MU FEEO dig MRAFE vhAGE Aol HAE 2of
A 2dg PFA7E AHE Q71 st LAY AHE A Aol T &
Aok ol dAle LiH AYHYL g} Y}

1 g3 EA A8 @A dgEoke) 471 MG,



2 9A : EAe) Aol A A BE, 97154 54, A, AYRTE, 7Y
Aege] AP2AE AR

3 A 289 A, BEAY 448 mddFes ARE FUVL

4 GA - B4 9 AR dAzAd FEe A A FHHL 42 5 H
Mo g 2Fwch 2] AuMsin o]Ae) dARE WU

5 A ;5o AAY Aol ekl HAe A AW s 2, A84, «
Y5 dg e HrdAzA vz, J7dd.

6 9 : Aske) AA SRS, A FEEeR FAYHA A8 A A sA o
olejulo] 22 x| Z¥d.

o213t 2AFHL MeHeQ 7)ol A2 2T I-BUILDSo Aj= $iol A 33 24
o) Ao wat 2 2.48 Fel SAAS] dAZ i

g4 39 @A

v

qu) 474 BA

v

= A% A AA DA
@A +

(@ﬂ%ﬁ )

¥ 2.4 4AFHARe =4

A2 Hej/z14 2 Al
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A & 9 7} 7hHok @ 2A5 S MARE dAZA oM ATf 1, 2 &
Ao AFdct. A5 dAs 247 o8 AEQS /R QAR E F, A5F, 45
7h, FETHA, AHES] QYR o|FojAA Ho. oj Y BE AEe] TV
t AE AP 493 3¢ EHolnz B A7 Wi FE FEITHAE]
AES] 4Aloll BPRA sz AAAE GEd. F EH Hels FRAZH B
B dAEoke] IR, 2 AL 8 F=HE dYdielel2 A P

olu] g A Al

A5 dA4d dg FEES AARE, 2 T4 7MY HER S dgsE A2
2 ghollA 5% 3¢dlel sigH. o] dAAe U2 AE 4 HAlo] Q¥ RE =
Asel 34, E“:IEIO‘I 7Hed Gol thEAIEH, dAIR YA A FEHA AY
olct. o] HE FeollA HAAL] A3t o) At A F2 o] AYHL.

M54 GA

Al EANMN AdE s AR AHAE of ohS Holated MR A Ayt
AE AAste] ZE AAASl dated 2 BE ol mi2AGH, ol= YolA o
F& 4ol Ak AR Aol ool AESH HAY AL ) Yool sl 27)9)
FAGEE ARG, ANAE ATl E Y AT Y ALY RAYS
ot o] oo HFHAGT & 4 . o] Ao o] 5wl A4s} ol o}
2 HAe] AP (R WAE)el AR oI

H7l G

oA AT FAE ST pE LG <ol U AEA Y AHY, o]
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BFEATE 7IELR Ho7) ol RALH, RAHr} E2H W o]F M Fuy
A Aok ol Stell4 ATR S, 6 Aol g U Hos BhFL e o
gAY dAdA G ol dizte] HERA] mE FAS AGYYsidR] stodof
igc )

AR A9 HHe Dby FHEckolA e LARFYI o] AZHAYHoz A
Y=o, ol MR Ade 44T AF AL Fgoz TP W
o, ol d AT AES) 2AZEL 6% o ME}AFE 19 2.5% U 23
2.5% Bl dudAs gAgAAE 22 A 3 Sdgndo] B Aol A2
A GAE FH EE 4204 Bl B Aoly YR A & Uch. E S
ARl ANNE AES WAL AASE B & 28 FERA2YUY AY, 2 =4
dol PS5 Agoln, MELAL Rale A, 7|5 PR, Rl 3
HAAEA o) #E AZolth. SlolA] AT LARDe] & FAHe LAHYe 7
4e go3 3o

A Pe 2F

ol RENAME AE ] 7|1 EY4E AAG: AF9 &ol, &, Zo|, agx 7 i
ege LM o AV|Ee  FwlX|(space allocation)r} AR EE

UNDERSTAND-GIVEN-PROBLEM KU(knowledge unit)z 2% <13}

o] g4 ®EF

7)o 3017 WoletE o AEe 7z 7|Rold: Prxa s FEA|

22815 MENU DBoj|4] 4938351, GENERATE-AND-SELECT KU} A& 2] 2-



START

PROBLEM
DEFINITION KU: UNDERSTAND
& GIVEN PROBLEM
REDEFINITION i
) DB: ELEMENTS
PRELIMINARY KICERRATE | o= [DB:MENU KU:
DESIGN N
SELECT KB: CONFIG E
W
c
LKU: IDEALIZED MODEL | ¢=» [KU: REFINE MODEq(— 0
N
F
LKU: INPUT FILE ] I
BUILDS G
u
A R
DETAILED BUILDS-A¢=»| KU: STRUCTURAL A
DESIGN ANALYSIS T
I
9]
N
BUILDS-$¢=3| ;. MEMBER
BUILDS-Ce=> DESIGN
RUILDS-Fdz=)
o~ DB: PRICE
KU:
BUILDS-B¢=» COST
ESTIMATION UGG YES
ALTERNATE
VALU. DESIG
EVALUATION —
NO 0
N
| F
KU: SELECT I
BULLDS-D<=3| KU:DRAFTING ¢ EINAL DESIGN ¢ G
END

2% 2.5 I-BUILDSY 4#3%%




D xadel Jeduixol B 2 4ujo]2¢] CONFIG.KBE 2 mete] 32440 gy
o g Z2¢Hd. o]y A4 +A42 F. Kahn, ACI Committee 442 (Z2EH B.26],
Monograph on Planning and Design of Tall Building[# 224 B.27]3% e &8
AM gAY 2142 2 MENU DB} CONFIG KBoj) 280 o|8ojlc}. 243
AES od7] HA5L GRS slsfod YUY AL vz, Ynjx] Fol4 7}
FEFE AL AREHT U AL Agslo] i dAFHNA o)L = ALE @
r}.

- 0 I 3

AZINE cMl gAY DAY HYH FRo) dhste] LM 1 AEL FAA
2SS 2714738 MG, QYA LE A MaY 3, 72443} Hae
HAAAAE Yo}z, 2 A}E HEshed NZL Kol A ANY g AHLA ) o]
o1zl Aol

Step 1: HeH <toz HAF W71 sistod Fxie) YA59 dANSEe] BHY
A 2W/3ho] vigo) ) Ba) Zol, fehrs) FASE 4Qsh5o] Aol gAY
portal methods} 22 b4 4dmelFE ol =sted IDEALIZED-MODEL KUojj 4]
Ay

Step 2 : o]2{¥ dloJe}E ulgo Zato] INPUT-FILE KUE si4S 93 gagae
AEHoE A4sts MAR. olujo) A5l PRI 4, JOB CONTROL o o]e}
T ASAZTE A4 dg=AY 48 498 7eksod DEFAULTZ ajesd.

Step 3 : 3]¥ 3ol HAte] Hol® ¥ STRUCTURAL-ANALYSIS KUs 84

Z2a99 BUILDS-AZ loading atod FZ2 842 8% Fo 7187 8130 oig
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A28 Ags Fig.

Step 4 : S4RANMN P A% ASH 24 s Ryme wgos
STRUCTURAL-DESIGN KUoj o 2} Ao wta} BUILDS-S/C/F& 249
BAS) AYLAG GH3, 72 Rge HYLAE 4o

Step 5 : dAle] AAZHE YUE 33oe] FBALRHo B HBZA089 & A
ERUES)H Rl B¢ AAZA(EHY HY5)S BT % WSS W
A7 CODE KBejl ol H4gct. 4423 2472 £¢ 7S o= REFINE-
MODEL KUei| 58 Step 3@Alol4] A gs19d =17t m el (sensitivity vector)sh uF
el &% A% (convergency) 4 Adol ool HTL RS Ao,

Bt Y 2F

ARE g G4 dART) o A3 GAE s 981, o] G aE4 Y
AWAS Hrheted Aqle) FYe WPP.

Step 1 : HY QA2 e 724 7} B2 243 Ao COST-ESTIMATION KUsoj
el#) BUILDS-BE 4§02 780},

Step 2 : SUGGEST-ALTERNATE-CANDIDATE KUt 919 Atz 92 wjga
A2 71559 AYAe BYsto] ol LAl gz 7H o E dE deateizA,
olvl d¥ld g FHIUA E: BALYS B Y AAAE AAsA "o

Step 3 : FINAL-DESIGN KUoj 4} = HEFHAIE B2 3l AF P4 g 74
Raje) 4259 dolets 2t} 2] 7 CONFIG KB 4 REFINE-MODEL KUyj
gsted ohg A Akl o4 THY AYRE HTY 4 Y= Lig= N

L7



Step 4 : BUILDSS] 7 Ralaglol 4 @& o] uisi BUILDSDE EWs3qg
S

A9 MEY By

AL A0 A $8e 4o ¥ 9ol olud LA e Pt W
A Sod, ofHy HAAES s ER o 2y NEW-CONFIGURATION KUz}
71&3] CONFIG KBE shefe2shol ®aje) 842 +Hsttiz e ol Ho] M35

R o g AR QAR B Lg ARG

2.4 I-BUILDS®] 74

71&s] BEAAL Yna2we) BUILDSH Fold Q28 AL LA o) o
2 M¥3e BUILDSY 482 A#s & LBUILDSY $¢3 Ade o 23
2.67 o] etd 4 U} & FORTRAN o8 T 2az39% 7]&¢ BUILDSA|A
A3 e FAALS F2 Wohs BRI RIS gl =% A4 M (A% A )

g 32 s RECE A UFoidd.

USER
WORKING
MEMORY
) KNOWLEDGE
USER inference BASE
INTERFACE |[gq—p{ conuol —
INFERENCE o Eé‘i‘f
ENGINE o functions

3

DATABASE h——‘“"" BUILDS

INTERFACE

2% 2.6 1-BUILDSe| 7&
s



a9 2.6& ¥4 [-BUILDSE 71E9 BUILDS RAAgoz F4dslo] U3, HE
7t Al&82 CLIPSER= toolfloll4) 749 AR E3} diojelulo]x o x| Aujo]2 2
olfolfld. AYrEL F2 UE AANAY st AIAFS Bl LAEA
of J3 AYelz, ol 2t ZA]Y e GAollA Z viojehulo]x g A A mo]x, 2g:
A4 9l(knowledge unit)eh= A4 2555 54 Aok E8 ol LAAH
4= BUILDSS 7+ RAARISE zt7zhe] € dAleA i da= HiE
AgshA Hcd

2.5 Computer Implementaion

CLIPSE= NASA/Johnson space center®] Artificial intelligence section off 4] 7wt
¥ A70FE(forward chaining)& A'd production systemo]t}. o] A|2gle] sju &

< HE FAFE M LISPe) HojAE 715 Bhata @) LISPeg sjud =
T dtEglels] 2 shHel) vl o 4 HHeg HES ANARE SR e
a1, R e} doists] AAAS Ayl A% Aol

o Facts
o Rules
o Frames

o K-CLIPS #7828 o¢)%0)2 User-defined-functions



2EE QA7 ARG ALRE Adste BB A Aol 4714 P2
Y59 A)4g e Aola ¥ v A3 AL A(facts) Bl LA Yo staticy
AAg EPHT o}F ZEe7) AY 74 2 ¥5E 4R A L ¥A
Ade AHo g NHEY & A& Z2aYe F4E &+ UG
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3. I-BUILDS¢] &7

3.1 A& 44343 g4

AA(Design)zhs ol "F2ES Gl(B4, MR, AN45)E 2o 2700 e
SA BANIHE A4"E YREY. 374 FojF ZHCZNE ggy pe AHY
s 8§ 5 o

o HAA : AFES ANFF, HAHF, A4, ¢, 2 o £
22T A, 71e g 4 2He) s GAGok P},

0 7% 1 AES FAH(EE) Hisbodohii).

0 A4 : geElH dAoloje} .

O =3 : obFu}y ofghel.

AskA S HAZZCN Al 4AF DY Uole Ae FRS 27)e tac g H
HoletZ e VY ZASE RolabulA, oa% 2AL wass g Kol
T Y] B eR ¥ 4 U A2 4Alo) Bsed 1 oj2Ew ad 3.13%
o] ARDANNE A5 ol Y 27135} Ygs)w, o2 Hig .23 oju) 4
Al GANNE T2 Yo Ul $EE Aol oo HER, 4 ERES
7h AZPEE Arkste] HHQ 2 ddB. oj7)y AR ke 7I€S 284 =
REOW0E MAHA A¥E A 2 AHE Ho}, MAsA) G o2} A
A BFoAE dolgd FHoz de MEs Bu gon .
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yATA
I_H—Q—
Af D
dA
EdE ]
o4
74
o PRYAAER
o A48
0_?._%33,&0}-;?:133
37t
A | o®
o &
a4
244 A
- N ke %

1
23 3.1
1 AARA
A st o
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%% 74
AL FH(EE), FE4Ho] olRojHs

* Ay
ol EAAAE A 2Tl oY AEe) BH(FE)o] AND, o]ghri%o] 7
=9 AAHA B4, F=, A, 44H 4AFES ) 9T A

* ollnl 4 A)

B5E9) dng e AQ87) Ao 452 Az, fbgo) mx A8 o
271735 A olF fsted AYGAM Fola Agol thate] TEE
o8 Y4gel AR, 7 debdz FARNL S5y 9 EEAHeE Hrleo
HYA FRE Ao

* AR
0 Y : dlul A 4P F2Eo dhete] FEALL A% £4H mdo]
F49.

O 4 : ZAYAYol ) YHH dlo|e}E nigoz A}4Y TR T2
RE UHAYS PR, FEAHoZRY AR FBH(AE) W9, Ealg
<H U HEE)ol Y BF doletd 2 olHyY AHE nigog TEZHe}F 4
S AR Wk 2 Aot RAPY Aol BALEE A7 Hate] mdey
A AR £ e AT 2 GE FRE naeA =

O FAHA L FENY HAoNA QojA 7 Raol) thated HAlFEo wa APg
RAEAE F3c



* | 7
Al digto] AAzAoll FEA), B 3 FualdAE West7] Az A A

71 7182 P7HE A

*ARA, 2, A4 FA4
24y, FZ44, agn EA4dA] FYNA L dlolelE AARY 2 A
Al gt

3.2 ALY A HEY

7|1&¢] BUILDSAA®S A7) At AES A2de] 2= +£, &, 719
T, A, FEFAS oI RN, HAAARNY FZAQ £ B AEA
s o HRE Y B8-S FoitsA Qo AEMALEe o ARG A Y
A9S dANE dEFH A

1. AE7 A2de 7|£H +2E o]F & 7195 7H(working memory)
& doleta$g A% FHANAER §FE87] Hstd AAES AARAA
AA)Y vlojetullo]29 Yoz se|Estatx, dojete] Bl

Action Menuoi] ¢} %}

2. 271 d8=HE A8 MLl B diolelE vige o] el Al
FEAILRE AYax, 2 HrAARE AEZelA AR

3. A58 FAN4e) 2P 1T AYEE FEIE
ddde] Aoz B3, YHA oHY ALES 7IEY #AH4E

A% YE)Le) Yz A5 Ho 2 ABAG
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4. FZRATS 84 AL 74T AFHeE FoH

5. @9 71930l RE AAG Batod T L ZjeAge 230
Rg Afole AEHoE HEY.

6. Fael ddo] U AMde] 27E el 3H % ITE HE
oste] AFHoE sHHG.

7. 719 A4 22ade] 2= DA A]S EES N4
A-g2e] ol g Ao deisiol2E 748

3.3 A4 74

3.3.1 448 FAAY

Ay AL AARE FHeAT) ANAES $BE A4 U FAE FA4A HE
H, 2 doldE ol§g AEHeT %] Asted AUS B FH ol TEUY
t}.

AL 71937kl EABEA T2 9] Hg Ao d¥E FA ot ol A4
5 49 Aol v 271 9 47 57) W] B Ao 2195l R
A28 8 F4A1717) f3te] dAe) AP S S 4 E A E = Globaldt
A3t SR HAHA BFE Localy 442 EFahlc. 28la K-CLIPSHA

rie

L o]B % e EVL G&¢ symbol list2 vehild, B d7elae B4 of
oletuijol 2 o) AdE BEtod shite] AL shibe) B = (record)E BT 2 HF
2 FEY 4 9& A5F A8 d(column)d Fuia AR Hic F, WA
4L AYPY 2§ (cdlass)o g, Fila G2 2 LS FEIE 2FHE(NOID)E ¥

R, YHAE B2 dolet #88 vehls HE(fidd)ez o884t &,
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(<ZYr> <THo]B/ME> <YZre>)

3.3.2 Global 444

* AR =EE
PHASE 444
71% @ g7} el A ddas AR 2oz Hajg.
of : (PHASE Grid Planning CONTROL. K-CLIPS)

MENU 4}4]
7% AR AEats ATGAA B ol EE FEEH
ol : (MENU Planning CONTROL K-CLIPS)

* FEAY BEAL
Planning A}4l
7i% : Al dAlolA Ael=EE dolel XA
o : (Planning code WSD)

* AETE B4 A4

AL S PAGE 71EHA FALLE FARAMolH, EF 71&9) F¥RL X2
Bohaji oel@ RV FZE BAST Yok oA FARNE Bk A%
delete =A 44AE FEBG. F, 249 $AE dehhe HEA, HE 47,
wHel 42, 18T a4HFESolg. FERAS o 47hxel tlolehE e
HAY & QEdl, RES tloleke) F82 Waiy) Al 4 /e 2Fe2 BHde] &
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2o HAE e 2 2%o) ¥ A% (indexing)e 2 Feh B ATAE HAH
RALE o]ohgto] ohs] ZEH Aol dAHE 574 FRHES sl 259 hoje}
7 71eiFdo) A A YAded H4s) FRY WAE viddol HALS
o of7lol BAY WEL A SH9 FZE o 4HFoNA 5.3 Bl PEEELT B
SRR TN

3.3.3 Local 44!

AR 2PE
o FILE A4
71% : Fileo] oig AR
#%9 : (FILE <File name> <input or output>)

o] : (FILE "test.dat” input)

o 7JEKDATA/TEMP%)

T Az A4
o CONSTRAINT 4
7 AAIEAA 9 A%
(1) tiole} e}gl - integer, real, word, string
(2) dlelel =3 - EQ, NEQ, GT, LT, LE, RANGE, AMONG, SET

o] : (CONSRAINT Planning code CONTENT word AMONG WSD USD)

3.3.4 o3 28 72

dze dAdAlol b2t Y ol g 2 2 P el WA



h

g 8 oe o olshe] Auelst A5S g, HEAS £EAS HPoR §

xS

H ol dgelor A4 Class2 4 o] 83 & ¢dct. a2 £F2425 I v
E doletE F&87] A% vlirol At A4 AWaE W, F, Y90 (Action
Menu)d-g €9t o714 F9nlirs AEAE 8 slwzN7t ojud YAE #

et Ao g A2RA4E 5ol ]SS5 W list, insert, delete, modify, save, load%

4

ol vhg ¥ 3.2% miwEels YRES HoEd.

29 3.28 e dsele] TRREL doleks BelE A% WYol2 Ho S
& % % Ak o B AL Actionsl e Fehe 2 HANSL e ok

o help : sigdAd Aol Hate] 3@}

o list : ®ah2] clolet-Fol) ARAA PHES AAY)

o insert : @9 olRelell AHE-Ast Aoy AYS UHHd.
o delete : AH§-A47F AodE AMEHS wime|olA A AL}

o modify : dlo|et8] =35 ¥}

0 load : FRE AAsh= Fd2HE golgld.

o save : XAl FUYZ PEE MYy

o check : dlolete] g4 o gholl vizte] FHEwct.

o 7|et

3.4 749 74

3.4.1 st e] A7
33804 AT MENUAES Eetz9 PHASEAL L] 287x22 AHgAe
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CONTROL

Planning

PRELIMINARY-DESICGN

Job
User
Grid Height
Cecupancy Length
Code Width
Frame JAction-Menu/
Floor
Foundation
Water-level
Tie
- JActicn-Menu/
Elemenis fAction -Menu /
- MATERIAL

Steel- /Action-Menu /
Concrete-/Action-Menu [

| SECTION —7— Column-STL- /Action-Menu /
Beam-STL- /Action-Menu /
Wall-S$TL- JAction-Menu /
51ab-STL- fAction-Menu /
Column-CON- fAction-Menu /
Beam-CON- /Action-Menu /
Wall-CON- /Action-Menu /

— Slab-CON- /Action-Menu /

— [oad — /Action-Menu /

— Load-Case — /Action-Menu /

—Frame Materials - "
Frames - *

Layouts - "
Compositions - "
Frame-evaluation
Action-Menu

— Floor T

—|_IDEALLIZED-MODEL |—————~ COORDINATE - Live-Loc - Action-Men

"

Strong -

Column - Action-Menu
Beamn- "

— ELEMENT

"

—  STRUCTURAL-ANALYSIS | Wall -

Brace -
Slabs - "

——

MEMBER-DESIGN

l [ MATERIAL

EVALUATION

[— SECTION

b~ Load Slab-DL.- Action-Menu
Beam-DL- "
Slab-LL- *
Beam-LL-

Beam-BL- "
Wind-Load-
Earth-Load- "

‘— Load-Case - "

2% 3.2 L-BUILDSY sjy3x
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ol AAGA A Hat: AL MY 4 Uk oY LAGAS] Htoll chste]
He¢ 4 A FAE ZA 5 ANZ dET 5 A F, o= £olWA HEW
4 Q= globalgh A3 EYAAGANAE &Y F AL localdt Aoleh. EF 71
E7bol] EAsre Aol datod AEs T A XS Al FA] 4
24 WA FLHEE 58 Bast dx 290t Ack ASEW AF Aol vt

2 HES BE: #FHol

Zo] RrsthY o AAZ | ¢g 7] Hel 2A& WA

gasig. oA df=

2 dA7ojale K-CLIPS7t AFahe S48 MES old3el SHLATANA
Heg F2e WA RFZ 2EHAG o714 $HAEE Z XS TS AT
of 7 FAol Red¥ 4 Q= $2(-10000 - 10000)Adl, 255 WA HEA I
th £ dAFo)A A 489 AES G Zd

31 749 $49 ol%

9 (Priority) 15
10000 hi&
5000 A 2R
3000 492855
0 A F g A5
-5000 ANPER
7000 7 A
-10000 AAGAAA

3.4.2 Global 73]
o] F21& AAgAS 8o wel AHEA] FEE & Y& AU o] $4HU
9] Aoz g e zg 2 de PN
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4

-~
U
-" s
E
—i
FErE N
Y
Low [FATAS AR Je—
I—

Y33 ER dAZ Y ded

(a) ZA A}
1% -
(1) CONSTRAINT A}4 Az
(2) A2 2AGA) BB A4 (DATA ,MENU,CONSTRAINT,
HELPg) A
(3) File o] 99 4 File Open

(4) B g A4 AA

(b) 4,29
I :

(1) Action Menus#| 3],% %2z

i3l



(c) AR

7)% : Action Menu (help,list,insert,delete, modify,load,save,

grid+ ) A2

(d) A7 EN
NE
(1) Action Menue] &7z HE
(2) File close

(e) doE9¥y
7%
1) A#&H
(2) ey A AA

(f) 2AGA ] AR

7V oE dAdA A 9 49

3.4.3 Local 74

zt AADA ) FEY FHL Tetd, v Fe= Globaldt 3] %35
o] AL Hdmz  LocalFAdAe F2  dgdAdAle] MENU,
CONSTRAINT, HELPS #] A4 &718A o

3.5 ¥ 4Ag HeegA

3.5.1 RAgde d9at AgieRy
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7NES FAHHZ2 2PN E FAe LA AF HH2 HE Fa7] e 5
HA T2 EW KUY YnUFE o] F7) WP BL AN YL
B4 oA o HF4R o} A7l A HE A AHLAZZ AL W
EfE dAoin. £ AL o)A o2 3g HEANALS 227 o) o4 )
deld715s BERLEA, FolAL: Yol ZAL WFe= RIS 2EHYoY
A H9E & QARG GA) ol @ 4AF ANIE J1EFEs) tfolets WA
Y 714Z 7ol Eahseiok 7] WEel] & ATeNE olas B Rale gudiol
Etello] 2 F o]-§3%ic.

3.5.2 Bajs] tholetu)o]x

AEAE 23 A%
A&EF2ES 87 B A9ole @3 Selidola 4450] 4Esn Yu
AES doletulol 22 sted 2 AEe) YAU(WA, Fol, §, 54, 7le PALAE)
e AEYe] 2gtnteos FEeo ALY & UG E AR J)Ee YA
T2 AEDUS S4Y 71500 Bo] S BF9) Mo the] 4EuE BBz o
Hate] 718U Aol 45, B 4909 dlolelsl K 3.28] F2E AAso]

[¥2&4 B.15].
& 3.2 HERA W

71 : No. W D B Tw Tf A Ix Iy Jx W Zx 2zZy
H:Noo W D B Tw Tf A Ix ly Jx Jy Zx 2Zy

°1714 No.& mgds, De zol, B: & Twet Ti= gn g Zal e
A, Ax 93, Ix, Iy, Ix, Jy, Zx, Zye x, yZo] o3l o 2xmee | ub

2 293 GUASE ool



* FEAES AZEIER FS

A7 =2 Qs AREAYEd A$E AA T2 ez RAE 2AY
o, Al ]2 PRoA AEH ZAYERA S Gug BHqd YEHEHE
1 AAE dole Mol2z AFH Ag AdsE A%, EAE dejguol2g A
a7 ek Fold Raigel dizted bl GALAE WiE Wrield

U AFoAE A8 A7 Hets ATe MIE Uded o AL oY B
dolebjo]l 2 S ZHel A4H Falo] tholehmol2el HubAdE 234 AS
o= el osto] RS AARES 2, tholehulel=iol g H ol
= A E RAZoNA Hlgo] A2 RAE HAGESF shgich dojehulo)ze) T4
& 7150 dsAs DI9, D22, D259 Zztel Aol W@ 4350709 w4,
Mo WsiAE D19, D22¢] Zt7t o 25008) Aol chated FAsle] Yok 7 24

o) ApAl(facts)2 E 3.39) 722 FHAG FnEd B.16].

£ 33 "oEadE B HF

7% : No. B H BN HN CN Agro Ares Zxgro Zygro Zxcff  Zvell
¥ :No. B H TN CN Zeff

o37]4 No.&= m$¥z, B: gde %, He gl zlo], BN w9
Z yge) MI4, HNE Zo] wgike] HIF, CNZ g mAjeE|e] HIF
(4), Agrox HA 3tdwH, Arcse gy = 0.3Ag + 0.4(Fy/Fc)Ast),
Zxgro 9 Zygrot X, Ygge A g, Zxeff ¢} Zyeffy= X, Ywrére
SHaGWAS, TN, CN2 ax 9 ¢5F=] A2
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4. oA dAE A% AEAAY

4.1 7} 2%

4.1.1 ollujd A2 B4

TEEAL AYD A58ol T28 wiNsa, Bagss] 37, ARdds dYs
A, ol e e AHANE dE S 27)AIYE HE U AAs LA 744
M S2% Aol cindAle ATy Jated dA|A AP siAY, Tz
A o A Holl 42 FA "= A9o] HE LA} A1 4o o)n
AAEEF vl Fo% U o oA Au)UAY 33 IES A& $A
T 9%E F oz 4F3 BEgdo .

A LAE P S B .

L7 829 HAE AYA sl 729 THS Ay, TEHoT FH 1
e AR 71Ee fAA Y.

2. o 2AYS) Yol AL 3 = 228 FEEAo) A= A7)0l P )
RF 4HY FAHA RAEL 72 ZANE Y F2 dovg ou|dA
4 dAolAE F 1 A28 43 we st i

3. 72A 9 2% 54 &, G & 4AIYe] §osjoio} B AYE AES] A g
°ole OERAY RAREe] gAHAG o] BASH Haghe TEHU FA4S AAY
T T

4 2FGE AR FT YR AUNIE NS Ao ZHHRE AT 8,
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F, & d7oiA e dujdAle FHE A5F e YAJdE AAEA FHGeA =
t 4dAle 271¢ARA, 7EHes F2AES A4%Y AR, FERALR] ZE T
Z54, 234 4 AMATY FER7Ie48 Ay EHol g 718 BEAYE
AEelol NYsted FREHET ohiad g dods) LAYl AANE AEE =F
= F719% Reld.

4.1.2 oul g As) 21979

FHEAE VLR SAYY LAE Fool AE FA Foh 7 DAGME
Aejdlol & Ugol F4sm, T GA SAUZ AP B2 Yags A2
£ WAAT AFAE EA2) HE oA Foh olsh vix A ATAF RPN
EANAS melo] AEHAUE o, B SFoNA Lol EAFIAF A E o
&3 2E EE & 4 Ytk

(1) FRAQA% A& (Generate and Test)

o] A& $4 7HgAe]l Ax ME MYt m, o]Ao] MEA R Ao ¥ F
AE 7147 Siste] EAo @ 238 L3 HPE AT s dAPdgeld.
FHEAANA gzt AL ol d WS FEAeA A4S 3l HESH 44
o] 27l HEE s dYe] Ads FEo TFEAE AEY}E ASF EF
Act. gk AedAA w&=ER] gkod x7]9 AYE A, R oA HE
Tt FHo] WHEHAG. oA W4 R FA¥ FES HE sHEsed €2
& A Aolet. of XEY AFE ATz £77E FAE7] Y AAE 3
3% 5 A ojH Y o8 & AR AES A6l LA dAdA FH83, E
¥ FEA2HA g HAE A 2

Flf

A% & ¢ A
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(2) A% H #H2(Hierarchical approach)

dEES AENS) 258 EXNATN A EEshs WS AFHA HT o).

Pz I |

, HAHY A (HEEY AE) FHAY)E AART HN AR ™l AY(NEE
F2a4¢ 4A)8 428A Aok LBUILDSE oy @ AE7s) HIHAS o

oA sled, 449 TH) ad F 41N Ao HRAF ZHME

. £ 412 24 I.BUILDSHIA otf & diojele] AN TEL &
AAGAZE G w2 AEE FASE
- olZ g dAlo) AHEEE A9 BREe

[-]
A2+

7t R4 RALAZE HPHoL =2
ollul @A A9 o] g2 F

BYH Ao & MELAAL G HAZ dnelFol v HYHE ¢ 5 A

t}.
# 4.1 diolels ey
g PF Aol g AADZA A5
AP A of ] o] g} - AA2g 24 dg
A2} ole} TOP
BLDG SYSTEM AEAY LA g4y
3.D
2.D ofu] A THA BEAA
FE{A ELEMENTS MR AADA 3‘&;}&13}
o} e]=
(BUILDS )
S ERE A
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(3) ¥ ¥ ¥4(Problem reduction method)

EALSYAL ANEAE YFS) FE FAZ Fol2 27he) H EMoll et
FEZ A4 7S Fas Ao HATAE Eojurts w4 olg. Mol &
S R FAZRE 8 FAZ B9 SAME, Aol 4 &S0l dh QA=A
Het. ol AL o) EMolq A AU 58] EAEolHHYo] HAso]
S8 FHE AP 5 2 o fEs £ AP ARES TA £4Y Ay
ANEH £33y AFAAGeZ UFR, G714 18 AGAALL SAn A
o2 JHAsel, $98 AgA2PL AL Buga o) 244 xados
DAY 2P 2 2 QY. dAl YA L £3Y APAAGE AT, 57
HAY Axgol dele EHge WA APHT ol9 oIS Y 5 U= ol
A& ARG, s A7y A20s AP FAL ARHA o g4, F

TUEA, 44, 94 2 Az Qg

(4) =Ax2)714

ZAAE A AA7IYL N2E ZAL F/3E 229 HAGASY ol =
Aol S e T 2709 HordAR FEHY. og# sdes )P4 dF
T EADGAE S48 g5 Ak FESANA A5 2do) s FR A4
HA o] FRFoA AHEE AS A71HsA, 2 FH he] TR L AR
EHE, JrtA55 e 2] EARANA YAYHE, o] FANHE AEgNES
8 FEAERoll Y AAQA 2AT px e s g uig =de] HEHT
HSGo] =, Hao 4YdAA RAYol A AR W FHLHYo] o]Foizr}. H
HEgEo] it 22 HrtdAlol AEsEd, o] W HAE AW Y2 Y
Aol PAslo] FH e £98 o3/ AE ARZ o)]R ¥}

=]

N
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(5) Zol$ AN

(Dee) 2N 7)ol 9% FYolA, FLHHYS Fote] MY ASH F2A)
2ol Y e AENES) Astd F4-RALA-HoLe] SAZ 7o) S48
WFoR 54 FHol dol] RE 482 AEHET T FAZolA Bursg
Aol tod o] FEE MAsn], H3F 9 dATNY ol2w YANE Hojehe =y
£ 77 FREZ U ol o)FE Z7te| Mo gt FEH A4S
HES & Aol e e FA(facts)§-& TR 77 Bus A ™o 4]
AANL & A7) gl Aol $og ¢ 3 7) 4T P(working memory)S &
£402 A48% 4 27 ol

4.1.3 d+2 W9

A 2 A7 HANE A2 Yt Adyoln, $EE e B FALY A
F2A SFE F3(103) ol4e nFol YUY, AR MIE VI B9 HE
T2A Z92 3ok oY HEoz 447 YYHA P Fre A& 4A e
27VEACNN dehte A% ad=(gid) 2z A8S) £ 9 Polygs) o] o] = 2}
LY A7), LA, F4, FREol Yow AES] R WY Aoz A9 X,

230 Ak FYozE Agate] Yol WY AP FERALES Adgza
BUILDSS] BA292 Ao o} Mojss ne Aol olgA Fozy
IBUILDS: Fz4A%7 st € &, 245 9 23717 278 Az 3
TATIRA 7He A $2 7154, 44 22T ATHF S FHISE TEANE x4
W 99E 29e 4 2= Adg.
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(1) A& As
o & &% : FAF == 44 &
o AES FE : ARTE - WFFZ £ Y2EAE
}ETE - dPF
0 W& TR : F&, AL, FEY F o], Fuugs) wjo)4:,
Soje| 5

(2) 44w&
o FAe] AAY : HEEHE g%
o 44 & :
1) A% 7271325 3¢ 73
2) A £3age FEANNE
3) A= AAFE

(3) =9 44
o HETZ : YHF=(Fy)E UY
o EEAYE F=
1) B2 : $4F=(Fy)E ¢

2) a9k : AR E(Fo)E 49

(4) zns) 4
0 g ¥
0 A|s4
o W Rrigzt
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4.2 oAu]gAl9) 22

E d7olAE cdn4AGAE 2A 27 4.13 o] 434z FR, dAE A
Yahed, FEAANAE Fol2 dojetoll Sl FHE APt o] FRF 4
HYAE AL 27198 F4FANANE 2 Fho) e FE2L, ALRWEF S
z70] gAsjo] B E Fain, AERWEZAG HEHG. o] 2] WFo] 5
W, 7t Eajo] izt @AY Baol ot dALH 2 A7 olFejA. HAHE
AN HAE A% AZE HrledEe] sl Fi) +HE Foi¥d.

AR ole e 2UTA e #4094 >le 3712 e AUTA »
RAEFEAA T L 2 5 T—
EEL +
HAAY | 7T 2255 P eued {3 —{ 34|
AxogdE B

1341 oujdAY 2y

(1) 28¢A : FEAAY A FRE FA7] At E He4des FRE
HEHRD, RHHEY AL AAFH 2ol vla] FEYACA A o2 B
¥ FELHS YA

(2) BAGA : o] FAYEE FHSEANA NYD FHY SHe4dS HEHNRT] A%

P41



o FHZAE 94T, 2 UNFARE YoleiA drt. £ Aol e WAl FHoj
date], P4 Rl @RgYo] FUYE ehilE Kl 25H 1 FHE A
HE F48A = 282 2A4E A4Q82, 2 BAlol tatod 347 sy @
FAHE Ton, AEREg HEdd. a2 Ao Fazl Ao e
AAEFE s FA4AY A5 A4S HEDD B AEH A, gu=)
ol AL FAYAS NHNE EF842 EUSHA € Aol FRAAY
o] #71sd oz .

(3) A FEALYY HJAE oA HA9de AAA Hud, o) £
el ZAAA, T3 AE8AH 9 F2H HEYSL = 4 Y. 4y i

47} B dPele olg ¥}

(4) 49gA : F2Ho g 7158 RE AL YN Halste] AL oA YN
F AFHFEA, AL A AL 2784 o).

4.3 dnjgAle 24

4.3.1 944

FUAANNE F2H 7HsAol A AES 345 A A, o]F AR4: 2
A F AZ 4As AWsE, AAE AY FAZA AES Jelgs 7 AlEd
FEZ NG Aolx, A AEFLE Y37 st 2 ASH FRE 2@
sk Zelg. i dAllA AAUE AES FRFA AYY gvoz Rygdy
o QAR FHo) dAME vlE ¥R ddd HAR.

(1) 7t A%d ¥3 g4y
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AES F WY Zalde) 2R 299 ¢ o), A5S EAsE dibdel wy
< AES AE, g TR, FoUYs zade] $F, WANY, 2APHEES
T Ao & dFoAE ol Wes A FHE Ay e AEL
AAHeR AFEFate] o5t Yol 2t AFH FEE NPT, o15F M4 o
=AM AEFRE ARG Z AFY S5 Yy A9 S0 oo
A& AR, SHAYAYANEP22 48] 3 2 Y(Floor), 28z 5 wge] $34Y
AL on AP, 3714 SHYAGALHL 22t 5, AP, A
ol &jgte] AEHL. 2 AFHE FREE 53 2.

AL AEASE
HZ(steel)s @A E(RO)MEI} 7153t

s EFA5

a2 A= RC-slabgte] 71453t}

53] ZdY FFAF

ZHUY FHZE .71 5%22 o]Fold RUENY Zadole], EHLE A

GEFZH Beol2M7} Talds Adez MW WA =g o] Y. ol

ZAHU N2 A AP EE 29 AL okdl £ Ao wiet YA

FHEs Zade) M)A
AEA7 U Sy 2e=(X) 4o AGEAH Tolo] U 4 Y= 1

{n

g
T AU 71X AGEZEA g A T RNEAFTE} Foli Ao
£ 7HE¥. olF #iste] 71&S) AR HRNZ HES B4ee), 1 258 28
SlE A3, g3 o) 2A 52 EHedd. oW WAMol vyt 72l
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AL g BFo2 AN Byed vELE P AL 7] Had )
F 4 NAAAE BEHe R #7IA" Aol

o w2 1(nonc) : ARRZ 7 ohe Hwe A 2=yol ALRAE #A st

o WA 2ext) : ARFoge) ARG 4H4FE AR AXHE Zalddez A
gobA AAT AL2H AGRZE A% ANPFos WA, AEA7 YW
£ aelEg det o $H7 A4, EEH 4 1€ 425 2o 4714
()2l AeE HPge] zadel 94 5@ 2d=9 $ § 59 ASelx,
(b)e Bae ASel.

o wjx) 3(all ) : zelx AR HAGRZ A7 HA= 2= HPYFR
el ds AREAAE B2 Rl Jo2 A4

o ®ix] 4(int.) : RFo 2] AGE R R Fog HERZGT e 2= WX 29
dez MYH. &, o714 shts] zelsdl AdRF=EE ASE 2E7] W A
AstA et

o #jx] S(user) : HoJE Ut Aol w2
AEA7 UG dolelZ2 A Izl A= Aol ol FEE AUA == 2
gleo ZHYS WA= Wgolrt

AgA7} gt 2847 6X50)3, Hate Zojs X7 Fgor P
2,39 Xagzs, Zojwgez 1,239 Yade(ad 4.5%2)98d sixlds & 4.2
(a)s} 2.
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g 1 oext-l

H

(a) (®)

g8 D - ext.?

(a) (b)

WH 3 o oext-3 - int3y o

(a) (b)

W 4 ext4 - int-48 o

(a) (b)

2% 4.2 wix 2

(a) (b)

23 4.3 wx 3



wH

¢ int-1

Toint-2

D int-3 -

(a)

ext-32] o

:int-4 -

(a)

ext-42] o

(a)

2% 4.4 wjx 4
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Q
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\ "% B = bl
/ by y H| —
/ / o = [ o I e e T T B . 0. [ =3 = BT
A N
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N N 2 o o
(4 Hir ] % -
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Tugge) zyole] 2A74AS

Zafde) N3 2dol st AYRFAAE Yehie Ao 0 25 WHAEE
AY A SARE UrolAed, 8% % WIS Hiol & 2887 T7E 7
o) 2elsdo] H$9. FHAE E 4.2(b)8} o}

0 #4 l(none) : A 285 HGRZaA g

0 T4 2(ext.) : UGEZS LYY 2oz 3= HNog 82 1gx 9
Holl wle} o9 FHFI Y.

o F4 3all ) : A AN ABRAHE Aoz 74 19 doz RN

O 74 4(int.) : WEFog AIN AL = Aoz i 29 doz x4y},

0 74 S(user) : 44§27t HatE 22l Aolo] AGRAL ¥

Zolugs) Tosl FFAS
& wge 359 U

2ol e e A
B FRFY Aon] R WG KPe) FHE o] WY a1 Sof upa
M 2 dle & 4.3(a)3) %o

ol @l Zade F4AS
S I Fon) 2AVFAI)E ERE 22E o] dn] o F 4.3
(b3} et
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E 43 Aol zagdel wx g

O 328 o=

4

PN E (V) 0 I 2 1 4
] 1 - - - - ;
i x] 2 8 - - - 0
o0 0 - o 0
W% 3 0 0 o 0 o0
L ES -0 0 0 -
S SN % 5).
W&} 5 -0 0 o0 -
@ [DRZ Ty #x
0 : N7aw
I (X 0-1 12 23 34 45
4 1 - s - -
T4 2 0 - - . 9
0 - - - 0
T4 3 0 0 0 0 0
T4 4 - 0 9 0 -
- - 0 R .
74 5 S B
) ¥} Ampy
Level 0 98
1 Y=
2 Floor
3 Frame X
4 | Layour X {0 00
5 | Compose X b Q0
6 Frame Y }J Q r—
7 | Layour Y é 00
g8 | Compose Y }) O
Alternative Altl A2 .
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'

No
A28 dd HA
271&] WA gdH =27]
ATF AL
dui) =23 M
27 |
1) d=8em A3v ALt
& %100
b(d-2)
No
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Hstod A Iuiel, 5 ANEZE] FEHE o] FEI] o]FoR 4 AEF HH Iy

rr

g #3832 9

ARmin =

0.4%, SRo] 50)8 ¢ o,

0.08 SR %, 5¢]4 100]3r o,
0.8%, 100]4 250}t Y my,

ARmax = 6.0% (@, Fc < 1800]9 4.0%)

222 el 3 HIZulE Hol, HLHI6g vaded, Y dod 759
= 2012 ¥ Eod 5 FAA AEEAS FeE 3L IS¢ A
St o] Fgol4] HAF WA FEE dAY 5 §lg ARl AHE HAF
. B dFolA e JEY HWHAE duH Ao

IH
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- 8d20 <= d <= max(V/6, 27|17} 2] Su)

% #7]7+4 dlo]e}

7182 52 2§ A4F Y A% sd/de) ghe] 8-129] M le] 27190, B dFolA
T 2719 714g 1002 &3, 2986 giHME /20410, 30F 2 Aoz AYsx
2F2 HEel W} Sem¥ o @

0 5353 PRUEE v S

AIEAYUE 715l 454 YRUES FAo ¥= ASos 759 BZHE ¥
HE FHFL2 372 715930 AF 4AS ¥ RnEY B.24oj oy
BA(e=Mreq/Freq)e] 7159 & 1/4e] sl Mol NE 7159 BIZH|7} 2-3%¢2
BE 2 Aol 2Freqritoll A% 4AE o 2xiee] ANE Bgdm Ly o
o # AFAE oA A4S R SEHE A4S g2 AN W,

Freq' = (1+4e/d) Freq

& F7H5eS ol A% LAl eldgbo]l 0.50182) Aot Hgo] 75, 0.50]
AU Afods BAE 4AE sjopdn).

% £7|74 4t o]e}
27] st 7152 E(d)E 4MreqFreqst & 83T 2 9% nlmstel 2

AL AY e

e

LCES Y ERE

2 W2 B T2 AITA 49U ZyY AdEHE 29 V)FH Ex
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&7)x] : fe=0375Fy
Aini=F1/fc

A 2
248 2% (Fr)
Fr
Aveq= 7y

18 421 EYARA S A
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B ol o] wm, oluje) B HEWES) FEA) g £ HAS T
AE g Adz AAYse J1ER e YeiE Ay,

FAS AAEE 27100 HELYFEH(fO)F Ao 278E 7159 duHg
ARSI, o] ARG & RANE Addct HYH Kol v 24 WAooz A4
BUIE TR, olF vigoR HEAHLHT Food HEFUNFL ALY oF
AFEE FHY vaste] 585830 W WE A 1, 1Y) gow ML
HEUFSTHOZ whgatA "ol WFHE L7k cholebu o) 2ol ) A4 sA] gho
d RHER AAE AN o] WA ZuAH.

% x£7]7}3 dio|g}
HEU588E 0.375FYE 71 A%

A2 dA

s A AARGE AR BT 27154 15cmoll 22 o] 3mube lemA
B 2719 30em% 2 oz @, dAl: HHpel RS gz ®A By
Hol &% ol HETYUNUANE WEHE Ao 2 ¥ & A2 2oz
FEHel HEUREY W HEAISHAYAE AV HEH Aoz By, gy
AE A9 FAE ScmZANA RAHS Fohs FARE A HEHD S
HAAE Aol AHH 542 2holet. YXSHY HEE £HHZFo] 2@ 2as
Hih eot3ol A BARL Y Yo sy Y53Ho] 58-39(0.4 Fon
o g o IFUGT Bob AESYL AUHS guHoR Uy gzt 2 HaAG

3H9 157} 88193 8(=1.33 sqr(Fe))ue} %8 of BHE -,
Hed e WX dge 4L BEdn g
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(1) 48] ARY 4 A= HE 29 & ol4s] A w2 ot

(2) Zol7t Y& AfE Lols] FHAE sAB}
(Hge A% AGgE3} #3349 AL &3 Zd.

Vreq = 1.5 Hn/ A

freq = fd + fl + fw

o714 A : Hale G

fd, fl, fw : 24, JA, F&Fo A% $A3H
fw : M/lw 172

1: Akye] el

Tw; Agyel gy 22 2H=

()& A$s Iwe] ARL &9 Ao 2jdt.

Iw=bele3/12.0-bili3/12.0

01714, bejex o} npgel %3t Zojelm, bi, liz o] wixe) J3t ool

% %7)7t4 djolgt

Ag e 27) FAE 30cmE 7MY

(10) ¥=he] 1574
7t axe] BAAAL e 25 WA ot o A9 G5 el dAR7)
o duAgEdEd 29 o3& ¥ 4P(HE 4 guad)e] 22 A9
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4.3.3 37134

ol BAlS HHL e FRE Fr7] Aokl AR 71T %ol £ &9
& Folthe Aolg. o] HAoly olgsie YWY NEY SALnARA o8
black-box@ el ichs H7h 9 ¢ HE Folst: F4e AAA7} WY oY =
RES ZgHololof Uk olF ] & dTAME TEE % 3(Percentage
Optimization)}l sI% g A¥deh. o WL 2 A7haedy weiol 43glo] 4
8% & Ucks o] gl

7 Yoo el U@ Hrhe HHgel ol2 W%ol whet oS3 Po| RE G

(1) Hasho] 8 G}
Hrheclo] 2 ghel Mol Hagkol 78 Ao A gt o] ANHG.

(max-value)/(max-min) * 100

AESY AE4 Feol7t OmUd o324+ HN AL 27cm(9,000%0.003) el ch, &4

o dite] 18emictd Qa0 g YA 33%e) DALz Ysug.

(2} 3ol A% Yo}
B7hadel Z ghe) HAAolA Aol K FeE Aol HAAE gt 2o

A4H
(value-min)/(max-min) * 100

(3) HAE B A

7R Qo] 2 kel WAl 2 AF AEHE AS2H Fol 7 Sl S 100%
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g, EX%sd 0%2 378

olshato) 7t Wb g elel e YA FaAYE WSl vkl AE AABAAE
A4S olgstel G ol FHAC

Eval = Wi Xi

o714 Wi Xie 27 7432, 72 Hrhxelt. AFAE A7IEAlY T8
55 4437 A% Aoz e AgAs] Yol A%

B Aoy A2HE WAdAEE +UAN, ALSE, T T4 B 3
ol4, 7150) B Sl Aul, B &9 27, Hole| VEE, WIFFA) AFA, 7]
59 gwas], AANEE & & Y=d, oAT Yradd it FHE E 484
Ron] FANE FHE PP o3t Ao

¥ 48 FH7HdA4 53

H7rasl E A Pl g A gr B g W.E.
ik 0 715-310.003 min 1.0
7AEE 0 1.0 max 1.0
=gy 349 0 TRy min 1.0
71529 59 0 7159 & min 1.0
5o 337 0 2.57%0.2 min 1.0
Holg F & 0 FolZd Y max 1.0
53t 0 Z o] 4 min 1.0
7184 H3 0 71 2w 2 +0.0025 min 1.0
ZA4dm] 0 * min 1.0
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* 539
ole ZAYSY +HNUE 7% A% Aoz FANE £YNY 2700 £
A AdRe ¥nEY B2l st st g},

0 RUEAY Zaded 3 @ o] A2ds) YL 7153 Ko WHYo) 7|2,
EAZ-Eol A% 7159 Hhe FARY. AA5Pe] YL AdHo] 7px =
138 4 Anbg Fabat o ksl Wb 2 o] Y4 +PHARL BT, ofof A
BETFE TR FANYE TH 139 £HYNHL e AW 7o Al e}

Driftl = Vesd 2 (sd / Tc + | / Ib) / 12E

Q714 Vo |87159 e, Ic, b 715, Ke) dui2a) moe, sde 23, |
2% 27), 2el2 Ex @4AFold. 2282 AN 29HNE S o o

del 2% 4 Ao
Drift = (Driftl / 2) nst

o n#olk B LAY AE : o] A2WS SHAAE S o8 Hslo] 7]ole
o EAATE FARG.

Drift = 2 Fw Hn 2/ (A | E)

A7, F & $850l 9% 13 7189 3o, A: 7159 2 3 o)r}.

OHM B =AY A FANAL £ Tl G AL A Y 2 7o) o

Drift = Ww Hn 4 / (8 E Iw)
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* SR
o] pole ARTFEe MEol G2 JREEE Yrheks Ae2A FANE XET

x4l ASE 10, Y2EAA=A Aot 0.08 7D

* xyglel FAdolY
Mg puEgrdded A9os 2P AW FAY TS fisHl HER o|
= Hrtat7) 9% Aew WAXNE Figs BT 2eAYzA A5E veld

*

N
ofn

154 5343
T mueAgzaYed Ao 7150 PHF €T YA FaldA HE=2

o]F 7y AY Ao WANE FuY AT BUEAYITESFE TE gl

olo

4

R 537
12ojMe] He E37)0] G F3e JPe P47 A% AR Fo] IFF
23F poluz HesAdd. HIXE BEH A7)0

* Aol {7

sas AgEax o AGH ASls FEA) HEH o] FolF ol 43
ALl St Hel oz olF Hrhgrl A% Aoz HAE H FRA S
o] Foy Flol] wjx| ¥ HAMFF ebdh

zel AYEss Y Added Ago ZojFwel opd 2o ARl W

ARe TojFHg M Fol AT e Folch

=
4z
oft
&
2
e
o
o
=
B
I"ll‘
_1:=.
o

* J1ge] gHHe 27|
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A& A3olA 7159 BHHl F Aol WY ASHE FARRS haq
A S22 elgA 2o GAAE 15049 715 FEAHE Gepdo.

* A4n)
A EAUE FHSE AUNE $AHLZ B AY HoT ojye sy
75 ol

4.3.4 dagA)

o BHAE 2T, £4, 444, WATAE AN PEALYS BE Exo) ga}
o ek dAZY 432 o) Pett ¥ EE Y27} Yool AL 45 A
22 HYY 4 Uy,

44 2 7 2

T AToNE AF LA 271G LS ol At AEE FA=E of
HI A9 Eofoll cheto] 280l odtod HF}E T2y = ARG Nags H43
k. ol Bobe AFE AFA Ay T2 AP AR LA Yol A1 2] A
4 F EFEHCN A Aol TRHUY HEEHA Y HAE FZAYojg
AEM A7 BosbsaA i) ol@A Stezy me Holetr}l Folzl 228
oA dHeted W AL} Ahe) 2m2 WA HYY, FzHel Aol s 2z
298 HHY, AT, 22D AZTHHYEY god g B8 497 AE 2Hy
W FEE nd oz 0 ASH UAE 7hestAl shm, R 2Ae) 2 F
T &7] WAsA e}

I83



5. +2EH )33

514 &

5.1.1 d+9 "aA4

AEFxe @ FEHAEEL BHE S BRI F vl B 2 Eehol 4 W7
olgET At olHel: BiERY AL B ATl 2500 EAE oF=
Gao] ol5e) AS FE 4 Uk ek ol Wtel skl HE Fa7) AsA
= gddog zolok & HHol . 2L WL Aol Helm AFE AU 9
Qujejete] Zulg} AE HEHE FPolch old F HYolx AF A el
Agez st $uAct o HHNA AHE Foln AgAcA Ais] AEIT
AT Z7) St s L2aWe s A 7|(Pre-Processor) gt 3 2 &) 7} (Post-

Processor)7} #28) ZageAs AT At

HEE o S $A8E Fas FAHolA PP vlE-S FREQ B.36 9
sto] E 5.134 e}

£ 51 FERA43EY ug

2 uf} X] ¥4 o) 344
A g of 2 65% 20%
7 3FE ] & 20% 30%
A5 15% 10%

£ 512 29 doletEuE A% 44229 FRoA $slE vl 65%e]2,
Ase] EAGHAN AR ulEo] 15%2 4 Aol HFEIAHEolge vl E
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o] 80%\t ==, AAZ HFEI 9] AH§u4L 20%o LBt o] H HFE A8
2 A AMERE A9 Weng AR )7 gagled B8 do)et
AEFE At YRS 0 AEAS Yoz uEFRE ¢ & o). a3
o Adts] BHEELE AN 15%FS o)l dslung HAAH7} Ao, w8 1993
Yol gato] W2 A Hol olFoiA 2 Ut 3T o} AL Y Bo] saglom 7y
2 e dYrde Enld B A7 AMAo) At A ARE HEHY
W 513 zbe] MAEYIG FNYYE UYor oz Helu gL 20%, YE
A% £42 10%45E 2471 Asstn, WEe A842E 30%2 2745,

olHE RAFNH o) ARAEY £x 28Y HEF A86H ot &
Aol side) Aol 2] ojFoiAUnt. 374 T 28 UL FEAI} 2
AsHE Ads A gAY X HEdE & Aot Aol o= 7
A AZE gl B ke s HFAS dA%e 2 dAle] A(Quality)g

Y 4 W5 Sivl@o.

2ol UHEIF ]38 T4 222U 4 glo] W olj@ zz s
< YA FZES e Tad4de] b5 HWE Z2aAN AR o) &
AR FFe) FEAMo) A 2 S5 FYH HEZRaWS o) Yy, oS
HEHLE o) 3a7) ANME HPL2 W) 58 9 2 3, 30| WA 5ot
stedef k. £ AFNANE ol F M-y vt HEANLARY NRTEE o] 23
o AHE F2H4S F987] A% FARYL Lo LW 4EH4E g9
Yo AT R ol9A Bora Txa4S $987] dsted 48717} ) ) shed of
o doletE Han® ¢ 07, =Y WY YRES AF Yo Bejein, Ao
olF UL Yz ABE & YAUD. o] ANAHLL ol GARA Y o))
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Holetol £latAt = 4§27 2g €9 2AYE sto BUILDS-Acj @ T
2845 +9¢ Aol Bl

5.1.2 A7 W9

T dTAAE A8 FEHHE 9Y 2§ L2376 BUILDS A Z2a99
HERAAEA Azted AF o] 24 W HAllo) RY toje}uE AHAFEE Al
Z85 AdsnA g of GAlolA g2 AHe] oJsted N o] T
$14% A% BUILDS-A o Raje] 4A(BUILDS-SC/F)5 ¢ desusigs AE )

ol RE 2jstol ABAL.

5.2 A% 229y A

WEE FANE 71 FAHRAEE FARIoln, =8 7)]Z9) §3484 X2
HAXNE oY A2 T2EE HAT Yot o] ot TAFNE HAE7] 9
¥ dlojehs aA 47132 FEEAY. &, 229 9XE ey HEA, AHe) A
2, dHe 4, a8 sadFEeld. PERAE o]HE 474219 dolEhz o
2 AR £ lEdl, BEL dolete) 52 ] g 4 Ay 2528 BHdlo
&9 HAE ol ¥ 4 2150 U@ Y (indexing) o2 #AHG. o7y 7 24
2 Bt dojetz A AEA, NEAY, GH o) Hay Aelslojof 1 g7}

A2 FHel elg AR 4 4+ A

B AFoAE Eals) BAS 2 S.1B30] #n, o)w) BEH qHo] oA
57 EIHER do] 259 dloleist Tl dol Eahs AL WAlsod a4
428 AAE vidol HAES sl olghe dloletol ol AL AN #E
TR A% #3282 AAYL + AL 2a7) Yohel 8459 28 A Hojr
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7 At

TR
%7 DB. Az244d p.B.| |9H94% DB.| | 2245 DB

ag 51 FRRase Holelyrz

1% dolets) FFE Bl Sote] AT, 2 Bele Actionsli
(4.3.2 Globaldhdl #2)8 %oy oFoidnh. ¥ Aol AR HAHE

dolete} B2l E Asted R J2F 2o

- HEA FYD : AES x,y,z ag=HE

- B A5 FAAELA

- FHEH  RAFFHE dHyg 432

-3 L 248FY AEAFY Y

- TERAL L wdH, B, 75, YA, Exjag Ao A7
-dEe Ae o AFe 2gyuz

L&Y



5.3 mxlle) &

5.3.1 ARAEA dolgpuolx

HEES) AFL PUNo A B P ZHUe] RAPoZH £HFo] AY
43, 2 Foll $HRE WAL S50l NP Hoh & AP o]
¢ AR BAS o]8elo] WES) HEAZ % Y3 ad=REReE YYYEE
@tk AR AEAE XY 283 298 IZFE Uroldd. olde 2ene
% RELL R4 AEe #Fo] B dolgiel oJehe] WAL

300 4 71
/ 1200 I

// 600 %
/

4 0 X0
Y1 Y0

28 52 xdgo oxqaE

o Xgrid A4
715 : AFEH Xt g 18 =40d4 25 Jerdic.
#¥ : (Xgrid <NO> <X-COORDINATE>)

o : 2% 5.2 A ALE ) dholel chH ZHo] ETWHY.
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(Xgrid 0 0.0)
(Xgrid 1 600.0)

(Xgrid 2 1200.0)

o Ygrid 2}4
71% : A&EY Y 22=8 veddg.
¥4 : (Ygrid <NO> <Y-COORDINATE>)
ol : 2F 5.2 AAAES vloleb= ohg 3} o] EHAY.
(Ygrid 0 0.0)

(Ygrid 1 800.0)

o Zgrid A4
7V : AHEY Z 28 =F v
#4 : (Zgrid <NO> <Z-COORDINATE>)
o : 2% 5.2 AHAES diolele b o] WS
(Zgrid 0 0.0)

(Zgrid 1 300.0)

5.3.2 B A dojetujo] A

e AELE HE £ T EAYE F2AR HoUd. o) PR MEAYRS
AF 7 RN NEARZ oA s, BT YL A FollE Steelnt, BTEA
JE Afole Steelst Yol 2lol] Concreted} 74 28},

o Steel A}A!

716 - HEANRAS
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E¥ : (Steel <NO> <ELASTIC> <RHO> <POISSON> <YIELD>)

o : (Steel 1 2.1E06 7.5 0.3 4000 )

* 2 ATAE A5Hoz 9 ole) toleist AHAG

o Concrete Ap4
1% E3ENEYSF
#4¥ : (Concrete <NO> <ELASTIC> <RHO> <POISSON> <YIELD>)
o : (Concrete 1 2.1E05 2.4 0.17 210 )

TR AL AFHoR 9 ol diojebrt 3.

5.3.3 g4 tholepujol 2
PAe gAREE RAe) 35 2 R4 B2 2A FRDDG. B AN
£ 7 RS RAbehs BAZA oA gule) Aol et 2 uFE YT,

oJelE BHe FHE AHHES HUc. BEle FHE G Yok

0 Slab-STL Ap4
7Vs - FAEYT GHEA

E9E : (Slab-STL <NO> <T>)

o Slab-CON #p4
71% : 2Aesn gl H4A}

¥ : (Slab-CON <NO> <T> <SBD>)

0 Beam-STL Ap4
716 TR 9HEl)

24 : (Beam-STL <NO> <W> <D> <B> <Tw> <Tf> <A> <Ix>
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<ly> <ix> <iy> <Zx> <Zy>)

" ATRS dojel= ¥ AP AFE dloebulo]AE oY 4 Urt,

0 Beam-CON 4}4
7V @ 2PN ddua}
EY : (Beam-CON <NO> <B> <H> <SBD> <Tn> <Cn> <Ze>)
FATTAYE B dojeke £ dPold MFHE oleio]AE o8 4 9
t}.

o Column-STL 2}4
7Ve @ AE7F ddEA
EY : (Column-STL <NO> <W> <D> <B> <Tw> <T> <A> <Ix>

<Iy> <ix> <iy> <Zx> <Zy>)

P ATTIES delehs B dPolM AFHE dolellolAE o} 4 U

0 Column-CON a}4}

71 £3age ddua)

EY : (Column-CON <NO> <B> <H> <SBD> <Tn> <Cn> <Ag>
<Ar> <Ax> <Zxg> <Zyg> <Zxe> <Zye>)

Y AZZAYE 7159 dolets B dATolA ATHE toleguo]AF o4y 4
Sict.

o Wall-STL 14
71 - Iy ddual
EY : (Wall-STL <NO> <T>)
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o Wall-CON A4
7Ve : Sazegd duRra}

XY : (Wal-CON <NO> <T> <SBD>)

5.3.4 AE 8% dhojelulolx

A& &8s 82 A +49% £95o02 FLAG. o7y FHRTE F
Sl A% Aoz Goty 9 Haso) sjtte] 14Hez AYSASInE Sohy EE
e 248502 Heu)n, 4452 g 9 Ao ¢ dEoRA AgAN
T22 A £ dFold A5 HFo U YYuge 53 .

o Slab-DL

71 &8R AaF B4}

EH : (Slab-DL <NO> <W>)

o Slab-LL
71F : gen A3 vA

¥4 : (Slab-DL <NO> <W>)

0 Beam-DL
7% & ARF BHA)
E¥ : (Beam-DL <NO> <ML> <VL> <MR> <VR> <MC>)

o Slab-LL
71% : €98 843 5A}
E¥ : (Slab-LL <NO> <W>)
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o Beam-LL
Vs - B B85 24
#¥ : (Beam-LL <NO> <ML> <VL> <MR> <VR> <MC>)

0 Beam-BL

7VE : BHaF B4l

#49 : (Beam-BL <NO> <ML> <VL> <MR> <VR> <MC>)

o Wind-Load

Ve 85 B4

®¥Y : (Wind-Load <NO> <Story> <FX> <FY> <X-COORDINATE>
<Y-COORDINATE>)

o Earth-Load

7% AA#RF HA}

E#§ : (Earth-Load <NO> <Story> <FX> <FY> <X-COORDINATE>
<Y-COORDIANTE>)

5.3.5 2894 dolehuo)x

AES BAE A 5 A2 258 4+ A Ade Tl SHAE 2
249 Blolth. £ ATAE T DAZ 4827 ULL ¢ ASolE A5H
22 1 ZaUg FAMA G 2 247 AEHe T $4NEE ofn YHons
328 44T + Vo
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0 Frame-ID a}4)
7% Zalgde FF HA
Xy

¢ (Frame-ID <ID> <DIR> <Xs> <Xe> <Ys> <Ye> <Zs>
<Ze>

<Cost> <Drift> <type> < <span-reinforce>>)

o Frame-No A}A

7V ZHYY HAARA}

EY : (Frame-No <ID> <DIR> <Xs> <Xe> <Ys> <Ye> <Zs>

<Ze> <Frame-ID>)
0 Floor-No A4l
18 : % =89 ¥4

#8 : (Floor <ID> <DIR> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze>
<type>)

BEE T4 F2HY 24& &8, ¥, 7%, HA), 290 Ef2S50)}. 7
B BAR) H8AE ol @ 252 vlolglst o Ry AR, AEAHR, &
M 2ol 2483508 FAs)ojo} W 7)Y Hajs] e A= A5
TZES 54T 49224 4A F4Y 4 Ud. o]y A¥e Eyoz:

1) Yoy 7152 alze) a3y WS,
2) E& 715 Aolo) WA 9},
3) ol ¥l A= R X7} WY S

Toldh. & dFoliE ¢on, ¥ g V5o DM E 72248 gy x7|d

196



Aol AFHog el zj4H}.

o Slab A}4}
71 : estneLs] M4}
XY : (Slab <ID> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze> <Steel>

<Concrete> <Slab-STL> <Slab-CON> <Slab-DL> <Slab-LL>)

0 Beam A}4l

7% :Bo 49 HA

#§@ : (Beam <ID> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze> <Steel>
<Concrete> <Beam-STL> <Beam-CON> <Beam-DL> <Beam-LL> < Beam-
BL>)

o Column 4}4
Ve 7184 A
E¥ : (Column <ID> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze> <Steel>

<Concrete> <Column-STL> <Column-CON>)

o Wall 24
71 - Hoxe HA
XY : (Wall <ID> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze> <Steel>

<Concrete> <Wall-STL> <Wall-CON>)

o Brace A4

1%  2E¥lA84 HA
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H#H : (Brace <ID> <Xs> <Xe> <Ys> <Ye> <Zs> <Ze> < Steel>
<Concrete> <Column-STL> <Column-CON>)

FEHASAE V1ES GdYEE AxaAND.

% 4714 AHeA s 2= ApHESG B WIS YA 2= £Y
A ¥ Ffole MR 2=y g2 AEYHo FHL 0] oM 227 A
4. ol ol AEA} AGsA HE 249 o)FL AP AL

5.3.6 458 A%

BES) F2H4E = FYNNE £38F 4 9839 478030 Ay
2 ZURUE oo} Aot B AFQAE o}F Aol HE ) 8o B A
HE BU¢ 4 A

0 Load-Case

7V - o5 Ae ma

E¥ : (Load-Case <NO> <DL> <LL> <BL> <WL> <EL>)

T AR $Fe) 2o AAY FRE 4A MelE 5 USF 7] Ao AY
QAN A dA7IEoNS 2 S dolebst A5Hez ANaHg.

- H§3HY dAd Ay ;

(Load-Case 1 1.0 1.0 1.0 0.0 0.0)
(Load-Case 2 .75 .75 .75 .75 0.0)

- FUFEY dAd A ;

(Load-Case 1 1.4 1.7 1.4 0.0 0.0)
(Load-Case 2 1.05 1.275 1.05 1.275 0.0)
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54 &£738

L

g Aolais 288 FEAAE Hetod 4345 Sulselel ¢ FARYE U
22 FEHI AR ALEE FEH AT 45 Aol ehod En1F tholehE & BUILDSE
2aelA 4ge7) skl o dAe APRARY UL Yoz AR
o olel @ helee AATYS] AYo) G} Melsi=vl 71Ee) LR ¢ ¥
e el AUTiolE A 74 F ) $AEATe 2 §EeHA o8 & sk

% BUILDSs| ¥x 210} sjale] T4 & US
dol 44 3 ¥ ¢ 4 A

rlo

E& 4477 dolelel HT
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6. ME-HAGA

6.1 YdYsl 74

6.1.1 d79 ¥e A

AHEA7E AES 2l dd =hAolA HUA] B SfdHoE @ AL, FEH4S
F987) sl UHE UHS sojojd. HRE O A4 FZHHS Y=
FAA 7hg B2 AL Ause] A4S w¥{F AFolA sl R Ygu
e Adee Z2aWe) TA FASE FHY Aold. =@ A4 YHRYo)
Aws A4 olg7t e Mg FA7|dEe) FRH4S ¢ys7)de g
AZA (LY YE3HYE RF AAA . FEA Aol N2 F dds)A] ok
Aol FxH40) A2 98, 228 dBEe 24 TZaYofie
AR AEE AY 7R HA FHol U] vla] 348 AU AEd oz UF
B8-S HAYE 4 UA . oA AR Ersn YYdolelrt st fig
T 23 4 2 sfuetel AEVel RELS 22349 2ol YL X
€ H4gs AFH7| diFoldt. Talole oj2d UAFH A HF Fo)7] Ao ¢
4 o] 243 & (Free Format) W4l Hetgial £+ ¥4 o 849 Q@47 7
AHQ Afoll it AFLY715S A= Ut

]

TEEY 2GS AN oA HAE 2ABYE o)F8: W] Ay gEl Y
ol 849 AYFHAHolA St BE FT AAHA s o] FEGHY 2 248
BAshe R ejd. o]# @ coleld AEHEY Hete] o] g5 o] HAa)7)s} o
Aol 82FL F2 Y Ble] AE4T #etod L2 9| w4 (Mesh)t
4713 Adaptives| 47]4¢] 7=z e}
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QoA HAEHALRE oldted, AEe wdgoz dgBUdg T4,
BUILDS-Acj] oj# 7284, si4Q3}9) g, 222 ¥aie] MUFH 244 24
=5 ¥k AEA7 2AY3AE ANA gdx 34 dGHLg FYE Ao
1 %de SulES HES & ¢ Ao Zuiz 4] sHssid. oW WL
vE Fais] 2 H4AlE P& BUILDS-SYCF, 9 12E9 34, =3 I¢g 4
stz BUILDS-BDAAL H§dct & dfelde BUILDS-Ae o8 T84
Z2a43e| di(interface)olwl #-§¢het.

6.1.2 Aty 24

WHHeE ARG AASE ZT2aWE AYY WY XraFL st 7
4298 A4AE A8 GiHl 1EdT A 2HER shee) Exof Fad 7}
=F 8 UrhaA colets) ghol wet zs) ddo] ojFoiAA Hid, Ra Y
stes) ddel gl AW vide] FEHew s, 2 YYHstd) U Y=
(Field)7} Eulslo] a7l W4oll e 2 ghol LR, gho] BlA)49) Mool
WA= default} AR RE] UYL 27HE $9 4UE A} o]FolA 4
Actd AAHLY FE LS A5 & 2L Aol BT YLHAL FAH
€ dlelehs el Hez gl delstest ¢A =, o F=st Ze Zholl wel 2EW
e =S 4G 2B 2 oY st= F2E A 28] P22 ¥Y
T4 A3, 2 dolebe Zel$Ae] BAo) ol ¢3He HYz ABAY 5 3
t}.

2 d7AE 5% A2 €42 Y9 Y] F4%

A=, o|He sl=zHE Al Yoy sl=F wieEng.
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£, 78] 24 W4 digted LA dolehe ke AR}
A, WA =5} L A = of & A Tz
Ado] o] 1g AgolE ol Ml

A% HAg vhAshETtA) W g

A, =g FAo) ek $AF HHEA oIF UL Uol
g

6.1.3 Uutds] 2=

YA LS PP sh=e 2= Master Carde} 229 Aojzte, ¥4 5}
E, 7 249 dojg 7, #FE, 221 JFE2YI=Fo2 g A8 ESe=
ol¥0i7lc}. oYY Fl=t EBelHez ¢4 HYol] A dlojeln YL of
Fo s ool AFHY F2F A2 Ud. F 2t dlojek £ EL HPYEE
8 Ho|7t=s} AlojFl=e] v MEJlcg F4HSE AFTFZE YA oS
B EEAEE AR, 249 3RS, 4F &, 4359 289 A5 Aol
2, & o5 dde U delelg 92 on, 7 dolgZ e =i 2 2§
HoiFtEdt HmZ: FlEage R PANR . YYHYS T4 o8 h=Fo)
A A YRE DdASE e sieot QPSA FaAE dd, Hd2: joge
Hoiztol e ghol @A 2 st YA o)y dlojete] Bald A
t J32AF2E7 Y

ARAL d42 UYHUS ol & 7l=E N7l JHyE FAHojs=E RE
(Root) =2 & Ee7z2g 2ARY 4 3o oA F2E 29 6,13 Tol
Yt de) el AeYslo) ol afel AL o] FE PBo| Yaio] 59
W) stedsa oot JAAAEG. QYHAZ Y RelehHL S 4 A=
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$AE 2eFas] dol$ A% Aol Jad A5t

Level 1

Level 2

Tevel 3

Level 4

ad 6.1 22 Ftes] F284F #Asted AHEH doje ¥52 d5FH Zd.

(<FlEo]E> <gFFl=e]E> <#97l=o]F> ... [<FORMAT> <4 g A >]

)

03714 A 3708 EJel(Pointer)e 7t=2] FZ284E Ao o] &H =0, <sl=olF>
2 HA7t=E FEAE olF e, <distEelE>2 A2 A EAst: 7l=9
olFeln, <#fltEclE>L WA st=sisel AR E= e oFelr). 2]z
<FORMAT>2 #ige]l2ud4 dehts 2t e £3FAdd, o]: EgT=
o HEG oA YA Hd. 2322 dA8ES X E e dA Fl=
o] ARl AP PR ZASEE <FORMAT> o3 AN E HasA ¢A

Master CARD

\

CARDA-1/1 | | CARDB-10 | | CARDC-ln| —eemev
(dclet’a%\
CARDA 1/t CARBClh | —— | CARD Cn/n

/N

g 61 YEgi=e F=
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vt & 6.12 BUILDS-AolA] o]%s)= YY7ice] 228 Boddw ¥ 6.2 ¢
7I=4 Heged A% 29%45 B3 m Y.

2 6.1014 499 =5} AAE zhoh W 2 HHABe F=lsA e
A2 Hog delBPEols R FA9) ASE A2 MAYE §Fo| Washd.
& AAdudel B Zol HAALS) LATF ALA I 2 HFs)
SedYstEst JATEE A2 MYAG. Dot of ghe] Oojdl #HAAZE
WAiol 4] MAIshs el aheby A7 S A W(Blank)FlEE el oF Mas
£ FALS o WEol $HA N2 FHe $4Pe) ¥ sloi .

ol2l® Wtlell odted FAH YUYl 3] EAUEE o] E3le] Zo| S A%
(Depth First Search)ell sjsted 417t FHAZZ ¢33 el Foh7 EYF4
B} ieEE AdHeoz ALY oYU 7S e FAS dESY g
o

; WA wireel Sl 7t=o deleld YU Yulz
Age7] fsted £AE B3 T3

(defrule card-order2 "ordering"

(declare (salience -1000))

’rem <- (CARD STACK ?stack $?Stack QUEUE $?Queue ?cur)
(CARD ?cur Mext 7sub $?FORM)

=>

(retract ?rem)

(if (and (neq ?next no) (neq 7sub no))
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then (assert (CARD STACK next ?stack $?Stack QUEUE $?Queue ?cur 7sub)))
(if (and (neq 7next no) (eq 7sub no))

then (assert (CARD STACK 7stack $7Stack QUEUE $?Queue ?cur next)))
(if (and (eq Tnext no) (neq ?sub no))

then (assert (CARD STACK %stack $7Stack QUEUE $?Queue ?cur 7sub)))
(if (and (eq ™next no) (eq 7sub no})

then (assert (CARD STACK $7Stack QUEUE $?Queue ?cur 7stack))))

6.1.4 dlojets] A

9 Hay sl=s £a7h =W 84S dolearged s ¢ HyE T3
ol gjatod ghol ALH. 9714 F49 $HUL FAoll s £ARY 2 4
A& 717 o] w2 X8 1% A8 conilict resolution#tF o4 Y7t
A9 2lae 2d(stack)s] 9ol AARA o} 2ER Wro) A& FhE 7
E2 o] BEAFE A2 A FANGE $48e] ¥3, st=s] ¢4
Ao DAY FHRGE FH U] WAL oA Wlell st Tyl &8
gHEo] st dojel: A diclelsted g€}

IS =] d4s gt A £ ojUe) A=l gt B3 JPS TE
HE et ABEY FAoizt=olq P4 (Static Analysis)gHe] o] HIRE
ASole ARZE A=) W4F AES A%, BeAGFE EULAA HEd, o
AP H=s) BAE 4L Gl dYo) 2z, ololute BH A4 4
A 238e FHoz WAE 4 A

ASF e PEY 2RALAEE T dolehE EnldddE d4s HY mE 3
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H7} AZSE AL ohinh olal# dlzs AFHA BE Aoz S, A7
olebsol ek 4P B deletrt A Aulol 2ol HHslo] AAT UAthole}E &
dlshs BANNE o] el AEHLYE A UAss o] Belsheh. Bt
ASFIA AFE ZALHYe) flol 4847 A o] RS A, ol Az
ol A4o] $UE R, & HlEAmst NESIFE ALH Ae] QrldE
ZE dolehE AS42EH YRS 2F4ANG. s e PHoz YYS HAHE
HAL Z, g8y YHgAe) HnE B 97 UL FQALS AL AP

& Bolol tlolebel ZulA olFo7 Aol YRE AEHew ULE AEA
Aol sleto] tlolEE YA o, oluie UYS UBEE AAHALE BE
% 249 deleh 4FHeE Fulsl YEE ARE £LE B & U

6.1.5 27 &

2 A& diolehdlolze) RE HUE F2H4Z A YUz AR A
o AH§2 sl Aol MF s A4S ulge doleg Ft=E FEuR, ofole}y
ol29 A4d& FAE Fobe Holetri=2 Hdte 2y YYsids) A5 LAl o)
& Atgolrt. o]YA oz FEHAH TI 2P AL S AT WNLEA A8 AE
HAsted 2 71%S SES HHE & A AHALLS Ao AssA =

of NAYZ &S 42 R A YYF YRy 228 AZS FFAAZ
X, dojete] dB/AHS Bgen], 258 vide] $A2E 54 HYF A4ERolA A
Tl Fo2A ARRSAT FRH4] AL Yo Mo} B 8L /)Y 4
XA e}

6.2 U¥nds e
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6.2.1 7§ ¥

FEALE $E AN AEAE g 2P A8l SiAsA U¥
3Ug FARAAG. o|HE Yo FYH UG} UL F=EA S ol A 2w
£ Eofojys} $AoHE XFHA . AEAE FRHH4LS ATHLE FYHT)
fisted AH4xz oo AFAE vhoje) AE Aol o] St AL FulE F
AL MAHUA B 3P A0 B o] o]F WAL ol Y. ofF
& HEFFAIE 2 o2 Zohri7t Y& Aol $#XA718 2 aFeld F,
stoe] 2EH Ul o] EAGINE FHarigE U¥HAT F29 AVE 0
Flee] zhg ool Y 227 Neng fx9 FJFAHAE BRI} ¥

71&9) wix|(Batch)3 o2 Adysidg A48l S Aol o dolets] ehgds
HEME7 A% ez golld AT UHst=s] FZE olfste] H4Y UFY
Fog ¢A44e glojtdA 2oz E Y4 ER, doletd] BU(B+Y, 279
9 EAY35)3 dolely £2(gh)s HAE A4z HEHE # AUt

6.2.2 tholet el HE

7} sheol BE dolehE AL AURLANN MFHE AL ez FHT Aol
e e} Aol HE WL E 623 ol Aestud. % oholet A=F A&7t AAH
= Jege2iE iS5 dloleksh ¥ 6.20] @ vhole} }UTVE Loz
doleletale) HERe HEHT olelst HASIRE ALole oIF AgaoA A4
&

6.2.3 dlolel] etdA FHE
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¥ 6.1 BUILDS-A 987i=2| +X

:=l===l=!:=====z-zz=1=#r:-‘-u====-==ﬁ==========u====w=====:=:=a====ﬁ=======

INPUT DATA FILE STRUCTURE OF BUILDS-A PROGRAM

H top-~ current: hnk—— FORM
«CARD <cur> <equi> <sub> <npame> <cur.no><iotpo> <pames><cur.no><tot.no> FORM <varl> <var2> <var3>...)
;1.0 control data card

(CARD C1.0 Q2.0 Cl.1 master 1 1  contof -1 1 FORM no)
(CARD Cl.1CL2 Cl1.1.1 control 1 1 heading -1 1 FORM o)
(CARD C1.11 C1.12 no heading 1 1 jobname -] 1 FORM Cl1.1..)
(CARD C1.1.2 0o no  heading 1 uaer-pame -1 1 FORM Cl.1.1 ..}
(CARD C1.2Cl.3 po controd 1 1 job-option -1 1 FORM Cl1.2..)
(CARD C13C14 no control 1 1 inputcatl -1 1 FORM C1.3 ..)
(CARD Ci4 no npo control 1 1 inputentt -1 1 FORM Ci4 ..)
2.0 geometry topology card
(CARD (20 (3.0 (2.1 geomctry 1 1 plan -1 1 FORM no)
(CARD 2.1 (2.2 o plan 1 1 plaa-center -1 i1 FORM (2.1 ..)
(CARD .2 Q3 Q.21 plan 1 1  bay-width -1 1 FORM no)
(CARD (2.2.1 2.2.2 no bay-width 1 1 xdir -1 <NFX> FORM (C2.2.1 ..)
(CARD (2.2.2 no no bay-width 1 1 ydir -1 <NFY> FORM (Q.2.1 ..)
(CARD Q3 24 Q31 plan 1 1 framedoc -1 1  FORM no)
(CARD 2.3.1 {2.3.2 po frame-loc 1 1 x-dir -1 <NFX> FORM (2.3.1 ..)
(CARD 2.3.2 no no frameloc 1 1 y-dir -1 <NFY> FORM (.3.1 ..)
(CARD 4 Q541 plan 1 1 column-line -1 <NFY> FORM no)
(CARD C2.4.1 so no columnline .  <NFY> didoc -1 <NFX> FORM (2.4.1 ..)
{CARD Q.5 C.6C51 plan 1 1  beam-line -1 1 FORM no)

(CARD €2.5.1 €2.5.2 C2.5.1.1 beamline 1 1  bHox -1 <NFY> FORM 1)
(CARD C2.5.1.1 no nobldoex uw  <NFY> bllocy -1 <NFX> FORM C25.1.1..)
(CARD (252 no (2521 beamdine1 1  ghlox -1 <NFY> FORM no)
(CARD C2.52.1 mo nogllex u  <NFY> gHocy -1 <NFX> FORM Q2521 ..)

(CARD Q26 .7 C2.6.1 plan 1 1 slabline -1 <NFY> FORM no)

{CARD C2.6.1 no no slabline u <NFY> sl-loc -1 <NFX> FORM (2.6.1 ..))
(CARD 2.7 (28 no plan 1 1 ploting -1 1 FORM (2.7 ..)
(CARD 28 (2% no plan i 1 story-data -1 <NST> FORM Q2.8 ..)
(CARD 2.9 no  ho plan 1 1 extstiff -I <user> FORM (2.9 ..)

3.0 lateral forces

(CARD 3.0 C40 Ca Joad 1 1 lateral -1 1  FORM no)
(CARD 3.1 G2 no latcral 1 1 wind -1 1 FORM (3.1 ..)
(CARD 32 no  no lateral 1 1 others -1  <user> FORM (3.2 ...)

4.0 member properties

(CARD C4.0 C5.0 C4.1 property 1 1 prop -1 1 FORM no)
(CARD C41 C42 no material -1 <NMP> FORM C4.1 ...}
(CARD C4.2 C43 no column-p -1 <NCP> FORM C4.2 ..}
(CARD C4.3 C44 noe beam-p -1 <NBP> FORM C4.3 ..)
(CARD C44 C45 no slab-p -1 <NSP> FORM Ci.4 ..)
(CARD C4.5 Do no truss-p -1 <NBRP> FORM CA.5 ..)

33333

5.0 vertical composition of element line

(CARD 5.0 C6.0 C5.1 linecom 1 1 lcom -1 1 FORM no)
(CARD 5.1 €52 o l<com i 1 cline -1  <NCL> FORM (5.1 ...)
(CARD C5.2 (€53 no l-com 1 1 b-line -1 <NBL> FORM (5.2 ...)
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(CARD (5.3 no no l<om 1 1 sline -1 <NSL> FORM (5.3 ..}

6.0 initial strenth of concrete

(CARD 6.0 C7.0 C6.1 concrete 1 1 initial -1 1 FORM po)

(CARD (6.1 6.2 no initial 1 1 farst -1 1 FORM C6.1 ..)
{CARD (5.2 no  no initial 1 1 scoond -1 1 FORM (5.2 ...}
;7.0 substucture

(CARD C7.0 C8.0 no substucture 1 1 sub-str -1 <NSUB> FORM C7.0 ...)

8.0 frame-Jocation card

(CARD (8.0 9.0 mo geometry 1 1 framedoc -1 <NTF> FORM C8.0 ...)
9.0 frame card
{CARD 9.0 C10.0 C9.1 geometry 1 1 frame -1 <NDF> FORM no)
(CARD 9.1 9.2 no frame u <NDF> control -1 1 FORM (.1 ..)
(CARD (9.2 (93 mo frame ¢ <NDF> by -1 <NC> FORM (9.2 ..)
(CARD 9.3 (9.4 oo frame u <NDF> beam-ioad -1 <NFF> FORM (93 ...}
(CARD (9.4 (9.5 no frame u  <NDF> pand -1 <NPAN> FORM (9.4 ..)
(CARD 9.5 5.6 (9.5.1 frame U <NDF>  blank -] <NBLNK> FORM no)
{CARD (9.5.1 (9.5.2 no bYank u <NBLNK:> first -1 1 FORM 9.5.1 ..)
{CARD (9.5.2 nc po blank u <NBLNK:> first -1 <NCUT> FORM (9%.5.2 ..}
{CARD C%.6 9.7 no frame u  <NDF>  xbrace -1 <NBRAX> FORM C%6 ..)
(CARD ©9.7 ne no fame u <NDF> kbrace -1 <NBRAK> FORM (9.7 ..)

;10.0 spectra or time history card

{(CARD C10.0 C11.0 CG.1 loads 1 1 carth -1 1 FORM no)

; spectra data(if aat=3)

(CARD (al0.1 Cal0.2 noecarth 1 1 control -1 1 FORM Cal0.1 ..)
(CARD Cald.2 ne nc carth 1 1 'spectra -1 <NPC> FORM Cal0.2 ..)
; history data(if nat=4)

(CARD (101 Cb10.2 po carth 1 1 control -1 1 FORM Cbi0.1 ..)

(CARD Chl10.2 Cbl0.3/4/6 no earth
(CARD (b10.3 o no carth

1 1 damping -1 <NFQ> FORM Cb10.2 ..))
) )
(CARD (b10.4 Cb10.5 no earth 1
1
1

1 histery -1 <NPC> FORM (b10.3 ..}
1 interval -1 1 FORM (bl04 ..)
(CARD b10.5 npo no carth 1
(CARD (b10.6 no no earth 1
; Spectra data(if nat=5)

history -1 <NPC/8> FORM Cb10.5 ...)
acceler -1 <NPC> FORM (b10.6 ...)

(CARD Cr10.1 Ccl0.2 noearth 1 1 conrol -1 1 FORM (ci0.1 ...}
(CARD Ccl0.2 Ce10.3/4/6 o earth 1 1 damping -1 <NFQ> FORM Ccl0.2 ..)
{(CARD (103 no no carth 1 ! histoy -1 <NPC> FORM Ccl0.3 ..)
(CARD Ccl0.4 Ccll.5 no carth 1 1 interval -1 1 FORM Ccl0.4 ..)
(CARD Ccl0.5 npo no earth 1 1  history -1 <NPC/8> FORM CclD.5 ...)
(CARD Ccl0.6 mo no carth 1 1 accsler -1 <NPC> FORM Ccl0.6 ...)

; spectra data(if pat=6)

(CARD Cd10.1 Cd10.2 no earth 1 1 conbol -1 1 FORM Cdi0.1 ...}
(CARD Cd10.2 no  no earth 1 1 constants -1 <NFQ> FORM Cd10.2 ..)
i spectra data(if nat=7)

(CARD  Cel0.1 C2102 no carth 1 1 coatrol -1 1 FORM (rl0.1 ...)
(CARD  Cel0.2 Cel0.3 no earth 1 1  constants -1 <NFQ> FORM Cel0.2 ...}
{CARD Ccl0.3 no nocarth 1 1 mode -1 <NFO> FORM Cel0.3 ..)

;11.0 load case card
{CARD Cl110 <C12.0 no Joads 1 1 loadcase -1 <NLD> FORM Cli.1..)
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;12.0 plottinig control card

(CARD CIt.0 Ci12.0Cl12.1 plot 1 1  ploting -1 1 FORM no)

(CARD Ci12.1 Ci2.2 no pletting 1 1 bldg-geo -1 1 FORM Ci2.1 ...}
1 fomgeo -1 <user> FORM no)

-1 1 FORM Ci2.2.1 ...)
-1 1 FORM C12.2.2 ..)
-1 1 FORM C12.23 ..)

{CARD (12.2 no C12.2.1 no plotting 1
(CARD Ci2.2.1 C12.2.2 no frm-geo u <user> first
(CARD C12.2.2 C12.2.3 no frm-geo u  <user> second
(CARD C12.2.3 no no frm-geo u  <user> second
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X 6.2 BUILDS-A Sl4zics| ¥4

e AL A d PR AL LS LA P L R Rl R e T S Y T LI ]
1

& BUILDS-A INPUT/OUTPUT DATA FORMAT FACT

bl A AL AL R L RS B LA T LI LI Y Yy T P I T I
>

[no]

type

field

[END]

[C1.1.1}

-

72

{END]

IC1.2]

fidiiiiiii
5555555555

|END]

[C1.3]

iiiiiiiiiiii
555555555555

[END}

|C1.4]

iiiiiiiiii
5555555555

[END]

2.1

ccce

10.3 10.3 10.3 10.3

[END]

[€2.2.1)

[ - -

10.3 10.3 10.3 10.3

[END]

[C2.3.1]
5555555555555555
[END]

(C2.4.1)
fidiidiiiiiiiiii
5555555555555555§
[END]

jC2.5.1.1)
5555555555555555
[END]

[(2.5.2.1)
fidiiiiiiidiiiii
5555555555555555§
IEND]

[C2.6.1]
5555555555555555
{END]

[c2.7)

iii
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555

[END)

[C2.8]

sxeceec

55103 10.3 10.3 10.3 10.3
[END)

[C2.9]

ixee .

55 10.3 10.3

[END}

1G3.1]

ii

55

[END]

[C3.2]

iiceee

5 510.3 10.3 10.3 10.3

[END)

[Ca.1)

sccece

1 19.5 10.3 10.3 10.3

[END}

[C4.2]

iisieececeecce
1414103 10.3 10.3 10.3 10.3 10.3 10.3
[END]

[C4.3]

iisicecee
1414103103 103 10.3 10.3
{END]

[CA.4]

55103103103 5555535
|END)

[CA.5)

isie

514103

[END]

{Cs.1]
$555555555555555
[END}

C5.2)
$5555555555555355
(END)

jiiidiidiidiiiiiii
5555555555555555
{END]

[C6.1]

iie

55103

[END]

[Ce-2) 212



iic

55103

[END]

1.0

iis

5570

[END]

[C8.0]

iiceeees

55103 10.3 10.3 10.3 20
[END]

[Ce.1]
55555555555520
[END]

[C9.2]

cccececeee

10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
" [END]

[C9.3]

iliiieccee
53555103103 103 10.3 10.3
[END]

[C9.4)

iiiicee
5555103103 103
[END]

[9.5.1]

iiiiicecee
55555103 10.3 10.3 10.3 10.3
[END]

[C9.5.2)

tecceece

1.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
|[ENDJ

[C9.6}

5555585

|END]

1C2.7)

itijeeee
5555103103 103 10.3
[END]

[Cat0.1]

ieciiis

5103 55540

(END)]

1Ca10.2]

ceeecceee

10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
[END]

[Ch10.1]

ilieciis
555103103 55 24
[END]
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[Cb10.2)
cceccecece

10.3 10.3 10.3 10.3 10.3 10.3 10.3 103
[END]

|Cb10.3]

iillee
5555103103
[END]

[Cp10.4]

c

10.3

[END]

jCb10.5]
cceccece

10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
JEND]

[Cr10.6)

ce

10.3 10.3

{END]

[Ce10.1]
iiieceiis
§$551031035524
[END]

[Ce10.2]

ixffee
555252103103
[END]

[Ce10.3)

iiilee
5555103 103
[END]

{Cc10.4]

3

10.3

[END]

[Cel0.5)
cccecece

10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
[END]

[Cel10.6]

ce

10.3 10.3

[END]

[Cd10.1)
1iiiiiee
555555103 10.3
{END)]

[Cd10.2)

ccece

10.3 10.3 10.3 10.3 10.3
[END]

[Ce18.1]

iiiiie

55555103 214



[END)

[Ce10.2}

eeceeii

10.3 10.3 103 103 1035 5
[END]

[Ce10.3]

ceccceece

10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3
[END]

[C11.1]

ffffeEffs
5.252525252525240
[END]

[€C12.1]

iiiiceeee

5555103 103 10.3 10.3 10.3
[END]

[C12.2.1]

iiiliiidieee
555555555103 103 10.3
[END]

[C12.2.2]
5555555555555555
[END]

[C12.2.3]

55555103

[END]
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6.3 FZH Y 54

6.13 6.20014 HYH UEP D == 4§27 A4 F48 U¥sd2 BUILDS-Aq)
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7. oM 49

7.1 k49 4

2 HollHe oA dFH AFS AuldAe) B Yoz AF AYHUYE
Bk AH2H AHEIESUN 3/502. 2 UNIX £ MA o], 758 £ 7+ K-CLIPSe]
.

808 FAREoll B AYREL U7E ol dehiin, 4827 g do]
BHE AR Hate] "2 EARG <L >'RBE 2] ot REHoE
HAE = dolelel Ay gholg.

; unix4 8] k-clipss] 44

strsys2% "k-clips”

*****#************t**ti******#**##*************t***********##***

Welcome to KAIST C Language Intergated Production System
version 4.1

KAIST Dept. of Civil Eng.

Structral System Lab.

# %5 K % 4 XK O O K
* % %4 & X * B K *®

*********#****#**t***!Hll‘**tt***#**********tt***********#********t

; Aol ¥e) 24

K-CLIPS> “(load "control.rul")"
*******#**t*‘****t***************t***** ; ’*’_E_ _F{_*_lt}l_}_% 'o"nl ﬂ't}-_
K-CLIPS> "(load "control.fct")"

$3553353%$

; du] dAIFHe 29

K-CLIPS> "(load “prelimin.rul")"

L R it Y P P Y Il
KEKEFFA AR AR AR TR R R Rk ke ke ko k k%

ERER Rk R Ak kR kKR RK K
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K-CLIPS> "(load "prelimin.fct™)"
$

; Bly tas 29
K-CLIPS> "(load "idealize.rul”)"

Fe ok ok ook ok ook

; SRR BY FHS =9
K-CLIPS> "(load "builds-a.rul")"

RARR KRS R R AR AR RARERRERE R R ERRE

; working memory x7)3}
K-CLIPS> "(reset)"

; A9
K-CLIPS> "(run)”

; Bolg #4
** The start of help TITLE **

Welcome to I-BUILDS !

I-BUILDS ... An Inteiligent BUILding Design System

- ————

Developed by
C.K. Choi and E.D. Kim
Department of Civil Engineering
KAIST, Seoul, KOREA

January 1990

Notice!!! Units;KMS(Kg,cm,sec)
** The end of help TITLE **
Plcase, press <Return> Key to continue.

3 2 ol A4
The menus of K-CLIPS are shown below. Which one do you want to select?

0] Exit to K-CLIPS

1] Planning

2] PRELIMINARY-DESIGN

3] DETAILED-DESIGN
4] EVALUATION
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5] PRESENTATION
Otherwise, phase ’help’ will be supplied.
Enter your selection : "1"

; AgEA Y 49

The menus of Planning are shown below. Which one do you want to select?
0] Exit to Planning
1] list
2] modify
3] load
4] save
5] constraint
Otherwise, phase ’help’ will be supplied.

; Afell DAY diojel 1Y
Enter your selection<0> : "3"
** The start of load Planning **

Enter filename to load<planning.dat>"<CR>"
planning.dat is opened.
planning.dat is being loaded.

** The end of load Planning **

Please, press <Return> Key to continue.
; Hlele} 2laE

The menus of Planning are shown below. Which one do you want to select?
0] Exit to Planning
1} list
2] modify
3] load
4} save
5] constraint
Otherwise, phase *help’ will be supplied.
Enter your selection<(0> : "1"
** The start of list Planning **

/ID/ICONTENT/
/job/nil/

Juser/nil/
/occupancy/commercial/
/material/Steel/
/code/tmp/
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{Zgrid/nil nil/
Xgrid/mil nil/
/Y grid/nil nil/
{xcore/nil/
fycore/nil/
Vload/nil nil/
/Wload/nil/
{Eload/nil/
/foundation/nil/
fwater-level/nil/
{Fe/nil/

** The end of list Planning **

Please, press <Return> Key to continue.

; vlolele 1Y

The menus of Planning are shown below. Which one do you want to select?
0] Exit to Planning '
1] list
2] modify
3] load
4] save
5] constraint
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "2"
** The start of modify Planning **

Enter Planning ID/NO Value/list to modify : "job"
ENTER Planning]job] CONTENT<nil>: “This is a test execution”

** The end of modify Planning **

Please, press <Return> Key to continue.

; tholebe] ZE

The menus of Planning are shown below. Which one do you want to select?
0] Exit to Planning
1] list :
2] modify
3] load
4] save
5] constraint
Otherwise, phase ’help’ will be supplied.
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Enter your selection<0> : "5"

; lelel A9 3 MA

** The start of constraint Planning **

777> CONSTRAINT AMONG ERROR :
Planning[code] CONTENT<ddd> must be .AMONG./WSD/USD/]

** The end of constraint Planning **

Please, press <Return> Key to continue.

; A2 Y ol F

The menus of Planning are shown below. Which one do you want to select?
0] Exit to Planning
1} list
2] modify
3] load
4] save
5] constraint
Otherwise, phase help’ will be supplied.
Enter your selection<0> :"<CR>"
planning.dat is closed.

; vl gAlIG e d9

The menus of K-CLIPS are shown below. Which one do you want to select?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase ’help’ will be supplied.
Enter your selection : "2"

; A AL A AAI7IE WE §FAT9) A5UH
Default Load-Case is asserted.

; ollu]gdAlel) P Ay
The menus of PRELIMINARY-DESIGN are shown below.
Which one do you want to select?

0] Exit to PRELIMINARY-DESIGN

1] COORDINATE

2] MATERIAL
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3] SECTION

4] Load-Case

5] BUILDING

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> "<CR>"

; ME-gAle] 49

The menus of K-CLIPS are shown below. Which one do you want to select?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase ’help’ will be supplied.
Enter your selection : "3"

; ME-4AAle] ABy
The menus of DETATLED-DESIGN are shown below.

Which one do you want to select?

0] Exit to DETAILED-DESIGN

1] IDEALIZED-MODEL

2] STRUCTURAL-ANALYSIS

3] STEEL-MEMBER-DESIGN

4] CONCRETE-MEMBER-DESIGN

5] FOUNDATION-DESIGN

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> "<CR>"

; WA 49

The menus of K-CLIPS are shown below. Which one do you want to sclect?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase *help’ will be supplied.
Enter your selection : "4"

; FrldAle] Muey
The menus of EVALUATION are shown below.
Which one do you want to select?

0] Exit to EVALUATION
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1] COST-ESTIMATION

2] SUGGEST-ALTERNATE-DESIGN

3] SELECT-BEST-DESIGN

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :"<CR>"

; Arge) ¥Es A9

The menus of K-CLIPS arc shown below. Which one do you want to select?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase ’help’ will be supplied.
Enter your selection : "5"

3 Al e
The menus of PRESENTATION are shown below.
Which one do you want to select?
0] Exit to PRESENTATION
1] DRAFTING
2] REPORT
Otherwise, phase “help’ will be supplied.
Enter your selection<0> :"<CR>"

A

The menus of K-CLIPS are shown below. Which one do you want to select?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase 'help’ will be supplied.
Enter your selection : "0"

; HEH w3y 5
92 rules fired

; unix AejEo] 5%
K-CLIPS> "(exit)”
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7.2 dlu] g A8 o

7.2.1 443 df
diA 2 W4 AFS A8 G&3 A

o A% &% : A%

o B ¥z AFFE

o 444 : &Y

o ¥ FH

5% 1303

-AES 90 m

- gyge] A4 4 4 27] 55, 36.0m
- Zo]ytdk : 474, 19.8m

- Fo] ; FZyry 34, oWy =9 2-3Hx
o sF(¢4H, kg/m 2)

- 2RHFE : 500

- HaeF - 300

- F8F 200

o FZAYES 42(F9 kg/om 2)

- A= : 4000

At AES holetel UY, AH A% YA(=AYe] FF, WA 2 7A),
aem 7 Fxo) o $ARAL EH Pl WY,

; T 2933

K-CLIPS> (load “control.rul")

MREE R RERERRR Rk Rk R R R Rk EE RN
K-CLIPS> (load "control.fct")

333395488
K-CLIPS> (load "prelimin.rul®)

********‘*!‘t*t.#t*tt**t****tt*****#t**tt**#***lt*********##****

KEERRERE RN R R ARk kAR Rk Rk kR Rk

K-CLIPS> (load "prelimin.fct")
$
K-CLIPS> (load "idealize.rul”)
EL R R 22
K-CLIPS> (load "planning.fct")
$
K-CLIPS> (reset)
K-CLIPS> (run)
; title A (4F)
The menus of K-CLIPS are shown below. Which one do you want to sclect?
0] Exit to K-CLIPS
1} Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
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4] EVALUATION

5] PRESENTATION

Otherwise, phase ’help’ will be supplied.
Enter your selection : 1
; A% Moo dE dloleld AT flste] AGLA 43
; YEAAZ 49

The menus of Planning are shown below. Which one do you want to select?

0] Exit to Planning

1] list

2] modify

3] load

4] save

5] constraint

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : 1
s HE A A4

** The start of list Planning **

{ID/CONTENT/
/job/mil/

fuser/nil/
/Eload/nil/
/foundation/nil/
fwater-level/nil/
[Fe/nil/
foccupancy/commercial/
/code/WSD/
/material/Steel/
[Zgrid/30 9000/
/Ygrid/3 1980/
/X grid/5 3600/
fycore/2 3/
Ixcore/3 4/
Wiload/0.02/
V1oad/0.05 0.03/

** The end of list Planning **

Please, press <Return> Key to continue.
; AR o)F, dudAIdA] 49
The menus of K-CLIPS are shown below. Which one do you want to select?
0) Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
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5] PRESENTATION

Otherwise, phase ’help’ will be supplied.
Enter your selection : 2
; = HIEAS U9
The menus of PRELIMINARY-DESIGN are shown below. Which one do you
want to select?

0] Exit to PRELIMINARY-DESIGN

1] COORDINATE

2] MATERIAL

3] SECTION

4] Load-Case

5] BUILDING

Otherwise, phase ’help’ will be supplied.
Enter your selection<(> : 1
The menus of COORDINATE are shown below. Which one do you want to select?

0] Exit to COORDINATE

1] Xgrid

2] Ygrid

3] Zgrid

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : 1
The menus of Xgrid are shown below. Which one do you want to select?

0] Exit to Xgrid

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid

Otherwise, phase ’help’ will be supplied.
Enter your selection<{> : 7

** The start of grid Xgrid **

[Ques.] Enter data of Xgrid direction.
(a) From Grid No. 0
(b) To Grid No. :5
(c) Span Magnitude :720

; T804 1= N4

Xgrid[1] is asserted with 720.
Xgrid[2] is asserted with 1440.
Xgrid|3] is asserted with 2160.
Xgrid[4] is asserted with 2880.
Xgrid[5] is asserted with 3600.
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** The end of grid Xgrid **

Please, press <Return> Key to continue.

; FEW) diME FLYHAY)
s FAdwie] dejelujolxe] gy
The menus of PRELIMINARY-DESIGN are shown below. Which one do you
want to select?

0] Exit to PRELIMINARY-DESIGN

1] COORDINATE

2] MATERIAL

3] SECTION

4] Load-Case

5] BUILDING

Otherwise, phase ’help’ will be supplied.
Enter your selection<(0> : 3

; AgRgY
The menus of SECTION are shown below. Which one do you want to select?

0] Exit to SECTION

1] Slab-CON

2] Beam-STL

3] Beam-CON

4] Column-STL

5] Column-CON

6] Wall-CON

Otherwise, phase *help’ will be supplied.
Enter your selection<0> : 2
The menus of Beam-STL are shown below. Which one do you want to select?
. 0] Exit to Beam-STL

1] list

2] insert

3] delete

4] modify

5] load

6] save

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : 5

** The start of load Beam-STL **

Enter filename to load<beam-stl.dat>
beam-stl.dat is opened.
beam-stl.dat is being loaded.

** The end of load Beam-STL **
Please, press <Return> Key to continue.
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; o2 Ballel] dMAE §L(HF)
; ollul A8 9
The menus of PRELIMINARY-DESIGN are shown below. Which one do you
want to select?
0} Exit to PRELIMINARY-DESIGN
1] COORDINATE
2] MATERIAL
3] SECTION
4] Load-Case
5] BUILDING
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : 5
The menus of BUILDING are shown below. Which onc do you want to select?
0] Exit to BUILDING
1] generate
2] Candidate
3] Evaluation
4] Factor
Otherwise, phase "help’ will be supplied.
Enter your selection<0> : 1

; AR A4 9 B4, H7habgs] 1Y
** The start of generate BUILDING **

; 4 dAdolAe) ¥R
Frame:Ygrid:Wall is not your Steel.
Frame:Xgrid:Wall is not your Steel.
Candidate Layout : Xgrid : none
Candidate Layout : Xgnd : all
Candidate Layout : Ygrid : none
Candidate Layout : Ygrid : all
Candidate Layout : Ygrid : user : 2
Candidate Compose : Xgnd : user : 1
Candidate Layout : Xgrid : user : 2
Candidate Compose : Ygrid : user : 1
Candidate Compose : Xgrid : none : 0
Candidate Compose : Xgrid : all : 3
Candidate Compose : Xgrid : ext : 1
Candidate Compose : Xgrid : int : 1
Compose:Xgrid:int:1 is same as :user:.
Candidate Compose : Ygrid : none : 0
Candidate Compose : Ygrid : all : 5
Candidate Compose : Ygrid : ext : 1
Candidate Compose : Ygrid : ext : 2
Candidate Compose : Ygrid : int : 1
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Compose: Ygrid:int:1 is same as :user:.
Candidate Compose : Ygrid : int : 3
Candidate Material : Steel,RC,Composite
Material:Composite is not yours.

Material:RC is not yours.

Candidate Floor : RC-slab,PC-slab,RC-on-stl-deck,PS-con
Candidate Frame : Xgrid : Rigid, Brace, Wall
Candidate Frame : Ygrid : Rigid, Brace, Wall
Frame:Ygrid:Wall is not your Steel.
Frame:Xgrid:Wall is not your Steel.
Frame:Xgrid:Wall is not your Steel.
Frame:Ygrid:Wall is not your Steel.

Candidate Layout : Xgrid : ext : 1

Candidate Layout : Xgrid : ext : 2

Candidate Layout : Xgrid : int : 2
Layout:Xgrid:int:2 is same as :user:.
Candidate Layout : Xgrid : int : 4

Candidate Layout : Ygrid : ext : 1

Candidate Layout : Ygrid : int : 2
Layout:Ygrid:int:2 is same as :user:.
Layout:Xgrid:int:4 is too more reinforced.

;7 AdERe) 28
Now, The Candidates of buildings are generated!!!
s FHS A= Ay A 42 MAG

=

S R e o

e e e R

1) Material : Steel

2) Floor : RC-slab

On Xgrid,

3) Frame : Brace

4) Layout : CLASS:ext,RANGE:1:: F nil nil nil nil F
5) Compose : CLASS:ext, RANGE:1::1-2 3-4

On Ygrid,

6) Frame : Brace

7) Layout : CLASS:user, RANGE:2:: nil F F nil
8) Compose : CLASS:user, RANGE:1::3-4

Do you want to analyze this building?[ Y/N]:y

s Adee gAY g IR U 24 g FARAL 49

; FERARS 49E HAsto] A Y4 44 HES R

; g Rl aFyg 4%

==> {-153 (Candidate genl analysis gl g2 g3 g4 g5 g6 g7 g8)
FIRE 5 Slabs-Grouping: f-153 f-114 f-118 £-149
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Slabs[1]:Bi,0-5,0-3,1-30

==> {154 (Slabs 1 Bi 0 503 130)
FIRE 6 Columns-Grouping: f-153 f-114 f-118 f-149
Columns[1]:Bi,0-5,0-3,0-5

==> £-155 (Columns 1 Bi 05030 5)
Columns[2]:Bi,0-5,0-3,5-10

==> £156 (Columns 2 Bi 050 3 5 10)
Columns[3]:Bi,0-5,0-3,10-15

==> {157 (Columns 3 Bi 0 50 3 10 15)
Columns[4]:Bi,0-5,0-3,15-20

==> {158 (Columns 4 Bi 0 5 0 3 15 20)
Columns[5):Bi,0-5,0-3,20-25

==> {159 (Columns 5 Bi 0 5 0 3 20 25)
Columns[6]:Bi,0-5,0-3,25-29

==> £-160 (Columns 6 Bi 0 50 3 25 29)
Columns|7}:Bi,0-5,0-3,29-30

==> f-161 (Columns 7 Bi 0 50 3 29 30)

; A8 Y4 FASE 2D =S AASHA, HFEaAUE

;?‘dﬂ;:— g2(&en, X, 715%)9 1§ 4 Ndssd

; AR

FIRE 7 Floor-Generation: £-153 f-114 {-118 {-149

==> f-162 (Floor 1 Bi 0 50 3 1 30)

FIRE 8 Element-Constraint-r3: {-162

=> 163 (Slab gen2 Bi 0101130 nil nil nil nil nil nil DESIGN ...)
> f-164 (Slab gen3 Bi 0112 1 30 nil nil nil nil nil nil DESIGN ...)
> -165 (Slab gend Bi 01231 30 nil nil nil nil nil nil DESIGN ...)

I I
[

e ol 4

> £-175 (Slab genld Bi 4 5
> §-176  (Slab genl5 Bi 4 5
> {177 (Slab genl6 Bi 4 5
FIRE 9 Beams-Grouping: 1-15
Beams[1]:Xgrid,0-5,0-3,1-29

==> £-178 (Beams 1 Xgrid 0 50 3 1 29)
Beams[2]:Xgrid,0-5,0-3,30-30

==> £-179 (Beams 2 Xgrid 0 5 0 3 30 30)

FIRE 10 Frame-NO-Generation: {-153 4 f{-114 f118 {-149

0 1 1 30 nil nil nil nil nil nil DESIGN ...)
1 2 1 30 nil nil nil nil nil nil DESIGN ...)
2 3 1 30 nil nil nil nil nil nil DESIGN ...)
3 f4 f114 {118 149

i
i

==> £-180 (Frame-NO 1 Xgrid 0003 0 30 nil)
==> £.181 (Frame-NO 2 Xgrid 1 1 0 3 0 30 nil)
==> f-182 (Frame-NO 3 Xgrid 2203 0 30 nil)
==> £-183 (Frame-NO 4 Xgrid 3 3 0 3 0 30 nil)
==> f-184 (Frame-NO 5 Xgrid 4 4 0 3 0 30 nil)
==> {-185 (Frame-NO 6 Xgrid 5 5 0 3 0 30 nil)
FIRE 11 Frame-ID-Generation: f-153 -4 f-5 {6 f-114 {118 f-149
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> £-186 (Frame-ID 1 Xgrid 1 1 0 3 0 30 nil nil Rigid)
==> {-187 (Frame-ID 2 Xgrid 0 0 0 3 0 30 nil nil Brace 1 2 3 4)
FIRE 12 Frame-Generation: f-153 f-4 {3 f-6 f{-180 f{-187

<== {-180 (Frame-NO 1 Xgrid 0 0 0 3 0 30 nil)

==> {188 (Frame-NO 1 Xgrid 0 003 0 30 2)

FIRE 13 Element-Constraint-r5: f-188 f£-187

==> {-189 (Beam genl7 Xgrid 0 0 0 1 30 30 nil nil nil nil nil nil nil DESIGN ...)
==> {190 (Beam genl8 Xgrid 0 0 1 2 30 30 nil nil nil nil nil nil nil DESIGN ...)
==> {191 (Beam genl9 Xgrid 0 0 2 3 30 30 nil nil nil nil nil nil nil DESIGN ...)

— ol 4

==> {248 (Braces 1 Xgrid 0 5 0 3 0 30)
FIRE 42 Braces Walls-Grouping: {-153 {7 {114 {-118 {-149
==2> {249 (Braces 1 Ygrid 0 5 0 3 0 30)

; MYE 240 AEHAS FAY

FIRE 43 Element-Material: {-246 {-153 f-2

<== {-246 (Brace gen58 Ygrid 2 3 2 2 0 30 nil nil nil nil DESIGN ...)
Brace{gen58:Ygrid,2-3,2-2,0-30] is set to material[1,0].

==> {250 (Brace gen58 Ygrid 2 32 2 0 30 1 nil nil nil DESIGN ...)

FIRE 44 Element-Material: {-244 f£-153 f-2

<== f-244 (Column gen56 Ygrid 4 4 2 2 0 30 nil nil nil nil DESIGN ...)
Column[gen56:Ygrid,4-4,2-2,0-30] is set to material[1,0].

==2> {251 (Column gen56 Ygrid 4 4 2 2 0 30 1 nil nil nil DESIGN ...)

FIRE 48 Element-Material: {-239 {-153 f-2

<== {239 (Beam gen51 Ygrid 4 5 2 2 30 30 nil nil nil nil nil nil nit DESIGN ...)
Beam|gen51:Ygrid,4-5,2-2,30-30] is set to material{1,0].

==> {255 (Beam gen51 Ygrid 4 52 2 30 30 1 nil nil nil nil pil nil DESIGN ...)

;7 84 R, ddg dAdx g4 S +9.
; BHE AT i k.

Bl T - )

— e e e EE EE T E EE R T E S E S E E E EE S oo EEE e emEmEEE e

1) Material : Steel

2) Floor : RC-slab

On Xgrid,

3) Frame : Brace

4) Layout : CLASS:ext,RANGE:!:: F nil nil nil nil F
5) Compose : CLLASS:all,RANGE:3::1-4

On Ygrid,



6) Frame : Brace

7) Layout : CLASS:user, RANGE:2:: nil F F nil
8) Compose : CLASS:user, RANGE:1::3-4

Do you want to analyze this building?{ Y/N]:n

; ol S A
; AEFH B4o]

** The end of generate BUILDING **
Please, press <Return> Key to continue.

; 2,39] Aoz ¥Hgse ¥4 9 YAAE 2=
The menus of BUILDING are shown below. Which one do you want to sclect?
0] Exit to BUILDING
1] generate
2] Candidate
3] Evaluation
4] Factor
Otherwise, phase ’help’ will be supplied.
Enter your selection<(0> : 0

s AHER e o]F
; olst A
; e Y8R
72.1 AA}EE

2 Ao YEHY AFoll st AEo "AFEE 2% 715 o] 435571
Y=t FHe A= ATHY Hojoll gsto] sMgde] B £AE MAEHEY
A&7 g SASY A Hohvh P8 agde A =EE G B4R
¢le] 35 4 2856 g dF ¢ Yoz E dFdiE olF IF¥7 A
of 7t ez HEY AFAE AR ot ARV AA UAHE + A
dIEEH, ¢4, YLEE, FoYHE, HET LA ddlAqE 5.0, B Zojgt
7159 A3 dadE 3.0, 23 ZH 2 7159 S diAEs 1.0e2
3o}
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7.3 7289 ol4%

7.3.1 4ol

A 2ARAE FY342 %2 Gy 4847 AY d4doletE Y] A
A o] BES AHgsteicr ¥} T2 AAR BAY dlolte) UHHPL 4
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strsys2% "k-clips":
) EFolE XA A%

; XIF s H¥Y

K-CLIPS> “(batch "lII")"

1

K-CLIPS> (load “control.rul™)

kR Rk kR Rk Rk ko ko ke kol kR ok ko Kok
K-CLIPS> (load “"control.fct™)

$35555555$

K-CLIPS> (load "idealize.rul")
K-CLIPS> (reset)

K-CLIPS> (run)

; Elol & EA 4
; ARdAGA e 4d

The menus of K-CLIPS are shown below. Which one do you want to select?
0] Exit to K-CLIPS
1] Planning
2] PRELIMINARY-DESIGN
3] DETAILED-DESIGN
4] EVALUATION
5] PRESENTATION
Otherwise, phase ’help’ will be supplied.
Enter your selection : "3"

s B2y HE 49
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The menus of DETAILED-DESIGN are shown below.
Which one do you want to sclect?

0] Exit to DETAILED-DESIGN

1] IDEALIZED-MODEL

2] STRUCTURAL-ANALYSIS

3] STEEL-MEMBER-DESIGN

4] CONCRETE-MEMBER-DESIGN

5] FOUNDATION-DESIGN

Otherwise, phase 'help’ will be supplied.
Enter your selection<0> : "1"

) E2g 71se 49
The menus of IDEALIZED-MODEL are shown below.
Which one do you want to select?

0] Exit to IDEALIZED-MODEL

1] COORDINATE

2] MATERIAL

3] SECTION

4] LOAD

5] GEOMETRY

6] Load-Case

Otherwise, phase 'help’ will be supplied.
Enter your selection<Q> : "?"

; 29
** The start of help IDEALIZED-MODEL **

In this module, You can design building in terms of
COORDINATE, MATERIAL, SECTION, LOAD, Load-Case and
ELEMENT, ELEMENTS(ELEMENT GROUPING)

Notice!!! Units;KMS(Kg,cm,sec)Xgrid

** The end of help IDEALIZED-MODEL **
Please, press <Return> Key to continue.

; 1= A EA HY
The menus of IDEALIZED-MODEL are shown below.
Which one do you want to select?

0] Exit to IDEALIZED-MODEL

1] COORDINATE

2] MATERIAL

3] SECTION

4] LOAD

5] GEOMETRY

6] Load-Case



Otherwise, phase help’ will be supplied.
Enter your selection<(> : "1"

The menus of COORDINATE are shown below. Which one do you want to select?
0] Exit to COORDINATE
1] Xgrid
2] Ygrid
3] Zgrid
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "?”
** The start of help COORDINATE **

You can design building geometry in this module.
This menu serves you to define your coordinate system
which will be used to describe element connectivity,
and building loads.

** The end of help COORDINATE **
Please, press <Return> Key to continue.

The menus of COORDINATE are shown below. Which one do you want to select?
0] Exit to COORDINATE
1] Xgrid
2] Yegrid
3] Zgrid
Otherwise, phase "help’ will be supplied.
Enter your selection<0> : "1"

; 44 a8 HiAs] dgAe

The menus of Xgrid are shown below. Which one do you want to select?

0] Exit to Xgrid

1] list

2] insert

3] delete

4] modify

5] load

6) save

7] grid

Otherwise, phase "help’ will be supplied.
Enter your selection<0> : "7"

** The start of gnd Xgnd **

[Ques.] Enter data of Xgrid direction.
(a) From Grid No. :"0"
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(b) To Grid No. :"2"
(c) Span Magnitude :"600"

Xgrid[1] is asserted with 600.
Xgrid{2] is asserted with 1200.

** The end of grid Xgrid **

Please, press <Return> Key to continue.
s U] el

The menus of Xgrid are shown below. Which one do you want to select?

0} Exit to Xgnd

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid

Otherwise, phase 'help’ will be supplied.
Enter your selection<(> : "1"

** The start of list Xgrid **

/NO/COORDINATE/
1000/

/1/600/

12/1200/

** The end of list Xgrid **
Please, press <Return> Key to continue.

; AR o]F

The menus of Xgrid are shown below. Which one do you want to select?
0] Exit to Xgrid
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid
Otherwise, phase "help’ will be supplied.
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Enter your selection<0> :"<CR>"

The menus of COORDINATE are shown below. Which one do you want to select?
0] Exit to COORDINATE
1} Xgrid
2] Ygrid
3] Zgrid
Otherwise, phase 'help’ will be supplied.
Enter your selection<0> : "2"

; thejets] 519

The menus of Ygrid are shown below. Which one do you want to sclect?

0] Exit to Ygrid

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid

Otherwise, phase "help’ will be supplied.
Enter your selection<0> : "2"

** The start of insert Ygnd **

Enter Ygrid ID/NO Value/list to insert : "1"
ENTER Ygrid[1] COORDINATE<nil>>: "800"

** The end of insert Ygnd **
Please, press <Return> Key to continue.

The menus of Ygrid are shown below. Which one do you want to select?
0] Exit to Ygrid
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid
Otherwise, phase 'help’ will be supplied.
Enter your selection<0> :"<CR>"
The menus of COORDINATE are shown below.
Which one do you want to select?
0] Exit to COORDINATE



1] Xgrid

2] Ygrid

3] Zgrid

Otherwise, phase "help” will be supplied.
Enter your selection<0> : "3"

The menus of Zgrid are shown below. Which one do you want to select?
0] Exit to Zgrid
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "2"
i ** The start of insert Zgrid **
Enter Zgnd ID/NO Value/list to insert : "1"
ENTER Zgrid[1] COORDINATE<nil>: "300"

** The end of insert Zgrid **
Please, press <Return> Key to continue.

The menus of Zgrid are shown below. Which one do you want to select?
0] Exit to Zgrid
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid
Otherwise, phase help’ will be supplied.
Enter your selection<(> :"<CR>"
The menus of COORDINATE are shown below.
Which one do you want to select?
0] Exit to COORDINATE
1] Xgrid
2] Ygrid
3] Zgrid
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :"<CR>"
The menus of IDEALIZED-MODEL are shown below.



Which one do you want to select?

0] Exit to IDEALIZED-MODEL

1} COORDINATE

2] MATERIAL

3] SECTTON

4] LOAD

5] GEOMETRY

6] Load-Case

Otherwise, phase "help’ will be supplied.
Enter your selection<0> : "2"

; Madde 48

The menus of MATERIAL are shown below. Which one do you want to sclect?
0] Exit to MATERIAL
1] Steel
2] Concrete
Otherwise, phase 'help’ will be supplied.
Enter your selection<0> : "1"

; d a3

The menus of Steel are shown below. Which one do you want to select?

0] Exit to Steel

1] list

2] insert

3] delete

4] modify

5] load

6] save

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "1"

** The start of list Steel **

/NO/ELASTIC/RHO/POISSON/YTELD/
/1/2.1000e+ 06/7.5/0.30000001/3000/

** The end of list Stecl **
Please, press <Return> Key to continue.
The menus of Steel are shown below. Which one do you want to sclect?
0] Exit to Steel
1} list

2] insert
3] delete
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4] modify

5] load

6] save

Otherwise, phase "help’ will be supplied.
Eater your selection<(> "<CR>"

‘The menus of MATERIAL are shown below. Which one do you want to sclect”
0] Exit to MATERIAL
1] Steel
2] Concrete
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :

; AEe] HA4YY
The menus of IDEALIZED-MODEL are shown below.

Which one do you want to select?

0] Exit to IDEALIZED-MODEL

1] COORDINATE

2] MATERIAL

3] SECTION

4] LOAD

5] GEOMETRY

6] Load-Case

Otherwise, phase ’help’ will be supplied.
Enter your selection<{(> : "5"

; gA4adHz ¥y

The menus of GEOMETRY are shown below. Which one do you want to select?
0] Exit to GEOMETRY
1] FRAME
2] ELEMENT
3} GROUPING
Otherwise, phase ’help’ will be supplied.
Enter your selection<(> : "2"

s &dH g9 Y

The menus of ELEMENT are shown below. Which one do you want to select?
0] Exit to ELEMENT
1] Slab
2] Beam
3] Column
4] Brace
5] Wall
Otherwise, phase ’help’ will be supplied.

241



Enter your selection<0> : "1"

The menus of Slab are shown below. Which one do you want to sclect?

0] Exit to Slab

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid-

8] assign

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "2"

** The start of insert Slab **

; 2YEFRFEA N % GF 9

Enter Slab ID/NO Value/list to insert : "temp"”
ENTER Slab[temp] DIR<nil>: "Bi"

ENTER Slab{temp] Xgrid<nil>: "0"

ENTER Slab[temp] Xgrid<nil>: "2"

ENTER Slab[temp] Ygrid<nil>: "0"

ENTER Slab{temp] Ygrid<nil>: "1"

ENTER Slab[temp] Zgrid<nil>: "1"

ENTER Slabtemp] Zgrid<nil>: "1"

ENTER Slab[temp] Steel<nil>:"<CR>"
ENTER Slab[temp] Concrete<<nil>:"<CR>"
ENTER Slabftemp] Slab-STL<nil>:"<CR>"
ENTER Slabftemp] Slab-CON<nil>:"<CR>"
ENTER Slab[temp] Slab-DL<nil>: 1" ; % 2] )= o8 dolele)
ENTER Slab{temp] Slab-LL<nil>: "1" ; 7+
ENTER Slabftemp] FORCE<nil>:"<CR>"

;2 84 el A2 452
Slab[temp] has multi-dimensional grids. Tt is divided.

;w128 dFdoletl YY=IRNES Frsta
; AHEAelA e 2%

777> INDEXING ERROR :
Slab[gen2] has undefined Slab-LL[1].
You must

1. delete Slab{gen2] or

2. insert Slab-LL{1].
...Which one do you want?[1/2] ;2"
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ENTER Slab-LL[1] W<nil>: "0.05"

777> INDEXING ERROR :
Slab[gen2] has undefined Slab-DL[1].
You must

1. delete Slab{gen2] or

2. insert Slab-DL[1].
..-Which one do you want?{1/2] :"2"

ENTER Slab-DL[1] W<nil>: "0.04"
** The end of insert Slab **
Please, press <Return> Key to continue.
; B9l

The menus of Slab are shown below. Which one do you want to select?

0] Exit to Slab

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid-

8] assign

Otherwise, phase help’ will be supplied.
Enter your selection<0> : "1"

** The start of list Slab **

/ID/DIR/Xgrid/Xgrid/Y grid/Ygrid/Zgrid/Zgrid/
Steel/Concrete/S]ab—STUSlab—CON/Slab—DUSlab—LL./FORCE/
/gen1fBifO/l/O/l/l/l/nil/nil/nil/nil/l/l/njl/
/gen2/Bi/1/2/0/1/1/1/milnilinil/nil/1/1/nil/
** The end of list Slab **

Please, press <Return> Key to continue.
» MEARE Pugrd Ry
The menus of Slab are shown below. Which one do you want to select?

0] Exit to Slab
1] lList
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2] insert

3] delete

4] modify

5] load

6] save

7] gnid-

8] assign

Otherwise, phase ’help’ will be supplied.

Enter your selection<<(> : "8"
** The start of assign Slab **

; @etEe] f14

Enter DIR :"Bi"
Enter Xgrid 0"
Enter Xgnd :"2"
Enter Ygrid :"0"
Enter Ygrid :"1"
Enter Zgrid 1"
Enter Zgrid :"1"

; B247 39

Possiple properties are
1)Steel,2)Concrete,3)Slab-STL,4)Slab-CON, 5)Slab-DL,6)Slab-LL.

Enter your selection : "1"

; B3 24 4AME
Enter Steel ID to be assigned to Slab :"1"

** The end of assign Slab **

Please, press <Returmn> Key to continue.
P Yy
; 8¢l

The menus of Slab are shown below. Which one do you want to sclect?
0] Exit to Slab
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid-
8] assign
Otherwise, phase 'help’ will be supplied.
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Enter your selection<0> : "1"
** The start of list Slab **

/ID/DIR/Xgrid/Xgrid/Y grid/Y grid/Zgrid/Zgrid/
Steel/Concrete/Slab-STL/Slab-CON/Slab-DL/Slab-LL/FORCE/

/gen1/Bi/0/1/0/1/1/1/1/1/nil/nil/1/1/nil/

/gen2/Bi/1/2/0/1/1/1/1/1/mil/nil/1/1/mil/

** The end of list Slab **
Please, press <Return> Key to continue.

The menus of Slab are shown below. Which one do you want to select?

0] Exit to Slab

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid-

8] assign

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :"<CR>"

7 ER AL MY

The menus of ELEMENT are shown below. Which one do you want to select?

0] Exit to ELEMENT

1] Slab

2] Beam

3] Column

4] Brace

5] Wall

Otherwise, phase *help’ will be supplied.
Enter your selection<0> : "3"

The menus of Column are shown below. Which one do you want to select?
0] Exit to Column
1] list
2] insert
3] delete
4] modify
5] load
6] save
7] grid-



8] assign
Otherwise, phase 'help’ will be supplied.
Enter your selection<0> : "2"
** The start of insert Column **

; Uy

Enter Column TD/NO Valueflist to insert : "temp"
ENTER Column{temp] DIR<nil>: "Bi"

ENTER Column[temp] Xgrid<nil>: "0"

ENTER Column[temp] Xgrid<nil>: "2"

ENTER Column{temp] Ygrid<nil>: "0"

ENTER Column[temp] Ygrid<nil>: "1"

ENTER Columnftemp] Zgrid<nil>: “0"

ENTER Column[temp] Zgrid<nil>: "1"

ENTER Column[temp] Steel<nil>:"<CR>"
ENTER Column[temp] Concrete<nil>:"<CR>"
ENTER Column[temp] Column-STL<nil>:"<CR>"
ENTER Column[temp] Column-CON<nil>:"<CR>"
ENTER Column[temp] FORCE<nil>:"<CR>"

;7 g4 B
Column(temp] has multi-dimensional grids. It is divided.

** The end of insert Column **

Please, press <Return> Key to continue.
> G4l

The menus of Column are shown below. Which one do you want to select?

0] Exit to Column

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid-

8] assign

Otherwise, phase ‘help’ will be supplied.
Enter your selection<0> : "1"

** The start of list Column **

/ID/DIR/Xgrid/Xgrid/Ygrid/Y grid/Zgrid/Zgrid/
Steel/Concrete/Column-STL/Column-CON/FORCE/
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/gen3/Bi/0/0/0/0/0/1/mil/nil/nil/mil/nil/
/gend/Bi/0/0/1/1/0/1/nil/nil/nil/nil/nil/
/gen5/Bi/1/1/0/0/0/ 1/nil/nil/nil/nil/nil/
/gen6/Bi/1/1/1/1/0/1/mil/nil/nil/nil/nil/
/gen?/Bi/2/2/0/0/0/1/nil/nil/nil/nil/nil/
/gen8/Bi/2/2/1/1/0/1/nil/nil/nil/nil/nil/

** The end of list Column **
Please, press <Return> Key to continue.
s MBS 3ol

The menus of Column are shown below. Which one do you want to select?

0] Exit to Column

1] list

2] insert

3] delete

4] modify

5] load

6] save

7} grid-

8] assign

Otherwise, phase *help’ will be supplied.
Enter your selection<0> ; "§"

** The start of assign Column **

Enter DIR :"Bi"
Enter Xgrid :"0"
Enter Xgnd 2"
Enter Ygrid :"0"
Enter Ygrid :"1"
Enter Zgnd 0"
Enter Zgrid :"1"

Possiple properties are
1)Steel,2)Concrete,3)Column-ST1.,4)Column-CON.
Enter your selection : "1"

Enter Steel ID to be assigned to Column :"1"

Steel{1] is assigned to Column{gen3).
Steel[1] is assigned to Column[gend].
Steel[1] is assigned to Column[gen5).
Steel[1] is assigned to Column[gen6).
Steel[1] is assigned to Columnfgen7].
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Steel[1] is assigned to Column[gen8].
** The end of assign Column **
Please, press <Return> Key to continue.

The menus of Column are shown below. Which one do you want to scleet?

0] Exit to Column

1] list

2] insert

3] delete

4] modify

5] load

6] save

7] grid-

8] assign

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :"<CR>"

The menus of ELEMENT are shown below. Which one do you want to select?
0] Exit to ELEMENT
1} Slab
2] Beam
3] Column
4] Brace
5] Wall
Otherwise, phase "help’ will be supplied.
Enter your selection<(> :"<CR>"

; 241 vhelet

The menus of GEOMETRY are shown below. Which one do you want to sclect?
0] Exit to GEOMETRY
1] FRAME
2] ELEMENT
3] GROUPING
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "3"

The menus of GROUPING are shown below. Which one do you want to select?
0] Exit to GROUPING
1] Slabs
2] Beams
3] Columns
4] Braces
5] Walls
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Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "3"

The menus of Columns are shown below. Which one do you want to select?

0] Exit to Columns

1] list

2] insert

3] delete

4] modify

5] load

6] save

Otherwise, phase ‘help’ will be supplied.
Enter your selection<0> : "2"

** The start of insert Columns **

Enter Columns ID/NO Value/list to insert : "1"
ENTER Columns|[1] DIR<nil>: "Bi"
ENTER Columns[1] Xgrid<nil>: "0"
ENTER Columns[1}] Xgrid<nil>: "2"
ENTER Columns[1] Ygrid<nil>: "0"
ENTER Columns[1] Ygrid<nil>: "1"
ENTER Columns{1] Zgrid<nil>: "0"
ENTER Columns[1] Zgrid<nil>: "1"

** The end of insert Columns **

Please, press <Return> Key to continue.

The menus of Columns are shown below. Which one do you want to select?
0] Exit to Columns
1] list
2] insert
3} delete
4] modify
5] load
6] save
Otherwise, phase 'help’ will be supplied.
Enter your selection<0> :"<CR>"

The menus of GROUPING are shown below. Which one do you want to select?
0} Exit to GROUPING
1} Slabs
2] Beams
3] Columns
4] Braces
5] Walls
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Otherwise, phase “help’ will be supplied.
Enter your selection<0> :"<CR>"

The menus of GEOMETRY are shown below. Which one do you want to select?
0] Exit to GEOMETRY
1] FRAME
2] ELEMENT
3] GROUPING
Otherwise, phase ’help’ will be supplied.
Enter your selection<0> :"<CR>"

; 45 2Y dolety 49
The menus of IDEALIZED-MODEL are shown below.
Which one do you want to select?

0] Exit to IDEALIZED-MODEL

1] COORDINATE

2] MATERIAL

3] SECTION

4] LOAD

5] GEOMETRY

6] Load-Case

Otherwise, phase “help’ will be supplied.
Enter your selection<0> : "6"

The menus of Load-Case are shown below.
Which one do you want to select?

0] Exit to Load-Case

1] list

2] insert

3] delete

4] modify

5] load

6] save

Otherwise, phase 'help’ will be supplied.
Enter your selection<(0> : "1"

** The start of list Load-Case **

/NO/DL/LL/BL/WL/EL/

** The end of list Load-Case **

; ol s

732 AAeE
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7.4.1 Aol
B WE& A4x7} BUILDS-A olg#to] FZ24S Sdsns o 4% 949
2o F4L ANHFE B2 QAT YA B 4 33 2.

strsys2% “k-clips”
; Ebol & EA Q%

K-CLIPS> “(batch "IlI")"
1

K-CLIPS> (load "control.rul”)

EE 2T E RS L EE RS EE RS S E RS2 E A R R RS R E L L L

K-CLIPS> (load "control.fct”)

$35858$388
K-CLIPS> (load "builds-a.rul")
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RSS2 S R SRR RS RS2SRRSR R S SR R E RS 2 T

K-CLIPS> (reset)
K-CLIPS> (run)

; Erolg EA 4

The menus of K-CLIPS are shown below.
Which one do you want to select?

0] Exit to K-CLIPS

1] Planning

2] PRELIMINARY-DESIGN

3] DETAILED-DESIGN

4] EVALUATION

5] PRESENTATION

Otherwise, phase 'help’ will be supplied.
Enter your selection : "3"

; TENY 3o 49

The menus of DETAILED-DESIGN are shown below.
Which one do you want to select?

0] Exit to DETAILED-DESIGN

1] IDEALIZED-MODEL

2] STRUCTURAL-ANALYSIS

3] STEEL-MEMBER-DESIGN

4] CONCRETE-MEMBER-DESIGN

5] FOUNDATION-DESIGN

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> : "2"

; WY 24 A

The menus of STRUCTURAL-ANALYSIS are shown below.
Which one do you want to select?

0] Exit to STRUCTURAL-ANALYSIS

1] create-inputfile

2} check-inputfile

3} analyze

4] review-results

5] REFINE-MODEL

Otherwise, phase 'help’ will be supplied.
Enter your selection<0> : "1"

** The start of create-inputfile STRUCTURAL-ANALYSIS **
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; 7 F=old 23slE vlolebs] MR
1. CONTROL INFORMATION CARD

Number of stories in the complete building(not including
the footing line).
NST="20"

Number of frames with diffrent properties or diffrent
vertical loading.
NDF="3"

Total number of frame or shear wall elements in the structure
NTF="5"

Total number of load conditions
NLD="3"

Analysis type code:

EQ. 0; Static loads only

EQ. 1; Mode shapes and frequencies only

EQ.-1; Input and/or generation of approximate mode shapes
and periods plus static analysis using lateral force
cases(A and B) for the solution of the gross response
quantities.

EQ. 2; Type 0 + Type 1

EQ. 3; Lateral earthquake response spectrum analysis for the
solution of individual frame displacements and member forces
in addition to analysis type 2, above

EQ. 4; Lateral earthquake time history response analysis
for the solution of individual frame displacements and
member forces in addition to analysis type 2, above

EQ. 5; This option is not available for use

EQ. 6; Lateral earthquake response spectrum analysis for the
solution of the gross response quantities.

EQ.-6; Input and/or generation of approximate mode shapes
and periods plus lateral earthquake response spectrum
analysis for the gross response quantities

EQ.-7; Type 3 + Type 6, above

EQ. 8; Lateral earthquake time history response analysis
for the solution of the gross response quantities.

EQ.-8; Input and/or generation of approximate mode shapes
and periods plus lateral earthquake time history response
analysis for the gross building response quantities

EQ. 9; Type 4 + Type 8, above

NAT="0"
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Number of frequencies to be calculated
NEQ="0"

Allowable story degrees of freedom:

EQ.0; X,Y translations + story rotations

EQ.1; X translation only for sym. buildings only
EQ.2; Y translation only for sym. buildings only
NSD="0"

Each lateral loadcase force generation code

For Loadcase A......

EQ. 0; No force generation.

EQ. 1; Generate forces in X direction.

EQ. 2; Generate forces in Y direction.

EQ. 3; Generate forces in both X and Y directions.
KODE1="0"

For Loadcase B......
KODE2="0"

Element stress ratio calculation code
EQ. 0; No stress ratios calculated
EQ. 1; Stress ratios calculated for column, beam, and

diagonal brace elements.
KODE3="0"

Execution code

EQ. 0; Full Execution
EQ. 1; Data check
ICHECK="0"

Acceleration of gravity for use in calculation of P-delta effects
GRAV="980.0"

Building identification information to be printed with the output
BHED-="This is a test run”

s FA dgsi=e] A4 4 doje A
A2.0 STORY DATA
Two cards per story level is entered in sequence

from top to bottom of the structure. Now,
a. First Card (1 story)

254



Five characters to be user for level identification
D= "roof™

Story height[distance from the floor(or roof) level
to the floor(or foundation) level below]
HEIGHT="39%)"

Translation mass
Mt= 'IOI!

Rotational mass moment of inertia about a vertical axis
through the center of mass
Mr= IIO!I

Distance to the center of mass measured from the reference point
Mtx= lIO"

Mty="0"

External story stiffness in the each direction
X-k= UIOIU

Yk="0"

; M =

b. Second Card (1 story)
Lateral loadcase A:

Enter load in cach direction
Fxa="8000"

Fya="6000"

Enter coordinate at the point of load
Xa="2000"

Ya="1500"

Lateral loadcase B:

Enter load in each direction
Fxb="0"

F‘yl)= "0"

Enter coordinate at the point of load
Xb="0"
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Yb= "0"
; A A=
A2.0 STORY DATA

Two cards per story level is entered in sequence
from top to bottom of the structure. Now,

a. First Card (2 story)

Five characters to be user for level identification
ID="19th"

; olst 4%

; TR Y] Ay

The menus of STRUCTURAL-ANALYSIS are shown below.
Which one do you want to select?

0] Exit to STRUCTURAL-ANALYSIS

1] create-inputfile

2] check-inputfile

3] analyze

4] review-results

5] REFINE-MODEL

Otherwise, phase ’help’ will be supplied.
Enter your selection<(> : "3"

** The start of analyze STRUCTURAL-ANALYSIS **

Enter input file name :"test.dat”
test.dat is opened.

Enter output file name :"test.out”
test.out is opened.

Your building is being analized.
** The end of analyze STRUCTURAL-ANALYSIS **
Please, press <Return> Key to continue.

The menus of STRUCTURAL-ANALYSIS are shown below.
Which one do you want to select?

0] Exit to STRUCTURAL-ANALYSIS

1] create-inputfile

2] check-inputfile
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3] analyze

4] review-results

5] REFINE-MODEL

Otherwise, phase ’help’ will be supplied.
Enter your selection<0> "<CR>"

; oA

742 AAeE

A2 Aol A= AEA FRAHT FP37] Ao Enpz AR LS B
A 3 AE Aade] A9ANE Bolm A & AFdAE clv]EAINAY 4 o
A8HHE A FA4E dojetr} 7143 ol AL Afole AL FA4F delel
Fuigoz 2 Hao b AELES 3, gho] viA Y ALl AHEAZRH A
A d8g 27U ol #Ae] Aysle] Foiatet oY thofel 71=r) A4
2, gtee] Haol oy 49 MIFozy & Axgg BUILDS-AS als
Ll A-Ee 4 A

™
[,
~4



8. d &

AxrzEs] FENY 9 AAFEE AEHA7 Al ¥ AFeAE TER B
£ AsHE AFHa A

1. A% 4A34AA A 249 43

2. AFAAEE A% dojet Fxof ¢4

3. Agastel vy YeslolAE Y wlwTEUA
4. dujdAgA e AY

5. 2dgiys) A¥

6. gl AYRLE 84

7. diuldA Azel UdsdEs) A

sle] del Bl 2PHE oy dFHAE it A

1. 4Ase BA(AAAs e ARLE, 2N AHE)
2. 2d4% ogE dHs) AA
3. BUILDS-S/C/F/B/Ds] zHA A% A ¥
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1. 4 &

L™

1.1 47788

Yoz s ouldAN Nl YA dAF AdME U5t AY=2P, $
AxY, AMEAE A 2AE FAN A AR Gy S 9 AHel ¥
23x =Y 2k 4% A 278 2y W aFdAlE o Ag
Z7c) o FAHTANY ARG, ATA, GAATH o =) Y FEE
HEA B53 24eld. =3 2Fs ARE o} AndA, 47234 3 T4,
Z7N2YASE AAYE & U BEAHY 71E 0] HIEE VAR 4AAEL 710
2X8 fFAY nFe] 4AEAE FRRAY A A HHeg &R Y
= A3l o)A AFAY HAAYH 719 wule aFEA A YoM F
24 Aodst 44, AT SACNA A AMH £4F 2] AT A I
Hdeg 53 . aHdE Efstn @A Fufell olAE Ao} 7]Ee] o
o2 BFa3 olofl iy A+ dHokA AFE Aol wddy ngAY &
AL T Ho FUHA 71T % ool diE 877 43 29592 o

1.2 d154

A 25T AojAe TR Yo}t A4F ] HellA HFEIS o] §2 A9
B35 gE 32 ohct. Aol dEd 7IeHY Fd ik ol B
o W2 Hed RNelA AFEE oFsleis xHo] PalAlx o). 1960d o] Fuke)
"ol ejA 19| Mde] YA F CAD(Computer Aided Design) A|A¥-& X84

AFEAY B2 o 4 shiolxn, dA 5T 2t Felel4 HAAY A&

267



Moz ol45x Yot aAY N5 FYTEES M AALGAY Bok s
GAllol YojME HFES) o8& obArAE HFHA YA Ak 1R £ <
Zol e e} olul ARk RPFFTZ YA 44, HETES) 43 U V12
yAY AR AYY RFFET2 44 o 4ARcE 4 A43AA A YA 2
o2 Tho] o]25|: AUFA S (Artificial Intelligence)@ SfF ol 4 53] F5& w2 R
Mg} A2d(Expert System)§ FATo2A AExgol 42 THHA Aol
HEY 4 UEH Yoz H A¥d & 3] HEF s Aln.

13 A7

AEI} Al 2ol HAMoEE BAel Gt o) AFAA(AEH 4d Ay
3 2A)g tlolebujo]2(Data Base)st stod vl AE 77} o] A& ol FHA e
d EAE ARG FEW AR £33 HHHE AL FEE HE A2HolH
N2 uad AT FAE AF HE/ Ax2AE 2y 48 UGS Sk i
MYCIN, 2248 % PROSPECTOR 9 H¥e s 4XA¥E A% R1g] &
on], RZEY Holof AR £AALE 22 Pk 7124 HHH o 4WHE 71EA
2l(symbolic processing)ed ¥&-g& € M2 E 7Q& EUded AFE ol BHEE
g7 AE =Ho) o]FoiAT Uk, old) WY AR AxRPeRE % 4EH
AgdA Qe A% HLRISE, 2za48e 488 A% SACON, WHERE 8
A2 g% SAGE, MEs saf4g fi¢ FAX 9 72334 37HE AR
HOWSAFE, DAPS%-¢] 3dh.

wi mge] HBEANNS 9% HE7 A2 M. Biswas 8} J.G. Welcho]
% BDES(A Bridge Design Expert System)#} T. Pagnonicll ¢/ Expert Systems

for Bridge Engineering 3 H. Furuta ¢} N.Shiraishioj] 2|4 Application of Expert
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Systems to Structural Engineering%-o] 22t}

B A7 age dudAdaAEe M4 1 4AE = 43S FHoE o= A
Agoz ol dA GANAE FRTEYAS] A, 4T R 44, TR
A4, 2yl AR, Tz Ae] Ay, 4AAAe] Wt 9 4431 4R34
o ot 4 % AAE XY Ao oo yi AM A2 W§As BADES( A
Bridge Analysis and Design Expert System)2.2 83X th&3 e FA29E £%
¥ Anpxe) §AHHPL BADESS, /H4d3He 43L& BADESC, 712729
8 Al 4 BADESF, 4439 4327z et 814 9 44l BADES-A 9 BADES-
Da #x.
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2. BADESS] w7
2.1 duldAls AL

2R AY, 44, ATHE ol TEH Lo e T L FANEA 27
2 AAeE 447 35 YonE AAZA} YoHe R FaST BV 2T 4
A=) Yo} = wAglel Feldoln FAFY AR, 4A, ATE FIH7 A aheq
2zEs Fu, 284 4 2P ANAHY 4R E AYA w5 WA e
zAe] ol ). YKo R WFY ﬂl!lﬂl*i.*l%"’}?‘l 7 gAME Afz4), 4
AZA, NTEALE Geick 80, 242 WL ZFFR #e Aolst Slom, 4,
SETe 4% AL As ARz DA AEHd ZAE ASRAH 4 HEE

e L2

o ZA4AYE B2 vhdstel FRHAY FYsA AT HAsdcl Bt

T ¥ % 9 4 %
Logyt= 2y | «ngda) XA w2y F PR i
o Aol H= ofRizlA| | d¥R
F4e F2E JUES | *EYFYE
s e yx | w2 % FHOIE
4 AAAA AYS AR #3705
=] veds dA

2. AY4A *F2ES] Yagnlae] Fogd 27)134
ot g AgEhs | B

A YRR L
AReg A
+FEAICEAR

F47H)
3 718A | +3asa g A% 7z 1424
AAS AR A oD RH ARl

B85 24 23
Jjet FauEas] 2%

* A2 PA
Al ZA
*ZFAEO1EAR
F378)
4. M EA *TEE-L Y AT "I AT aRA
hed BaYW BE A AlEAYN
< 2 d4A g g
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Ve s 2Fs HFEWo| BAHAAL &3} ol 2 g W FRE
e} E2.15 o] 49AE EFE & Yek

Do dAE 21048 Fol ULE F4olH FALAZ AWl Aoz AY
AANA B AEAAZ $AAA Ut mgs) 4AN XS LA S8 4 2
239 FLRPE E2E 9 $A0) A5E Fasw ARE A 2L 4 Ao

2.2 BADES®] 718

YR Z FLATNA Rl dye] 72 E 4A9) AFAA ANGE 4
ALdAANY g FLE FES 4% AFolAgt FUSY A2 4A), AAFo]
BAA R A= AL ohvi. AFe) TFe) WY dR4HAE AFYR T 7 Ba,
BETE, 7|&TE, 7|2FUe) AuhFo] FURYR F2e T HAY F2EZ
=547 9% 994 4AE F2E 4A gAdRn ¥ 4 A

oY mF gAY HLANE FEY FAHLLE JMed Bo] T B
T Hrhsdd A G4 Gl AHY, 7154, BAHLETY 5
7 AEE AALHA Fd54 BA R, 24 YA BHANE FLFFNA

rlo

=8 "85 AT Aol of2H FEEY 4AVISE B 50| Hol oL 4
oMM 2 GRS S5 AL 199 7R UM E ogidn & 4 Ut

2y AF7hA1E TR AFEHE BN =¥ PRy F2 HUF
B7l AAe 54, & & dAEE, AFE adiHLd % A4H J4x}, 28
IS 4o dojet Mol FHE Folft7] wiito) Holld AFE uis} 72 o4
FdelAe] AYY dQol= HE87)7 o2 M, gt MEDANY EFS Aol 9
¥ AN EA) FEH FAAE wigo 2 LAl 449 Ao o4&, 2 YUY L

271



wudte] 2AIF SRS olHY EAE YFTAF /1Ys 2R Az FHel
HER A4 F, NI 320 A WA SEAHFTE AREl AW dAFHS
$REoz EUsA HoezH AR dAA2EE FER7] AR Ve 2o
& vidaA S

iHe s AL FE5HME HPL F2 Y o Eo) AN oA
2 Agoz AMAY QT e AFE AU RFgelol Ak FEFGE ool
A% Agols 7EY%s) 7124 o]Zoit A%HA A7) wlEol AHE A Fof
Ae FREe) LA, S3] JRY FRALAS Ao EAdE B2 oFol
A2} olel@ Hop: 1 o]Ue $HY FUE s FPolEE A4 AAH
2 HE7 A2fs) 90 Rawd HYs 49¥dn & &+ Atk

B AZE 99 7 Ml dAZY, F2e4e) oY EA50) VY 7EY ol
A A3 o] Hoko) AEH AYY A4E vigez A5 aFdAs dBA
29g A =g HuaA, 53 g A% o E ke ArlAF
A% 2R AREHS ASHA Rezd chgde] HENS HHd e 1Y
o] Hlug o]HY Y dANAE UHH xd2 AP 2 FHo] A} oY
T ARNANZRE o]$ T2 F2 Aol Aol 4746 & 4 AL AHedRd
o B a2 Msd ZE FEe JRE M3 E & lenz 2 4 A
4 =55 £ 4 A

2.3 BADESe] 4A|2%

o)Are} 7+ WA 9 BHN B dFoAe nFs] cu4dAE ddes 7t HE
7te] A4, AYS EdlZ & BA2H(sub system)s A%z, =X 2AEE WA
§ AxAAg(total system)e] FEHS FEZ 3 Aol EE F FALLE
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TIAEE & = i A5 EAHe] Art. o437 & Agg 22T oAl
2 249 2.13 Ao

(D | 7H4 #Hx19 ¥
AALHA =79 HE

2% 23
i
2) | ad F¥49 MUA

S EERE

MY 4%

(3) AEdA

[

I3 21 ou]dAe »nd

2% 21604 (1) 2@ A A A8, AQ, QH=IA"2) 4%, 384549
% A9 R2ASS B2 2HE AAHE Aold. (2) BF, AVRY, 72
Foll chAld $EW AEE Wobo] Asinn A2=E 2PN SETE, FRTE
4 TS 23578 ABehE Aol (3) QoA AAH EFo M AY
AAE Yokl AAY, FESAT) A8 FPuRE Yoo

E dFolME ol clulgANel 4 (2)ol 48] A48-§ HHAZ ¥ prototypes] A)
2R75E 432 o
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2.4 BADESs| 4

ARt AAEE Yold AWH wieh o) BEH A4S ) 4] o] 2 (knowledge
base)2 A M 1 MY A olfdel EANUE 4T Ajzgelct. 47141 A
2Hel AL AA(fact)ol B A4 B AR 2NH Q1 A A(heuristic
knowledge)& 7t gk Wkde s HE7 A2R8 5700 goix] 2FHE AL E
= A8 85, A4 BY, 149 0|3 2 A48 A 71 A% <l ¥f s} o] £ (interface) 9]
AAXE & 29 2FAN 7t FRE EAE 46 f5olt. A4FANH AR
e ARH A4S Ao YL =g AT ol FE A4g ote HENH
S5 ERAS o3l gol A7) WPl o] AHH A J9A L71%1A A A St
ARE AU s BT AMolE FHS 4TARE #4584

AR Axde) dEHY AAEHYHeRA 4 2 x) 2~ ¥ (production system)o]
gen of Axda: IF(ZAR), THEN(H9®H)s Red4E 7HAE YAt A
(production rule}g 2& x| Auojxrt Rt o Aags) £QL A4E olH]
A1 Y, WA 4 $go] Felsce Aol

B dFoidn AR WA HEE ¥ A=d ALE =F(tool)?l K-
CLIPS(KAIST-C Language Integrated Production System)& o8-8t} PP X
Faa04 o & A2 Aol FEHE AEA, TFLAALA B2A
W EeAEAE AYS Euz ¥ A ¥R o A4Ag AR R,
BADESe] $%-4¢ Md& 1¥ 2.29 3
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\_I(Ms
DEFINITION

~~~PRELIMINAR
DETALL
~—EVALUATION @
EDEFINITION
I ! TG
DADES -
Task Control Editing,
by Compiling +——p '\B‘ﬂ:_s_;-“/
K-CLIPS INFERENCE and Loading @

L I

Computer / User Interface

1 ¥ 2.2 BADESe] 7=

2.5 BADESS] 9]

BADES®] HF&42 2E yefo] F4A0) HEsE 208 Sy AL
E2oR @} £ dFo4 TR = HAZE BADESS RAIA¥lo)A ms]
i} Aol st XFAYTE A8 HH(BADESS), 44H 4372 g4
& He3He] 4AY(BADESC) 4 7|24 49 43(BADESF)oz =0 len,
B Aaed nsn Qe APFE, 4T U Zlxe) ¥4 ¥ 2.2, ¥ 239
¥ 2.4 7}




¥ 22 AFTEYYY SF

steel superstructures

concrete superstructures

PC superstructures

simple plate girder
continuous psate girder
simple box girder
continuous box girder
stmple truss
continuous truss

slab
hollow slab
rahmen
t-beam

simple girder
continuous girder
simple box girder
continuous box girder
beam

langer truss

- upper deck

- through deck
arch

¥ 23 FHEEde

steel superstructures

PC superstrectures

=24 712949 7

staging method

- with truck crane

- with cable crane

- wath stiffleg derrick
- with floating ¢rane
cable erection method
erection truss method
pushing out method

- with erection truss
- with erection nose
- with barge

- with movable bent
cantilever method

- with truck crane

- with cable crane

- with stiffleg derrick
- with floating crane
large block method

- with truck crane

- with floating crane
- with barge

temporary bent method
movable scaffolding method
incremental launching method
free cantilever method
progressive placing method
precast girder method
precast segment method

- with truck crane

- with floating crane

- with cable crane

- with tower crane

shallow foundation

TC pile

pc pile

steel pile

benoto pier

earth drill pier

reverse circulation pier
deep pier

open caisson
prneumatic caisson
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3. BADESe] +5%

3.1. 437z 4s 4329 (BADESS)

3.1.1 ARFZ2Y4H AAQ7IE

RFS AQRE dole AHd AF qul A7t $aped 2] 2 Ao w2} x4
o] M AAs)o)Ac}. 223 m@e] AGu|RLAE Fto FFE, BAEY, 7
z8 e ARZE A Ao ol Z7s nimAdAo] ds 7IEARE HA® oY
024 A U & U2, HHs g4o) FAsd o)o] i LA AYHA
o} olgte] mgg MY UHHA &Aool oln MY ZFHY 4A
a8 &3 .

(1) =448 9 7taHA

DiYeor dAAE Foi7 £2 A9z do) 2 Ao, U2 Ffod 2FT
ZFo] £2 ANollA A s Fo) o T4 ¥ Ak deA 24 HAA
= ange 44 9 AF, AAYTE Fol A Falt 489S HYHTE oo
. 53 Fgagl Aol Fule) dge] A7) sfFol FES| mfste] APk

Iy

ok aeln dg ZAR A dHAE $24 7e FRA/E AR FAULE
BE WollA ke +4E sete] mge] AAAT FERA : Aol FuY F
el d ¢ A

(2) s14=4

RFAYE B=d ol dHRAF 2y, Az, =l 4 279 A, $¥, ¥
o g 7lxs TYAEH Fo] RH 22 s AAEE Ao oA AY,
712X A8 AelSol) vt dats ez ¥ 9 L2 DA FE3) W stoio}



s FEY 7|2 AZEA4A} s of g Y &5, 1FF9 BAZA d4
AR YADARA 8] nsiof #r}

(3) A4 AM4

EFg Aol 24 AW A Jlgdes FAW FHEZ F2AAS A%
o Adol 2ste] &3] HESolof Y} EY oo XA oA Fa¥ EXAE AA
A miang o HRTFZE U 3 FTAH S HESojoF s MY u]
T g3 %S wd o8 $Yse Aol Aol

1) d&d g4 vaol] RojAE RS H4e] AN 71ER4E ) EEEE

ol-stei AAH.

2) gopast ol Azte] AA, §Rz Ul P A Dol el AHol x|

S A9l 2-3/49) HAo sl vindeg oo AYG

(4) NEAHH §x%e

U7 B AL AT AR Y ol s FEsteiof @t T
ol #AUEg4A e FrA FxE3 Aed B} Fold FE2Eo| FAuF
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a%3JmHﬂ%ﬂﬂﬂwmﬁnkﬂ%ﬂ%:ﬂ32ﬂ1hknﬂazﬂmﬂmm
nitialol A 2 wpeh o] mArel HHE 10-1000mz #P2, P} AAE A
0o 52, A 4 ATEA dURES sgen, A 8HAR EHRR
olof] i3t ML 5-150m=z %t

w ulmore HA7) HE FHATES 7 2Fol et 27 ol FHA Ao} A
co, DRAYA AR AT BAe] 4%, A4, 5, ABF DU
A AESE Aol ST 1¥AY AAMZE GETFReke) B, 2FTS AP
ol Az AN 41A HARAA g WA B ALPRAE FHaE4 9 AF
o] A HnE sho] E 3.13% ol 7t 2FHET EEHEALe WA Pt

¥31 7 33 EEHEXT

Z] Zr (m)

3] Al
[=) i
10 20 30 40 50 60 70 80 90 100 110 120 130 140 15

slab

RC 1 | hollow slab
rahmen
-beam

simple girder

continuous girder
PC 3 simple box girder
continuous box girder R AU USRS NN SN SR AU AR AUt
beam

simple plate girder
continuous plate girder

* simple box girder
STEEI ‘ continuous box girder

X simple truss
~ continuous truss
- langer(upper deck)
langer(through deck)
- arch

(P continuous box girder 28] 7% 7HdF Yol wet 2 Trg 150m7tA] ¥ 5 Ath)
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(deffacts w. £ ™ "
(sexvicebility.weighting.factor nil)
(constraint servicebility.weighting.factor range 0 1)
(aesthetic.weighting.factor nii)
(constraint aesthetic.weighting.factor range 0 1)
(maintenace.weighting.factor nil)
(constrzint maintenace.weighting.factor range 0 1)
(fabrication.weighting,factor nil}
(constraint fabrication.weighting.factor range 0 1)
(economic.weighting.factor nil)
(constraint econcmic.weighting.factor range 0 1))

{(deffacts initial "™ ™
(main.span.length nil nil 5 10 20 20 40 60 80 100 150)
(constraint main.span.length range 5 150}
{(total.length nil nil)
(constraint total.length range 10 100Q0)
(bridge.site nil nil)
(constraint bridge.site oneof stream road railway valley))

.
r

; USER INPUT

(defrule USER-INPUT1 "range™

?reml <- {constraint ?att ?ctyp&range ?min ?max)

?remZ <- {?att nil 37?1list)

=>

(retract ?reml Z?rem2)

(bind ?inp nil)

(while (or (not (numberp Z?inp})) (< ?2inp ?min) (> ?inp ?max))
(format t "“Enter %s<%d-%d>:" ?att ?min ?max)
(bind ?inp (read)))

{assert (?att ?inp $?21list)))

(defrule USER-INPUTZ2 "oneof" .
?reml <- (constraint ?att ?ctypé&oneof $?menu)
?remZ <- (?att nil $7?list)
=>
{retract ?reml ?rem2)

{bind ?inp nil)
{(while (not (member ?inp $?menu))
(format t "Enter %s<"“ 2att)
{bind ?len (length $72?menu))
{bind 7?1 1)
{while (< 2i ?len)
(format £ "%s," (nth ?i $7?menu})
{bind 21 (+ 21 1)))
(format t "%s>:" (nth ?len $?menu))
(bind ?inp (read)})
{assert (?att ?inp $7?1list)))

< ¥ 32 siolelgtey 73
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EY vlactol Wiy Frhaded A, AFA, AV, FY4 % nBEFL A
B4, DFYALARTA, 2aEY o AR AL FIE 3o 5, 3, 1, 09
4342 YAH5F Rodsigd. olAE 7 wEY Yool Y FAHGE ¥
320048} o] shite) $UR vholetujo] 2 ttato] RAREF s)o] Yo] HEH B
2E $ARES Heig.

¥ 3.2004 [1]9] A$+ x| 7to] 5-10mel A $-o)) v]@mte] RC slabsk RC rahmene
B oot 24 HAYEY B e nilgS o) list2 A AMA, NFTA, $28e
A, v o 2949 $og Ho Y.

AMAA diE 3 2F3de) ARz T8 mPge AAANL A% 7
Hlmbe HASES Hol 23, AT Aol AHNE A4, Go|E, T} o J4T
552 $HLLZ § 4 UL Aotk ALTHE AN Ts)7) WEe) A2
olght HollNE AMslstm, HHA 1 WolEE HhgHo] Y] oA xnt 79
AHpo) e Hrhskzn, F71E 24 n3d H4TE 2L A 2200 o8 Y5 %
5 o, A% daldE SaEnd) AN E BE 4 UL AT $7)
HIES H2 Aoz ndtio] FRUE Foin 42453, FRE £4o] §71Hog
AL Aol e TANERNhE YA T YrHER HRen), Fy4ol
Wl o) $dg B AL uides] TIHAT AE, $4E A5 A 9
A &, AFAS7 4 Aol F94S F3aA B B 2P A5 2
A QHAAGA, ARAE 2A e AFe] 2D 2 AADGAE 24
E maA g3 e.

A% g v dAAE FHol & PN ol vigs] FasAg 448
£F TARS= AL o) ok A £ AARolHE 2EH AFETRE
G713t
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¥ 3.2 Hrtac'd H4 s Data file (BADES-S.DB)

(1]

RC slab nil 3 5 3 1 3

RC rahmen nil 5 3 3 5 3

[END]

(2]

RC hollow.sglab nil 1 1 3 5 3

RC rahmen nil 3 3 55 3

RC t.beam nil 55 3 31

{END]

3]

STEEL simple.plate.girder nil 1 3 1 5 1
RC t.beam nil 3 53 31
PC beam nil 55 3 3 3
PC simple.girder nil 3 35 31
[END]

[4]

STEEL simple.plate.girder nil 3 5 1
STEEL continuous.plate.girder nil 3 3 1
STEEL simple.box.girder nil 3 3 1
PC beam nil 5 5 5
PC simple.girder nil 3 3 5
PC simple.box.girder nil 3 1 5
[END]

[5]

STEEL continuous.plate.girder nil 3 5 1
STEEL simple.box.girder nil 1 3 3
STEEL continuous.box.girder nil 3 3 3
PC continuous.girder nil 3 5 3
PC continuous.box.girder nil 515
{END]

[e]

STEEL continuous.box.girder nil 3 3 3 3
STEEL simple.truss nit 1 115
STEEL continuous.truss nil 1 315
STEEL langer.upper.deck nil 1 115
PC continuous.box.girder nil 5 3 5 3
{END]

[7]

STEEL continuous.truss nil 3 31 35
STEEL langer.through.deck nil 3 3 1 3 3
STEEL arch nil 3 1 3 5 3
PC continuous.box.girder nil 5 1 5 3 5
{END]

(8]

STEEL continuous.truss nit 3 3 1 3 5
STEEL arch nil 3115 3
PC continucus.box.girder nil 5 1 5 3 5

[END] 283
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{2t Frhaole] iy 8 % (weighting factor)E ¥ 3.2004 B v|g) 3ol
0-1¢] W9le] b AEAA A UG} o] 250 2 WA AY FHH4+E
T4 vz H4E HAEA §4Hs7 2 €22 vade] Yeie] &
F 3. AR o] YhE FEUAFAM HFHA AR 4L 4=
& =o] Ud.

29 3060 g AAAel Yddhole) o 2E WS @ ohF B 1Y 3339 P
CLIPS> (reset)
CLIPS> (run)
Enter bridge.site<stream,road,railway,valley>:road
Enter total.length<10-1¢00>:50
Enter main.span.length<5-150>:15
Enter econcmic.weighting.factor<(0-1>:;0.9
Enter fabrication.weighting.factor<0-1>:0.7
Enter maintenace.weighting.factor<0-1>:0.5
Enter aesthetic.weighting.factor<0-1>:0.,7
Enter servicebility.weighting.factor<0-1>:0.5
Candidate hollow.slab is being evaluated.
Candidate rahmen is being evaluated.
Candidate t.beam is being evaluated.
CANDIDATE [genl]: RC-rahmen:12
CANDIDATE [gen2] : RC-t.beam:12
CANDIDATE (gen3] : RC-hollow.slab:8
Enter your candidate name<genl>
19 rules fired

CLIPS> (dribble-off)
2 ¥ 3.3 BADESSs} 2273
2% 3304 B 2t ddelelo] g £8 A4 RC-rahmen, RC-t.beam
g RC hollowe] £28 H47t slo] o, 4gae o AHE FZ so] 27
o 4R7EYAE HAE 4 Ak
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3.2. 7Hd3He 4329 (BADES-C)

321 M4

£ A2yl ¢ BADES-SojA mig 44724 gAo] dHsjoid 439
Al w2t Mg Yol HHEER =lojden, g7|48 HEHHE AT 24 e
PC BOX 840 @iz Qick. F 230X 9 PCage 743 HE AF54 da}
AqyHog BFHH a7 3.49 Pk a2 3.4y A AGR AFA ) F2 HE

t U ks, ol A wAITE, ¢ETY, VRAWTH, AXEFY 7
ZALE fadHEFHEIR ZALE AvFEE PC IYeold TYUES AT
2 7% o AFEE Tl

Fuj PC r2ArmE 19810 Hadar BT des A4% ojF PC o
ZAdae] 4o FH3] Frhstden, FulelFHa HETHel A 83%F A
ez 53] GEFHL 1985d9] SFHE AlFol¥ HEHUNE AGHE Rojm
ok FulElTR e ARRE AFTRTA S A7du] vlge] AT 65%F 4382,
A¥TtE 2 dF AR Fele] Al ulEo) 45% RS £EUS ALY W &
o2 A FeteFREG: GEFHHA AL Z1ARE HAF Y HEol OF &
ol d Aoz HgHd.

3.2.2 ARA 2R 75

iyez PCutAAY RS FHe FYFAM AL FTHAEA Fo¢ 24
7t A T AMAL A%, 23, mn o Rz A5H 248 AN Q=
A4 FuielEe A oy Z)ASE A AT aHe] SHFH
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o) BEEA 9 ATANS Egi2 7 TPEE HEY 4 QA= ANFS EXSNG

E 3.30014 B ulsh 3ol Futel FHE Mol AUFe] 30moll4 60m Ape]Q]
Foll AHEEon, $ETHE 40mef4] 60m Aol g, BEAWFT YL O5mol
A 125m Apojel s@ol, o}%4 Bl AFHE S0m APl Z2 Hgsigic: A5 &
4 ook £ E 34dA4E FHY AFAHA 939 FEEA 9 AT 44T &Y
7 3EE HEg + = S ARG

E 34004 BE wish o] FulelFHE S0mofj4) S00m lol9 mFd HE=M
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CLIPS> (reset)
CLIPS> (run)
Enter bridge.site<stream,road,railway,valley>:road

Enter total.length<10-1000>:500

Enter main.span.length<5-150>:50

Enter economic.weighting.factor<0-1>:1

Enter fabrication.weighting.factor<{-~1>:0.8

Enter maintenace.weighting.factor<0-1>:0.7

Enter aesthetic.weighting.factor<0-1>:0.7

Enter servicebility.weighting.factor<0-1>:0.5
Candidate continuous.plate.girder is being evaluated.
Candidate simple.box.girder is being evaluated.
Candidate continuous.box.girder is being evaluated.
Candidate continuous.girder is being evaluated.
Candidate continuous.box.girder is being evaluated.
CANDIDATE [genl]: PC-continucus.box.girder:16
CANDIDATE [genZ2]: STEEL-continuous.box.girder:12
CANDIDATE [gen3]: PC-continuous.girder:12

CANDIDATE [gen4]: STEEL-continuous.plate.girder:10
CANDIDATE [gen5): STEEL-simple.box.girder:7

Enter your candidate name<genl>

Is it possible to place temporary bent for erection([y/n}?n
Is there a yard for fabrication near the roadl[y/n]?n
Is there a yard for fabrication near the site[y/n]?y
Can the crane or the like enter into the working arealy/n]?y

Is the height suitable for crane erection[y/n]?y

Can we select the self-propelled crane according to
the member size and member weight (y/n]?y

>>** You can select the PC BOX GIRGER type by PRECAST
SEGMENT construction method.

30 rules fired
CLIPS> (dribble-off)

2 ¥ 3.6 BADESCs] &23}
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3.3 7123849 QA AE (BADSE-F)

3.3.1 Ji8

QutHo 2 Vi) NxgAlol dsf od2] AAZTF Y A8 B 7124 &
A 248 AR nHRE &) 3 AXNA sof FPH A o)F&
AL 235]7] ol £ N2 ML 71gHA Aol FHE Fol A A%,
HE7x, HoiZlx W AeeVI2E ERGR(E 2.4%E), 2 FelA oA HAS
BHE wieg 5%

dutre g 71284 AW ¢AE da3) Ad.

(1) 7127280 AA#= FHTF2ES A Y

(2) A=A(NE] 4%) =4

(3) 7128 Aol A ALH oy

(4) Axkz4

* A7)z - EFAYAY, A8 4 4%AY, JEARY

* a9 Aol&r|x - EFRUYAIY, boring, A1BANH % HYAH

Gds e Al 4 54449

(5) NFZAZA - FogAZ) A Y, FARA

(6) M 12 YA 43

(7) AAAYZAA b5 ZAANN v2REYEE A

PARTR HFAR

* A Fe] zel

* footing®) Aeh4ReNA ] Zlo|

e O L EER: B
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* 3718 $ae4R

* ARge] 45, 44
8) FAI, F71) &
©) 434 YA

332 AYA 2] 75

B Az 7 7lxg e U 8oz A F2ES 54, Y 4
N4z, AFFzd % #4234 94 5, 3, 1, 09) 4gAl9 U4 Foisie] F7t
H5§ slojich. Z AAE Hrhagle oy JrHHsE E 3.56 Aol ke HY
2 tiolejujo] A%te] HHan, E§ LS ANA Z7te] iR dol dEH AES ¢
o dgsle 298 HAsEd UYdelels) Wy Yt d9ges vehiglon,
AR Gedge 24 ZlagAda A HEs 2 €42 FERHNN
vehtA sk ololl uidt AYohojel 9 FEAsE 28 3.75% Ao

X 3.5014 end.bearing.type.Df:0-5mofj 4} friction.type7t =l XA A ol B 4}
4 o}n], small.span.length:below 20mef| 4 large7t A & 5 TR2ZA dH 833 54
3#2& ey, flatted:below:30degreesl] 4| concave.and.convex7}Aj& & %)% d #|
AHE VehlT, 1 8 AFES A 4, AEd] e 9 BFZAES
vhebdich. w3 2F Aol A liste) €4 AP7)%, RC, PC o Steel pile, RCD,
BENOTO 9 Earth drill pier, open % pneumatic caissong=2 2 o} flr}.
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% 3.5 §s19q4W #H4s Data file (BADESF.DB)

{end.bearing.type.Df:0~5m]
5311001310

[END]
[end.bearing.type.Df:5~15m]
333231335505

[END]
[end.bearing.type.Df:15~25m]
1355553555

[END]
[end.bearing.type.Df:25~40m]
0035531053

[END]
[end.bearing.type.Df:40~50m]
0015510011

[END]
fend.bearing.type.Df:50~60m]
0005500010

[END]
[partial.friction.type]
1553333333

[END]

[friction.type]
05550000¢0CG¢C

[END]
[small.span.length:below20m]
5353333331

{END}
[medium.span,length:20~50m]
5355553353

[END]
[large.span.length:above50m]
513333336565

{END}

[small]

5553335331

[END]

[large]

5133333355

[END]
[flatted:below3(0degree]
5555555555

[END]
linclined:above3Q0degree]
5133151513

[END]

[concave.and.ccnvex]

5133553533
293



[END]

(£ 3.5 41%)

[cray.Nvalue:belowd]

13555555
[(END]

5 5

[cray.Nvalue:4~10]

11355533
[END]

5 3

[cray.Nvalue;10~20]

10133533
[END}

33

{cray.Nvalue:abovel(]

30003311
{END]

13

[sand.Nvalue:belowl5]

313553555
[END]

55

[sand.Nvalue:15~30]

10135535
[END]

35

[sand.Nvalue:above30]

60013313
[END]
[locose.sand]
31353113
(END]

1 5

15

[no.gravel, £loat.stone)

5335658555
[END]

55

[gravel:belowlQcm]

50013313
[END]

55

[gravel:10~30cm}

5001010 3
[END]

33

[gravel:above30ecm]

30000101
{END]
[G.W.L.is.above
135555309
[END]
G.W.L.1is.below
5555551
END]
G.W.L,is.below
555555853
[END}

{
3
[
[

(pressed.ground.

1 555111¢
[END]

[pressed.ground.

035530000

movapble.ground.

[
[
0355000090
[END])

.the.bottom.ocf.the.footing]
35

.the.bottom.of.the.footing]
55

.the.end.bearing.pile]
55

water.is.0~2m.from.the.surface.of.the.earth]
35

water.is.aboveZm.from.the.surface.of.the.earth]
13 .

water.velocity.above3m/min]
1 3
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(X 3.5 A%)

[flatted:belowlldegree]
0005531013
[END]
[inclined:abovelOdegree]
3333333333
[END]
{concave.and.convex]
1111111111
[END]
[site.on.the.water.depth.of .water:below5m]
33555000055
[END]
[site.on.the.water.depth.of .water:above5m]
01111000055
[END]

[yes2]
5000533533
[END]

[no2]
5555555555
[{END]

[yes3]
3001553113
[END]

[no3]
5555555555
[END]

[yesd]
51113115233
[END]

[no4)
55555505555
[END]

[yesS]
1355533050
[END]

[no5]
55555555575
[END]
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CLIPS>
CLIPS>

(reset)
(run}

Select support.type
end.bearing.type.Df;:0~5m
end.bearing.type.Df:5~15m
end.bearing.type.Df:15~25m
end.bearing.type.Df:25~40m
end.bearing.type.Df:40~50m
end.bearing.type.Df:50~60m
partial.friction.type
friction.type

Enter your selection<l-8> :3

1]
2]
3]
4]
5]
6]
7]
8]

Select structural.vertical.load
small.span.length:below20m
2} medium.span.length:20~50m

3] large.span.length:aboveS50m
Enter your selection<l-3> :2

1]

Select structural.lateral.load
small-

1]
2]

large

Enter your selection<l-2> :1

Select bearing.layer.state

1] flatted:below30degree
inclined:above3ldegree
concave.and.convex
Enter your selection<l-3> :1

2]
3]

Select bearing.layer.soil.condition

11
2]
3]
4]
5]
6]
7]
8]
9]
107
11]
123

Enter

Select
1]
2]
3]
4]
5]
6]

cray

cray

.Nvalue
cray.
cray.

Nvalue

Nvalue

loose.sand
no.gravel, float. stone
gravel:belowl(cm
gravel:10~30cm
gravel:above30cm

your selection<l-12> :2

:belowd
Nvalue:
Nvalue:
.Nvalue
sand.
sand.
sand,

4~10
10~20

:abovel?
tbelowls
Nvalue:
:above3l

15~30

underground.water.state
G.W.L.is.above.the.bottom.of.the.footing
G.W.L.is.below.the.bottom.of.the.footinq
G.W.L.is.below.the.end.bearing.pile
pressed.ground.water.is.0~2m.from.the.surface.of.the.earth
pressed.ground.water.is.above2m.from.the.surface.of.the.earth
movable.ground.water.velocity.above3m/min
Enter your selection<l-6> :2

a g 3.7 BADES-Fo #&7%
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Select surface.layer.state
1] flatted:belowlOdegres
2] inclined:abovelldegree
3] concave.and.convex
Enter your selection<l-3> :1

Select environmental.conditionl

3.7 A

i

l] site.on.the.water.depth.of.water:belowbm
2] site.on.the.water.depth.of.water:abovebm

Enter your selection<l-2> :1

Select environmental.condition?2.
1] ves?
21 no2

Enter your selection<l-2> :1

Select environmental.condition3.
1) yes3
2] no3

Enter your selection<l1-2> :1

Select environmental.condition4.
1] vyesd
2] no4d

Enter your selection<l-2> :1

Select environmental.conditions.
1} vyesh
2] nos

Enter your selection<l-2> :1

Candidate is being generated.
CANDIDATE [gen5-R.C.D.pier]:56
ANDIDATE (genS-open.caisson] : 46
CANDIDATE [gernd4-steel.pile]: 45
CANDIDATE[gen6—BENOTO.pier]:43
CANDIDATE [gen3-pc.pile] :39

consider.low.vibration.and.low.ncise

consider.influence.adjacent.structure

narrow.the.working.area

consider.damage.of.gas

CANDIDATE[genlO—pneumatic.caisson]:39
CANDIDATE[qenl—shallow.foundation]:37

CANDIDATE[gen7~EARTH.DRILL.pier]
CANDIDATE {gen8-deep.pier]:31
CANDIDATE [gen2-rc.pile] :29

35 rules fired

CLIPS3> (dribble-off)

135
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4. AE

AEI) A2de AL REA AAE A 4E EFE o) Fe] AAulo] LT F5
3ol o|F oj8 oz ENE sidsE Ao A e YA G2 £
AN ANE AAe7]) Ao} olsh e AL mNd EF4AS AT A T
B4 QoA A YR ol HEF A2 §3¥ k7t o] Wk 4T
). dA EEAAS dAeE & B AR AR Aags Ao A2
HE AR 04 FAHY AR A2E A ZEGA Fojstxn, £ 65 WA
0 @AZ Adsm o oA Adsl P EFHAL AE AsE HEAE
o] didhs] ¥ Aeg UFH7) AFHR A

B ATNAE AR} AAQ AEE £7U K-CLIPSE ol§te] onl4A AlxH
8 F&AL ¥ Aoz EERokd YolAE o & w4, T dHelde AEH
A2z FEolsjolE AW AF, AgAiste 4, AUTF 4 AT A ol
dMe) MY A2 9 A4S vlE £uE A4E 2dz2 A, st AT
WA AR} A2 SU4NA SdsA se WA A

anld o g EEHao) ojAs) AP ALE FHALEe] oh:, A HALY
o2 7|28 Ao Z¢so] 7= Aol 8 HEbsAe) Weiddn ¥4
B a7l YINE mpe] ol dA BRI AL AL Wole] 7Y ALH
o2 sy Aoz A gxu, CAD AlAglon} HAA A 1 DBMS(Data
Basc Management System)$-& 2448 7t& Aoz A7 A 5HP £2E4)
OB $AsA B YE Hold s 2 Xl Aok Yz £ AEH
Q) AE7t A2 AHolA G F2HFE AARE A ol ol o 23R AA7L
AR e S 22049 Yo, FEAHRY TAS §90] 49l F
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8373 A4S, 2E25%}e] 2498 A8l A #F 7] )sho] certainty factorF
o 54 43 U BY TUPPS AR

shAto 2 AEFEYA ) AHA FAGRELS ofu] Aol Yol Y=A 94
o8 mHeA tote U A REAY, AU FLEAANAE $A/IEAS] @)
Z9 BA%E BES 24T WA o] EUY WRI o, 2o TIE A
ol Y BES WAL F Nloh4 shed dud. £F FAGF B
ANE 545 olsjol A4, BANLHSS DA god ¢Y Aol ¥ A
Aol AMZEF FAYEL 716 A2 A AR ofv 2 A4Ee) A2o] A o
$2 202 AP, FUSAAE ol HPS 2EHE AL WS P 1
A ATRE FAE Aoz 2457 YANE BEASS) ASH dsisk o
Aol=5s] Zaol oo 6% NS BHUASA SA%E o] Was
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1. A&

2. K-CLIPS9] A%
2.1 A4
22 T3
2.3 K-CLIPSe| 4
2.4 RaXNojxe] A4E71E
2.5 e 22 ddojske] dA4

26 nxe 2 7|y

3. =g
3.1 LHS 2%
3.1.1 shgiel 2]
a) £AMY
b) std=ste
c) Hs
3.1.2 wee 24
a) sHelulelg
b) Me A%
3.1.3 F2¢ 54
a) 73 49 4
3.2 RHS 29%

3.2.1 A} 2 Aoy

g %
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a) MZ2E A4S WE
b) fact-listel] &} A}4S A
c) upags A4
d) tFE=gsy
3.2.2 K-CLIPSH| /&8 AL
a) I&EY AAd
b) A UE8HEs
3.2.3 1 dte] AYF
a) system
b) K-CLIPS®] %7
c) A 44
d) call
e) if..then..else
f) while
g) EAds AY
3.3 AZHA A4 2HHE TIT
3.3.1 Fa&9 A4
3.3.2 8L 9 £54E
a) €% 44
b) &% AA
c) &% &7
d) €% +3
3.3.3 ZehLs el
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a) Fehae AGER
b) Zeas %4
3.4 %48 A 7T
3.4.1 %44 A
342 a9y 21:8e
3.5 K-CLIPSe| A4%s
3.5.1 7)1&2%
a) 7183 Ag¥hs
b) #4449 d&8s
3.6 K-CLIPS# ¢lejsjo]A B
351 94x4%s
3.5.2 w8
3.53 ayggs
3.7 Ai43A AT A
3.6.1 mige) £4)
3.6.2 fact-listo} A}Aale] vl

4. A4AE AY ARl E T1F
4.1 K-CLIPS %=j&
4.1.1 B4 Mo] HHE
4.1.2 A&% 4 YA
413 w7} HEHE
4.1.4 sl B YJE
4.1.5 e HHE
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4,2 HELP Aj~¥
4.2.1 & ¢ HELP A~H
a) HELP 715 AH84d
b) HELP stle] =4}

#.1 K-CLIPSe] 44

z.2 K-CLIPSe] SYNTAX

2.3 K-CLIPS9} MicroEmacs of| 1 €]
= 4 K-CLIPS?] ¥-e}g] =239

2 5 K-CLIPSS] ofj2}ni| A=
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1. 48

L

AE Aado) AT gl 4P FF S ¢ Rev, dF AU BEAAL
W BFA7Y] HAME FHE Hel 433 HAsE. o]y AF-2 LISPAe]
27 2 Aol 71dsE of, $4 LISPE 7|&9] HFelol dliEe] digs=e] AA
ojor], Ex LISPE A-83ta ute AEAANLY /S =79 AE71A7 ¥
ul 4w =Y LISPoIE 71&9 dolgs $do] ol8lE HES & & A

o2 4 M A4S 24 7) $1ste] NASA/Johnson Space Center2} AIS(Artificial
Intelligence Section)olj4}= CLIPS(C language Integrated Production System)e]2h
= Cz 9l AR ALs S7E Agssic. of CLIPSE ¥ o443 |
& 714, a8 & A2t 4L TS FHez A= g CLIPSY 72
3l K30 2 &= Rete Algorithmg o] - & AANS-E 7 274} A 2 olr}. ER CLIPSE
o0 H FH4 sh=dololA HHY $9H 4 o] P NASA F4,9%, 22|z
el Aoy AHEHR UG

K-CLIPSE 7]&s9] CLIPS7 MF3hs A AlE e 7] olejo)) AFH A&
N} ag&Hoz A XAy THYAS oA =G A4§28e] <Eisie]
25 A% 1Y Poln 2] o HES/olF Al&E-E 5718 CLIPS2] KAIST Versione]
.
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2. K-CLIPS2] Mg

2.1 A4 (facts)

AHEE K-CLIPS A2} dlole} E8e 7|8 ggefoln], 7} AL fact-list &
BT AMREFo) I sx o] AL PR JEF o]} FY(rules) 44
9 {50l 712sted HguE W, & A9 AL WZHspace)e 2 BE)H 9o 7
9] ge(field) 24 7A=Y 449 Ay 22 HFE9 71gEFo nie} AFH
9. AARES AY(run)E &7) Ao A9adol fact-listel] F718 4 AT E=F I
Ao Q¢f(action)oll we} 71 = 4 4 Yok FLAEL o)n] fact-listel] 7] &
o] =lo} & A% FAE wiE Mol FAEE AUEL FAH.

A48 7t ®eE £ (number),gol(word) £ EAY(string)Z ¢ s}
H + U

DA R A= 1-0, £5%, B3(+ == -) 282 48 Rig @
A BAEE ArEYS] e Fo2gt A Holh. RE £2= A5xHo] Eol4
Ao BAIgle] Az AFAG. 22g FxEae AV)E ZlA9 25

of ®2r] &Y. A(roundoff error)E w}27} =)o)}

o) 237 150 +129  -32.3e7

2) deo] R= : doj= g EAS AIRHT HnaE oy EARE 7
A4 ¢ AE BANYS dded & dol: 5dE %S A E (
<, G ) onos "L FR(space) $)E M AR E(DolA Tilde(Doll o)27)
729 =E ASCIEAE AHgshs Aol A5sid. @x) $9¢ A& K-CLIPS=

AolL AelH(case sensitive)stn g ERe} 252 o2 A el
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o) fool Hello p378-hi KAIST

3) EAY U= EAEe 94RE(NE EUAU EX AEE dRE
% 987]% 2 BAqE WEdA(backslash, \)E Yol BLZA ExGol EA
2 4 A N EAYLS FEE EAY AR s (matching)e] 71t
t}.

o)) “fool" "a and b" "number 1" "a\"quote™

K-CLIPS®] AL olejdk A7]e) BES A488e) Yoz FAE 4 ). 22

29e) BeF 9shod fact-liste] R AL reset ofzh PRl sjate] 54

o

2 (initial-fact)2h o] B o2 UHAA Hid) ol shAE of LAY EE

AdE AAL o A48

2

<+

x7)9 A7pa] AAEL fact-listel] 71317191 ¢ WP EL 2= deffactsy}

rr

,ol¥A U™E APEL o 4AHY AAS AL QoA (pattern matching) g

Ko o5& Ej reset YHF o] F ol AFHoR fact-listol] ) H ).

[Syntax]

M

9_]

(deffacts <name> ["<comment>")

[ 1)

7|4 <name>& A4S HEE FEAZ AY olFor dojE o]jFejFir.
HeE AYHeog Agsn 48t 2 2o A3, deffactse] 9 3
deffactsZof|4] Y= 249 4= MEte] gl

o]} (deffacts initial-facts “This is an example”
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(A is B)

(B is O))

2.2 74 (rules)

K-CLIPSe] AAE S 7|EsE W& F4old. 73 Z2(conditions) ¥¥
3 Zo] o] A A5l 8 Wei(actions)f ¥ o2 FHA. HEMNARE
Adssis Age BAEs EAE E7) A% Pz FHE A sed,
HEIA LAY RE FAS $Fol 1 Auo]2(knowledge base)gt et K-CLIPS:
Aade] gl FAE HEAA T YHARES AW FEAUE AE gt
e Aele fact-listZ2 A EHH

ojej¥ FA& defruleol] sizted Asisi=dl §A FAL Hol= WS =7
B3 9AES Aok o 2n FAel AW & A& ZAEIH WAL Avol
A8l e Aol fid.

[Syntax]

(defrule <name> ["<comment>"]

[ ... ]

od7]4 <name>& T ¢ o]Foln] wordZ EY I} S W E(comment): W
2£E2 EH42 oin @ E2do] slojE Fr}. LHSE 729 2% vehiE @A
wx 1 olate Hes FAS ol&s Aol HEAHE andoj ojaje] dAA
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v RHS: 73s] LHS7 whao] ¥ of $45E W £5 deirle] Yoz of
%o 7. LHS9 RHSE F#87] fiste] =>o 4885},

o)
(defrule example-rule  "This is an Example”
(A is B)
(Bis C)
=>

(assert (A is C)))
2.3 K-CLIPSs} 4% (Execution)

AL 24|27t THED £7]9) factlist7} Fulsw K-CLIPS: 738
494717) A% E9i8 %o o)UY &2 gel(procedural programming
language)= X2a1e] N2, T azlm YU FRAHe| T2 o) et o
Aoz Aosjo) QA K-CLIPSA|HE o] H A7 o] He Zrads £ ol
A e &, AAGEA)3 dolel(A4d)g ¥elsted K-CLIPS7 A2y 2070
Seted 9ol o)A Hol. o] AWEME S ).

(R @A) 23e) AFstes FAL 87) Hekod A4ujo)2F =48

(84 @A) 2] BM&5)E 72L& agendaghs FA 8| Aol Zd(stack) 2] &4
2.8 MAdd. old =<k agendaol]l Mz o] 2715 Ao} o)A K TEEG
FHE97 orn) oA a9 F9o Y=,

(A= @A) agendas) MY Yol A= F42 Hgste] RHS FES A9A.
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229 RHS 272 470 A2¢ thojers] Aol s MZE 5F 25 e) agendac
2715} 7 (activated) 75 A(deactivated) Bt olAE HAHL WE o) BE 7
qo] 85 Afire) FAe] FER5e) Aol ExkaAL 732] RHSA halt
w55 whd wirbx AR

2.4 BAellA g AHE7IE

2 uTAH meids Adol i F&S % A <name># Fe @
A < oz EARY ARE g slael FAY & A shhs) WEF e
dg. ['< >z S84 BEe $dez 2749 & A AL e Mg
THEAE 7 REF FAAAE 4T b K-CLIPSE AFZE() A2E 2

= Bae BN 9oz ngade) 4dd A 22 ¢ Ao

2.5 g T2y dojgte] A4

HEANAGE AEE 4 F 7HA8 dA4E 2AYE 4 g A OS
Al=elof 4] K-CLIPSE #h1be] ArFe(subroutine)e2 AH8shs Yol 4L
K-CLIPSe] FAA BrA=ws B4ES 382 Agss Pield. ¥4 K-
CLIPS: %71x) wie] o AH4€ & A=F 2A5U

e} A)2"oj K-CLIPSE X7 A$ oln EAllst: A2} K-CLIPSS 2
Bt 4 dAAe 7MY & UAg. o) e HEANERe] Z AdY A FES
RAE A FE B5s) dolehE A3 e Hay ¢ oS FE

g K-CLIPSS] F2g 4 Sl 7F39 LHSS RHSAA 5858
2y 44y 4 Yo F2¢ LHSNE T4 248 dlzE37] % 23444
(predicate) 24 A5, RHSHHAE o7t ¢48E o A3AelA g s
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R49 7ol oj2 A 2L ) A8E = Ark 2Elxn SR H4E A VEs
Lt A9 ad(top level)ol 4 Bejold 4 Ak K-CLIPSS] w9} F2} 44(literal
values)= 2]33t491 K-CLIPSA}olol] AFE m3te] 7Hg-3lr).

2.6 259 Z2ad 7|4

Fozl B9 sAE AN 2 FH9 SA4E soly] Fo] ntd s} ol

T EAES BARAEA P 7IEHY o] B sAAYo|x £ 5 Ut

AAAGe] ol E Gy 2 BFE ZA FAZ o] . Wik 27)
A2 HE oW HIZPEE UFATIE NFAMS Ao AT AASFE
(forward chaining)e] A s, divle] AL F, £718 4efrl @3 A = £F
7t 3 EAA: FH5E(backward chaining)o] st FA= £33 54% 5
X5 7M4sle] 2 BEE 247 AE FAHU EE(sub-goal)E NFAE WY
o2 HIH /e o AFHez SHE AL i Aol wid 7YY AN @
@

sk A2 TANAY wildl ZANLA F2F Aol HE/ALY L sl 44
715 (explanation facility)}g § & R} o] W76 FHURE Aol LY}
7] 480 olwis B¥ BE¥(sub-goal)s MAToZA o]Foe} Zr}. K-CLIPSo) 4]
E 49705 S 27180) Heted A9 4 (prionity)E HoAd BEU & AA 3
A c}.

A9 £4U2 salienced o]-§sbed saliencert B2 AL Ko 2 T3]
S ol¥el HEH Aojlnz ¢XAHI Al Yt S AL $4Hez HE
SR dAZAF3 el AYAgs HEst o s
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3. wgiefyd (Pattern Matching)

31 LHS =3%

o] AolME 2l LHSeIA AHgs sigs| El(syntax)ol dis] A%
olB| ¢ M-S FHo] +¥E7] Mol W&o} ¥ G FWU.

3.1.1 We o)

a) ¥xAu¢ (literal pattern)

7t 7124 ADL sixstan A e AHdE ARsA Pt Aojr}. oA
% Exsfe(literal pattern) o]gs R Ec}. FAuge 2E He(field)= fact-list4}
ol 7198 dds RE PEY HE ojX=E JHE wd@d. o3 EAsd¢lA
€ "7t g

o)
J+A9] LHS sig fact-listu} &) A}A4l w)| 2} ?
(group left town) (group left town) Y
(group left town) (group in town) N
(group in Houston) (group in Houston) Y
(group in Houston) {group in HOUSTON) N
(group in my home state) (group in "my home state”) N
(data "a red flag") (data "a red flag") Y
(data 1) (data 1.0) Y
(data 100.321) (data 100.3) N

EALdo] A= F(space)d} MoE 2} (control character)ol]l Foj8t3 243
ot s ate] o) 2k A= WL oE Fudd.
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b) 9= 5}h=(wildcards)

K-CLIPSol 4= A 4ol €=§ @3 ez $rixle gduscg 4
T+ 5 Ad. F ESENS -E2ES?) U=t At ESE JYssie
(question wildcard)¥= A4419] sh}s) Heo} AHH F(%x, Bol EAd)7 sj x5}
ad olF GURE hYeshe(singlefield wildcard)at Qo). 2-ERE 92
EFlEE 449 o ol4s] ¥t A AL 284 o8 dFEE A= o
died. dus dAde] 9Uds gUcssi=g dFR= golusbe(multifield

wildcard)8 Eg3te] 48 5 U

o)

732 LHSW ¢ wie

(data red ?)
(data red ?)
(data red 7)
(data red ?)
(data red ?)

(data red $?)
(data red $7)
(data red $?)
(data red $7)
(data red $?)

(data ? ?)
(data ? ?7)
(data ? )
(data ? ?)
(data ? 7)

(data ? $7)
(data ? $?)
(data ? §7)

fact-listu) 2] A}4

(data red)

(data red green)

(data res "green")
(data red green green)
(data green red)

(data red)

(data red green)

(data red “green")
(data red green green)
(data green red)

(data red)

(data red green)

(data red "green")
(data red green green)
(data green red)

(data red)
{data red green)
(data red "green”)

E-}
2
3

L HKZAKZ ZLdd ZZ <7



(data ? $?) (data red green green) Y
(data ? $7) (data green red) Y
(data $? 7) (data red) Y
(data $7 ?) (data red green) Y
(data $? 7) (data red "green") Y
(data §? 7) (data red green green) Y
(data $? ?7) (data green red) Y

gERs $ussies EARE(iteral field)g EQsel A4 Beh $58
ges) APE BE 4 Aok oAF Fol A Yrolsjol YELLOWE wold 7
A RE AAS 21A @ HES B3 Pl & ¢ Ak

(data $? YELLOW $?)

WY & AE ALY e g3 A

(data YELLOW blue red green)

(data YELLOW red)

(data red YELLOW)

(data YELLOW)

(data YELLOW data YELLOW)

ahxat A4Ale YELLOWE 59 veh7] sigel 54 oA &+ A 58

= ghysstes by A4AE FE AE ¢ e 2E s 2% HEV W
Foll dgge gdesl=d H3s ARE ofF
2 Agdol . dFRE gdetse MAATE GYUUE GYUEILEd] H|Shed

Bo] &2 3}

4
]
rr
£
il
Lo
ol
o
2
a2
X
et
L]
lo

c) ¥ (variable)

c.1) AgzAe] gl= W

S9s stz 7155 Gol2 olFold A% Wedm shd AL A4S B=
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LHSW 9| sig

(data ?x $7y)
(data ?x $%)
(data 7x $?y)
(data ?x $?%)
(data 7x $?)

LHSW ] s

(data $7x ?y)
(data $?x %y)
(data $7x 7y)
(data $7x 7y)
(data $7x 7y)

fact-listv] 9] A}4l

(data red)

(data red green)

(data red "green")
(data red green green )
(data green red)

fact-lishjj & A} 4!

(data red)

(data red green)

(data red "green")
(data red green green)
(data green red)

e g

red
red
red
red
green

$7y9] gk

- nothing -
green
l‘grecnll
green green

red

$2%9) & e &

- nothing - red

red
red

green
I'green"

red green  green

green

red

A WEHE A7 A4E WYY ghol Folok A7 W 4 Uch o 4GS
GURE A4 JFUE ¥4 § 9 448, 223 B <2 APHE v}

WA HgHy.

U o)
LHSW ¢ #i%l

(data 7x red 7x)
(data ?x red 7x)
(data ?x red ?x)
(data 7x red 7x)

dFgee o)
LHSu}e] e g

(defrule ....
(data red 7x)
(data purple ?x)
= ..

(defrule ....
(data red ?x)
(data purple ?x)
=> ...

fact-listu] & AH4!
{data blue red blue)
(data blue red green)

(data blue blue blue)
(data blue red “blue”)

fact-listj ] A4
(data red green)

(data purple green)

(data red green)
(data purple blue)
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(defrule ....

(data red $7x) (data red blue green) Y
(data purple $7x) (data purple blue green)
=> ...

(defrule ....
(data red $7x) (data red blue green) N
(data purple $7x) (d ata purple blue green)
=> ..

c2) Mgzl Y ¥e
c.2.1) =gld4A(logical operators)

& ol Aol Ae HFE A7HAS =2d4AE 458 5 2
& (AND), | (OR) s - (NOT) o] 2}, =eld4daE Al E o= B 54
& HEs Zhg M) Adte oW Wi} A2 Tl A4FHd. o A=
o] F0]7l MUz Frte UFoA LEFoZ T} U}

[Syntax]
<valuel>&<value2> : AND 4=
<valuel>|<value2> : OR 4z
“<value> : NOT d4x

AND d4xe o =elddds d4d U4 438 4 3. o] 3% =dd
A= HE Holl Hx @

[More Syntax]
& <valuel>|<value2> : HE ¥4 AH8H OR 44k

& <value> : Hapdh o A% NOT 4z}
G714 WHarh S T E A9t HEE ded] EadaRtal u Agsn
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2 Akl el Agdc. 28y W4y} oMol ATHJS 9ol W) X
T AGz Ao o] melddAg & MG E HWildlek ¥ &, Rt oln u)
U8 A3 AR UGS Ak D 2 zedAAe o) oxs APEAL 9

Zsojo} W7 Heh

o)
LHSY 2| wd fact-listuj o) A4 w)) X]?
(data “red) (data red) N
(data “red) (data green) Y
(data redjblue) (data red) Y
(data redblue) (data blue) Y
(data redjlue) (data green) N
(data “red& blue) (data red) N
(data "red& blue) (data blue) N
(data “red& blue) (data green) Y
(data “red&bluelget) (data red) N
(data “red&bluejget) (data blue) Y
(data “red&bluelget) (data get) Y
(data “red&bluelget) (data green) N

Heg 713 4 A o)
LHSW 9 e fact-listuj e} A}4 X9 - wx?
(data ?x&red) (data red) “eee N
(data ?7x& red) (data green) green Y
(data ?x&red]blue) (data red) red Y
(data ?x&redjblue) (data blue) blue Y
(data ?x&red[blue) (data green) e N

Mg 713 elFdds o))
LHSW ¢ sig fact-listyw) 2] }4 7X2) gk olx)?
(defrule ...
(data A ) (data A red) red N

321



(data B ?x& red) (dara B red)

.....

(defrule ...

(data A ?x) (data A red) red N
(data B ?x&"red) (data B green)

=> ....

(defrule ...

(data A 7x) (data A blue) blue Y
(data B 7x& red) (data B blue)

=> ...,

(defrule ...

(data A 7x) (data A red) red Y
(data B 7x&red|blue) (data B red)

=T veee
(defrule ...

(data A 7x) (data A red) red N
(data B 7x&red[blue) (data B blue)

=> ...
(defrule ...

(data A 7x) (data A red) red N
(data B ?x&redblue) (data B green)

=> ...

c.2.2) Z A% (predicate functions)

=HddREY o B3 2= Mol oY AS 2AdWFE AEE 5 U
k. o] 2AFsE BEgte] TadlA P AQZ AL WFes A48 IR
% whEddd B4 TRUENS 7121A S13 obg sldg A olxleA =n 29
A} eko.xi FALSEZLS 7HAle s@ujx7 Aot 2384 S8& Ad AND
QA& & A 488 e g2 Wl ol gk BSHopE T =AY
= HEHof #ot
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[Syntax]

x&:(<function> < <argument>>>)

3 Z£3%4(multiple predicate function)& s1}e] Re=2 W ko] At
71 A8 A3E 4 Ak o] FEE AR 22X o Hrluln 7 & o4
T8 8. K-CLIPSH = sl ZA¥4E AR U2 48747 olajs 2%
78 e 4 At 952 K-CLIPS7 Ayx Q= Z484Soeld.

Z23%4 4=
(numberp <arg>) <arg> 2| glo] 441¢17}?
(evenp <arg>) <arg>$] gte] H4:¢17}7
(oddpp <arg>) <arg>$| gho] F4:¢17}1?
(stringp <arg>) <arg>$| gho] ¥2¢U7}?
(wordp <arg>) <arg> 9] gho] olel}?
oll)

LHSW ] sl fact-listf) &) A4 oi}x)?
(data x&:(numberp 7x)) (data 2) Y
(data ?x&:(numberp ?x)) (data red) N
(data ?x&:(numberp ?x)&:(oddp ?x)) (data 2) N
(data ?x&:(stringp 7x)) (data 2) N
(data ?x&:(stringp 7x)) (data red) Y

c.2.3) e ¥3<d4ka(pattern expansion operator)

ol Wi B V=S AWA dx dA ARz ok MU
o A8 o34 whBgk(return value)2 gle] Beg A2 4. a2dnz Wy
FRARA(=)E shiel HARNH YR SRE 482 81884 Wb 271} o8
Aol Sla) WBslE g2 B4, Gol, 22 F s} olojof Yt aE)T o]l ghe
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A7 A3 A HA ddsin Ade HXNE A$ o] ghe] mix A}

[Syntax]

= (<function> <<args...>>)

oll)

LHSH 9] "

(data = (my_fun))
(data =(my_fun))
(data =(my_fun))
(data =(my_fun))

W

2
2
red
red

fact-list

(data 2)
(data red)
(data 2)
(data red)

matchs?

<& ZZ

= ARG AARE W0 8 medARe A A4S & U

LHSY ¢ ™

(defrule ...
(data ?y)
(data 7x
=>

c.2.4) test ¥

test@hrs SHA A3 T A HeE At Aoz o) test ZAS PF o}
Nt ZARFAY 4827} oln] ol Wil &

T RS & A2 He SAHY ¥R, B3 =@uE £ o R} sHeed.

o s A Hdnixg 4

R test@es R RFE S 4§40 7o wE M4 vaF A
&, K-CLIPS:E o8 =@ plagsst A5%+E A5 89, K-CLIPSq)

fact-listhf) 2] A} 4

(data 4)

N A9 e BE HiEE 22 of Yl
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[Syntax]

(test (<defined-function> [<<arguments>>]))

tests Brd AHEste S4E Adlol7] Wi testH4E AL AgE HEE
< 2 dde] AHA Yo testihs Foj(word)E AHEE 5 gl =W 729
LHSe] R Aol test @48 438 4 Ao testl]oll Eqas B4e o
Al test@eE AHEE 4 AR o] F¢= WEREH w4 HGrhs

o) ¥ oA Ty 7X9 Aolst 3%} ZAE AP

LHSq 9 sg) fact-lisnj o] 14 fires?
(defrule ...

(data 7x) (data 6) Y
(test (>= (- ¥ 7x) 3)) (data 9)

=>> ...

o AL FHE dASs A €717 F5UE Hadyg.

LHSw 2] sl fact-listv) 2] A}4 fires?
(defrule ...
(point 7a 7x1 1) (point 1 4.00 7.00) Y
(point 7b&™7a 72 1) (point 2 5.00 9.00)
(test (< 0 (/ (- 7y2 1)
(- 72 1))
=>
3.1.2 wele] =4

a) | ¢ln}¢l Y(pattern bindings)

retracts} ko] Y% RHS$| A& (action)g ¢ wl shitsl M(F shbel 4}
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A)E A% ol ¢ w7t Aot o] B¢ K-CLIPSHIHE Wgo] @ WS AR
RPN

| Syntax]

?<var-name><-(< <fields>>)

"< dge] & WHS ANAFE RIoln,

o)

(defrule dummy
(data 1)
Hact<-(dummy pattern)
=>
(retract Mact))

b) e A

K-CLIPSeill 4} 3f 3 8] LHS= gh&sjof@ 228 E8Y 2o AHS 2 o] Fo]
A Ao 29 o|d Mg 2F W& agendao] SF5)o] 2. K-CLIPSo) 4
T BE A9 LHS si9d2 445 and 2 FAEo] Ak F o] AL FHo| 53
571 Aol LHSS RE 22§ W5 sck fdes 2E 9uidc}. 2oz gagez
and § Ael¥ "€ast fld. 2y oy 718 A4S HASAY G =g
Z19 87t Hedd dASN.

1= 2] 9 ¥ & & (logical pattern blocks)2 HHE-2 =2 H(OR)U} =2 T(AND)&
Agse] A Az FHY ¢ Yok ol BEE LHSYe| shipe] zhez 722y
2 #F2o) £45)7] YAHNE BE & ZUEE VEHolof P} =EEL g
=UEEEE 7 4 AT EHRY) HUEE WEAP] 448 A 48T 4 2
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th. K-CLIPSofiAlE o]dd #8& B Ao

b.1) =2 HOR)&S

T HRS FHN o3 HUF hidE DEW o] £ 2AE T
#A4 93 £ oE LHSS| 20§E o &3y 729 480 AxeA .
AT ESuol 4 Ao MHE 4BRe2A odEAe AT FHAS AL K
#E dehd 4 Rk

[Syntax]
(defrule <name>
[(< additional patterns >>)]
(or (<<pattern 1>>)

(<<r.)attem n>>))
[(< additional patterns >>)]

=
(< <actions>>))

F AT EFoI DFAE HYS S5 o2 AP 2 2T 0T FHE
+q) € ¢ .

off) |
(defrule system-fault
(error-status unknow)

{(or (temp high)
(valve broken)

(pump off))
=>

(fprintout t "The system has a fault.” crif))

A8 o= o) AR 2eH FAEHN F9¢ Aok
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(defrule system-fault
(error-status unknow)
(pump off)
=>
(fprintout t "The system has a fault.” crif))

(defrule system-fault
(error-status unknow)
(valve broken)
=2
(fprintout t "The system has a fault.” crlf))

(defrule system-fauit
(error-status unknow)

(temp high)
=>
(fprintout t "The system has a fault.” crif))

b.2) =elF(AND)EH

=T $8& and 8} or 2AE ZPEY) A AT e =AY 5
lA S edel 2¢g HERD AT FHUS) BE AdGel AFE}
o] B2e 20| HEHU}. 232 & LHSY 2AFE W& F 32 595

ile )

[Syntax]
(defrule <name>
[(< additional patterns >>)]

(or (and (< <pattern 1>>>)

(< <f>attcm n>>))
(< <other patterns>>>))
[(< additional patterns > >)]

=>
(< <actions>>>))
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ofl)
(defrule system-flow

(error-status confirmed)

(or (and (temp high)
(valve closed))

(and (temp low)

(value open)))

=>

(fprintout t "The system is having a flow problem." crlf))

b.3) s B (pattern negation)

7He AR R SnF sH Ao Aok (lF Sol FAe) AWEe] fact-
listfioll Abdle] Exata] b2 A4) ol 715 AW Ao S o8¢ 4 Un}.
[Syntax]
(defrule <name>
(<<pattern 1>>)
(not (<<pattern 2>>>)
[(<< additional patterns >>)]

=>
(< <actions>>))

#ite) Aol B $AT ¢ A2 9 AY WP BAE 9= ol
¢ not £-5 A-gsiek Wt EaAF B8 =2t H22 not A Yo 3
T 4 Aok @2 eoF ER% =Y E5uol not Mele] Y 4 A w@
AT S8 =% 5 not MEE ALY AP B FE 234 o
Yt 47eaA] R Mg HEAA 2oz B A £958H4 o) 27 o
Toldt sl#71x2 ¥y d(negated pattern) el A48 QY d HG4E 2oE
82 o 234 RARAHANN N s H5E g 2 Aol 4}
$8c. K-CLIPSl A R0 ¢o Nesng Badug 98 743 9
RA 2Ed Fole §4 resetg -fao} @i
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oll)
(defrule high-flow-rate
(temp high)
(valve open)
(not (error-status confirmed))
=>
(fprintout t "Recommand closed of valve due to high temp” crlf))
(defrule check-value
(check-status ?value)
(not (valve-broken ?valve))
=
(fprintout t “Device " valve "is OK" crif))
(defrule double-pattern
(data red)
(not (data red 7x 7x))
=>
(fprintout t "No patterns with red green green!" crif))
My $He RAL A48¥ 4 gid. F (not (not (<<pattern>>)))L L% &

i
313 #42 &4

A7 A9 F4E Y Aol Bale AT Yo FHe S4e
LHSol| 4] declare § A3 8%o24 Ad¥ 4 Ut shts] F3o) oI declare
& Ad¥ & vk 23y RE declare 42 LHSS A sjglo] Ao $)x o} o).

[Syntax]

(declare (<something™> [<<args>>])
A2 GA) salience ylo) g3t}

a) 742 $47 4
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salience ¥4 A&7 F4H9 LU AL s o =o. agendayj]
A8 FAFo] EAY Wl $4Ho) ¥ Ao b} $PP}. TU¥ LAQPE A
AT Ul HAd¥ Fxo] Bix 43}

[Syntax]

(declare (sailence <npum>))

4714 <num>3 4ol whek EASA ghew 0 s} A} salience ghel g
< 10000 o)) 2 £z -10000 o] .

oll)
(defrule test
(declare (salience 99)) ; salience H ¢l
(initial-fact) ; initial-fact off 2]
=>

(fprintout t "Have a salience value of 99." crlf))
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3.2. RHS 4%%

o] AlAE A8 RHSoI4 §8¢ 4 R 49¥d B T2 Lito

3.2.1 AJA 9 Moy

og AMES RHSHIA 73 Widd ez A4g 45T AA%s
ol

a) MEL AL I

a.1) asserto] &% A4 37}

assert AWEL factlistel A4S Hise BHEA shig A4S
Sipel assert AWEA 218 ol Ad. FA2) RHSHAE 27
assert AWEF A$Y 5 Ak

[Syntax]

(assert (< <pattern>>>))

AQd APoE 94, B4 35, EA447 2HY & A
oln] factliste] ZAhste Ade A2 AL 4 wich

oll)
(assert (data red)) ; e AR dd
(defrule close-value

(temp ?sensor high)
(valve v open)
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(not (error-status confirmed))

=>

(assert (Set ?v close)) ; Heed AR A4 A4
(fprintout t "Close valve due to high temp” crlf})

o : (3 ¢+F XF)
(assert (data red =(+ 7x 7)) ; & aE A5 A4 4d
(defrule user-close-value
(goal close valve)
(input-from user)
=>

(fprintout t "Which valve should be closed?”)
(assert (close-valve =(read)))

a.2) str_assertol] J@ A4 &7}

str_assert AQFE factlistoll AL Hrbahes AL assert AYET} §A}sheh.
2} str_assert AYEL ite] 4GS AT o] e] A4S Uil =7 Hol
ASRTE AAH ¥ oeiile) Y=g vhro] A assert AYE3} Zo] shtel 4
A F7HE shie str_assert AWEo ) olFo .

[Stntax]

(str_assert <quoted-string>)

E¢ factlistol EWAT P& ALLE A WE 4 212 =] EAGS AT
A4 gale UEAA(\)E ALsck $u. o] AYEL Fo) UFo) 4T Y readline ¥
49} o] Agohd EgHolg.

ofl)
L 278E A4

(str_assert “status valve open") (status valve open)
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(not (error-status confirmed))
=>
(assert (Set v close)) ; g AREE A4 Ao
(fprintout t "Close valve due to high temp” crlf))
of : (JRU+E 13
(assert (data red =(+ % %)) ; BF HE AR A2 Mg
(defrule user-close-value
(goal close valve)
(input-from user)
=>

(fprintout t "Which valve should be closed?")
(assert (close-valve =(read)))

a.2) str_assertol] sj# A4 27}

str_assert J§E-2 fact-liste] 442 F7lahs AL assert AYED FA340).
2t str_assert APFL ko] EAYE AHEHI o] o] ALE Hr} 57] Ao
USHEE AAA ¥ of2sle) =2 thro] A assert PYFI} o] shibel 4
A4 F71e s str_assert AEof} o)a] o]Fo) 7).

[Stntax]}

(str_assert <quoted-string>)

= factlistol 2astn RE A4S BhA) WY 4 2 GEo) EALES 7hx2
A g MEAAE 43Nk B o] APFL B8] YFo) AT readline 3
F9h 7ol AARshe A Yoo}

oll)
22 75 A4

(str_assert “status valve open”) (status valve open)
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(str_assert "light\"red\"") (light "red")
b) fact-listef| 4] A}A-& AA

retract YPF-2 fact-listoll A} AH2-& AAE B5olet. shLle retract )T o
2 o7 /MY JUEE MAYT ¢ Aot = o)y P A4S AANY 1 AJlUo) &
S RE TA5S #FEHo2 agendao) A MAA 7}

[Syntax]

(retract ?<fact-var> [ ?<<fact-vars>>} | [<<fact-num> >

AARLR s 2L 3126004 AT Aeuhe Y M (?<fact-var>)i} fact-
liste) ¢AE BABE RA(time tag)2 Yebd. T2awWo] $9FY Aol &
AE 27 017} WE F32) LHSol4 8 d4d Agated 4L AAAA
o t}.

oll)
(defrule change-valve-status
A1<-(valve v open)

M2<-(Set v close)
=>

(retract 71 2)
(assert (valve ?v close)))

c) upAg s 218

T RHSOI4 28 W48 gy d4es ke 4327 4L e 3
23] K-CLIPSI 4 ol@ 7152 bind 47} 4949 2.

335



[Syntax]

(bind ?<var-name>> <value> or <variable> or (< defined-function>))

o]7]4) <var-neme>& H4woln] ol Ao FAAS HE W4 HE XF UTE

Bg vigis] = gho]l W€ & Ao
oll)
(bind %input (read))
_ (bind Mvalue (+ 7 ?7y))
(bind Malue (+ (* %y 72) (* %x 72)))

(bind ?new ?old)
(bind ?number 14)

d) o1& g=¢g:(multificld functions)

gao dFses AL dYAAs ReZ o|foll WEEE AFAd: Bl

d.1) gxds A4

length $H43= FHe W4 (multifield variable)el] X139 gk 8 A(element)

&8 7.

[Syntax]

(length <variable>)

]7]4 <variable>2 gt HE W($?)elelof @ot. wtok W7} GFHE=EE ST} of
Y -1 g 7H4.

o)

fact-listgtol] vh-& 3 2 Aol Aoz 34
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(dataabcdefg)
(defrule test-length
(data $7a)
=>
(bind ?7num (length $7a))
(fprintout t crif "Length of data is " 7num))

FH2) 44 Az
Length of data is 7

d2) 89 WES &9

nth 4& GFRER4Z BE SHY 48 7€ 4 Ay o) $4= LISPe
nth #4=9} §2pshe}.

[Syntax]

(nth <number> <variable>)

o}714 <number>{£ 1 BE @47} 7tAE el Pedrpa] A48 4= Yo
<variable> £ t}F Y= H4($7)0]oo} #r}. vk} <number> 7} #id=2] g A22H
T #Y 43+ Nile|g:= ¥ e wiigin).

o)

fact-listelj c}-§3h 2 A} do] Eajciu
(dataabcdefg)

(defrule test-length
Sla>ta $7a)

(bind ?¢ (nth 3 $7%a))
(fprintout t crif “Third element in data is " 7c))
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A ey A

Third element in data is ¢

d.3) 844 @A

memeber $4= ALA7 Qs 847 dFREdS A= AUE 2
o

[Syntax]

(member <atom> $7<var>)

oJ714 <atom>L Ex44 EE: Hgoln <var> i gFPZigolojof . 7t
o} <atom>e] <var>$9] S4o|¥H member 4t 1 249 HAE EAN £

agzeted 0 7} whidd

off)
fact-listef] 53} AL Ab4de] rkx P
(data red "green” blue brown)
(defrule test-member
(data $7a)
=>
(bind ?val (member blue $7a))
(fprintout t “Blue is item * Pval "in the list" crif))

T &9 AR

Blue is item 3 in the list

d.4) BFRE W49 ux

o] 4 s dFEedSs) o Hed FEPLAAE MA¥S. 5, A
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& 4s) BE 8401 Fod 058 222 oFo)d YesE At

[Syntax]

(subset $7<list1> $2<list2>)

ol $4E A$97) Mol § WL ol gho] APsie] Yojok Wik <listl>o]
<list2> 9] X3 gold o] 4= TRUEZ} wigtsin o= gto v FALSE7 5.
AEEWS 84 AXNE a2 Warl go. eF $7<listl>o) ojH 8 &5 A7)
ph=cbd subset ¥4 TRUEZLS Z=t}.

of])

gl A&ghez AfdAdy
$7a <--  (hammer drill screwdriver wrench pilers saw)
$7 <-- (hammer saw drill)
$2%¢ <-- (wrench crowbar)

Adg

(subset $7b $7a) --> TRUE
(subset $7c $7a) --> FALSE

3.2.2 K-CLIPSe| 34¥/24 A~9g

K-CLIPS: &3¢ 948,292 918 VO routing oja #2ls Al2de 48
.

a) &3 R Ajg(logical names)
VO routinge] 71249 /e U2d XAHE A48sk= Aold. &9 =4

B2 VO A2 (device)oll thgt AME WA ol i ol el VO X E Aol
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2 4 . K-CLIPSAlME BE 45l ofd 949 A4S 488 U9
AP EAGE, 20 B AU o)Fo] A 4 k. K-CLIPSeIA w2 3
929 QYL odloh thehilgich. old U4 Y AAPL K-CLIPS 2= Fnko)

A 449

ol &

wkelips

wdialog

wdisplay

WCITOT

wtrace

wagenda

stdin

stdout

-8

K-CLIPS = &= E(prompt)& of A& A g Hujo] 3.

2E e UEYH AAYel) Bl

K-CLIPSs] AR (7FA,44)8 B2 A8 27482 o] 4&d
AA e g

RE o] WHEL o] Y&EY AP A Ao

BE 244 YRE o] YEH AAYe dEH

agenda® el «f o] Y& AAHE o3

2E 7184 ¥ o] logical names AH§rt.

printout 4ol Az BE £ o] UE¥H AAF
Hujo} A}, formats} fprintout 4ol &H5
stdoutel] Euj7] &M E t G &Y AAPS ASsek Sl

b) k4l Uad
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K-CLIPSE vl2] o9 o3 sle) T4ol S84 Atyoz 48s= sy
THE FUAER AFH2 Ao

b.1) open

open H4E 4s] RHSo|A A-45l0) 88 A open)shs Haolnf ol
UEY ANPE AUz ek o] 4= M AS) Yargument)eZ F4so] A,
(1) 422 s BaUs) olF (2) K-CLIPSS) B Y29 B4r} o] HUL fars
71 e UEY AN (3) 2= 493 (mode specifier). 2= HYAE G F o
UHE AHgalol .

e +5

r SUZHEY UYetr] A 4g

W ol 71Rst7) el A3

r+ SULRE YA Ul S5 e AL
a $2e} Tol QEely 71587 A8 48

e BE 937 ddgR] ow Koz Uz ddate) sH5a.
|3 ¥ RELAYA- MM (operation system)of= o|u)§ A1z gk},

[Syntax]

(open "<file-name>" <lJogical-name> ["<mode>"])

<file-name>2 EAQ2 T2 Az a) 2 A 2H(directort specifies)& TR &
Ak UEH AL oln] P §e AL AL} G,

o)
(defrule file-open

(initial-fact)
=
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(open "myfile.clp” myfiletag "r+"))
" (open "MS-DOSWdirectory\ile.clp” file)
(defrule standard-print
(light off)
(wire broken)

=>
(fprintout werror “Light off because wire is broken!"))

b.2) close

close$t4= L openttgeol o8 daj 3 AEH(file stream) g HH A} 8
¢ logical nameo)) 18 Y3l AEH(stream)st @S At

[Syntax]

(close [<logical-name>))

close7} Qldgle]l AHEEd A7t dAAE BE HUE AU

o)

(defrule file-open
(initial-fact)
=>
(open “test.clp” data file))

(defrule file-close
(close-file data-file)
=>
(close data-file))

dd 3L A sl Aok do. agAted s WS HEY 4 -

b.3) read
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read 4+ A9 U&EH AP Ry shte =g I IHHRE ol
4. dFHsg ¥ ol AN s} A Adshd golsd + A

| Syntax]

(read [<logical-name>])

o714 <logical-name>2 H@H<l sietujejolrt. ool Hsd AW UEY
A3 AAD YA U wobs e}, whek sAufElst oS A UF
g ZAgo) t YA stdinolly) YHS PopElrt. UFoA wolF ol MFER,
I =L 92 AAE Ui, U9g wolgol: $tel EOF £47 uehin
reade EOF #hs B47} sjBob &0 B¢ olgst ¢43%d £4¢ ™** READ

ERROR ***"7} %8t}

o))

(defrule fileread
(initial-fact)
=>
(open "data.clp” mydata)
(bind ?input (read mydata))
(assert (data ?input)))

b.4) readline

readline ¥4 read g9k A s 28y S D] shte] €=t o}
et M) E49S ALdc) Yyt oeg read & T, ¥, AYEA, EOFo) o4
A 2] A% readline @A EOF o) o8l Fddch Yol Td=Es Qo ¥
@& readlineo)) o)aj A B EAAe) Y2 35 A} readlines] Wig: g

< Aol
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[Syntax]

(readline [<logical-name>})

o}7)4 <logical-name>& M@#el stetulejol}. o] Ae] Hoisly B U&EH
AN g3t A HUolA Y& YelEUuct. gkt svlels} PoisiA gAY UE
g zAHo] t UAS stdinof) AL eolE V. UHE Wohg ol kel EOF
2A47} vehbd reade EOF g E271 slgol 2. £% o7 d4sd 4
o "*** READ ERROR ***"7} #$ 4.

o)
(defrule file=read-line
(initial-fact)
=>
(open "data.txt” mydata)
(bind ?input-string (readline mydata))
(assert {data Zinput-string)))
whef 59 data.txt o] AHA el 53 A
the pretty red dog
fact-listol] A @=lE A4S &3 Zd.

(data “the pretty red dog")

b.5) printout

printout@h4-= EEEYAA(AN 229) of AHE 28 #= 4BL B
o] B4t UAY WHE W 1 W4e) Asae §9 2= Y(output string)
W2 EAgd. printoutdlels o2 sl FH(item)o] 434 4 Aok

[Syntax]
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(member <atom> $7<var>)

7|4 <atom>g EALs Eg #Hgola <var> g GFHEE=dolojof . v
¢} <atom>o] <var>$9] 24o|H member Y= 1 249 HXNE HAH &}

2g2gew 0 7 wgdd.

olf)
fact-listel] &3} 742 Apde] Aciar @
(data red "green” biue brown)
(defrule test-member
(data $7a)
=>
(bind ?val (member blue $7a))
(fprintout t "Blue is item " ?val “in the list" crlf))

TS &9 @3

Blue is item 3 in the list

d.4) BFHE Hee vl

o]

adt

TE e dFREAF} o Hes BEAYARAE MAYG. F, A
2

& 4%

A2

& 227 S4id Hhel 222 oFold UEsE M2

[Syntax]

(subset $7<list]> $7<list2>)

o #4E A497] Hol T W olnl go] AMsie] Sojob wrh. <list>o]
<list2>2) $EAol™ o] ¥4= TRUEA w#siz a@xsken FALSEs} 91,

HEZEYL] 84 X Y ¥Rt gl 5ok $7<listl>o] o)W 825 71A)A
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(printout <item> ... <item> [crlf])

3714 <item>oll= W, EAY, 24, BA B 2F W E4 B 7 8= N
crlf= A28 el TP etets 7 §# A(newline character) o]t} e crlfs

¥Zo02 o|Ro)7 g2 oJF HAMNE AR + A

o)

(defrule change-valve-status
H1<-(valve v open)
M2<-(Set v close)
=>
(retract 71 22)

(assert (valve ?v close))
(printout "The valve " ?v "has been closed” crlf))

printout®4:-& fprintout¥ 41} formatf 2 xR & U

b.6) fprintout

fprintout$4= U&9 AA G AZAE Lol £3E & B2 AEH7 A
o] olu] 2}Ue Aurslo} ojok . stdoutel) A ¥ W YEY AABE
t2 A& sof @i} fprintouttye N H H4E Hrlsted 2 b5 e EAHE
T3, =& fprintout® printout F4¢ wpAARZ o2 Ao FES A4E
4 Ad.

[Syntax]

(fprintout <logical-name> <item> ... <item> [crlf])

o714 <item>& E7, W4, XEBGF A4 4 Ak printouts) wpRAANE A

YEAQ clfe FH2E9 o= HAAE A48 & A
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oil)

(defrule change-valve-status
H1<-(valve v open)
W2<-(Set v close)
=2>
(open "out.clp” data "w")
(retract 71 2)
(assert (valve ?v close))
(fprintout data "the valve " v "has been closed" crlf)
(fprintout data "Example with \"quoted\" information” crlf)
(fprintout t "Data written.” crlf))

b.7) format

format®4 U&9 AN dAH ol Hab: B 4L A V5
o). B4 492 YulE HE A fprintoutFsohdlel A4-8d & k. A4
ol Baa7]e AL E49) WefE =417 HS Foldin. formatds: C o
oy 9] printf44o §2kahe}.

[Syntax]

(format <logical-name> "<control-string>" < < parameter-list>>>)

4714 <logicalname>2 UEH Aol Wk tojd stdoutold Aok
<control-string>2 AZE of® WAHes EWHEIIE vehin JFRE Aol
EAYL oFolA Aok <<paameter>> FHARDA s Wsst EAS vt
At E4 <<parameter>>olE EFYFIE &4 fow FHL Whe BHs:

Ztolch. @Asl K-CLIPSHl4E <<parameter>>o] 3= W57 & & gk

Ao} &2 (control string)& E A7} HEAF(format flag)le 2 o] Fo{H flean
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ERL Ad@ B oo FYse] MRA%E <<parameter>>of A& W
3 E YIS S Scf AEA QR4S gelE faes AHA G e
W T ARNGL FAA g vehig. 8492 HAE RI(%)S #A
AHgEs] dEH Y42 dgH .

%-M.Nx

3714 x & olzls] WBEAZFE shto) mpolrix RE() & HdHez AgsE
Aoz HE 4§ ABYEH Ay FYAEE . 28T M 3 N = H93 5
gelelzd REXS A4 25Ul Ae)4E etk BeF M o] 4359
2% M A oz APt M AN g s7HdY =S dad UF
AEHo2 FHH. B 03 B Mo| Agsig (F 707d) Fuol 0% MY ¥
=r}.ukef Noj Bojsja) okod 7EHog &4 ojste Ae¢E 622 #r).

HHE 2} M) W
d FeoielE Aoz Jehdch (N2 Forlsg.)
f stenelE A4yez FHID
e gaolelg Afyilezr EXU.
g A9 ev f F B EHS A9 £
o seoled BEgle 8 A4z 2EEG. (N2 907 i)
X sigtujelE R EQIE 16242 FWHG. (N2 9v]7t fid)
8 sereE EA4dE £ JERrEE AARG

(N & svj7 glem AHds £24+= 488 + o)
n 8% NEE Fo4 ARG
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% % B & &9

o)
Mol chirgke] diglsie] ke

Mum = 12
Mloat = 12.01
7srtl = valve-Al
2str2 = "capacity”

format& &9
(format t "Test:%d" ?num) Test : 12
(format t "Test:%4d" num) Test : 12
(format t "Test:%04d" ?num) Test : 0012
(format t "Test:%-04d" 7num) Test : 1200
(format t "Test:%d" loat) Test : 12
(format t "Test: %" num) Test : 12.000000
(format t "Test:%f" loat) Test : 12.010000
(format t "Test:%7f" num) Test : 12.000000
(format t '"Test:%7.2f" Mum) Test :  12.00
(format t "Test:%07.2f" ?num) Test : 0012.00
(format t "Test:%e" ?num) Test : 1.200000e+ 01
(format t "Test:%7e” num) Test : 1.200000e+ 01
(format t "Test:%7.2¢" ?num) Test : 1.20e+01
(format t "Test:%07.2¢" 7num) Test : 1.20e+01
(format t "Test:%011.2¢" Tnum) Test : 0001.20e+01
(format t "Test:%g" num) Test : 12
(format t "Test:%g" float) Test : 12.01
(format t “Test:%g" 1234567890) Test : 1.234568¢+09
(format t "Test:%0" Inum) Test : 14
(format t "Test:%x" ?num) Test : ¢
(format t "Test:%s" 7strl) Test : valve-Al
(format t "Test:%s" 7str2) Test : capacity

(format t "The %s is at %d%% of its \"%s\"" ?str] ?num Istr2)

The valve-Al is at 12% of its "capacity”
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format¥4= C ) sprintf %4-& wlge g HEH7] Wl sprintfs s} 217
Hx Zete A2WY A¢E format@4E 48¢ 4 sl

323 2 ¥e 49F

o] BollAj= K-CLIPS 3¢ RHSo| A-&sl& aste] 49¥g daux &
.

a) system

system &< A M(operation system)F X Fs= Parolrd.

[Syntax]

(system < <args>>)

o)
(defrule print-directory
(print-directory ?directory)
==
(system "dir " ?directory))

b) K-CLIPS ¢ Z=A](stopping)

halt A2 & ol ol 4¢] F2e) 4o HALEE RHSOI4 A4gahe Aoz o
A8 oA oo halth 258 AAHUZ sigo} Aok B agendalol 9
2 4 Ut Fael Yo} Yo oF A 49s7] ANAE nunojehs AL A4S
sk wo}.
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[Syntax]
(halt)

o)
(defrule halt-error
(data 7x)
(if (< (abs ?x) 0.00001)
then
(fprintout t "Error, number to small" crlf)
(halt)
else
(assert (new_data =(/ 15 7x)))))

c) A 44
c.1) Gensym

gensymA¥EL @ ez ABEE eAHo)n SHE olst W
gensyme] A ¥&3 == gh2 genl o A&H TEE gen2, genl...
ToE FrhHd. clear$groll o84} gensyme] ghg +4E = /i Wef AH§A7)
gensym3} 2 715§ AASRTAE o AF2A7} o] { A4S M2 ThE Pa} ¢l
o}.

genX
o))
(assert (new-id =(gensym) flagl 7))

gensyme) A& 20w A4S G2 2ol Mg,
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(new-id genl flagl 7)

c.2) setgen
setgen@r 4= gensyms] AASE 2F A Ggold
[Syntax]
(setgen <num>)
o714 <num> & %¢ 4ol gensyme FEH <num>o] AIE TANE
A& Yoz F7HH ghol uigtsid.

oll)
(setgen 32)

2 o gensymg s gend2s BT ohA E2ehd gen33o) "ok

d) call

- K-CLIPS & 3¢ RHSIA 4 o3a4+§ 8¢ 4 U

[Syntax]

(call {<function-name> [<<args...>>]))

ol e EV U= DA AAHY F ol Afdop B WRHE @
< ¢ 47 8ld
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o)
(defrule display-valve-system
(valve v open)
(valve W2
=>
(call (display-valves 2v1 N2)))

e) if..then..else

Ve FANES FAE A= vl #49 RHSoIA shahueld el X Esod
RREE A ol WY wWist k. K-CLIPS A= o] 242 if..then..else
TE7F Hes &1
[Syntax]

(if <predicate-function> [<<args...>>])

then
{(<<action 1>>)

(<<action n>>)
[else
(<<action 1>>)

(<<action n>>)])

then#} elselioll EAE 4= A= RHSS] Wadg e oy A & & Ao} else E2
Mo HE 4 o BE ZAWSE o] P29 2o 48H 4 Yon &
A2 o]$Hr). 2 vlRAE M4E o] Ho) A hS YT Yojof o}

o)
(defrule closed-valves

(temp high)
(valve v closed)
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==

(if (= ™ 6)

then
(fprintout t "The special valve " v "is closed!" crif)
(assert (perform special operation))

clse
(fprintout t "Valve " v "is normally closed” crif)))

A8 AL 58 FAF sht2 Folt AAF /Hd.
(defrule closed-values-number-6
(temp high)
(valve 6 closed)
=
(fprintout t "The special valve 6 is closed!" crlf}
(assert (perform special operation)))
(defrule closed-values-other-than-6
(temp high)
(valve N
=>
(fprintout t "Valve " v "is normally closed” crlf))

f) while

while 2 F218) RHSIA ZAFe] AAY w72} w3 F=(loop)Z 4]
if..then..elses} § A3k A2 5.

[Syntax]
(while (<predicate-function> [(<<args...>>])
(<<action 1>>)

(<<action n>>))

REe 2ARLEE whiled] ZAEW ALY 4 %2 whileg 5 ofj= if..then..else7
Z9} =& while®-§ T84 o3 2] RHS| waiEs T8Y 4+ Ad. £
Ago) A HA2vELS A¥sie] wtFsjof Wl
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o)

(defrule open-valves
(valve-open-through ?v)
=>

(while (> v 0)

(fprintout t "Valve " ™ "is open” crlf)
(bind ™ (- ¥ 1))))

g) EAde Z¥(string concatenation)

str_cat o], £zt EAAE o] F0)2 % solate] A4S shile] Exga

REE Hiol.

[Syntax]

(str_cat <iteml> <<items> >)

7t <iteml>g Dol %4, EAd, 8% #4ZF shtolg.

o)

(bind ?new1 (str_cat "foo" bar))
(bind Tnew2 (str_cat foo bar))
(bind Tnew3 (str_cat 12 34))

3t
mewl = "foobar"
ew2 = “foobar”
new3 = "1234"
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3.3 AFHA AT Y= 7T

K-CLIPSE A2 4 A)4& 2 AgHes @i =AY P
SA% 715S AR Aot o] AL AxM(object)st AMatols] FAF
Aoz ANJL AT A= FHRE AEY & AE 75 AR
olo}] A$) Fepx(super class)ol 4l A%k 44 (attribute) 89
ZetaolA A BeiE €7 /i

3.3.1 3e~9 A9

q7lNE TULE Bt A% ATHnA Bk o] Hee) sy
el AAsk 39l AMAols] RAF dAAA Eh

[Syntax]

(define_class <class> ([<<sub class>>])

o714 <class>E Ho|eh Fepie|n <subclass>d: & FeALE
B <cass>of 43t 2E §R2 89 Fehiol 458
<class>¥ @), &4, EAL. LERFE HE & Ad-

o] Wit Aol AHE8AL F2e RHSeA AH3® & At

ofl)

(define_class frame (beam column))

o] 2AL framee] 49 FetAoji= beam3} columno} e Ag A
Lig=
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332 gL g1 B

FHLE Y AL frame-listso} HFHG. o] Yol 4
FH29 48 dehie €%8 4EAY 4. 848 Aol A4
Agstnd . 714 dYse B5E ALl A8 AY
T3 RHSoIA A% 4 2}

a) g9 44
create_slot@rs o)A Feprs £R3) X7 49 o

[Syntax]

(create_slot <class> “<slot 1> <value 1>
[‘<slot n> <value n>])

3714 <class>{= define_classft4zof) 2)8] HAH Z2eln "7 E: Lo
ot AL 2 gRoleh: A 48 &4 &3%
o A 223 o]gL @ol, A, EAY, T5U4E

i

Rad g Hez 0%
F At

et

o)

(create_slot beam “material concrete
“length 100 )

o] E#L beamolgly: FelA ol materials} lengthals 48RS 71X o 7
zte] gk2 concreteg} 100& #4Ac}.
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b) €% AA

remove_slot& frame-listsel] 2= Felxue %5 MAAN= 424 o}
o] Heol¥).

[Syntax]

(remove_slot <class> “<slot> [<value>])

&714 <class>E AW Fzoln) <slot>L AANLA s FEFold. of7]
A <value>& A ghod o] £Re] AAT o BE zhe MARG. 2y

SAE ghe dddd 443 A5t AAR

o)

(remove_slot beam “material concrete)
¢) &89 27

add_slotZ AM2& F& AU oln] W5 &4 g HAR2A B
o A3} create_slotol] sls) o]m) wHgol7 X3} SRS Adsd oA €
Reg AA= D A2 F4g gRetel 7158 22} add_slotg A8 oA
EXa3 A2 Y gRaS o] Xl ¥ ARAAL. F A MY £XG%E
Ad + A

[Syntax]

(add_slot <class> “<slot> <value>)

q714) <class>& AQB Felaoln <slot>g oln] HAH EFolAY M2
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&Rolt. 28T <value>E &FEZholdt

d) ¢xake] +4

modifygerel Sls £XaF WAL ¢+ U

[Syntax]

(modify <class> "<slot> <value 1> => <value 2>)

o714 <value 1> o|v] ¥ Zelre) &HZboln <value 2>&= ¥HAsn

A e £Egteld.

3.3.3 Ea29] dAdux

frame-listso]l A28 434 4SS 72 LHSHA seduhxol 4-§5o]
o Wb o71M AEE 4 U= Ao 2E $oA9 We] Utk RMTE Fopre
HERHE 4G WHOIT & e testest Bl Zohre] 2ARSE 4
S8 Wlel Uck

a) Fehxs] AREH

a.1) SUBCLASS_OF

SUBCLASS_OF %4+ Z#2% Fghadols AZ#AZ 28 o714
SUBCLASS_OFt tlE2& #ok th. 219A%T £FAE A4eh Bhgol O3
¥ Ze2s) 2P (predicate)7h A,
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[Syntax]
(SUBCLASS_OF <class 1> <class 2>)

od7)4 <class 1>3 <class 2>+ @olg} W47 & 4+ Ui <class 1> 9] 3
$ FeA) <class 2>9 A{F HEET. AFE Fol <class 2>7} Ho|H frame-

listo] Q= BE <class 1>9] 8¢ Fatr2: % <class 2> 2] Ziofl i,

a.2) SLOT_VALUE

SLOT_VALUE#s+ Z82,6%3% efths A7 24 g 2

o] it

[Syntax]
(SLOT_VALUE <class> <slot-name> <value>)

o] 7)4] <class> <slot-name>+ wv|d) Boj¥ gholn #frt o 4+ ud. 28y

<value> o= W47} Fojst frame-listso} BolUE RE gho] Hdol Bixslo] At
b) Ze2e ZY%4(predicate)

o714 MA e Fetr e % = X9 BA7) frame-listso] &2 7}
£ MAte] ¥ B Aoz yise AL Fehre ZARSAR HEth o374
£ 309 248450 del dFHA g} o] $48 F2e] LHSe) 214¥ 79
& test@49 ¥ 4883 RHSOAE Ybded Z2A%4e S Q8 A48l I
o}.

b.1) slot_of
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slot_of 4= Fet29t 53¢ A7} frame-listso]] 7188 A4 4T 7
g Aagd. Fdd TRUE,2YA] ¢hew FALSE gho] W%}

[Syntax]

(slot_of <class> <slot-name>)

o374 <dlass> <slot-anme>& Wojol7Au} oln] gto] AW WHE A48se) B
t}.

b.2) subclass_of

subclass_of#t4- sfieig o] SUBCLASS_OFg} §Aaiu} ubgsiE ghg& 74
3 Qo= Aol zleo] Holr.

[Syntax]

(subclass_of <class 1> <class 2>)

3714 <class 1>3 <class 2>%& goju} gto] ujAH H4s) 48" 4 . 29
U} o714 H2¢ 24 448 5

b.3) slot_value

frame-listsuloff Fe2 9] &R $4%ke] £x3d TRUES} btz gXRglel
ExM8tA ko] FALSEZ yi3# .

[Syntax]

(slot_value <class> <slot-name>)
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7)) <class 1>3} <class 2>& golut gtol AT H47t 449 4 Uk 27
Uo7l A2 W4 44T = A

3.4 ¥+ AYse 71E

3.4.1 #se] 3

K-CLIPSE= -3¢ 28 #i8 2ag 943 ¢ & A 7150 ATH
o] Ftt. HYH ¥4 K-CLIPSq) 7|2 4oz Hojd $o U A2 AEd
t}. ol %49 Ao defunolzh: froeoll ol £ EG.

[Syntax]

(defun <fun-name>
(< parameter>-)

[body] )

o] 7) 4] <fun-name> & 4 Q¥ %4 o] <paramter> = A A% ¥4 <fun-name> o)
AH4Ee e4-E Ao 283 [bodyldiMe Fsng
Gsgel ENT & Ut

oll)

(defun my-function (argl arg?)
(sqrt (+ argl arg2)))

(defrule testl
(data 7a 7b)
=>
(bind ?ength (may-function ?a 7b))
(fprintout t "Square-root of " 7a "** 2 + "
7b "** 2 is "Nlength crif))
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3.42 owe] Bz %

43R5 @ Be2 247 A S4ES 98F Yo

a) displayfunc

ol ¥ WA7HA FYE Bos AEF 2R vehdd.

[Syntax]
(displayfunc)

b) remove_defun

ol ot H4+F AAY et A& B & S B4E AL

[Syntax]

(remove_defun <fun-name>)

c¢) ppfunc

o] ke AJY B4 WSS duA Yo 484

[Syntax]

(ppfunc <fun-name>)
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3.5 K-CLIPS9} A4 %<(computational functions)

3.5.1 7)& #4(elementary functions)

o] Holx K-CLIPSHlA AT s 71E - 4ol Hatod oAt YA 4T
sz .

3 b oj A 2|7
=g

! not(inverse) logical -

&& and logical -

I or logical -

not not(inverse) logical -

and and logical -

or or logical -
Loy

= equal(numeric) (test (= ™x %)) Zx= 7

eq equal(any) (test (eq 7x 7y)) Txeq?y

l= not equal(numeric) (test (!= x 7)) X!=7%

neq not equal(any) (test {neq 7x 7y)) 7x neq ¥y

>= greater than or equal  (test (>= X 7)) 7x >= Yy

> greater than (test (> x 7)) x>

= less than equal (test (<= Xx Ty)) W <=1

< less than (test (< 7x ) x <l
Z23%s

(numberp <arg>) (foo ?x&:(numberp ?x)) A}l 7}?

(stringp <arg>)  (foo 7x&:(stringp 7x)) 2 A<dglr)?

(wordp <arg>) (foo Mx&:(wordp 7x)) @il z}?

(evenp <arg>) (foo ?x&:(evenp 7x)) B4 ¢]7}7

(oddp <arg>) (foo Mx&:(oddp 7x)) 5977

3.5.2 A4 %4=(math functions)
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K-CLIPSel 4 X A4E A8 ojzile] $4§ AT Ad. oA 771
A2 Y & Uk Ass 72U Agdeoln EXE $3E ARl

a) 71244 e

7183 Adsges ol 44,345 e ds) Z1EHY Q45 ¢ ¢ U o)
2 %49 ¢l4(argument): @3 <A HEH} WF ALAEF A5ol EAL
o] &9 oll2]s} g%

o))
divide (bind Mvar (/ 7x ?y)) ; var = I/ Yy
multifly (bind var (* 7x ?y)) ; var = X * ly
add (bind var (+ 7x ?y)) ; var = X + %
subtract (bind var (- 7x ?y)) s var = X - Wy

b) 43 4ae

K-CLIPSq A= 71&Hel 44849 vlio] 438 +AALE A j2ira)
$48 ATHT Aok W% FEHTY S AEANLD] o] BFH A ALE
Qo8 et Mo B 71983 AX7) A ojd BEe) YdskA gho}
% Hr}. ( clips.ho] EX MATHE 022 32 math.cE 4Fsx L K-CLIPS#]
£225§ H3 o)

[Syntax]

(<fun> <arg>)

oll)

~ (defrule trigtest
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(number 7x)
=>
(bind ?y (cos 7x)))

s 45 shis dat dadd.

Lt s gk

cos cosine

sin sine

tan tangent

sec secant

csc cosecant

cot cotangent

acos arccosine

asin arcsine

atan arctangent

asec arcsecant

acsc arccosecant

acot arccotagent

cosh hyperbolic cosine
sinh hyperbolic sine

tanh hyperbolic tangent
sech hyperbolic secant
csch hyperbolic cosecant
coth hyperbolic cotangent
acosh hyperbolic arccosine
asinh hyperbolic arcsine
atanh hyperbolic arctangent
asech hyperbolic arcsecant
acsch hyperbolic arccosecant
acoth hyperbolic arccotangent

$oll A AT B4 47t Foi(radian)gts 734

log Ad 22

logl0 44 2

exp e ** <arg>

sqrt e

trunc Agghs AsHez X%
deg-rad E(degrec)g oitez £
rad-deg grjohg 22 B4
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abs Azt
3ol A3 o g3 A8 USLE N

Lies 2| 4 Hiss) = gk

min 3} o4 2E des i

max g o4 2E ¢eF xuigt

pi 18 o]

mod 2 d41g U922 i %

> 2 A4ls A2l B T8 o

ol#| ¥ AR, E C gholueie] math.hg AHE ook wHef A8 A|2¥ o]
old gelrel g AFeA oot A-F A= math.ci L& FHHok e} A2
ol @} 47as cleos, clsin Fo2 ASsiE A7t dong AgAe A2
YuE BFE IEE & AA s} o) AN T8 T4E A4d(floating-
point number)e] WHEAT. dtE) HAUdE old F4ES FAs7] A £
H A goluzgd TgA Aok @}, (2 UNIXS A -Img Fag | A543
t}.)

3.6 K-CLIPS#} Qleisilo]& &4

K-CLIPSol| = HEA 2] A48 olsle) Z& F7A71717] 98 A&
W&ol B4 4 U= HES 9 o, 2% 42 ATE

3.61 9=% ¥4

K-CLIPS: 2a% HRE HsiA 498 ¢ U= 9598 A48% 5 A
3= BrE AT U

a) window_open
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o] ot Ag UESE AR A9l ARG 7ML 4R e =S
s A7)9 MEE AAHoF B

[Syntax]

(window_open <window-id> <left> <top> <right> <bottom>>)

<window-id>= @A &= U9 HEF T <left> <top> <right>

<bottom>& Y243 271§ e
b) window_close
o] B4 MY H4E$E 2ux ¢ 3¢ A8

[Syntax]

(window_close <window-id>)

<window-id>g& A48 g (window_close) T A4# A9t 49 HESE B

7 g
¢) window_move
o] #ar HedH HESs AT WA AFo) AU

[ Syntax]

(window_move <window-id> <x> <y>)

<x>,<y>E &7 HESS 4PRSe] HEE ehich
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d) cprintout

o) Bot HE 9ol BE TYU=sE B4 A printoutst §Abeteh.

[Syntax]

(cprintout <item> ... <item> [crlf])

e) window_remove

o] ¥ Moy 427t AL ARE AAdE Fiold

[ Syntax]

(window_remove <window-id>)

3.6.2 w84

M deE AW AURe xol RE PUE A4 ¢ A AHE4AS
A8A JLE Axgol AFohe UL B4olnt

[Syntax]
(make_menu <menu-id> <x> <y>

[ < argument-1 > ]
[ < argument-2 > ]

[ < argument-n > ] )

<menu-id> A elshe oo MEE Fain] <x>,<y>E menus 4E 359 9
AF AL agn Nt $5S £442 BASY shuthe oo 449 2
1% v 7 §5F AAE A= Downslg Ups|& A4gsto) §5-5 HAHE
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% uslg Ased s $Es) wEs e

3.63 284 gs

29 FAS7] A8 $E24 A48 A4S Part 19 333 FZ47) uidd.

a) @3

(initgraph <color>)
{closegraph)

b) A s

(setcolor <color>)

(setlinestyle <linestyle> <thickness>)
(setfillstyle <pattern> <color>)

(settextjustify <horiz> <vert>)

(settextstyle <font> <direction> <charsize>)

c) 1M|HYF

(arc <x> <y> <stangle> <endangle> <radius>))

(circle <x> <y> <radius>)

(drawpoly <x1> <yl> ... <xn> <yn>)

(cllipse <x> <y> <stangle> <endangle> <xradius> <yradius>>)
(line <x1> <yl> <x2> <y2>)

(linerel <dx> <dy>)

(lineto <x> <y>)

(moveto <x> <y>)

(moverel <x> <y>)

(rectangle <left> <top> <right> <bottom>}

(bar <left> <top> <right> <bottom>)

(bar3d <left> <top> <right> <bottom> <depth>)

(fillellipse <x> <y> <xradius> <yradius>)

(fillpoly <x1> <yl> ... <xn> <yn>)

(floodfill <x> <y> <border>)

(pieslice <x> <y> <stangle> <endangle> <radius>))

(sector <x> <y> <stangle> <endangle> <xradius> <yradius>)
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d) ¥x%+

(outtext "<textstring>")
(outtextxy <x> <y> "<textstring™>")

3.7 Ad49A 2AE A

F4 1 AAqe s JYS FE 4TS YA T2l %S F
= ABE 493 Aolst Uk A T2 8 AL 729 LHSH & & A& Hd
o) 4 449 vlmolr. 3.4. 1604 Hes) Aol Hal STk 449 vlzE
3.4.2044) AT ¥}

3.7.1 AEe &4

K-CLIPSE rete ¢xalFg ntgog & 737p4ksl dejojct. Rete ¢iels
& =8 g AHHez $987) A8 dAsioiAn. K-CLIPS: M43
AEHEZ A 2YURE AT A 715S 9T ¢ At 22t HEaA 4
$37] A o19A HEAA Ho] o|Fo} AsHE clsisiol wrt.

Al egoll A g BE FA45 A&Hd 2=(load)Al#A 3] LHS
de] W= A(notwork)g e} fact-list] 44E F7-¢wnbt ARELS oW A
Q=) el A2r} HojWc). A4de] WYYH(EES 5, EALE)} UESH
As) ojd Rzt wiAs} Hokd o HEol o) FAL FRHez UPrhsel
(instantiate) =3 LHSS & sigo] s dsglo] x@slel At ol %
QL ol Y otz Pelzlc. F, LHSel At Wddo] WA 13 ook $
) o] AN ¢4 F A RE Hdo) U Y= gho] WGl HEslo]
APz AE HEAGE FAL Aol s = agendad] 71§ se] A
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A1) AFE 422 K-CLIPS7 ol 9A %318 $98+=718 ¢ 4 Aok of7]
A F28A 2L APL olHE AUHALE AY =Nl a) olFo] AT Y
che Holth. 713 Wi Hes AP Wsoke) ulmats Azhe] Bho] B
2% ¥h 1HDE GEHUAE F2E A8 AL FH e LHS A8
de) Aol 2y JYHT w2A A S48 AHSE PR f o}l
AE AURA Ahs) ¢AE APHE WY 3ANE A4 W

1) 4% (specfic) g AAN 23 ddH(general) 2E UFol Fr}. JYEsls
HoeRIgd et e AL 89 sdd 4. 73S ¢33 A4 ity
Heol o8 ZHEAGE 24 ddS B0l B} ol Y AENAAHES I
€ Hojoll FF A&} o]d MYEE WA A7 2 sRlo] veld w7tz
AL oA Ae-g 2R tholt . gheF ol sivlo] EAwdoldd oS
AFHo|t. WF g 7H3 O F Ao o8 FAY o) HeHAH Y F2
& H47 A Adg A4 HAA.

2) fact-listol] VEhFE M7l HE Mg AFoE o). fact-lists) Ho|g &)
o ALES HEA $EHo2 JWsHrsA H(instantiatation)e 2 W4g BT
= AL Fole 94BS ¥

3) Wtz e A (ASHez gD AASE W) & U3l £} 53
ez AEER S A4E UFo Bd. AE2E o] ghge] AW o] AL
ENAs M7 e ad Aol #als REAHA 495t (instantiation)$
SHA7E des] A o] ¢YH}. st AR HAS olallol FozA NP9
27} oln] PG A W8] AW YoA*A A
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2 49 Zglol) Y AFL dFE=ds gYest=e] A4fold. HF of
d Aol Z4Y AW IS M QAL AL diE= AFHA 2 E des
el o]d W 0 ol H=F gAY 4 Yemg & 7 U2 AYsty
(instantiation)g §¢AIQ0. %3 sh}s) HQe] of2isle) FFU=HSE AAY
2789 48 7}Hs(instantiation)§ P2 Ur}.

slAjete 2 factlists chelehuol2(data base)sh w2 A 448 detl 4
B3] APHE A Aol ohviz 38o) W E PLE Az WEANNE @ 2
B2 4g4e dAdie) g F2A72A = = do] Yashy) =¢ g @
&8 FUe AT HP¢ FAUY AQA7)7 Qe oA S50 Hal
ey

3.7.2 fact-list9} 2}4l3}e] vlm

fact-listol] A2 A4A-§ &71g wivlg K-CLIPS:fact-listol] A} 28 A}4lo] o]
o] EAsts 7HE 248G A2 o] Exely fact-listol] £7H 2] i)
FZE AUE olFoz AY e B AL AYY FHohd Mo o o
wol N7 WEl o] olF oz Ads: AT WAE Aol $stet. a2t A
2 Adrtd vjzdte 4 AE £nldd. old EHE wlelihy) A Axd S
W7} o]F e HA=E Aol Hdl gl AL B H K-CLIPSE Adss
AHdE Wz 48 A% ¢ A& 1% AR Ytk oF 4l o’ 1% F

hAacy

[Syntax]

(check-facts <arg>)
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%17}4 <arg>¥ on o]y} offF shrteln check-facts7} onsj® Az H¢id A}
AL factlists} v § 932 aYxgodd 984 e & oI E(default)=
on ojtt. o] ¥4 42 RHSHA &) A Hiys] 43a0a4 249
oS $Y=FAAE 3 on ,off 4ei7t MAY 4 3. 22} check-facts on
© ol fact-listol] Exhshz olFHQ AHilol dldM £Fd AT RS Za.
HEZ o] H5F AT ASE ATE Fo)F 2% A4 AgyHo 2 check-
facts7} on¢l AejofAl A)2%g ALY e check-facts§ offsled o] ¥ el 2e 3
¥ 398 A7 Qo o Fof check-factsg offA)#H 4834

old 7|5 B 5U4F Fo on EE off ¥ & Yo}

check_facts

float set_check_facts(arg);
char *arg;

B4 set_check_factse A}Ao] o]F o2 Mg AAL ya2
AgE %4 (on or off)

A4 ;@ duks) Q42 “on” olu} "off” F shrbel zhe AHEd
‘on"o] Hlsl® HAY A4 factlistehs) wlm3} WA
“off's} A=l wlmE 932 gy,

HRslE gk o AREE ghel 1.0 o o) o]4te] glx 0.00)W
Aol EH7} et

=
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4. A3RE A% Aeislolze) 7%

K-CLIPSE 3 o]44 S H¥ gads usigd 24 eg9lel Aduisjo)ag
FTUHA At 71EHA A UAE B P od B e E A4S
FAZ &AL o cdelstn U2 4 gt 222 el A Mo K-CLIPSS
9% o5 K-CLIPSHelA F8& X¥%at= 39§ 2=410d. K-CLIPSY ¢le
Hol& WHEL @ A2de] el ¢ AT AWE AW 4 Y. 27w AW
§ HEAG MAXUY.

4.1 K-CLIPS "gg
4.1.1 84 o) Py
s $+E K-CLIPS $42 Aojshe wajie]d.
(reset) K-CLIPSE v}A) M ®(setting) Ao}, agendao) i

EE WA fact-listel] A= 2E AL A

28} A fact-listef) deffactsifjof] % e]¥ ALAE wlEy).

(clear) K-CLIPSoll 4} & 143} deffacts HAd. 28z
agendael] Q= 2E FAH factlistel] Y= pE

A8E HAX L.

(run [<limit>])  F4& AP} 2 = Pygoz W} <hmir>7
Fsold <limit>vhHg 784 49¢ olFo] AL} agendao)
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&4 AYsE FAo) glow Adol FuAd. T
<limit>7h A9 $AY 49 A9 agendais) RE
AW FHo g WA AW

o) (run 3)

(save <filr-name>) ¥} K-CLIPSWeil olx nE ja# deffactsE HdH

el NG

of}) (save "rules.txt")

(load <file-name>) $}oll AFH BE 7 %3} deffacts§ F73uljel
274

of}) (load "rules.txt")

(save-facts <file>) ¥ fact-listo]] Zxhale A4S AR} 3ol
A, 2y & Ade] 51248 3& 4 sld

(load-facts <file>) Stelell $l& B2 & K-CLIPSs| fact-listo} AH2A)
2sbahe Raolh. savefactsol o8] WHE HUoht
G2 ASCIHl 92e g§u5e] 8¥ 4 Ak 7 A2
2y 4z ¥Is3 51248 23%¢ 4 U

(help <path>) & #¢ help AlA2goz RE Efo] 8= FEE 42

& slioh AT AE 42004 T e

412 N2Q A 99T
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che WHELS x| K-CLIPSS) Aeg vhe} i,

(facts) fact-listo] AV 2E 44S el dg.
(rules) A Aol ol HAH RE FAs| o]FL Jebdr}).
(agenda) agendao] UL ZE TS FA.

(pprule <rule>) <rule>2 x4H FH9 Yo e}

o) (pprule bogus-name)

(list-deffacts) fa) K-CLIPSo)) 2 =5 »E deffactsB & o o]22

LU=

(ppdeffacts <ID>) <ID>g& o]gS 7}l deffacte] 2§ =41}

4.1.3 9w HJaig
o HREES ¥ AYS T2

(watch <item>)  <item>e| factse]®™ mE A4l 9] 719 AAsE AP
EA8 . heF <item>o| ruleso|® e Assj=
A& EAIST <item> o] activations o)W RE 7% o]
agendaol] 7b=12v MASE F3g Jebig. 28
<item>e] allo]® facts,ruless} activationg % A]oj]
Ady Ao
oll) (watch rules)
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(unwatch <item>) <item>of] ¥4 watchdal-T A $ .

o)) {(unwatch rules)

(matches <rule>) 3 s] LHS s{eo] sjxs)= A5 grmsl A5

(dribble-on <file>) wkelips, wdialog, wdisplay, werror,
wtrace, wagenda$} stdouto]] Buljx] &= PHRE AH3 =

ol M Beld.

(dribble-off) Hedol) FRE ¥l d2 FAUG.

4.1.4 vxna] H#e] Ya¥(memory management commands)

54 Hdd K-CLIPSY sizalideo] 33 ARE MFdd.

(mem-used) K-CLIPS7} X125 ol¥ A& npolE4E HA R
(release-mem) K-CLIPS7} 3832 9+ A$oee(free memory)g
2| A gt

(conserve-mem <arg>) HES] AR WAZ APshe WHeD <arg>:
on B offF #U& M. 2 AxWY AL
od 4t A¥e WEAE 2YEd. 2z
of Bt FAo] syl Hol AEslok Bob.

o) (conserve-mem on)

K-CLIPS¢] sine] #el: g4 B 443 d33x $d.
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a) K-CLIPSe] sjxze)e] 2844

AL, AHAH GRe] delelrxt At U vholute oize] (dynamic
memory)2 AH§-Hoh. Y AHdo] A=A dolektx 7} fleidictd &8¢ mlx
g7t gl K-CLIPSH w2 delfiet 94 g s7an
AHE R e viREFE AR 29A Fozi FGMANA mallocgss] E
A58 44 Ad. &, K-CLIPS#4oll o8 A28 mlze) 7} Rl K-CLIPS=
A 273 Wde] +2F AV $3E § UAe delebisH g A3t U a
d FE7 ¢ddad o 727 AR 2Uelsh ABH. agxged HEE d
ole} &vtE malloctsrel] ola HE A aejx M2 EAeiz} BBHd. djolel
FZ7 ol 4 HashA tbg A9l 2 el £UE 7 AAHE-E ¢ o K-CLIPSH
ol 445}t o)A sieeld AfolRe(free memory)etn . AMHoz o)
Y Af slze st 4ds) Wel Exstd o] szl g MAsek g} wkeF mallocy4
o] s gho] NULLel®d K-CLIPSUI B¢ 2E A% nirelE 25 AA%z
A] mallocg EEslef @t FF FH2] #Y=Fol 57 AL AHIAR 7

*** DEALLOCATING MEMORY ***

*** MEMORY DEALLOCATED ***
wdialog] &% A Rol) et AR 4§ slmelE AANE B

K-CLIPSo) 4 8] Wl 2e) $5& mallocBsol sfsl sherd o 7|2 e HFEIE
malloc4 2o} 893 s] MR LGRS} AAR4E 4880 K-CLIPSe) ujx
2) 4849t MARSE sysdep.ch ol %3 genallocs} genfreez Eevh. S4¢
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71Z9 AFEE Ao mallocs freed 7] Fof] QL2 9lage] B542 HBuof 3
4.

B) 71249l sz #gs
x| K-CLIPSollA & wi2e] 238 A8 $4¢F ATz 3

mem_used
float mem_used();

53 :  K-CLIPS7 AlZE o]F A33 ujo]24E EA¢].
4% gigk
HEEE g Ae AHE slelEs

mem_requests

float mem_requests();

53 :  mem _requests@ps FAMA MY drale] 3 His
471 g s

A% - gl

whgtsl = gt : A4 K-CLIPSH A oizad 274 %4

info. : mem_useds} %A A1gshd & T&o YW slna)e) g
A ¢ Ac.

release_mem

int release_mem();

4 : release_mem 4= K-CLIPSo) 98 71212 Q= ¢ vzald
A Ml =g Fo.
o - gl

RbEEE gt el

info. : o] 4= 427 YW B4 ARAE 2FHAR
malloc$42 & of® g 28§ + W2 A% A4 2y
o] g4t ZUAYUA A&} Wb Aohe A8 K-CLIPSH}
W2 malloci4e] £&§ $#udd. *** DEALLOCATING
MEMORY *** ) o557} &¢3cie o] %48 gk @},
o] $4 #2s) RHSHHL 488 & dth.
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set_conserve

float set_conserve(arg);
char *arg;
53 : set_conserve®t e AL AoA gl7lo] HY PR ez MyY
Az obdAE BAY HYAL Fo}. ek pprule $4F AHE3s=
o FAlEF B7] HaY Yz zdesActed 434 $o
Wezd S 4+ A
g1 3} ¢4 ApE. "on" E: "off'F E AW, "on"Y AL
B7] &€ Yeg AHE AAgss Ao o}, “off” A=
B &2 Yz JRE 4P,
RS gk Ae o iissE el 1.00)8 E47) gix 0.00)4
¢igof} EASL U4
info. : o] ¥4 A4gs] ofzeld A oA FAe z=Ho
AlLgslol st A3 H TE&F ¢ Ao

4.1.5 14 Weiyp
(assert <fact>) fact-list o) AF4-S A2},
ol]) (assert (this is a fact))

(retract <fact#>) fact-list2EE) AT AAUS L AP}
off) (retract 4) & (retract 3 24 5)

(excise <rule>) AlA@oZHE <rule>o] JTH o]ES 712 7ML

AR

(undeffacts <name>deffacts®-42] A S vjol4 WHatx] ZHEE 31}
<name>& 7} deffactsptZo] Y= AFASL

reset-& st fact-listo] A9 x]=x] o}i=r}.
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(batch <file>)  K-CLIPS®} ti#&(interactive) medS 2] w2 2tele
7FedtA U AR YE AHEHReR o)
BHES WHell ALY ¢+ U
oll) (batch “rules.bat”) "rules.bat"elli= o3&} 72|
Tqg REAIF7] 98] 3] 78 load e} 2Ur}.

(<name> [<<args>>]) 437 1@ H4olArt K-CLIPSH gel
H4EES AN AY £5E 4 Aok

o]) (system "dir")

(defrule <<rule>>M2 & F4L oot o} FLL o] Fe F4o]
ZAEcE N2 E FAo) o2zt YH#TIE
o112l FAL AAH.

(deffacts <<facts>)2 ¢ deffacts H¥& Ho\¢). wok HRe o] &
9] deffacts?} Eagctd M2 deffactss} of 27}
dgoigdE o|He deffactsE& MAH ).

3.2 o4 AT ANY old WHEe) HAHAEL =¥ F4o] RHSOIA AH4%
7 Atk 2 AHEAE old AN} ojYA FHUSE o W o8t W
pprule,facts,agenda, 9} ruless} e #4-2 e G2 FHE router systemel] o
8l 42 Je] EHEGANE FHT ¢ 4 Uk v By Y W PP
B2 FE 1 REE g Adg. mem_usedit 4484} o] R geol St X

Aol &3t B4E FAe) RHSl 438 4 %= %@ & bindo) af ¥4

fr
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of ARn W4} dey & o

run, rest,excise,batch,cleary g2 5f2]e] RHSoj A" 4 1. =4 defrule
oht} deffacts Wj#do] 7% 9] RHSol 859 olaj7} A5,

4.2 HELP Aj~#
4.2.1 & #2) HELP x29

K-CLIPS= 49lsi@oll4] & 2¢) HELP7l5g A8
a) HELP7)% -84

HELP7152 #5859 o%§ B2 4844 58 a9 9. 38
ol 4= 1 YFoll igst YR G HELPH Aol B2 aA Ao} HELP7]%&
¥5E Aol ALHE 52 AP 2 AL HE H

SYNTAX

(belp [<path>])

1714 <path>% help tree o4 #3243t o] o]2: $AY pathE 2o,

paths] 7 §HRLE FUERA o) FRN o ARAE FREN B
EY §F2L9 olFS BAY olFoT AW LRE Gk 3, I ofiola] A
2 FRYFAE T A4 AW Hob (B 1Y 27 FERpolojA A
2 FRAA don 2ol YHol 4AATL) ofF Fof (help app err run) &

(help appendices error_messages run_time errors) & x| A&t ).
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HELP7I's-& A-§-¥u} W7txl9] 5 840)fe] R

. e Aoy & gANE g 7.
? path o] ol A=A A4 H pathe] @A) o5F§ BAF .
<nil> gl 7l(return key) Wt xe=Aoz 3 A9 aygE 7o)

MAIN o4 & 49|82 712 HELP7Isojal ma Ug-& ojulch o
EE4ddl4E help 715& MIAN #5614 25 Alzslnl, 482 ool #
St #%g 2= 9o sExead(prompt line)e QMG WA Wl HE BAZ .
HELP7|5014 49 dltlol 4] MAuUsA sleg 4 @S MAIN 30 93
A .

A% HELP7|5g A8 @wl HELPSHUg W3 #ZHd Sejof 22 g
o)¥9| HELPE & Mt X|7to] Bpo] £88ch. 22} 53] HELPZ Zo]s]9)
B A9s] A o)l Aot

b) HELP# 28] Z4}

HELP7)52 493 342 ¥e 2 R AAA9G. 442E A2yl 4
Boll @2} HELP# Y AXE vlg4E Ak help-path ¥4 o) & 7152 59
.

[SYNTAX]

(help-path [<help-file-name>])

Sl%Y OB E Fojxxghow s HELPHUS o2 ¥edFs) U} Wy
HELP$4¢] ol§ol Foix® 0i7l 81Ug HejF4 Heh. HELP# U9 912 47
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€ 97353 dipsh & dA832 ohAl WYL Mokt $ob. HELPY 5o A4
A toolg & 4849 870 BE HELP7I5 ot FRAT 7% ol 424 4
.
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.1 K-CLIPS 98] 4x)

K-CLIPS #57}=](package)& ol 3 §4 MS-DOS 3.2 2 98 o239
iAo F4sle] Ak 2 K-CLIPS 49 543 K-CLIPS o4 22z
K-CLIPS &£3 27} gollch. A= ghea ZE 29 $Alsto] 258k
g, 19 K-CLIPS7E MS-DOS 7304 AHgdctd 4989 sheuraa i

€ Z2Y t&dd) Haso] 4§H 4 vt K-CLIPS o] A§L ojujdt 41}
e HURE &% g}

K-CLIPSg ®A#AU 08 712004 488718 ece 484e Axge
2 2 713 $AA AZE AWYUE BEole Wb K-CLIPSE ofd 71%o) 4
A ol & AA Hollol 22T o) SHE 44 lo] o] 48 4 3 K-CLIPS=
Kernighan 3 Ritchie &} C <o} zish2aji} ANSIs} 38410] Yt Coo} A#Y
A AR Q= JEolA AYsiolo k. ofdlol4 M2 K-CLIPS 44 89
HEE H$3e 4.

1) 2235 F A48 A2 2=

&8 C &A2F=y 784 K-CLIPS A 29S = ga38q.

clips.c main.c npsr.c sysfun.c
usrint.c parser.c sysdep.c analysis.c
rulecomp.c textpro.c math.c structdef.h
constdef.h clips.h frame.c

e £2F == e ERE A2EE 2=ld $obdoz e

edmain.c  edbasic.c edterm.c edmisc.c
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edsctruct.c ed.h

2) RE include¥Fg WAYG.(Hay 4)

RE "¢ o 2275 clips.h#yds Toed.

i

#include "“clips.h"

clips.h#} 94 & includedt g 8%

#include "constdef.h”

#include “structdef.h”

oit]e] £AF3 == ed.hsp & =83

#include "ed.h”

o]H¥ includeg B2 AH3E HA LS Aol A A AL U}
3) K-CLIPSe] 2733 g =3¢

clipsh3dg BRsHT U $4 P8k K-CLIPSE 7 713o) %= st
LHE WY 4 Yok, clips.hstUe) R HE 4GS AR 71T BE Aoloh.
GEEE oM 7IFAAE 44¥4 YES %= GENERICoZ 3o} U 4%
A= A4 715e) BA 2k Beb. B 44Y 713¢ w2 GENERICe =
ZZ5olob B}, clips hip o= S50l B oA AU4RE A7T A=
W ols] ZzE clipshshelel YE TwEet ko] AFE AFS HEAY] wich

< RBRAY >
ALY AAz

K-CLIPSt= o] 43} 73t 9 §ol4dE Al Hde] ANZAE A8 Ag g
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A AAAs K-CLIPSE SHE $50) %A 238 28 4A 480 =& 2%
o1s] $4& clipsh Hoh Fsisle) S Aol sia) Mol ek

clips.h 31229) A A Qg A4-8E HHA/71F0 B4 7o) GENERIC
K-CLIPSe] %r&o0)# %t}. GENERIC K-CLIPS2 A= SRR NFol &H
d 71558 Aeshy ol @ 71FojME AW & K. o] el RE GE 47
AA A A& AHLA/7EF §5HE VEE AR 2442 o] 5ol B
= 42 ON(1)2 244|712 GENERIC 492 OFF(0)A)7 ek #tt. 488 2%t

U2l 7139 BAS Molshe ot sysdep.cthdol EAH W

dlips.hshole] ATHE BB AR AL o3 At

EX_MATH : o] 4492 %49 4&57)29) A3oig Bk b4 o Adel off
e (0 o2 A8W) , 49U oF 2030 K = HelAA sof slzejst A
A 71EAME H8E + Ao

CLP_TIME : o] A9+& K-CLIPSS] AI2715 8] ALgodig £Eut. of 42 Ui
ol Bamo) 4E5e o 724 AW S0 Bl P& AEAE on A7IE A
o] .

TRACK_MEMORY : o] A}at& K-CLIPS 7} sh2a] A-§Fejol g3t HEE 23
#}. wked o] A}eke] on ' mem_used $} mem_requests RN A 25T S

olowl, off 5| men_used $} mem_requests ¥ A H2 ghg g

CLP_TEXTPRO : o] A4%2 K-CLIPSS] H2e = 2 4 4l (text processing) 71%&

Mol g}, 1837 9§ help 7)%soll A fetch, toss, print_region S} 2155 AHge
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HE o] A2 on Aok Guf. £ -l help 715 olg2ka Y o] 4%E on
Aok et

CLP_HELP : o] A}<¥o] on sj®W K-CLIPS2] 4$] #si@ol4] help 7158 448 &
A "Hu. o] Aoke] on Y= HELP_FILE Aopef fis+= K-CLIPSe] HELP3
LHE Ao} W

CLP_EDIT : of %2 §¢9 MicorEMACS oideld #ojgu}. o Aol on s
o olelE A48Y 4 Reom, Y off 5|W AJEF AHEE 4= glork 4l 40K
Axe oizelE HAgs UA s

NOTE: o] ofiElE BE 71FelA A-884 AL olnz J8ds: Ax
7180 BHML clips.h #9 Bz 47) upde}

CLP_RULE_COMP : o] 4%¥2 3 #Hsd 71§ Mol¥u. o] A1%o] on 5|
ruleZ C Z=8 Assle] detd REoA 490}

RUN_TIME : o] A& #st9% 748 A48 M2$ K-CLIPS dsole oie
. o] AR PEA] FAS URUYY Fol| AEslojof 21n o]Abgko] Ag-s)n o
WK R vlzas} Bkt o]abde] Ago) BMAE 2.4 8 BZ7] vfebc)

4) BE "¢ %dg FH HY2 ARYU.

AER ] 715 ol g AshdA S AL e AU “h" UL g
Reoll o8 AgsEe Hde et g WK 4L ALEE Habod )
W&} x| g =lojof Yr}. WL vlo]22 HFEIL o] 22 AFE-oll Yol large L smallz
& A Hshed) K-CLIPSE #4 largem g A-2siof §. ojd AUy s w4
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ol B o) 845 AHSHEAE UEEZ oY of K-CLIPSE digelFol Yo% 102
§ Agsnz olo] RE® FAF Al o

ot 2 A7 Y B4 Ased o) §47 BW £23=F YA
£ AL B2o]n o] $4 A44& K-CLIPSH & 4= A=§ main.c 349 usrfuncs$]
A oE ojoll XEF Ak Yt

5) Wlsts K-CLIPS 243 4g ¢ev.

Wiy K-CLIPS 498 Ug g7 AdAe 2e S489e 938

K-CLIPSE zsidgw WA 44

#]& K-CLIPSE Zsalste AL C dolol 28 27} ohrizE 4
A g4 Yot s Eddol 4% 45 . old EAFS she ALY F
olnaeld BR AgsE Aojg. YitHoew Folnzale P2 PRdAS B
o2 A= Wl 3HGE Folrnalst K-CLIPS of A4g=o] EAE o]
AAA . g Bol, oAzt Mz 2dg AHSE ARLAE A3 AL,
PAS ¢ wls wEA Wy A W2 2dg Ao @ d5E dFs 2
Pe A4 dE vhAAAE AL e 2ds YAY Ao Agsior dot
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.2 K-CLIPSe] SYNTAX

F.2.1 a149] Ajoj(facts control)

(facts) : RE 249 A2 g xg=e.

(assert <pattern>) : A}4le} &7},

(retract <<#>>) : AJ4le] AA.

(str_assert "<<args>>") : B A9 27}
(str_cat <<"args">>) : EAgs ALY

(save-facts "<file-name>")

(load-facts "<file-name>")

(deffacts <fact-name> “Optional” < <pattern>>)
(undeffacts <fact-name>)

(list-deffacts)

(ppdeffact <fact-name>>)

.22 39 Moi(rules control)

- FEALo|FolA] sXH A4S HHE HAHAF T PHA

1) S48 g T2 49mdd) S}
2) 3A A4EE HEg 49ddes Eo.
3) Aok AY WY dewdes S

1 9wt A%

L1 Aol gAY SYg AHgsid 27,

1.2 &% : pattern->agenda-> priority-> select->>fire

1.3 5tAg e Foll AAT AT Aoy x] .

1.4 Refraction : &8 49¢ 442 o 498 4 gl

2. T4 Ao
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(agenda) : AW A5 FISE ZHE.

(rules) : ¥x 2=d & FAE ==,

(pprule <rule-name>)

(load "<file-name>") : file-nameoj|4] F3A-§ Fx=4|7.

(save "<file-name>") : WA 2=¥ F2A& file-nameof] AA.

3. A9 Ay
3.1 49 : 3ix ido] HXH.

100000 4 -10000 A}eo)s) ghg @t} (default=0)
syntax : (declare (salience #))

3.2 RHSOA A8 2
while : (while (<fun> <<args>>) (<<action>>))
if-then-else
Gf (<fun> <<arg>>)

then <<pattern>>
[else << pattern>>])

4. LHSZs] sfge]x]

4.1 g§Yde=si=

-7 ddg=
-$7: gFg=e

42 4%

- <name>  gUgEc=
(1) Eeldan

: By o) “value
| = or o) ab
& : and of]) ?var&alb, Ivar& a
(2) z2d%s
ar&:(<fun> <<args>>)
(3) test %4

(test (<fun> [<<args>>]))
- $7<name> : o}EY=
4.3 e e
- 9 npel g
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Mname <- (pattern) o) (retract ?fname)
- e A

and (explicit), or, not(negation)
- AY Rden
=(<fun> <<args>>) : evaluate

F.23 AFYa AAxY

1. 329 A9
(define_class <class> (<subclass>))

2. g} 99

2.1 g% 44

(create_slot <class> “<slot> <value>)

22 g9 AA

(remove_slot <class> "<slot> <value>)

2.3 §%9 51
(add_slot <class> “<slot> <value>)

24 §R9 43
(modify <class “<slot> <valuel> => <value2>)

3. a9 wionx
(SUBCLASS_OF <class 1> <class 2>)
(SLOT_VALUE <-rlass> <slot> <value>)
(stot_of <class> <slot>)

(subclass_of <class> <slot>)
(slot_value <class> <slot>)

F.2.4 B+ F A8 V)%
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1. %43 o

(defun <fun-name>

(<parameter>)
[body] )

2. 2 48] HZY4
(displayfun) : 282 AojE %49 o]FS ZUE oy
(removefunc) : &g S48 A
(ppfunc <fun-name>) : 4P W49 W8 Tl

F£.2.5 A2d Mo

(clear) : mE J43 FAG MAHS.
(reset) : initial-fact9} deffactsifje] == ALALS mlEv).

(excise <"rule-name™>) : FXL AA%}.
(batch "<file-name>")
(system "<dos-command> <<args>>")

%.2.6 U%9 Syntax
1. %99 3z

1.1 (open <"physical-file-name"> <logical-file-ID> [<"file-access">])
- access mode : r(read only)(default), w(write only),
r+(read and write),  a(append only)
o) (open “animals.dat” animals “r")

1.2 (close [<logical-file-ID>>])
- default : ¢ 2E 39Ug s
- dY NYUg RE
2. 999 =4
2.1 (read [<log-name>]) : gUd®= 9y
logical-name default ; t(=stdin)
ofl) (assert (a =(read)))
2.2 (readline) : % &<l 8"

3. &9 =4
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3.1 (printout <item>) : stdout (* old version)
3.2 (fprintout <log-name> "-----")
3.3 (format <log-name> "%-M.Nx" variable)

- ¢ left justification, M : field width, N[default:6] : # of digits

x : d(integer), f(float), e(exponential), g(general),
o{octal), x(hexadecimal), n(carriage-return), s(string),
Fe( %)
F.2.7 7e} 7%
1. ¢j¥ 7] syntax
1.1 (watch <arg>) : <arg> : fact, rules, activations, all

1.2 (unwatch <arg>) :
1.3 (matches <Rule-name>)

2. 44

{run [<#number>])

3.4 44

3.1 gen : (gen<#number>)
3.2 setgen : (setgen #number)

4. 21 g8 g

4.1 bind  : (bind <?variable> (+ <argl> <args>})
4.2 length : W49 g.24 HA
4.3 nth  : AYs= Yeghs A4
4.4 member : A&7} Y Yeo Aa)s At
ell) (member ?<list1> $7<list2>)
4.5 subset : & Y97 E 2

$£.2.8 A4 715

L 7184 4ads
+ : addition o) (+ <argl> <arg2> <<args>>)

- : subtraction of)) (- <argl> <arg2> <<args>>)
* : multiplication o)) (* <argl> <arg2> < <args>>)
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/ : division  of)) (/ <argl> <arg2> <<args>>)
** . exponentiation of}) (** <argl> <arg2>)
(possible when compiled by EM package)

2. #7349 deHs
sin asin sinh asinh
cos acos cosh acosh
tan atan tanh atanh
sec asec sech asech
CSC acsc csch acsch
cot acot coth acoth
pi min max mod
log log10 exp sqrt
abs trunc deg-rad rad-deg

3 =gge
| or not
&& or and
| or or

4. vlng S

eq : equal(any) functions

neq : not equal(any)

= : equal(numerical) function
= : not equal

>= ; greater than and equal to
> : greater than

<= : less than and equal to

< : less than

5. 2%+

(numberp <arg>)
(stringp <arg>)
(wordp <arg>)
(envep <arg>)
{oddp <arg>)
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2.3 K-CLIPS9] oldj€

K-CLIPS: $#3% 229 ofcelal MicroEMACS ofjciels] S48 mdg ¥
gt K-CLIPSHA oldeld £48 4 owl, oidele] A% mx QRE 1%
A8AL, YNH o2 o E sA s} CLIPSE Sobe A}, $H3] A g 45
ek, o] olElE RAY 22d G OIRE FFo) F4ehA A WAZE o]
AdEE VII00 EE VI40 2% elmdg Es: VAX VMS 7]Foly
TERMCAP2 A Q8= UNTX Al293} [BM-PC %% o] A% 87|12 cl4 424

F .
dldl¥l= K-CLIPSel A oh-53 L =2 34530,
(edit ["<file-name>"])

S92 dYHelct. g Hdgo]l AP 1 HYo] 2=} AR o
28 %98 2ESAUR odEst E A B Yo 4= tho AARE B
€ EMAG s Bdolst 484 & A e E wAils 8sE 297 AaMz
<Cul-Z> B <Cr-X><Crl-C> § A4¢r). delels W) 202 53 4
Aoz Jdeid MAter] fAddEs <Cul-X> Q 8 488} wre ans
Ada7) e ALY FEE EART <Cul-X><Cul-T> & 2. w5
o ARE HALHI] Al <Mata-T>F A8} el A 3Ee) fnes
A&sHA Hed oidelE AMASE 492 clips.h 3o Poisje] o

MicroEMACS Editor

1. Notation
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Meta = Esc = Alt key = ¢ - |
Rubout = Delete = del key

¢-X-B : Type c-B when pressing ¢-X
c-x-(S) : Type ¢-B and type c-§

2. Start
(edit ["<file-name>"])
3. Exit EMACS

¢-X-C : save buffer and kill EMACS
e-X-Z : kill EMACS
c-C-Z : suspended EMACS

4. General Utilities

¢-_ : Help

¢-G : Cancel any command

c-L : Refresh the screen

c-C : Start a new interactive command shell (under UNIX, VMS)
¢-X-! : Execute a single external command to the OS

¢-U : Enter repeat count for next command

c-Y : Yank(undelete) last text killed

5. Cursor Movement

a. Character
¢-F : Forward one command
¢-B : Backward one character
b. Word
m-F : Forward one word
m-B : Backward one word
c. Line
c-A : Beginning of line
¢-E : End of line
c-P : Previous line
c-N : Next line
¢-X : Go to a special line number
c-X-= : Show current cursor column and line number
¢-X-O : delete following blank line
¢-X-: : Go to a special line number
m-! : Move current line to repeat count lines from top of window
d. Buffer
m-< : Begingging of buiffer
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m-> : End of buffer

e. Screen
¢-V : View the next screen
M-V : View the previous screen

6. deletion

a. Character
¢-D : Character under cursor {<dei>)
¢-H : Previous character (<rubout>)
b. Word
m-<del> : Previous word
m-D : next word
¢. Line
¢-K : To end of line from cursor position

7. Blocks Manipulation

a. Mark
m-. or c- : set mark at current position
b. Manipulation
c-W : Delete region between cursor and last mark set.
¢-X-X : Delete a buffer other than the current buffer.
c-X-B : Find the names of all buffers.
m-W : Copy region into kill buffer. The kill buffer is a buffer
into which deleted text is put. The last text put
into the kill buffer can be retrieved using the c-Y command.

8. Insersions and Searches

a. Insertions
c-l : Insert a tab
¢-J : Insert CR/LF and indent the next line
¢-M : Insert CR/LF
¢-O : Insert line
¢-Q : Quote the next character. This allows you to insert
special control codes such as backspace or CR in the
text. After the c-Q should be the special character
to be inserted.
¢-T : Transpose character. This si, switch the positions of
the character at the cursor with the character on
the left.
m-C : Capitalize first letter of word
m-L : make lowercase next word
m-U : Make uppercase next word
b. searches
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¢-R : Reverse search

¢-S or m-J : Forward scarch

¢-X-R : Global reverse search and replace
¢-X-S : Global forward search and replace
m-R : Query reverse search and replace
m-S : Query forward search and replace

9. Save and Load

a.Buffer

c-Z : Save current buffer only and exit, quick save.
c-X-(S) : Save current buffer into its file

c-X-(W) : save current buffer with option to change name
c-X-(C) : Exit without saving buggers
b.File

c-X-(F) : Find file. Load if not already in buffer

c-X-(R) : Rename file. Change file name for buffer
c-X-(V) : Visit a file. Load file in current window

10. Windows and Buffers

c-X-1 : Display only current window

c-X-2 : Split the current window

c-X-B : Switch to a diffrent buffer

c-X-N : Move to next window

c-X-P : Move tp previous window

c-X-(N) : Scroll window up by repeat count lines
¢-X~(P) : Scroll window down by repeat count lines
¢c-X-Z : Enlarge current window by repeat count lines
c-X-(Z) : Reduce current window by repeat count lines

11. Keyboard Macros

c-X-( : Begin definition of keyboard macro
¢-X-) : End keyboard macro
¢-X-E : Execute a keyboard macro

12. Additional Capability

¢-X-T : Compile regoin and load it into KCLIPS

¢-T : Compile the current buffer and load it into CLIPS
c-X-Q : Return to CLIPS, do not clear deitor

¢-X-C : Return to CLIPS, clear editor

¢-X-M : File matching parenthesis ro { } or []
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A.4 K-CLIPS9 9-e}4d(run-time) =219
A4l FAe AU

o] Hol4x K-CLIPSS] @-819) RgS =t #¥§ dF424 . o] &
ey T2 Padele ZE FAS Sus YN deg. adn Q98
o Wzd 2718 39 &9 G- BEE V=S Bl G o

1) K-CLIPSS A9 shie #-81Y 280 T FAS L 2=47d. 42
3 kel ¥4 rule-to-c & TE&E.

(rule-to-c <file-name> <id>)

1714 <file-name>Z Aol <id>i= Fgolr}. o] FEo] BIeF 228 F

23} 9do] “expert.clp” o]® r}&53 T MY WAL ALY 4 Ut
(rule-to-c "expert.c” 1)

ol B FAFE cZ HBY g 29 Y "expert.c’o) KU o] FHEL
lojgle 2§ idE AHS8ch 488 2F idell dHE Y2e dT872 d. 2
Bo] #7459 K-CLIPSE AL Z FHA2A(> F3 S0)of dhalA= o]
£ ¢ 2k (> 200K)

2) Aol HAE HUS WA §) ol AE FYH 2YHAL "expert.co)
2 o] 3l WshUste] B U(expert.obj’)S HEG

3) clips.c g2 RUN_TIME o]a= s}l §4& 12 Ad#x K-CLIPSe 3
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A4 Zeg dA PR . oAL F=8 £4F YU S Aol d-Ed
K-CLIPSE &2 ME2F #3-& g & 2 8 4§49 deise|&7} AHe
2 o]fo] Zc}. K-CLIPSS| MUY A¢= K-CLIPSS AA golueaig= £
¥ ez Hgdae Aol ALY AFHE AAE A&

4) A7bsle Alg H4 mainc REF Aok & AHEAE 4 mainc BF
ol4 init_clips ¥-§ EFslol 9o} el ZEANAL HEE 271345 A 3
& Mek@dch. WA usrfuncsPsol B E BF Pojata] gholok ). 27|34
§ %= T ot usrfuncst: EEE)2] g A&Y ZESSFE oln] ¢ FH 9
Feo) By so} UG, FHAZ init_clipssh A FAREE £ARHTINE B
48 5280 @ o] B e Ao Aol Pojso] YT o]th4s] o] E-L init_
¢_rules_<id> o|r}. o§7]4 <id> FARF <id>¢ A48 A} AL Yol
A ol A G459 olF el init_c_rules_lo|c}. o|H|§ F71x2 27|¥FHHo]F¥
of AH827t HaZ § £78F ¥ 2ddE reset§ = rung v} 7124
main.c $Y4g chyofl Ve

#include <stdio.h>
#include "clips.h"

main()

init_clips();
init_c_rules_1();

/* AgAs 2718 */

;'eset_c]ips() ;
run(-1);

* g as Y
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usrfuncs()

{}

6) A&7 B4 £¢H K-CLIPSS Ha 2E3 4 'CHARES =2
k=2

7) A47e FAol 48 d-HY 2EL £9° 4 U

run-time 3o A48 ¢ 4 2= W}l o= &3 2. : clear, load, save facts,
rules, agenda, pprule, list-deffacts, ppdeffact, watch,unwatch, matches, dribble-on,
dribble-off cxcise,undeffacts,batch. 2 #v} o) AT B4 28 4 o).
clear_clips, load_clips, displayfacts,printagenda,pretty_print, pp_deffact,set_

watch,excise, undeffacts.

A42 HAdd 49 194

rule-to-ct4rt C F=§ HEAY o] 8L o E 7F 9 HFEHA HE 2
e 5 U ditdez @ 7138 HUFEA & =& char,int,pointer type £
ol & viol2 A7|F /AT UA) gdod dE 7|Fe HFE) ALY 4 gl
53 tleJets] A7)¢} data alignment: 443} Aol EA7 PR 7)F
TAglol B4 NA7)AMAE rule-to-crg TEY of -5 2L uirle ¢
g st

(rule-to-c <file-name> <id> <char-size> <int-size> <float-size> < pointer-

size>)

ol Uzt Hati= 7159 £A4, 4G, 445, £AE 9] A7)§ it 53 oo
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ghs] =717} Sold A% oL Age madlo ¥,
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.5 K-CLIPS o&] ojA)=r)

K-CLIPSE %714 /8 A A7 QAo s 749 dgo) B
A% A 2EAY o $4sE A HARI} A of7)4= LQubHel o) F o4
A& bz o Ro] v viE 498

L. -4 o =212

Function <name> expected <number> arguments

o] digi §¢rt AUE Ass ASs Seids AL IWED. U459 o)L
<name>e|x 73t Qg9 4= <number> ¢]d}.

Function <name> expected at lcast <number> arguments

ol = 7t 1A B A A¢T PR ARG Hojs A vebic. B
F2] o]FZ <name>o]R 7|djsE U459 4+ <number>o)r).

Function <name> expected no more than <number> arguments.
o] ol 71ulE s AR ¢ B A&} ENVIE AL Jehdnt. B4
o] <name>o|x 7|di#E 249 4= <number>e]t}.

Function <name> expected argument #<number> to be of type < type>

rfloat received a request from function <name> for argument
#<number> which is not a number

rstring received a request from function <name> for argument
#<number> which is not a string

ol dE ¥4l U Felde A2 vedyg.

rfloat received a request from function <name> for argument
#<number> which is non-existent
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rstring received a request from function <name> for argument
#<number> which is non-existent

runkown received a request from function <name> for argument
#<number> which is non-existent

o] dlAE 7Y AR AFNodE He g AANE AL ¢ £
2. ¥4 s4(parsing) ofl3] A}

B 34y o S92 2H FAS 2oAR F9 FHAEoA A
TAE e 9ol $48. e K-CLIPSS| gy UEislolXoy F2& 2
A ol et s ey HARE AfE

Missing a rule name!

ol AL FAS FXAA olFe] fE Ag EAG).

A pattern begins with (" or ?7<var>

;lﬂﬂgﬁf A9 LHSYS g A4 of H3F dAY 458 A8 o}

LHS of rule <name> contains no patterns

o} oll&j i+ X 2] LHSo) miglo] 13 wl w4 ¢l

Only a single pattern may appear after a not

o] o#j& not FEMUo] otF YL HA] w WA

Found <token> when expecting => in <rule>

o] o2} bind,fprintouts} 2 ¥4 s RHS actiono] => o] o) e} wfo)) 4t
A}
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Expected ’)’ to finish a rule
of e FHAM ‘(& A FE Wl vhebdo.

Missing <- after ?<var> in the LHS of <rule>

o] A Wil ¥ MAF AWAL W) "< o] R o LYY

Missing ’(’ after ?<<var> in the LHS of <rule>

ol diHE Wfel & AT AVNY o °C o] AL W LY.

Missing closing ’)’ for test construct in <rule>

ol M testiFoll *)7t Wg Aol HAY.

Missing ’(* after logical pattern operator in <rule>

ol dl?lE and u orFZA tFoll BEE 4§82 S &ty

Unexpected token <token> found in the LHS of <rule>

o gl s LHSH) bindi} fprintoutsh 2 RESs) 8447 48 45l
B,

Expected a pattern elemnt such as a variable, word, or number
in the pattern of <rule>

ol A Aol =>ou} <-9} & Aol e W Yojute}.

Declaration is illegal at this point in <rule>
ol sl Ad¥-5 HAH FAL shibe] AR o) Fol] YebbAL logical operator
(and , or, not)uloll A} viehiw wagsc).

Missing a ’(’ after declare in <rule>
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of dlFs HAdEel '(ol9)e) & EAF A4E Ao LHSY.

Missing function declaration for function <function> in <rule>

of A2t FANA Agsi H4F olHol Hoys|x hshg Ao wAH}. o)A
< Bolgof2 Y ¢ AR EF usrfuncsfo] Helg Al 39bg ALE U

Usable to find variable <name> on RHS of <rule>
o} of2j& 2|9 RHSo|A vebd W47 LHSolA 85 g o] Mo bindE
Aol sjsl XV kg Aol wad.

Usable to find variable <name> on LHS of <rule>

ol oMt e LHSo)4 Aslx) eiste A9 439, oY o gRio)
testi Aol A} kg ¢

Usable to find binder <name> on RHS of <rule>
o] di#l& N2 LHSRA HdS A Ps)x oke Heg AHSated A4S MAY o
w4y
oll)
(defrule foo "
<-(a)
=>
(retract 7g))

Missing deffacts name

ol szl deffactsi 9] olFo] YF=INg AS-o) ¢4Hc}.

Variable <name> is unbound in rule <rule>

ol sl St QoM NBsIA) S WS ALY Aol HPG}. o] o= F2
bind#4-o) 4] w4}

oif)

(defrule foo ™
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(fact 7x)

=>

(if (> 7x 3) then (bind 7y 4))
(assert (new-fact 7y)))
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Borxpoe 19873 84 vl ofAFAxF  Cambridgec]d] X
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AN EXPERT SYSTEM FOR ANALYSIS/DESIGN OF BUILDING STRUCTURES

C.X. CHOI

. Dept. of Civil Engineering
Korea Advanged Institute
of Science and Technology
Seou?! 131, Korea

£.0. KIN

Seoul

SUrMaRY

The purpose of this paper is to outline the conceptual
development of I—BUILDS(Sn Intetligent BUllding Design
System).
from exparts’ experiences in structura) engingering

fnto the conventional building design system{BUILDS} ta
form a knowledge-based building design system, [-BUILDS

Incorporating the human knowledge acquired

automates all phases of the building design process.
Some gbject networks are presented to 11)ustrate the
organizations of classified information on building
structures. !-BUTLDS utilizes the mixed language pro-
gramming technigue to combine an existing programming

environment(GEPSE) written in C with BUILDS In FORTRAN.
INTRODUCT 108

The main phases of the englineering design precess can-
sist of 1) Specification of the problem domain, 2} Pre-
liminary design, 3} Analysis, 4) Detalied design, and
5} Evaluation. In general, the designer arrives at the
best appropriate design after carryihg out 3 number of
trials. While computers have been used extensively for
the advanced analysis and detalied design, accumulated
knowledge of experts obtained through long years of
experiences has been utilized for the preliminary de-
sign and evaluation process. By conventional algari-
thmic grogrammig technique, tt is difficult to repre-
sent heuristic knowledge which is mostly obtained im-
plicitty through the designer‘s expertise, praference
and existing documents etc. But the rapid advancement
of Artificial [nte!lfgence have made ft pessible to
formally represent the 5o called i11-structured know-
ledge[Ref.1-3}.
become the very appropriate toal for the structur:[

The knowledge based expert system has

problems that much rely on designer’'s exparti{se and
The H{-RISE(Ref.9] may be the
earliest effart for the preliminary design utilizing

experiences(Ref,d4-91,
Artificial Intefligence technique.
In developing the integrated knowledge based de-

sign system, the existing conventional CAD programs
are combined with experts' knowledge. The main goal

Dept. of Civil Engineering
Korea Advanced Institute
of Science and Technology
131, Yores

of this study is to construct an aLQamated design sys-
tem for building structures {[-BUILDS: an Intelligent
BUlLding Design System} by Syﬁ[hesizinq the conven-
tionat analysis/design CAD programs [BUILOS; an finteg-
rated BUilding fesign System) [Ref 10,11) and the know-
Tedge-basad syslem that 1s established by accumulating

experts' experiences.

BULLDS: A CONVENTIONAL CAD PROGRAM

BUILDS, which is being developed at the Xorea Advanced
Irstitute of Science and Technolagy, is an integrated

design system (from analysis to drafting) for building
structures which Is designed to meat the needs of the

computer 3ids in structural engineering practice. The
system, which is now in the advanced stage of develop-
ment, includes the following sub-systems each of which
is assigned to have various computational capabilities

a8 fallows;

b pe---- BULLDS-A : Analysis of builing structure
I R BULLDS-L : R{ member design
| CEEES] BUILDS-5 : Steel member deslgn
L p=----- BUILDS-F : Foundation design
0 = AUILDS-B : BIl) of materiais/cost estimattion
S p----- BUILDS-D : Drafting -
Figure 1 Sub-systems of BUILDS

The s;ructural anadysis/design by BUILDS is fniti-
ated with the selection of an candidate configuration
af the building structure that {s modeled as an assem-
Blage of planar frames in arbitrary direction intercon-
The Tia-
ear three dimensional analysis of the building structure

nected with rigid slabs at each fioor level.

with the forementioned model is performed to get its

responses for given excitations. 1s khe structural

analysis by BUILDS-A, the sequentizl nature of gravity
N

load application 1s considered[Ref.12].

Based an the respon;es obtained by BUILDS-A, other
sub-3ysions of SUILIS papform the structur:} member
design and the analysiijaesign cycte 1s repeated until
optimal solution(design) is obtained. Jhe sub-Systems
of 8UILDS for detailing (BUILDS-C/S/F) emphasize the

applicatien of optimal design theory to the practicai



design of bulilding structures with elements of discrete
sections, The more sophisticated optimization model
requires so many variables and complicated descriptive
functions that oﬁiy simple structures may be treated at
a reasonzbie expenses. " In order to avoid this diffi-
cutty, the optimization of total structure {s carried
put with two separate stages splitting the subjactive
constraints Inte two categories, f.e., 1) the const-
ralnts to be considered in the first stage optimization
{eiement deslgn} such as stress constraints and local
mamber dellectiens and 2) the constraints to be conti-
dered in the secand sqﬁge optimization [whole structure
decign) such as structural displacements and natural

frequencies,

Then BUILDS proceeds with cost estimation process
{BUILDS-B} and if the cost f3 satisfactory, drafting
(BUILDS-D} 1s followed to complete the entire process.
If not, BUILLCS refterates the analysis-design-cost
astimation cycle with the modified structural modse].

MODEL OF BUILDING DESIGN PROCESS[Ref.13,14]

It may be helpful to discuss a very general design
methodology for buitding structures prior to the dig-
cussion on constructing the dasign expert systam, The
building design prOcesé, which i3 one of most Frequent- "
ty arising engineering problems, begins with examining
and defining the problem at hand. At the stage aof pro-
blem definition, the conditions for fnnovative solu-
tions sre created and a systematic analysis of the ob-
Jectives and the requirements to be met by any solu-
tions should fellow. The feasible solutfons are then
generated by some creative processes. CEach candidate
solution is evaivated with the requiremants znd com-
pared with each gther to find the best or aptimum soju-
tion. If no solutions are possible, or If they cost too
much, the requirements may have to be eased and/or the
praoblem definition resvaluated. The approach which
many experts take in their building design is a hier-
archical approach, in which determiration of the over-
a1l concept {e.qg. building plan) precedes to the de-
tailed determination{e.q. member properties). Although
this design process mode) is more or less subject to
personal preference’ the building design process can he
summarized in four or five phases as following discus-

sions,

Froblem Definitign and/or Redefinition Phases

A successful buiiding design work 1s usvally done by

combined efforts of those people from different exper-
tises, § 2., client/owner, architects, structural engi-
neers and cost estimators etc. Due to the large number

of experts invoived in the planning stage, this design

process is a very large scale job. Therefore, the pro-
blem domain will be confined to designing the struc-
turzl systems,

Preliminary Design Phase
At this stage, al) the conditions for building design
are synthesfzed and atl the feasible solutions are

generated. Then the best candidate s selected hised
on the designer’'s intuitfon and judgment.

Vetaliled Desian_Fhase
In order to analyze the chosen candidate, it is requir-

*

ed ta expand it and to introduce more detail intp vari-
ous design parameters, This stage involves the deter-
mination of structural respanse of the selected ronfl
guration with the assumed fnittal properties of members
to the applied exclitations. Then the detaflad member
design of the structures is performed based on the
results of the analysis.

Evaluation Phase

Khen the process in the aforementfoned phases is com
pleted, tha selacted candidate is evaluated for its
effectiveness and optimality in comparision with re-
quirements, 1f 1t is nrat satisfactory, the contrul 1s
sent back to the Problem Definition or the Fretiminary
Design Phase through problem redefinftion. Otherwise
the éesign ends with satisfying ths goal,

[-BUILDS ORGANIZATION

Tn order to provide the BUILDS users with coasultations
and advices at’the different phases of building design
process, the development of an knowledge based axpert
system is desirahle. Renovating the existing BUILOS
pregram in accordance with the 3forement{oned buflding
design model, a totally automated building design sys-
tem utilizing knowledge-based expert system can be con-
structed. BUILDS, which is a conventional CAD system
written in FORTRAN, manipulates mainly numerfcal com-
putations while the knowledge-based expert system does
the symbollc processing, T

BUlthy

!

Task Coalrol Tdilbsg,
Comolling
CRFST LKTERENCE and losdiag BUILDS-)
|
[ Camputer/Uncr lolerface ]

Figure 2 1-BUTLDS Architecturs



[-BUELDS consists of BUILDS and the knowledge
based systems which §s built under GEPSE she1![Ref.15]
The knowledge base fs divided inte five knowledge
Modules (Kﬂsl that communicate through working memary
controlled by meta-rules. KMs are also composed of
several Knowledge Units (KUs} n accordance with design
steps while the Data Bases {DBs) and BUTLDS subsystems
In accordance with thetr functions. Flgure 2 repre-
sents the architecture of an automated bullding design
system named as [-BUILDS (Intelligent BUILDS) which is
constructed hy Incorparating RULLDS and the knowledge
based system into none framswork.

“

1-BUILDS TASK CONTROL

" The task control of T-BUILDS 1s accomplished by using
meta-rules and discussed in detafl in the following

subsections according to Job sequance.

Fp—
i

Ly
i

3 =

st
VA -

(LT

4

[ S——

Flgure 3 1-BUILDS Task Control

Problem injtien Modul

The current development capability of [-BUILDS is de-
Timited on the structural de<igner's praoblem so that
the probtem domain {s reduced at the planning stage.

Plan Stetch Input Data

- bullding helght

- number af tterles

- width 4nd length

- pumbers and 11144 of Span

in twn directiont

- wsage, melerbal, etc.

Figure 4 1Initial Bullding Data
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$a some fnitia) primftive data as shown in Figure 4 sre
requested for 3 space allocation in UNDERSTAHD-GIVEN-
PROBLEM KU from a user or 3 space planner, who char-
acterizes preliminary bulldlﬁg cenfiguration such as
height, Hiath, length, number and size of span in two

main directions, etc.

Preiimingry Design Modyle

This module generates all the possible structural con-
figurations from the given space allocation and makes
preliminary ssfection of best cand1d;te- Since the
building 's assumed as an assemblage of 2-D frames, the
selectlon of 2-D framing system based on the previous
design experience must be made first. To select the
pessible 2-0 frames, the knowledge is extracted from
the various sources such as recommendations of F. Xhan
and ACI Commfttee 442 {Ref,16], textbooks on the struc-
tural systems, Monograph on Planning and Desfgn of Tall
Bulldings{Ref.13] and so on. These selected 2-0 frames
in two major axis dirvections are combined by GENERATE-
FEASTBLE-CONFIGURATIONS KU referencing CONFIG KU to
qenerate 3-0 candidate configurations that satisfy de-
sign requirements. SELECT-BEST-CANDEDATE XU makes quan-
titative and qualitative comparisons of current candi-
date with other structura) configurations, ut{lizing
hauristic functions., Any configurations whose perform-
ance and acceptability fall well below those of others
ﬁ}e abandoned and the others are saved to be retrieved
In the later cycle, The information dealt In this pro-
cess 1s shown {n Figure 5.

Flan Topelogy Data Generaled , |

Frwmr (0. [alemn Une anir smt lnerve}
] r ] ] t 1

F + + + t 1

T o, V. S
G"l_ L 411 Ha

- frame |0

+ frame arrangesent

- 10y of column, beas, and
1ish 1tney snd thelr arrangement

- wall andfor truss arcangement

1+ B9 S99,
Figure 5 Generation of structural Configuration

11 i M ] "
By this moduie, the properties of members of the select-
ed candidate in the preliminary design process are
picked up. This phase atso involves the processes of
preparation/checking of lnput data file, structura?
analtysis/destgn, checking results and feedback control,
stc.

Stage |: Far a chosen candidate configuration of build-
ing, 1t 15 required to introduce Initial values of vars- .
lovs design parameters such as beam depth and slab

thickness. [DEALIZED-MODEL XU generates them from heu-



ristic rutese.g. span/depth ratie} ar some approximate
analytic algorithms such as portal method. Then the
input file 15 prepared automatically by [HPUT-FILE XU
for the later wsé Tn striuctural analysis, To complete
the input Tile, job contro! dats s given directly by
Ther the ifnput file is

checked in terms of EEATRAN format compatibflity tmple-

pser or by default vatues,

mMented fn BUILDS 2nd the completeness of each item.

figure € shows some information generated in this stage,

Speciflcation Member Properties Deka Generated

ey I ’ ’ ‘ + na. of differeat section IDs
- section properties
e 5.3 1,8,0,Thickness
1 - - other optlonal data
- o e.0.} control data
\

Figure & Specification of Member Properties
Stage 2: With the input file established {n the stags 1,
the structural analysis is performed by BUILDS-A and
its responses are determined for the applied loads.

Stage J: Based on the results obtained from the struc- °
tural analysis, determination of member properties in
accordance with the current regulations and codes of
practice is performed and the Smproved members are up-
dated (optimized). In the design process carried gut
by BUILDS-C/5/F, emphasis s placed on the optimization
of individual members of the structural system.

Stage 4: With the individwa) members optimized, the ac-
ceptabitity of design is checked at this stage with con-
straints such as structural drift, overturning moment
and member deflection/stress by CODE OB. [f acceptable,
the detailed design proceeds to the mext stage. Other-
wise, sensitivity vectors, which was obtalned in the
precedent stage, is retrieved to tdentify the most sen-
sitive member(s) to correct the violated constraints.
Then goes to stage ! to update the Input data with

newly modified section properties using REFINE-MDDEL XU.
The modification of solution is continued unti! the
optimum salution 15 found.

Evalvatign module

The effectiveness of the selected configuration fs
evaluated in this stage.
ing is performed. If not, preliminary design module is
taken up to modtfy the configuration and the process s
refterated, -

[f it s appropriate, draft-
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Stage 1: BTt of materials and cost estimation of the
selected candidate are made by BUILDS-B with PRICE DB,

Stange 2: At this stage, SUGGEST-ALTERMATE-DESIGH %U
evaluates the design effectiveness based on the cost,
structural performance, ete. and 3 decision has to be
mide whether to modify the current design both at the
total system level and at sub-systems' levels. If
modification
Redeffnition

{5 needed, {t s performed fn the Problen
Module,

Stage 3: If the current design s acceptable, drafting
Is performed by BUILDS-0. Before this desfgn pracess,
the resylts of given structural configurations arg
s2ved in a knowledge base named CONFIG and than affi-
ciently used to retrieve the information with which the
selection and the evatuation of alternatives are made.
This makes 1t possible to nourish the knowledge ba:e:
of 1-BUILDS.

Problem Redefinitign Module
In medifying the building confiquration, some informa-

tion 15 needed which tells in which direction a move
shoutd be made. To decide the direction of next move,
decision should be made by NEW-CONFIGURATION KU refer-
encing CONFIG KB whether the selected candidate should
be modified or an entirely rew configuration should be

Introduced.

KNOWLEDGE CLASSIFECATION

In this
paper, knowledge bases are first establiched with knows

fnowledge base is the kernel of expert system.

ledge from printed texts, requlations and codes of
practice. Then to get more information and/or qualify
this knowledge, the experts' experiences and knowledge
are solicited. This paper ctassifies the knowledge
characteristics of the building structura? system into

three main categorfes as the following.

Physical Description of Building

The goalt of building design Is. to determtne the physi-
cal properties of a structural system that minimizes
the cost required to resist all kinds of loads applied
ta the bﬂi1d1ng and satisries the bwilding functicnal
requirements such as.archftecturs!, mechanical and

" The simple model of the building
structural system is to assume that 1t consfsts of
mainly 2-0 framing systems each of which resist both

serviceability, etc.

gravity and lateral loads znd are Intsrconnected by a

framing system called slab which transfers the gravity
loads{floor loads) to the 2-D frames. These 2-0 sub-.
systems are physically composed of primitive structural

components such as columns, beams, walls and trusses.



LEveL
1-0 frimes
rarr ot lde widenide
dlreckion l dirgction 10
LEVEL
At xr, ., Mmoo W] T, M
ELIMENT
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vy} 1350 thick ares thiek.

Figure 7 Physical Description of Bullding

The physical network of companents which construct the
etructural system is presented In Figure 7.

Design environments

As shown in Figure 8, this knowledge 1s mafniy reltated
to the design constraints with which the properties of
structural components are determined and the factors
which affect the determination of overal! structural
systems, Requlations or codes prasent the loading con-
ditions and constraints of member deformation/stress.
The cther functional subsystems {ncluding such as me-
chanical/service, electronic, construection and founda-
tion play an important roles in determining the struc-
tural physical system. Owner's needs are also another
constraints, among which are building material, usage,

ete.

Cevlgn Eavironmeats

Regqulations i [ Related wu-iyum“ I Owegr”§ need I

Figure 8 Design Environments

Menu of structural systems

1-BUILDS can select initial 2-D frames, which are need-
ed at the preliminary design stage, from the data base
callad MENU.
the previously selected 2-0 frames at his disposal.
This data base {s coanstructed by storing the merits and
faults of existing 2-D frames and their components in
This kind

{n the editing mode, a user could modify

it. They can he retrieved later as neaded.
of 1tems 15 shown {n Flgure 9.

COMPUTER [MPLEMENTATION

The core af 1.8UILDS shown in Fiqure 2 mainly consists
of GEPSE INFERENCE, OBs, ¥Bs and BUTLDS subsystems. The
executable programs under [-8UILDS are the execution
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“language programming.

Momeal restyting Frome-

Frare-
shesrweall

thear=sll
Frame

Tramt sheartrut

\

t

1

I\

5
beam- ttaggered  thedrmaall  core Frame- frame- staggered
column  wall-beem  tpitem it smearmel?  theertrunt Lruds
1rltes iritem 1yslem triles tratem

Figure $ Menu of Structural Systems

files rreated by the meta-rules which edit, compile snd
Jor load KBs, DBt and BUILDS as shown in the following

example meta-rule,

1f {lnput Flle {s completed and Analysis {5 required)
THEN {Load input file and BUILDS-A, and Run BUILDS-A}

After the meta-rule like above example 1s applied,
the information which Is needed for next stage is ex-
tracted. It §s required to transfer the structural
displacement acquired from analysis to CODE KU In order
to check {f the results satisfy the code requirements.
Becausa the programs or systems in !-BUILDS are written
in different tanguages, this process requires mixed
While the basic language used
In GEPSE is €, KB Js written in ONL (Object Network
tanguage), 08 tn C, and BUILDS fn FDRTRAH.
mixed language programming, the implemented knowledge
and subsystems fn I-BUILDS are linked with each other
[ﬂef.l?.lsj so that it may be possible for the know-
ledge in C to control, compila and run BUILDS 1n

FORTRAN, and communicate with each other systems.
\

To achieve

The system solves the problems by problem reduc-
tion approach which uses meta-rule, sub-goal and sub-
rule bases. Thus, the solution process is represented
by & sequence of tasks which are defined in terms of
sub-goals, that {s, control 1s passed from task to task
until the final design {s achieved. The selection of
sub-sets of xnowledge requires the division of know-
ledge intog knowledge packets, {.e., KUs, D3s, and XBs.
Grouping knowledge according to fts functions in 4
modular structures and allows parallel development of
the varfous knowledge units. the knowiedge base of
[-BUILDS 15 constructed by five modules each of which
represents the design stage as discussed in 1-BUILDS

ORGANTZATION.



GEPSE wses an associative triple, that is, DBJECT-
ATTRISUTE-VALUE to represent their static knowledge
{facts). As an exgmple. the syntax of assigning height
ATTRIBUTE of building OBJECT a VALUE 15 as following
statement, {.e., {set héight buiiding [read "How ta?l
is ft7)).
ledge {rule) Is shown as 3 Following example, which

And the syntax representing active know-
selects vertical 2-0 frames,
{make-rule L-systeml

{and [about (get nit owner's need) 40)
[is? materja1 owner's need concrete)

(is? wusage owner's need commercial)
(known? gravity structure}
(unknown? Jateral structure)

)

{do (set latera) structure frame-shearwall)
{explain lateral}

) Al

This means,
IF the story of the bullding fs zbout 40

and materlal of the building is concrete
and usage of the bullding ts commercial
and the properties of the vertical system is known
and those of the Yateral system is unknown

THER
and explain the reason.

get frame-shearwall system for lateral system

CONCLUSION

The conceptual model of censtructing an Intelligent
BUILding Design System {!-BUILDS) by combining GEPSE
and BUILDS is presented_in this paper. The mixed lan-
quage programming is wtflized to 1ink these two systems
which were written in different lanqguages. The know-
edge modules and units of the system are under de-
velopment in parailel. Although the development of
I-BUILDS is sti1) at 1ts infant stage amd requires a
lot of efforts to he completed, it seems to have a qood
prospect of success.
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INPUT DATA FILE GENERATION IN [-BUILDS
BY AN EXPERT SYSTEM
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ABSTRACT

I-BUILDS is,the building design expert system conceptually modeled for synthesizing the conventional
CAD programs (BUILDS: an integrated BUILding Design System} and the knowledge base into an unifred
system. As a part of the efforts to build this system, this paper presents the corseptual mode!l by which
the data items generated by inference are transformed into a formatted input file to be used for several
BUILDS subsystems, each of which is assigned to have various computational capabilities and to perform

specialized task.

INTRODUCTION

The increased availability of expert system
tools that simplify the construction of expert systems
made it easier to build special purpose automating
systems. These expert systems are the very
appropriate tools for sclving the ill-structured

probiems that much rely on the domain expertise
and expepriences[Ref.1-4]. A lof of efforts to
develop these systems have been made by the
structural engineers to utilize accurnulated heuristic
knowledge obtained implicitly through long years
of experiences in their computer aided design pr-
ocess, [Ref. 5-9] Because computers have been
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extensively used for numerical computations these
days, it is desirable that any emerging expert
system would integrate existing algorithmic codes
to construct a new automated design system
When the knowledge-bhased expert system needs
to be combined with the procedural code to maximize
its capability and vice versa, the problem occurs
that much information must be communicated
among them. Doing this may contribute to data
consistency and memory savings of the systems
and avoid the time-consuming works otherwise
the procedural programs must be translated into
the language provided by its environments, Aithough
hybrid tools provide this ability, most of the tools
which run on microcomputers have such limited
capabilities that”they solve the problem by re-
coding the procedural algerithms into LISP or
PROL.OG, or wtilizing the tools based on the
conventional languages such as €, FORTRAN
or PASCAL etc, Most of the systems solve this
problem by communicating each other through

passing data values or sharing structured

is recommendable for its sumplicity.

I-BUILDS : AN INTELLIGENT BUILDS

The butding design expert system, named I-
BUILDS{Ref, 10], which is an acronym of an
Intelligent BUILding Design System, is conceptually
designed to provide users with consultations and
manage BUILDS as the design phase proceeds.
Figure 1 shows the architecture of this system,
where the knowledge of design process, identified
by Knowledge Moduies(KMs) control BUILDS
sub-systemns, making use of the domain experiences
implemented into Knowledge Bases and Data
Bases.

Since |- BUILDS expert system handles BUILDS
sub systerns, the interface problem naturally occurs,
In crder to solve this problem . BUILDS communicates
with BUILDS partly through
mermory and also partly through transmitting data

sharing working

by utilizing external files, In spite of input / output
time consumed, scmetimes the latter is particulary

working memory with procedural code. The latter required.
. BUILDS

DETAIL Q

RYALUATION BUILDS-A

1 BUILDS-S
\_\___’_/

¢ y BUILDS—C
-‘-\‘____________./

Task Control Editinog, BUILDS-F
by - Complling 3 P ]

CLIPS INFEHRENCE and Loading BUILDS-B
\-__-—_-__./‘

;i ' BUILDS-D
Computer/User Interface —

Figure 1 Architecture of I -BUILDS
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THE NEED 10 DEVELOP AN INPUT DATA FILE
GENERATOR
R
The commercially available structural analysis
softwares which were sequentially programmed
by systematic algorithms are widely spread over
the worldwide engineering community. But with
these coxdes. the fact that the more capahbities
they perform the more knowledge the user minst
have to use effectively makes users occasionally
aside from them. Due to the cost for purchasing
commercial software, and its bulkiness of user’
s manuals, structural engineers can no longer
be experts in using every special purpose package.
Therefore,a user of commercial packages may
face with many difficulties in being skilled with
the preparation of input data file for the
program unless an expert system s utilized.
Making effective use of data structures pro-
vided by an expert system tool, the user can
systematically handle all items of data. For an
exampte, it is possible that the data about physical
description of structural topology is represented
into context network through using frame / object
knowledge representation. When there are absense
and incompleteness of required cata, inference
mechanism could verify or generate them utilizing
experiences implemented. This paper presents
an input data file generator model that may be

thought as a serni manual expert system which
submtilutes for lext manuals for the convenences
of users. This model also can play a consuitant’
s role i modeling the structure.

INPUT DATA FILE GENERATOR MODEL

Tasks done before the structural analysis are
sequentially shown in Figure 2. At the [irst stage,
user prepares all the data such as structural
configuration, loading condition and design constraints
from design specifications, codes and standards,
etc. Then, referencing user's manuals, a user
synthesizes all the data needed until their com-
pleteness is confirmed and establishes input data
file. Using this prepared data file a user tries
to run and if any, pre-processor is utilized to
check out errors. If runtime errors occur, user
searches clues relative to this phenomena through
the data file, referencing user's manual, and retries
until he succeeds in running.

To improve the defaults described above which
the conventional software accompanies, and for
user's convenience, I-BUILDS affords users facilities
for converting current data into input file, which
is immediately applicable to BUILDS subsystems.
The inference systemn automatically diagnoses
errors  utilizing the knowledge extracted from
experiences and guidelines of the manual, and

—-{7 REFERENCING USER’S MANUAL

]..__

error run—time
debugging errar occurs
DATA MAKR PERFORM
—=t SYNTIESIS {— A PRR-PROCESSOR (——-{ STRUCTURAL > Next Phase
T'REFARATION IKPUT FI1E ANALYSIS succeed!

Fext Cycle

Figure 2 Canventional Pre-processor Model
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experiencen
,

user's mnnunl
.

TASE CONTHROL KENOWLEDCGE
error rup-time
debugging error
occurs
DATA IDEALIZED I'ERFORM
INPUT FILE STRUCTURAL > Next Thase
PREPARATION MODRL ANALYSIS succeed’

REFINE MODEL Next Cycle

Figure 3 Input Data File Generator Model

gives prescription to users if errors occurred In
addition, this mode! can improve the member
properties in the re-analysis cycle later, referencing
the analysis results, This model is a part of building
design model of 1-BUILDS shown in Figure .
Each knowledge units shown in Figure 3.functions
as described below,
IDEALIZED-MODEL: For a chosen

configuration of structure, it is required to initialize

candidate

various design parameters such as the sectional
properties of the members, It generates initial
values from heuristic rules le.g., span/depth
ratio} or some approximate analytic atgorithms
such as portal method. And ail items of data
are synthesized to make an input file

REFINE-MODEL : This  unit piays the same
role as IDEALIZED-MODEL does in generating
the required data except that it partly updates
the input data with newly modified design parameters
such as geometric properties,

INFUT-FILE : This Unit prepares the complete
input file for the later use in structural analysis,
To do this, b control data is directly read in
or set by defauit values, Then the input file is
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diagnosed with knowledge implemented into expert
systemn in terms of FORTRAN format statements
and thetr data structures,

BUILDS-A A CONVENTIONAL STRUCTURAL
ANALYSIS PROGRAM

BUILDS: A is one of sub-systems in EUILDS,
which is an integrated building design system
capable of performing entire processes of building
design, ie. from analysis to drafting.

Capability :BUILDS - A purpose

computer program for the linear three dimensional

15 a special

analysis of building structures for gravity, lateral
and earthquake loads. The building structure is
assumed as an assembtage of a series of rectangular
frames, frame-shearwails and frame-shear trusses
interconnected through a rigid floor diaphragm,
The analysts by BUILDS- A includes non -symmetrc,
non-rectangular building structures which have
various kinds of frames located arbitrarily in the
plan, The static loads may be combined with
lateral earthquake input which is specified as
a time dependent ground acceleration or as an
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Figure 4 T -BUILDS Task Control

acceleration spectrum response,

This program has two unique features, ie 1)
the use of newly developed rectangular “plate
element with cut-outs™ for the analysis of perforated
shear wall and 2) the structural analysis model
for the gravity loads which take the construction
sequence into account, In addition to these twe
features, the program also utilizes well-known

characteristics of the building structures such

=N

e

as the fact that bmldir;g consists of mostly vertical
and horizontai members of identical dimensions,
Therefore, input data preplaration can be minimized
and a significant reduction in computational efforts
can be resulted. This program also provides computer
graphics for checking the input data and more
efficient interpretation of the results.

Data Classification : Input data contents to
BUILDS-A are classified into following four
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Interested readers are referred to the
references[ Ref, 10-13] for the detailed informations,

categories.

(0 Execution Control Data

€1 Slructural Configuration Data

(O Element and Material Properties
)} Applied Loads

Execution control data is mostly related to the
task control knowledge implemented, therefore
it can be input directly by a user or set by defauits,
But the rest of data is dealt by the inference
mechanism of expert system. To represent data
items effectively, the hierarchicat physical description

s made as a context network.

DATA CONTROL STRATEGY
Design Process : Design is considered to be
the iterative process of constructing artefacts
which satisfy a number of constraints. The design
process is usuaily iterated until the soluticn is
optimized, The design process can be divided
inte the qualitative design, which includes the
prefiminary design and evaluation phase, and the
quantitative design, which includes detailed destgn,
While the detailed design which is called routine
design mainly relies on so much numerical computation
that it can be characterized by quantitative solution,
the preliminary design which is called creative
design deals with symbolic processing so that
it is appropriate for qualitative non-numerical
problems. The evaluation phase is also included
in the latter domain hecause of its illstructured
characteristics, which require much of designer’
$ experiences,

The application of I-BUILDS is limited to the
structural design problems, so that its domain
15 reduced to starting with planning stage. From
given space allocation determined by space planners,
[-BUILDS assumes the building structure as an
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assemblage of 2-D frames. These selected 2-D
frames in two directions combined to generated”
3-D structural configuration and the best among
the possible candidates is firstly chosen based
on quanttative and qualitative comp ansons
using heuristic functions in [-BUILDS. Any con-
figurations whose performance and acceptability
fall well below those of others are abandoned
and the other selected are saved to be retrieved
in the later design. Then the properties of members
of the selected candidate in the preliminary design
process are determined by the iterative conventional
technique. This detailled design phase involves
the processes of preparation / checking of input
file, structural analysis / design, reviewing the
results and feedback control, etc. If this process
15 completed, the effectiveness of the current
candidate is evaluated. If it is acceptable, it proceeds
with the next process. But if not, preliminary
desigm process is retterated. This concept is represented
in detail as shown in Figure 4.

Hierarchical Approach : The approach which
many experts take in ther design process is a
hierarchical approach, in which determination of
the overall concepts (e g. building plan) precedes

to the detaded determmunation (eg, member pro-
berties). I-BUILDS also deals with abstract

to detailed structural data as design proceeds
as shown in Figure 5,

Generation and Test : During design process,
I-BUILDS generates ail passible alternatives and
evaluates them to select the best candidate. As'
an example this approach is used in the process
of selecting the best 2-D frames and 3-D configuration,
It contributes to innovative design or creative
design.

Forward / Backward Changing : While engi-
neering design problem which makes artefacts
from given data tends to be solved by a forward
changing, a backward changing is more useful
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DATA CLASS INFORMATION FLOW DESIGN PHASE SOURCE
Execution - Task Control read in
Structural
Configuration
+
Planning read in
}
}
[(Z -1} :}‘Prelimi. Dea. | heuriatics
b heuristics
Elements ELEMENT :F Detailed Des. &
procedures
Material (BUILDS)
- Figure 5 Data Management Strategy

for the issue in this paper, which has goals like
diagnosis / prescription  of making completeness
of input data file. I-BUILDS utilizes these two
inference strategy to make it possible that inference
mechanism is selectively used in the special sub-
preblem domain, and it includes sub-goal. sub-
rulebase and meta-rule to solve problems by using
prablem reduction] Ref 14 1.

DATA STRUCTURE OF INPUT FILE

Data structure adopted in input file usuaily
consists—of large blocks, each of them can be
hierarchically divided into prncipal and auxiliary
cards, Principal cards usually control the condition
of subsequent input cards. The auxiliary cards
are so length vanable that it is difficult to deal
with -fixed-size memory such as an array. Since
the vaniable data structures can not be predicated
before run time, the use of pointers rather than
arrays to achieve an efficient and reliable imple-
mentation is desirable. Utilizing their dynamic
nature, it 13 possible for nodes to be added to
or removed from a list at any time, Then ordering

sequence of needed cards can be made through

handling the nodes of linked list[Ref 15, 163. I-

BUILDS inference mechanism, which utilizes this

characternistics of knowledge representation, converts

the fact existing in the working memory into a
formatted input file in accordance with requirements
of BUILDS-A. Quite a lot of rules, of course,

check the compatibility of all the data items before
this function is used,

CONCLUSIONS

Integrating all the design phases of building
structures with conventional.procedual language
is very difficult work because of having to deal

with large amounts of data items, To overcome
this difficulty, 1-BUILDS combines algonthmic
BUILDS and knowledge based expert systemn,
The inference mechanism can be used to make
abstract decision, eg.. preparation of the input
file for BUILDS in FORTRAN, and current procedural
software can be also embedded into the expert
systemn to perform most of the numencal computation
without any convension. In this paper the prototype
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of input data file generator for the procedural
code is presented, Although this work is in the
infant stage of development, this system will
make the access to the conventional software

easier and more effective,
REFERENCES

1. P. Harmon and D. King(1985). Artificial
Intelligence in Business :Expert System, John
Wiley and Sons, New York.

2. D. Waterman (1985), A Guide to Expert
Systerns, Addison Wesley Publishing Company.

3. S, Weiss and C. Kulikowski (1984), A Practical
Guide to Designing Expert Systems, Rowman

and Allanheld. Totowa, Nj.

4. MF. Rooney and S.E. Smith(1983). Artificial
Intelligence in Engineering Design, Computers
and Structures, Vol.16. No. 14, pp.27G-288.

. D. Sriram, M. L. Maher and S, J. Fenves
(1985), Knowledge -Based Expert Systemns
in'Structural Design, Computers and Structures,
Vol.20, No.i-3 pp.1-9.

6. W._ J. Rasdorf and G. C. Salley (1985). Generative
Engineenng Database - Toward Expert Systermns,
Computers and structures, Vol, 20, No.1-3,
pp.li-15.

7. D. Sriram (1986), DESTINY: A Model for
Integrated Structural Design, Artificial In-

Vol.l, No.2, pp.109-116.

8. S.J. Fenves and J.H. Garrett (1986), Knowledge
Based Standard Processing, Artificial Intel-
ligence, Voll, No.l, pp3-14.

9. M.L. Maher (1985), HI-RISE and Beyond:
Directions for Expert Systems in Design,
Computer Aided Design, Vol.17, No9, pp.

telligence,

440

420-427.

10. CK. Choi and E.D. Kim (1987), A preliminary

Model of [-BUILDS :An Intelligent Building
Design System, Proceedings of Second In-
ternational Conference on Application of
Artificial Intelligence in Engineering, Knowledge
Based Expert System in Engineering : Planning
and Design, Edited by D. Spramm and R.A.
Adey, Computational Mechanics Publications,
Boston, USA,
CK. Choi and ED. Kim (1985), BUILDS-
A : A Three Dimensional Analysis Program
for Building Structures, Proceedings of the
Second International Conference on Civil and
Structural Engineering Computing: CIVIL
COMP 85, London, England, )

. ED. Kim (1986}, Linear 3-D Analysis of
Building Structures, Thesis of M.S. Degree,
Department of Civil Engineering, KAIST,

Seoul Korea,
CX. Choi and H, W. Leec {1986}, Three-

Dimensional Analysis and Optima! Design
of Building Structures, Proceedings of 10th
Trennuat CIB Congress, Washington D.C.
F. Chehayeb and J. Connor (1985), GEPSE-
A Computer Environment for Engineering
Problem Solving, Research Report R86-11,
Dept. of Civil Engineering, Problem Solving,
Research Report R86-11, Dept. of Civil En-
gineering, MIT.
15. A. Hansen (1987), Proficient C for the Microsoft
C (verison 4), Microsoft Press, Washington,
16. GE. Sobelman and DE. Krekelberg (1985),
Advanced C: Techniques and Applications,
Que Corporation, Indianapolis, Indiana.
(19881 6% 102 F=)

1t

13.

14.



YEEE 4
EEAS " AEANZRETFA K-CLIPSAN S A 4EQ "

B o= (980d 48 BRALAFZTRY Hoyde] HEHRY Aoz
[-BUILDSel AM&® K-CLIPSS] A AJE@ol Ba Holr}.

441



o
ol
A0
K4
I

e

<]
&J

K
H

o)

K1

0F

Hl

o4
==

<l

Proceedings of COSEIK Symposium — Spring 1989

442



ZdRewe] A-%xH Jddd THEBE QR e (61)

A Study on Static and Dynamic Responses of

Steel Railway Bridges

TZE9 FEA FAHHo] I Gl e (66)
Identification of Structural Dynamic Systems

& A 4 Shinozuka, Masangbu
AE7 A A" 258l KWCLIPSQﬂHg’] Z)ATE e (71)

Representation of Knowledge in K-CLIPS

—EXpert gsystem Development Tool

# 3 H 35 d

443



1989 ¥ = &
AFAATZTAS kg =i

HEAA| A8 el K-CLIPSo| 2] 2]

Representation of Knowledge in K-CLIPS -

S BEL]
Expert System Development Tool

ELE A oW F oA 7
Chot, Chang-Koon  Puik, Jong-Gyun

ABSTRACT

Structural design, generally engincering design, is a complex process combinding design
knowledges and analysis techniques. While analysis techmiques can be  automated in an
algonithmic fashion, relatively littic work has been done in the arca of the design automation.
An effect approach method for the auwtomation of the enginecring design may be a hybrid
system, in which design knowledges, specification requirements and interpretations are
represented using an expert system methodology and numerically intensive opcrations of the
design process are implemented using an algorithmic language such as FORTRAN.

The purpose of this paper is concentrated on the knowledge of K-CLIPS(KAIST-C Language
Integrated Production System) used to design and implement this hybrid system. In K-CLIPS,
some tepresentation methods |, frame, production rule, fact and user defincd function are used
to construct the knowledge base. The hierarchical knowledges could be expressed more naturably

with a little number of rules than other plain production systems,
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Hel AME Jehdled, Yubyel Ayl ¢
e o 4AE 7hAE 40 ded ojwjg Aol
A= AR & ok FEREGHE TRzl
AT AolsdE HEYY, THFEE W7}

¥ 5 A
gt o ool MAME RAsE AU S48 Jel

Hed, olelgt =2lg] JlZyx '2328' 2= g
Hatste Ageszd g4uies 20kgiem o] 2}
AE veld o B4R QS $403 ¥
o 210%)3b: g A @ 4 U X4 o
T AAne BAE magdE AL ez g
E HAE e ASold. JF, 'H's} ‘RAE’S}
Ztzpe] Q) Aol '®'s) ‘made-of s f4go
Tae|E A g Al Hoh Sy HSod: ot
224, AT ¥ A &= ‘demon’eldz
28l g AA ez
HA 0 4L Male] 4AHE RAe HAhxdz
AL Aok gk, st Al gel: e BT
o HAE B AL g}

ol2% O-A-VPalell og statictt 241 EH
T o E 28 1 o] BodFco)

0.167
b B polsy—"-
A
Z sy
part.of T I ejE{\ modulus ,
loaded-by made-of 10 kgicm
S m section P 30°60
applied-on \%h _
max-m —-—6 4 D : object
A4 ' — = : suribute
C) : function
amuemm | Mumerical
value
a3 1 C-A-V g 2¢ B e FHHe| o

2.2 Dynamic Knowledge2] +4

Dynamictt x4 ooz o]2 4l Haloe
Y 22 AYezPe, odFcts] FYolAI Feivt
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2 MAHez Fzsarl "UE AN o]mII7Z|
w2 dd4eg AU oY RE WESY H4F
EdE7)o] H9¢ Y EU7IHE oizials o
Hab7)zl olglz, U FellA - Fsle oJzizial Hgy
42 odeirial Yz FHY 4+ ded, ABEY
s 4 #AHMoll Wale] aFALz| Zho] o] F3H wmelFof
o]gt a4 F¥ol MFHct o] &7 Yol Y B
H 7ad sS4y adg Fele Aez¥E f¥s
&4, g2yl HAg saHd Fzof |27
A ot

22 A elate] 4G AFPH AHE ¢
el Ade] Edeny: @RI, 2 e
2 b3 kel o]y ezt +F3(rules)g A4S
b ojElE FAHE AAM £ o REPeg FAF
e 22U QALY o8 ZHFE static
2| Mol el U= Adle] o vinEg{ G2 UE
], oleigt 2bde] Aol HHEI LA, o]
WHEo o] fdo] EAHs|T, MEE 4ol
staticgt x| 4l wjolZel] F7}1¥ .
Staticgt = 4|wlo] A9t FA& HEId LAl
dde AFYAE = RESF FE7IYT
FE2d. FE7I%e] AF A staticg A4l
2} dynamicyt afalo 2 X¥E| #z]e) Aale vl 3
758 vHE AR HEsd, =2 R BFHE
FAEE dAyG T, o)Fold UHY FHN 2o
HEay Fag dazsi(s]® conflict resolutions]
2t ghch), o8B HEAA static A AlwelAof apd
HEA A st AL gz MAY SEE
¢ ontz] whEas HAU2EqAR, Ea)
st SEE UEApE YHRE e 7L HH
st o Al 2ARHE HEH 2o 27sls A4
o] staticgt Aj4lsle] 2ol Eaisid ZEF UFAFE
Aoz Rx, Ydeod oy AR AT MEE
dAFEE dAHse] sSle AAE HHEE XALE
ile] k. o714 F2T G2 FH FAHLS
SFEUHE {2 BAlF gide Aolm o] Flz)
8l gy dede] &z disled FoA$ HAF
FASAT dga)toies alolrb U, -

LN
=

S e

3. K-CLIPSS 7z

K-CLIPS NASA/Johnson space centers]
Artificial intelligence section <f& sjwg CLIPS
[ref7]8 wigor sted o 7i5E Wg HUSR
(forward chaining)} 48] HEAlAH AL S Je)
ct. K-CLIPSe| 7|2 Z2E FH 24uolast 4%
G2 3G Aol AE ZHEEF AT U9
RERFE 29 2 o el soflch o) aYAY
T & R0 Aol FEMWL2 Rals)e] U
ch. olgA Hoz dx) 2AdeefLsl nftald o
2] Bobo] H-Fo| ket slo] Uni R4 wejA s
Belzt oHe Rolsid.

ohe2 K-CLIPS2) =8 2hghs] destza
=y

Aol 2ol & RS 4 ¥R FHY
& e ol gE# U

Facts

Rules |

Frames
User-defined-functions

Qe Q



K-CLIPS INTERFACE

r

Knowledge Inforence Cn-ling
Editor Engine Help
Interpreter
I Y
A A oo] A& o F-g
Facts Rules Frames
User-defined functions

oy 2 K-CLIPSe Fx

ety AA7PE HES ARG Adse #A
< USH A4Fg addselx s 4712 Y =
Y FHolzt ¥ <+ . e Adl(facts) Y
Zadeon statict AHg EHHT olF Z Y
fg 2 9 THeR ojRei2 dynamiclt A4AE 4
Aoz SHFoke EAMMAET AHo=E HAT
¢ A% 222 RHY & Ud

A58 oddel(knowledge editor): A3 4
3 Zl’ll“!l*’lf;"ﬂ AE Mg HHde 3, &1,
4t 9 Rl 3 F 7 ey A&k fa) K-CLIPSH
A 438 4+ 2 °"‘ el 2& MicroEmacs [ref.3]7}
Sdeh.

87| (inference engine}& zld o] Lo WA
H 2Ag Maldt= 2F2Z 4 match-select-execute 9)
AolZz FHsd. K-CLIPSe Agr#e Rete
Algorithm [ref.8]& wjwtoe 2 FAHslo] o] Bd X
FHog 2EY o ﬂtl-.

2 22l help 7Ip2 AA"gE FHY o K-
CUPS-—I et ‘:’h—%"ﬂ e ol Ay ‘ﬂ‘ﬂw
27¢ Agel Ao

A2 E(interpreter)= A)4)g YAHLE oA
ExEy ALy FEE ¢ UA e ZERY K-
CLIPSS & ZHE oA Exto.

At €RA FORTRAN,C Adagd o)
E ¥ x3afdez FA%e HEJNANAY sigo]
AHEH ¢ U

4. K-CLIPSS] Aj4ind
1} AbA(Facts)

K-CLIPS al:#2] cleolel B#ts] 7IEsuiolnd
22T Yol &) staticqt 2| 4] & A2 working memoryel)
Bagd sl=d, ol K-CLIPSH A4dE AUFY
Ao eolfoialny oja]g LAlell oisjed FHof
Hg-Hh st GAE HolsbeE assert, str_assertofl
olFoialm AAsE HZ retractel]l 2d] o]Fes I

h. agm A AU ol e
deffacts® gk, o714 Moz

e

AHAE BlAE(list)

g4eoz gEsc. a1y 3 2 ol A2 A4F
Eggch

(deffucts  Menu-Database
( laterral  monent-resisting R.C. 1 30 commercial )

(laterra! monent-resisting Steeb 1 45 commercial )
(laterral frame-shcarwall  R.C. 20 40 commercial )
( laterral  shearwall RC 20 35 any })

{assert (laterral frame-shearwall R.C. 25 70 residential ))

(str_assert { " vertical rtcstab  any any any any any "))
a9 3 AA(fact)el A% AAED

2) =< (Frames}

ZAY P AFH 2AE THs o $
Folstch. by A¥aads] == YubYed AdF
E¥stn g4z Jeg+-F 2 MyHd S
4 FeYdg. 22n ARAds =571 e S48
s c=o 4&Y ¢ o [ref.9) K-CLIPSH
Me o] ke sgsts Ag e AL Fasd
2 ORI 29 4 9 L AFHA AAHE a2y
5 sp o mysic

‘ﬂa: slab / \ bsuxl 0)( f )b—
poisson:0.16
two-way-slab
on beams

modulus:210
made-ol:concrete
2d 4 AFHA A7z

one-way-sla
on bcams

(define_class Floor-System-Design ( 2-D-horizontal Material ) )

(define_class Materrial { steel concrete))
{create_slot concrelz Apoisson 0.16 Amodulus 210))

(dcline_ctass 2-D-horizontal { flat-slab steel-deck one-way-slab
Iwo-way-stab ) )

(create_slot two-way-slab Amade-of concrete )

2Y 5 zeAYel oY ANAEM
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{(defrule ana-CONS-conl *constraints checks”
(declare (salience 5000))
{design-phase  Generate-and-Select u)
{sub-phase 7dir )

em <- (CANDIDATE 71D STATUS 7?status & ~ eliminated
ND CONS UPLIFT 7okl &: (numberp Tokl) &: (< okl Q)
D CONS COMPO $§?7 DB 20k2 &: (numberp 70k2) &: (< Tok20) §7)

(ot { CANDIDATE
( CANDIDATE

{ CANDIDATE 71D CONS EVALU 70k3 &: (numberp ?ok3) &: (< 70k3 0)

==
(retract Trem )

NAME Mdir $7rest)

510

fassert ( CANDIDATE 71D CONS STATUS eliminated NAME 7Tdir  $7rest}))

a2 6 et elg xAURY

3} 34 {Rules)

Dynamictt A A FHe] 7|y ez Fa& =Y
Hygt el =iy Aol HsY B yPog
FAsle] sith HEAANAAS e AES B
Aletel ZHE E7IAT Wdes FAF FHodol
g, ol wheell A AlA®oldn Eed. of
d FaAe 32zl 2 Hxl HEAeH T30
HAslz =8 5H 38 LS J8A4
t}. F3& defrueo] =8 Yol g 6 2
o AYzAg A2HE F2AL debdlzT o

4) User Defined Functions

K-CLIPSell s 7|®Meoz FsE Sl
assert,retract ... )8 AlEHed UE HZF BEE 4}
EabollA AMFa o2yt BsEL defune) ojs ¥
Axich g HAH %oz K-CLIPSY 7|8 %49
FdatA zAdel sl A elghide] g7t
40 gye Adsd odzrkA] sl +UE 4
Ad. A2 A3g A3 ALE BURA BE
4 A A2 d4H oag s Peon ¥
Ao 2 M AHExske) 2leisho| A(interface)® He)st
A gd. MdzE Zaa e 2uy e M
#A oot olzlel ¢ «IF 2 T o4 g
tpebich,

(defun my-function {argl arg?)
(sqrt (+ argl arg2 )

(defrule testl °°
(data 7a 7b)
=
(bind Mength {my-function a 7b}
(fprintout t " Square-rootof " 7a " + " 7b " is " Tength

erlf))

13 7 User-defined-functione] A4 o

5. culdAL ol

oJrjajs K-CLIPSe =Alzawdel ofsf #AE
off & ollulgAZ Sy AE ol K-CLIPSH
AL glEte 7| E (IBM 3873, VAX, UNIX,
Macintosh, 7Iel Qupr1F)el4 Alge} slg@ of,
2 oMl AWe SUN 3/50% oldstgich. «lMs

sy UTFZEA A4 Hdsie] A

dMel Wy AFS) doler e dEH Uel ofF
of 2tk

[(Ques.1] Building 1D.7 : STEEL BUILDING

[Ques.2] What's your name? © KAIST CTVIL DEPT.

[Ques.3] Choose the owupancy type of the building among
following types. (If necessary, type ‘help' )
* commerdal ° residential * industrial
* instmtbonal  * public * spedial
Do you want commemial o rotidential? @ commertial
[Ques.4| Items of material are shown  below.
., " RC " Steel * Composite
Do you want R.C. or Steel? : Siecd

[Ques.5) Which design method da you select?
* WSD{Worldng Stress Design)
* USD{Ultimatc Stcogth Design)
Do you want WSD or USD? : WSD

[Quecs 6] Enter information of haght
{a) Total pumber of Hoor lovels? ; 30
(b) Building hcight, first foor level to top of roofl beam(am)?
: 9000

[Oues.7] Entr data in the narrow-frame dircction.
(2) Number of bays? : 6

(b) Overall dirgensions{em)? : 4320

{Ques.B] Enter data in the wide-frame direction.
(a) Number of bays? : §

(b} Oveaall dimensions{cm)? : 3000

[Ques 9) Is there COREM(YN) : N

o4l MAH tholelz Hdrbs ¢ Fx ALE
oz Bz AT LAY HAEH2sH 49
sigdch. ol £ AP A2WE AFAt UH
g ele(7°6)Ae Wxisiz dgddd dg ¥l
A, olg ¥R EA4-RAYA-Fro wAR
22t Aedn ddaddy 2% MUY 8 A
z). AbgEabe o] Al Ha= FHE 49T 4
et



5> Lateral systen “{rame-sheartruss® is selecled.
25> Lateral systea “pomeni-resisting-frame” is selected.

[Ques.10) Enter loads appiled on building ¢

o Dead Load(DL)(ke.2) @ 300
o Live Load(LL)(kg,n) : 600
o Wind Load(WL.)kg.,m) : 170

[Ques. 1] Enter strength of sleel [Fy>-2400]Ckg, cx)? @ 4000

[ SUN 1 DRIFT SPEED FRAKE BIAXIAL DEFTH CORE BLOCK coL, COST UPLIFT FREQ.
oxy CANDIDATE gen{ : sir. system : poment-resisting-frame

-2.273 -0.76% 0,000 -1.000 000 -0.56 0,00 ©.000 -0.979 000G 0.000 1.000
#2>> CANDIDATE gen2f : str. systeu : [rame-shearirusss

-2.255 -1.472 0.000 0000 000 -0.56 0.00 9.000 -1.222 Q.000 0.000 1.000
23> CANDIDATE geni? © str. syslem : {rame-sheartrusss

-3,960 -0.767 0.000 £.000 000 -0 56 0.00 0.000 -0.634 0,000 0.000 1.000

(Gues.12] How do you select whal you want by yousell or coapuler?

Type user or auto : aulo

123> CANDIDATE 1D,

2% 8 A

6. A

i

2 x2ojir K-CLIPSS] xlAlmaiAlo] oiel
iﬁﬂﬂ»KCU%ﬂ A Helod o3
2 7

T genlT is selected!!!

47}

window/meny 4 A% AE# 3 praphic library®

%Hrsm 718 g4 (primitives)d M T e 24 ‘d
ex 7Y ALl 43T 5 UA 2 ¥

Q&Htﬁ

AZrixle 2E AL Yl shAdel 2Y

2 #do. zEd ade g4 BRA4E A=

1) = dlel olsd AZH AAG TR Fol¥ oloug old ERAHST AL & U vl
= &7 | Ze|ch
2) AR Zepae S S4TS stN Felidl A
£¢ 5 o
1) g2 "z FA4sIE Aol o=ls oE slalg =n £d
deletd F4AYR + Uch
3 FAL 2UREA =y 4458 FAH4H o 1. M.L. Maher, Expert System for Ciwl
oletuel Aol Wl A E Foj3tA oE B Engineering Technology and Application,
He| 4d. ASCE.
4) H2E F+E Ad® 5+ Ude 7isE kAzz2
A&yt o847 ©aldtc 2. w34, dEE g ol f% 2ES FI4
A/4AE HEAANLS] AW(]), FAREA,
dox K-CLIPSe| #7719 A%E Hasdd d&dd 1988.
ot
3. AR, ARAEE ol 2 T
1) +&d Aagel #F AL, zalf 2 Az HidAE MEAARAe] AU, HEIEA,
Bajate BME SiAdsts B el Had 1989.

®aje] K-CLIPS 7lso2s shal o] <o)
gt ez FUCHE Z2BE ¢ 2ol gl
7| e ol 2zt Bl MM FATG BePez
# FEAE HFAFIE 7IFEE SR

2) A&k} gleisjol~F AFHes #7)

2l shed
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1989%iE 7 &

JHIUATET RS B4 EY =24

AFAF= of&F m¥Fe] oujdAals HFEsia|a®le] i
Development of Expert System for Preliminary Brdge Design
with Anificial Intelligence
I S E U B
Choi, Chang-Koon Choi, In-Hyuk
ABSTRACT

This paper presents an ¢xpert system approach to sclve preliminary bridge design problems.

The systern employs a forward chaining inference strategy to

1} choose the appropnate

superstructure types and construction methods and 2) use the solutions chosen in 1) to detcrmine

a list of ranked alternatives.

The basic information used in the selection is ceotlected from varous sources.

Duc 10 the

unccrtaintics presented in the information collected, Fuzzy scts are used to handle these

uncertainties in the system,

Finally 1o approve this systcm some applications are made to select superstructure types

and construction methods of them.

1. 4 &

WrHo 2 2B T e Yolaist FR Mol A
Ab2tels] wlelld HREis) o4 Mo RYsYd:
UAHE AL obuck. Umlolx Pa @ 7lgHed &
o oEab ojulzl Mo W& Wl Ueja HFEE
off-steie mEel wMalm o 1960ded Eubef
vl Fell el zof Aol PAd CAD{Computer
Aided Design) Sysiem$g 29¢ A5 44 n3e
O dael shuelm, ) 2F5F e 2t Relelly
EAZ Y Alagoz o)dsim Qi)

b B Arsle] Al ellu] Al Uely
HET 2AE Ay 2F, A7, =zt YyEL
gt AHEA, Bzl AdMzd5Y oz
Fad stdd dAate] A Sy o9 Aol (a
3R £2¢ 2R 4L g4 gFid. a2Yagk
2833 ol Zlgel TEHstA vyt HP Aol 2
ssied 1208 ER 57 odefole) 2 EY AW
ol AF V123 dlo] DG YRR o
HUH G SY3eF Bd 499 wale ejag
AREI o33 Halzs Adsiz Q4. oz
PHME  #HdsEs fdozy  olZais(Artifical
Intelligence) B ok Foila] %3] Mo 28% ¢1 o
t U&7 A2P(Expent System)e| slch.

C MEA MARlold sAMY BEMe Hate o
Ao UEAA(HEA A4z AHY A4)E il
sle|~(Data Base)st sfod wlAZ 717 ol S o] 3o
Mo FEY EME HENY FE5E ALY £33
22 dAss AT BEE s AlAglofr). )
R AFHd AAg AE HE} AP ¥ d
A4t Ag: dg MYCIN, sdgg4g sy
PROSPECTOR =) #HFejo] daAde 98 RIS
o] Norn|, FZIN Hojofl T LajAAE =2 o

i ZlEe] WHE ol 34nE 71X A e (symbolic
processinglell wigbg £ IS 2d]E =9l Ao
Fels] o8 XEF 47l =¥Hol olReizx

- yuy gRAYNEH 24
oY pIARIEH WA
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A, olell 4 MBI AAdezE FF OUETY
A 2Hg #ig HI-RISE, Faddds %%
HE SACON, Hae4z #4353 #¢ SAGE 4
FEHHA HE HE HOWSAFE, DAPSFe] U

o
B 2Bolds o] HEAANLEE olfute] 23

o] lul4A P HEFxel 44 9 AdIHI
dysz, 4zl g dFEeA 22 el o

94 Y(uncertainty) g s #7) 913t Fuzzy &
x =astsid

s
Alagdel WA

2.1 HE Aad

2.

CMEIE AAYE delld] AT g Yol HE
Mol 2 Ag Amels{knowledge base)Z At = 4 st
2 o2 MBH g ok BAAAL s 42d
olch. od714] MEHG HAZ AJ4{fac)ell Hg 24
B HErs AYezRe A2 z4(hcunstic
knowledge}-d h2lzic. dubdoz HE AAde
Fae Yol FA sE AL A4y BE, 24
s Z¥, Al ol Y Agxsh JAMgs AEH

o) Afinterface)s] 47128 § Uk aF«dM 73
Fa% EAE s BHold. A4FT4 HErts
AEH 24 Aol U& iR olfin a8 P
AL offel HErA s Ed4s dHdel
271 AHEeld. z=g o] HHH AAHEF 9A
Wr|AA A YUT R st B A
AdulolL THol HFARE HAHPD

MEI 4ladde] GEHY Ede 2 production
systeme] Ugdl o] AAdtofe [F(zdk), THEN
(AlsgR)st sl B 7hzle production ruleg =& 4
Aslol At k. o] MAds FYLE A4 oldat
71 Az 3, WAy o e} Folschy el

£ =FsA4L production system dpdlef HT @
Mz A Agd =F(tool)e] K-CLIPS(KAIST-
C Language Integrated Production System}d <4
el ® AlA@EF FHAH



22 M2 FHE =3

B oAdadodiEs HE AARd FET st
71&E8 53¢ K-CLIPSE ol gozs 941 2|4
AR FHHE wEHg U2T s, E=Q A
Aol HH, ddse afAst RF A Y
Ut K-CLIPS= NASA4 yg¢ CLIPSE )
oz aeo] EH 2REgdMd 1 V)5S Sty
M3 L(forward chaininghy 48] HE7} ]2 Ayt
¥ EFoltd, o] 272 $3 FERE 2% o4 B
£ oulst o] aAlddule]A, 2F M osficle|(knowiedge

A=

editor), $&7|3(infcrence  engine),  olE|X 2l
(intcrpreter) % AR 2k QUE{sislA{user interface) 2
ste] <)

{ User )
]

Y

i— K-CLIPS Interface

F

Knowledge
Editor

4

I

Inference On-Line
Enginc Help

Knowlcdge Base External Function

Facls Rules Frames
Uscr-Defined Functions

Fig.l The Structure of K-CLIPS

3. Alads 75 9 g

31 Aads) dyHy

mgA Hef 2loja] 7| EHe 2 Ty sleloryd A4
© JhEAASY Mg Ut TE P =Ml
e Fato] A7l o]%ojziol sio], Yt slay
27b YAt my, Az, ed, w7 #a o ¢
%, Moy Uo|Fel £A7 Mo o|HEL ®WAHs
Y, 24 o)l mabsb: MU £3I Tl
HelAde] sge] FAf axr smz EzaE
TE3 sz Balaists] 2R T YR HHop ¢}

o @AZ ez, 4RZE g spdFEYe
AdAel A= o A7 ©% Fa¥ A922 5=
Hol ZAMAdsl g£aMolel, 2ty 2ADETE HAsd
Ztxel 7 HATY 4RF2 Fao| Arwo]
Zl=d duatA stodol stz ubde| ATETL o
A s 7 WATY 4T F3Pe] A
o Zlags UyaAdc. oig) T2 aMdel B
o R, 4RFEe YdMBY cf Rl EHate] zizt
R, 212dag A cted o xg 2
A elslefl ATy, Hasaly, Fuys| okyy o
Aol AT FHYE THE oo} o}

4

35

ol4# UL Mg W HHAH B sEAME
mete| oAul4AE videz 2t WEsNS 24, HY
& EdE ¢ FAAH(ub system)d 4Ysdn ¢
2AEE TAYS M AAd(total sysytem)s] F&HE
FEZ #g delnk EE O RAgxd7els ¥4
MER ¢ e A AAdEMez 4AY Sile
AFs] Tl Al o4 UL Jgg nAW
AluldAs e 1" 239 Ud.

(n

Select Sie

X

Investigate External Condition

Oclormine Cross-Lengh

&)

Choose Considering Types

T

Compare of Considering Types

X

Chaose A

lcrmanves

[——

{3

Preliminary Design

T

Synthetic Comparison

Fig.2 A Flow of Preliminary Bridge Design

29 2e04 (1) =T A4 xd, 2FH, 4
VedAHs 48, sds) esld 3 2Hst g
¥ F 2dy 235 AAHSE Adeld. {2) =F,
ALY, FEFA Y FRT HER s, A
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Table 1 Listg of Supcrstruciures

Steel superstnkcurcs Concrete superstruclures
Simple plaic girder bridge | Precast slub bridge
Conti. plate girder bridge |Simple p.c. girder bridge
Simple box girder bridge |Conti. p.c. girder bridge
Conti, box girder bridge  {Simple p.c. box girder bridge
Orthouopic deck bridge  |Canli. pe. box girder bridge
Simple (russ bridge Segmental bridge
Conti. truss bgridge Arch bridge
Langer bridge
- upper deck
- through deck
Lohse bridge
- upper deck
- hall-through deck
- through deck
Arch bridge

Table 2 Lists of Construction Methods

Concrele superstructurcs
Cast-in-place method
Precast method
- with truck crane

- with {loaung crone

- wilh crection truss

- with gantry crane

Movable scalfolding method
Incremental launching method
Free cantilever method

- cast-in-place method

- precast method

Progressive placing method

Steel superstructures

Staging method

- with truck crane,

- with cable cranc

« with stiffleg derrick
- with floating cranc
Cable crane ereclion
Cable ercction method
Erecton truss method
Pushing out method

- with creclion Uruss
- with crection nose
- with barge

- with movable bent
Canttlever method

- with truck crane

- with cable crane

- with stilfleg demick
- with floating crane
Large block method

- with ruck ¢ranc

- with floating crane
- with barge
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Table 4 Rating Table of Superstructures
{in Case of Concrete Superstructures)

Choose Superstructures || Choose Construction Mcthods

Determine a Set of Aliematives Stepl
Ranking of Alkcmatives Siep2
Fig.3 A Flow of This Sysiem
fabrication 9 appearance$-§ § $id. bridge
systeme Hewst d&w2 Balyg 4 U, brdge

Sup-struct. Concrete Superstructures
T lype y
p.c.|pc. girder| p.c. box girder

Judgement

factor slab[simp [cont |simpicont |scg. |arch
Main span length:

20-50m Al A A A A|DI{D
51-75m D{iD|C}|C|BJ]A{B
101 - 150 m D| D D] D|DIFALA
Girder depth:

[6-25m BIA[|B|BJ|A|CI|E
26-35m C|B | B|D]J|C|B]E
Herght of arch, truss:

H-15m EJE/|E}E|EJEI}B
16 - 20 m EIEJE|E|E|E]|A
Ease ol fabrcation A|lA]JAVLA]A|BI|B
Easc of mainienance | A ] A 1A | A |A[A| A
Apperance: ’ '

river arca E|lA|lATA|A|A|E
vallcy or the like E{E|E|E |B{B}{A
meiropolitain arca E|BIB|BI!B|B|E

where A: very good, B: good, C: fzir, D: poor, E: unknown

stmn: stmple span, cont: continuous span
scg: scgmental bridge
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Tabte 3 Rating Table of Superstructures and Construction Methods (for Steel Supersiructures)

Supersiructure Sweel Superstructures
type
girder  |box girder | orth Luss langer lohse
Constnection
method simp{contisimp |cont [deck jsimyp [cont|upd {th.d|up.d]hi¢ [th.djarch
Staging method
- with cable crane B B B B B B|C|[E|B/E|EjB]| B
- with stffleg derrick E|B|C|D|D B B|E|E|E]|EJ]JE|E
- with lloating crane E|E|B|B|B|B{BIE|E|E|E|E|B
Cable crane method C|C|E'E}E AITC|A|A|ELFTE|A]A
Cable erection method E|E| E3{EE E{E|A|A|ATA|C]|E
Erection truss method B|B|B |B|B E!/E|E|(E|[E|JE|E]E
Pushing out method
- with erccton truss E B E B 8 B E|E|BJE|[E]|]C]D
- with erection nosc AlTAIA|A|]A|]E|E|E|EJE]|]EJE|E
- with movable bent B E E E E E E|E|B}JE|E|B|B
Cantilever method
- with cable crane E B E B B E B|E|E]JE|E{E{|E
- with {loating crang E{BI!E|B|B E|B|EJE}E|E]JEIE
Large blgck method
- with truck crane A|C[A|C]|E E E|JE[E|EJE]|E]|E
- with floating crane E|E|B|B{B|B|BIVE|C|E[B!IC]|C

where A: very good, B: good, C: fair, D: poor, E: not consider
stm: simple span, conl: continuous span, orth deck: orthotropic deck bridge
up.d: upper deck, th.d: through deck, hed: half through deck

Table 5 Rating Table of Construction Methods
( in Case of Steel Construction Methods )

Construction For Sicel Superstructures
method
staging | pushing icantlever |large block
method | cable § erccl- |out method| method method
crang icn -

Judgement with |with [method | truss | with Jwith [ with | with{ with fwith
factor e lec method| en jmb|ce|fe] te | fe
Superstructure geometry:
curved bridge A | B [ A D Dl D} D C D
high-level bridge (h> 29 m){ D 1 B A A A AlA]A C A
Possible work in narrow
working arca DB C A A DIA|C C C

Require rapid construction
Multi-span construction
Minimal disturbance to

>
]
e}
9]
m
>
(@]
w
>
-

>
(@]
@]
=]
>
(@]
o
o
>

@

the existing traffic D|C A A AlC]|B|B]| A B
Economic B | Db C B B C({B;B B B
Construction in valley area D|C A B B D|IAITE| D }|E
Construction on soft ground | D | C A A A BlAVJE D E
Ease of construction A|C D C ClclCciB]| A B

where A very good, B: good, C: fair, D: poor, E: not consider
te: truck crane, Fe: floaling crane, c.c; cable crang
.0 erection nose, moby movable bent
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start

yes L no
pl
L Y
P2 % wl pa 19w P72
¥ yes yes § | ¥ yes
no
{ P4 P3 fy yes | PS5 1 P8 s P9 1 H
P6 Ps 12
yes yes yes
Cl Cz (3 c4 C5 . Cs c7 CR 9
»Pl -> The working arca under the bridge is available.
P2 -> It is possible to place temporary bent for erection.
P3 .> The truck cranc or trailer or the like can be cntered into
the working area.
P4 .> There is a yard for fabrication near the site,
PS -> The floating crane or barge can be cniered into the working arca.
P6 -> A cable cranc equipment can be installed for erection.
P7 -> There is a working spacc at the onc or both end of the bridge.
P8 -> Some part of some span can place temporary beat for erection.
P9 -> The cable ercction equipment can.be installed for erection.
Pi0-> The trucker(or floating) crane or trailer or the like can be
entered into some part of working area.
Cl -> (1) Staging method with stiffleg derrick
(2) Cantilever mcthod with stiffleg derrick
(3) Precast method with crection truss
2 -> (1) Staging mcthod with cable crane
(2) Cantilever method with cable crane
C9 -> (1) Ercction truss mcthod
{2) Progressive placing method
{3) Incrcmental launching mcthod
{4) Movable scaffolding method

Figd A Flow for Choosing Canstruction Methods
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Table 6 Rating Tabie for Example

Judgement Weight Ratings Ratings

factors for Al for A2
Ct very imponant good fair

c2 rather unimporant  fair good

RULE
IF
THEN

1

CONSIDER CI

THE SUITABILITY OF USING Al
SHOULD BE GOOD

THE SUITABILITY OF USING A2
SHOULD BE FAIR

and

RULE 2

CONSIDER C2

THE SUITABILITY OF USING Al
SHOULD BE FAIR

THE SUITABILITY OF USING A2

SHOULD BE GOOD

THEN

and

FACT: CONSIDER C1 {VERY IMPORTANT)

CONSIDER C2

Fig.5 Typical Rules for Example
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Fig. 7 The Final Ranking Graph for Example
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Table 7 Centroid of the Final Ranking Graphs

Centroid
Alicrnatives| continugus |discrete graph {obtained
graph (Fig.8) from Lhe system)
Al 0.8 0.76
A2 0.6 0.63
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Table 8 Input Data used in Example

Judgement (actors

Data for Example 1

Data for Example 2

- bridge system

- bridge geometry

- main span length

- girder depth

- truss height

- arch rise

- bridge geometry (in tlevation)
- bndge sile

- consider ease of maintenece

- consider case of fabrication

- consider appearance

conunLous span
suaight bridge

45 M

265 M

unknown

unkngwn

high level bridge
river arca

yes (very important)
yes (very imporant)
yes {very important)

conunuous span
curved hridlge

50 M

0.5-135M
unknown

unknown

Tow level bridge
river arca

yes (very important)
yes (very important)
yes (very imporant)

- working area under the bridge
available
- it is possible 10 place wemporary bent

arca

- there Ix a fabrcation yard near sic

- floaling crane can be ientered into
working area

- a cable crane can be installed

- these is 2 working space at the one or
both end of the bridge

bent

into that pant

- construcuon in valley area or like

- construction on soft ground

- consider method that possible work in
narrow working area

- consider rapid contruction

- consider mult-span construction

aver existing tralfic
- consider ease of construction
- consider economic method

- truck crane can be entered into working

- some part of span can place temporary

- lnuck {or floating) crane can be entcred

- consider method that minimal disturbance

yes
no

yes

yes

no
g

yes {rather enimportant)
yes {(moderately bnportant)
ne

yes {very importan)
yes {very important}

yes {very imponant)

no
no

yes

no

ng
no

yes (maderately importan()
yes (moderately imnporani)
n¢

yes {vcry important)
yes (very impoaronl)
yet {very important)

Table 9 Results of the Expert System Selection

{Given in Descending Order)

TYPE

Mo »xm

FC BOX GIRDER BRIDGE (.50
1_:1 precast cantilever
fnethod (.78)

ORTHOTROPIC DECK BRIDGE (.82)
by large block meshod
with floating crane ((82)

CONTINUCUS TRUSS BRIDGE (45)
by large block method
with floaling crane ((82)

Mo >»>xm

-

STEEL BOX GIRDER BRIDGE (,711)
by cantilever method
with floating crane (.74)

THROUGH LANGER BRIDGE (.70}
by targe block method
with flgaung crane (.74)

THROUGH LOSIE BRIDGE {£2)
by large block method
with fleaung crane (70

i

Mote: The number in { 3 is the centroid of the arey

under g final rating graph
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