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A Knowledge-Based System for Automatic Generation
of Two Dimensional Meshes

OsaMU TAKATA,! KOUKICHI NAKANISHI,t NARIAKI HORINOUCHI!
and MAKOTO NAGAOKA'?

The mesh generation is one of major tasks confronted in computational dynamics. The anal-
ysis accuracy and the computation cost depend directly on the generated mesh. Since various
kinds of domain knowledge are needed in order to generate an acceptable mesh structure,
the knowledge-based approach is effective. We have developed an expert system called GEN-
MAI (Artificial Intelligence Mesh GENerator) for automatically generating two-dimensional
meshes, which is easily applicable to various fields of computational dynamics with structured
meshes. We analyzed some experienced mesh generation processes in computational fluid dy-
namics and plastic deformation analysis, and then could formulate these processes. From a
viewpoint of this formulation, GENMAI was designed so as to be widely applicable to a large
class of two-dimensional geometries. To check the validity of this formulation, we applied
GENMALI to simulations of automotive engine intake flow analysis and plastic deformation
analysis, and made the functionality of GENMAI clear. The characteristics of GENMALI are
as follows: (1) Plural solutions can be efficiently obtained at the same time using global de-
pendency and local dependency; and (2) The meta-level inference method and its knowledge
representation are very applicable to various fields of analyses.
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Tablel Example of search method.

hd 17 O A7 B 4 KSR AT B4 &
world | in out expanded-world expanding NG

-world -world -world -world
1 {{2,3}} {{4.5}} {1} {2,3} {} (a)
2 {{6,7}} {{8.9}} {1,2} {6,7,3} {}
6 {{6}} {} {1,2,6} {7,3} {} s #b (b)
7 {{10,11}} | {{12,13}} | {1,2,6.7} {10,11,3} {}
10 {{10}} {} {1,2,6,7,10} {11,3} {} FUETY
11 {} {} {11} NG(c)
10 {} {} {10,11} NG(d)
7 {{12,13}} | {} {1,2,6,7,10} {12,13,3} {10,11}
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5 {{14,15}} | {{16,17}} | {1,2,6,7,10,12,13,4,5} {14,15} {2,3,10,11}
14 {{18,19}} | {{20,21}} | {1,2,6,7,10,12,13,4,5,14} {18,19,15} | {2,3,10,11}
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NG(f)
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22 {{22}} {} {1,2,6,7,10,12,13,4,5,14,18,19,16,22} | {23,17} {14,2,3,10,11} | BI#FiR
23 {1,2,6,7,10,12,13,4,5,14,18,19,16,22} | {17} {14,2,3,10,11} | 12 kL
17 {1,2,6,7,10,12,13,4,5,14,18,19,16,22} | {} {14,2,3,10,11} | 13 &L

& expanding-world (2B L, (1) IZE 5.

RIZ, LEBERFELE 4 OBE RV THEIC38A
T5. B4 BV THBOBOBFIX, ERSh-#k
BB LU ENNRTHAMRDOES LR, F0L
EDFF AR TEN SN EHROFATE 2 KERE
ERBELKAREERYRL IIRT. 2L, BEH%E
WAL 2700, FERICBRETAER (n) 21 &
T5.

MIKEE L LT, expanding-world={1} £ %V, #
Diteid {} TH 5. expanding-world DEFHD R %
12H) 3 (R 1. #HF 1 28RS, 5w
expanded-world, NG-world O# IR 1 LE LD
VhHorhE#<bL. LS ThL0, HFE1IZD
WTHERLED L. B4 1R &0 (AR 2,3),

[4,5] REDRESY - BER IS, 2iTHDA 2
DO H b FE/ N8 — RSN A D, %
BHICTH0IIINLIZDOWTIIERT S, n=1
Thob7zo, R 1 ORMLKEREIZ, FHEOK
&, in-world = {{2,3}}, out-world = {{4,5}} £ %
b, IOk E, KEBMLKERRIL, expanded-world
= {1}, expanding-world = {2,3}, NG-world = {}
Ebd (K1 WE (a)).

IR IRF D, HR6DFHEEL L. HR6
DB 5 HIRIIEIFAIRTH 5728, in-world = {{6}},
out-world = {} £ %% (&1 HZ (b)).

SHIERZED, HR 1L OFEEEZ L. H#HF11
IR RME @R L 2729, NG £% b, NG-world
CEHIN A, 2oL X, in-world, out-world 2 #
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neEn{}, {} &5 (R1HE (). HER11HNG
YA h ol Ol FORTTHHAER 10X NG & L,
NG-world 28483 L, “NG oL (3l (R1HE
(d)). 7:72L, expanded-world 2*5HR 10 12THE L
73Ny

NG OB & LTid, R 10, 11 ORER 7
WCHRED 247\, out-world DEFENEX {12,13} %
in-world, expanding-world (287

Kio, R 12, 1310V THEREZEDS. LIS
B4R TCHAHDT, HRTIZOVTOEFRIIV-TCA
BTT2, FEC, HR2IOVTOERFES VoA
BTT5.

Kio, HRIIIOVWTIERLED S, HF 3 A
SMEFBRLEVD, NG OME” 2179 (K1
% (e)).

SHIERLED, HRI5OTEEEZL. IO
rx, {5 15 £ NG-world DDt 11 #*F LT
HaH7-0, ‘NG ORE %479 (K1 WE (). &
SICIER L&D, HR1TOSEEER L. HRI1T &
#R 13 PE—HRTH L0, R 1TIZOVWTERE
2R\, 2T, expanding-world #* {} £ %D,
BRERIETTS. 2O&R, (4, [[22, 12,13 &9
ik AR AV L ¥

LLED & 5 1O KBE 2 ARKFEBISR & B ATHY 2 KT B4R
YEASHhELILIZLY, A—HRICALTEHL
723t (9 E) 2DV OERDEIRV.

37, R7TOBEROF B BRERMIITETEILVE
Fhrot-kEd NGOLE), bH)—HOHRE NG
EF A LIV EREOHEILERLI LA TES.
Z#id, ATMS @ hyper resolution (254§ %19,
7= 243, [A, Bl £ SEIOBE, A DAL A2],
[A3, Ad] £\ ) 2 0oDFEY - EFOLE, (A,
B) i, [[A1, A2), B, [(A3, A4],Bjt%5%. Z0¢
X, [A1, A2], [A3, A4] AL BIRBITE 2V &L
B*NGILTAHZILETHS.

FERYERWMETCIE, KL/ - FI—FAVL O
R THEEED L0, BfEL LTI Prolog ®
ERMENY 7 b T v F L TIUT S, BFIETH
L-ERICB L CHETE (98) Liwvniod, BE)
Bw,

5. HRAREHMRER

HEENZEHRN, HEERT Y U NOTILET,
M TLIRAT D BRI BT B Mk B L U E D HEOM
bRFEFL, Ay 2 ERICEL THEFIREL
RWEAN L FEE SHFEAOMBICTEL . AE

HMBLBIZET2RTA 7 V2RV AT 4 1673

T3, B HRB LUHBENN-AZDOWVWTENS,

51 # &R A X

AL AT LTIE, BXER, SIEBLZEDT—5%
LAYV ATRBELTWA, 4 v aEBBRE T,
HEN—ZARHVWTINGDS YA Y Y ADKRMEER
e (B, B, HBRBIUKBE) L, 1¥A5 >
ADREXEFET LI EICEY, B2 o EKHER
BRI D ET 5.

Ay ERORBOHRNE, RE25HTHEK
OME7O—AZFECT, SUBIZBVWTRTHT
FICFIET AHEBONBIRELR DN, FR5DOHED
BREAFESEULTWA, $4bb, YDA ATV
ABIIOVWTEOL—LBELZ DL ITERT A2
S5 LORE-STVDS.

ZIT, CRIET AY -l X B 2BED#ER
FRE2ANC, Av i akBrERLTVS (H6,
BT DAY - V=D (1), (2) ).

(1) AR 2DBH  HHFTV 2777
ADA AV L ACELT, SiHEHt (5
KIEL VM) *@-Tb028D5.

(2) HABEHOHMEOER: (1) TEOLALE
£V Ay ROV, HEHEEF (FEEAD
i) 2@ TLO0RMETRE (BH, B
i, HikkB LUBE) T5.

HigkR— AL AT LTIE, FRICETITRZV-V
REFAREL A PR Y P ADFET ABE, o0
BAESOPHLLERTNELDERETHLEND
3. KL AFLTRREBICEBEOREEL D, 1D
DA YARY P ARZDWTHEBEOV - VE#BRLLY,
HHVIETRTOAL VAT 2 AZDWTHBEOV -V
ABATAELNLEL A, T2, 4 ETAHRNLL
St n BOA LAY L RAILDOWTERYED D
72, EENEMLOBNVA YA VR, HDHVITEE
WERLOBE L — L2 EBHT 2 EMPLEE RS, LI
AT, MEA, LEX 7 & OBk 854 W HEME T2
IhSAEBRT A LIIR#ETH L.

AL AT LTI, B2 IIRTHEEOWSHIHERE T
H\y, A% - )L— L DHO inference_engine & T,
S OMINERES, BRATXEILV-LEE, 1V RY VRE,
BIUOWELy s HREEBETS. b, HELHE,
BOMENEL L UL — VORKITETHICZINS.
e inference_engine (WiBE, N —IL8, 124

A, R

K, AT L= LBIULV-NOFIERYT. K6
VR LAY - L— LI3EM 3 (wms-rule) DFITH
5.:ﬂd,ﬂ)if,%i%nt%$%ﬁ(BD)#
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OXAZ - =IO (FBIERDRE)
(1) 2XSAEBD)DMEL 7 X > r(SEGS)DEER(PTS)
EEDD
(2)PTSIZDW T, J— L E¥select_start_point % ¥EBE
wms-rulell & V) HRT B
O —ILBEDOH (select_start_point : RET 3T £ >
BT S 4K
rulel: REET 37 AL MYERCEBOEKY
rule2: BT € 7 A L MR & M OEIK
el RFETI LT AL FHEB EXT51 D%

ON=LOB (rule! : BiBE BEOES)

RPTICBHET 32DD 4 7 4 > k£ 5 (Pseg, Nseg)

Pseg, Nseg"HER TH 3 H» ¥ AN S

Pseg “NsegD XA A (KTH) *HAT3
FT—EN—ZAPSDOLEVMEEXABEHRT S
R EM- 2 UEPTICHRIAA M £ 10T 3

WHLE # 2Rk

Sep. 1996

ORMBARDRE X % - J—IL [REHE]

meta_rule(select_start_point, BD, W):-
getData(basic_domain, BD, W, segment, SEGS),
getDataAll(segment, SEGS, W, start_point, PTS),
-—->

inference_engine(wms_rule, select_start_point, PTS, W).

Orulet : B EBOBRS [RERA]

rule(select_start_point, rule1, W, PT):-
getData(point, PT, W, previous_segment, Pseg),
getData(point, PT, W, next_segment, Nseg),
getData(segment, Pseg, W, line_type,straight),
getData(segment, Nseg, W, line_type,straight),
intersect_angle(in, straight, straight, Pseg, Nseg, W, ANGLE),
data_base([straight], test_intersect_angle, INT_ANGLE),
INT_ANGLE < ANGLE,

-=>
putData(point, PT,W, division_point, yes).

6 H#oB (rEghiom)

Fig.6

OX& - b=1OF (3838 — > O
(1) A XFIR(BD) DA BHR(DLS) ¢ k0 3
(2)DLSIC DWW T, Jv—ILB¥evaluate_diine % ¥ Bwms-
rulesiC & RT3
ON—IBDH (evaluate_dline : ¥/ % — > FR{HifE
DYE)
rulet: B DA HIC BT 2 Bl
rule2: ATRADAF AT 3 1Rl
rule3: I EHROMA X IZAE T 3 (@

Oi=nofl (rulel : AOMDLEIZRET 3 FRE)
SMEBOLT AW & h 2 X AEK L% 5(BD1, BD2)
BD1OPINDME T x> M EEDH B
Wt TAL MREABIUBIDREERD S
ML EHMT S el=f(MHIDKL)

H{ELANE &): 3BT 5 IR
BD1ilel ¥ B¢ 3
BD2ICDWTRILMBR %174 S

7 HBOB (¥ Y — L ok

Fig.7 Example of Knowledge (Evaluation of regions).

LT ALIMDEETHITXTOEA LAY VA
(PTS) 2853, (2) ki, EHLN-FTRTOAA
PARRI L TRET LIRS AL FoRBO L —
VB (select_start_point) Z @A L, V—NIZX h5
A BEERMT 5. ZOBE, EELONEIZL—
VORGBERRT, BAIHELZ 1 DDIL—ILiC
DWTHmBEEFTT 5.

T, RMT7TIRLAAY - L— Vi8R 4 (wms-
rules) OFITH L. Zhid, TRTORRIE LT % >
beqd2X22X (DLS) ICEL T, &FMEEE %t
®3 %50V — VB evaluated line (58759 — > 0
EDRE) AR, RHBEBEL-TRNTOL—L
WKOWTHRBLETTA.

HME 3 LR 4 I T ANRTODI X8R i2onT
V=N BT HBEREEMTHD, JHISH LT

Example of Knowledge (Division start point).

1201 XA RZDVTL— VA EHT 2 60,
¥ 1 (wm-rule), #B%2 (wm-rules) T& 5.
ALVAT LTI, REFNEE AY - V- LTt L
TWBHLSH, BHICL > TRBFENSRL 2BE, A
=D - BEBETEZ LT a2
NTEL. E70, PHEROMMIE, BHT <308
FMI LTV —E L T ENTWE 0, HMEORTF
PEHTHD. 48, TITREL-BOBIE®RMET
COMBIIERZLDOTII R, L MBFIEY I
Y 2R E T, NHNLEREEE L CRETE
Z)IB).
5.2 HMN—2Z
33 ETHRRALI(1)~(4) OB Iz Ic &
TOTED LN D, ZOHRTHRIIZER D E LIFOH
SN (2)~(4) THEHHBEIIOVWTHBIZANS.
2B, IO, B3 DF 7T s MEfEihiE
B LU Prolog DB AW Tidh & n s (K6 oN
MEHEBE. 275L, KXFTHILLORIENY
£7).
EARBEOMIE DE I -EAEROBHZ -

ILERTLHEBTH D,

o BERDUENBHORE

o TEHMELTREFNORE
EXRAEDONE HAERLDEFIZLD 200Kk

BRI E T2 HEB L UDE SN EHROBS

TRETLHETH 5.

o TEROLGERE (K6 BH)

o FEMEHTEEORE

o FTEBOKREDRE

o DEBORLORE

o TEISNIBEHORTGDORE
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;2 BORIRR
Table2 Conflict resolution strategy.

" O WITRM

M 1 (wm-rule) SBDA L AEZ L RIIDWT, RS OMIIL— L & BN, REBESLLRIOL DD — IOV TH

BEEEITD, LU, RAEEBETIL AN DL LWEGILR, RDA LAY AIIBD,

&M 2 (wm-rules) HBDA > AZ R0V T, TRTOL— L LB, SHBEBLELATRTOI=MI OV THREE L

1145, bL, RELEBETAL-AD 1L D265V, KDOM LAY AIZBS.

¥®a% 3 (wms-rule) TRTDALAZLZDOWT, KL LML — LN, RHEBL@RELZBROOL DON—VIDONT

MAMEEITE. COBRKEIRTOL LAY L RAZENT 5.

@M 4 (wms-rules) | $XTDA L ZXFLRIDONT, TXTOL— L& BN, £ABEELL A TXTON—NMIDOWTHEHE

FEirTA. COBELETRTOA LR85 L AENT B,

®3 A7y FEARE
Table3 Object manipulation predicates.

Pitied S

get {12245 ABHOEH
get(class, instance, world, slot, Value)
getAll BEOL Ay ABHOER
getAll(class, instance, world, slot, Value)
put 1Y Ry ¥ ABMDGH

put(class, instance, world, slot, value)
putAll BEOA A5 L ABKORE (8 ix 35k
putAli(class, instance, world, slot, value)
putsAll | BEO 1 > X8 > AERHEOTH (HAM L TH)
putsAll(class,instance,world,slot,values)
collect {225 AR RE 1Ay ¥ AEHAT
value THE 1 v A5 L A% 5
collect(class,instances,world,slot,value,
Instances)

create LRy ADKEK

create(class, world, Instance)

H[E - OB AR SN EREOTE Y —
VICEHMEE R ALV ThH D, BHEIY —
v OF M, | FEOFMEB OFMME e; &
FOEAL w; EDOFEH Y wie; ILEDEHE SN
5. o8y —o 0 i FHOFME e 1TV —
MORTEHEINSE (N7 B8). YOFMEE
2RI B, BEMEOHERIEDLHIIIT S
», HAVIFOLEXZDEAREDL T AN
2, EMRIZE > TERBRMIIRDO LN TV A,
e ziE, FMEEL LT, UTOL0R2EN
H5b.

o MNoxtBt (K7 £H)
o WESDARKE
o DEEEDLLLT AL DT AR

6. £ 7 H
33HOA Y 2 EFBROETNMLIZEIWT Y
AFLRRMELL. 2B, BHSELELT, HEELFE

AT L CHBIERT L Y L ORSARERN ZB) LT
FNENOHBN— A SR,

'

‘I’ b

M8 BELEMETNOANER

Fig.8 Input form of a plastic deformation.

B9 @BEKEMEOWMIE
Fig.9 Output for a plastic deformation.

B8 IR TEEEMITET VDN F 2 TR
DVTORDFHER Y IR, M9 OhLELhE
BLIBIERTE/ 8y — » LEHEBTERL TV A, &
722U, KBTEYLR TS HmAE LN /CBIREKT
ha. T, ERIBONRIAY a2 BWETEE
BT, ERORKL SORELERT 2L VT ADH
ARLTS, BonBHRGE/ Y — Y IREMR
NEETLHOLA%ET, HoNEHERRLERY
HRE —HT 5.
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H10 = I WIAHAITE 7V O A S AR
Fig. 10 Input form of an automotive engine intake.

11 x> WA 7L O [
Fig.11 Output for an automotive engine intake.

E10 \ZRTHBERL VY ORRGBRTETFIL
DNy F 2 TEFIZOWT, BFEROENIEIZE 11
WY, M1 OFERFEFHCTHERYETEL 24
FiX, FE, EHLEOYBBEODTAICH L TERE
RO EERLERTROVERERLTWE!Y,

Rz, REBBEEBVIEBREROGIZOVWTHNRS,
10 iioWTHERELALZoHFN 212 1IRT. 72
2L, MICEBRRTAHRO n s 28 L. M
e UAIEARERY, AHOMNHIIEHERERT.
WEDOHOYFIIERL-NEE (K S - AR
DETAHAHFROFEFTIIHIEL Tvd) 2RLTWVA,
F7:, MROMA (EARER) OBOTLT 77Xy b
BEARBERIIBVWGBIREN A BEOLHITH S, &
DBIDHE, AHDOEKRFER1I1ZBVTa, b, ¢, d, e
EV) S ODGERDOESENH D, 1ok 2L, EAME
1oV THEanb 2,3 L [45 Evd) 200
GEINY - HEREND, XEID DWW ARSI
TENZKRBL, Ny T vx RIS
RLTVAE,. Ny F U FOEKERIZINY 7 b T v F
YURICER SN AEE (out-world) TH 5. | oft
WTWAHHRIBE—MREIHFETLHLDOT, Bt L
o,

COBEDOEHE, AT AHROBIE, AFETIE
145 HTHEHDII LT, BMLFHETIE 180 BT
Hotz. 1 POMREHERT LDIZ20H0 05 40 #1E

Sep. 1996

12 FHoOWh B
Fig.12 Example of search flow.

Brrh, KEBEBLHET 201858 TH 7.
ERDOEITHFREIE Sun SPARC Station2 & T, X
FETIZ 147, B FETR 19T h o7 F7,
[FLERZMOBTHHTEY, THIZIVEET
EORBEPBEO N L o7

Db, BUHEEBANBLUCAHERLZ Y VL HAOWH
MBI OTEFICEL T, FREFNOMEN— X L R
L, Av a%ElTAILI2EN, B A5H~0D
WHVETHLZ L A HEEL .

F70, EREROZV L -FTIIR#ETH - 7-MHE
LT, SMREFESELRYBLIENTE.
L2db, EMRTHL 120K ERTA0IZEEA»5
—HEE > TV b O G TR LY 2 EBEO
ErEWRTHI &N koo,

7. % & 08

43, BHEOZHET, BBERIT Y UL ADRK
MBS L B AT IS BT 2 EFMED A v 2 a2
ERGBRE AL, FOEFLEMEL. T2, O
DETVIIEDELAFLvE&EL, 7us5L%8
BLZ:. BBEHAILY VL ORSRABHEFT LB IO
BEEBITET ML TIDAY S 2RI AT
LEBHL, PATLADETMEDEYUME L UKD
HR, BRFEOEHULHEETE -

FEL 2 DOB LT, #RFROHME~N— X
EPHELEHTLIILIZED, AR ISH
FTE5ILAHASNT. $7:, BROBOL—F
TOHOEMR LA LR EFMICBLZ LA TREE
/RS WAR
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KL ATFLONHIE, UTOLBHTHS.

o DKL R VIEREM L FME XY - V—IVT,
SBEAOMEE V- VTERL, V-V E#EH
FTREQBENET LIV -EL T LTS H,
N—VORFHPEHTHS.

o A% - V—NTHATRETFT—7, HEN—2B
SUBSHREERMTIEET A LIZLD, HML
REBORN X HREICEEETE .

o KRB KR E BT L KT L EAED
SERFHEICLY, FAFIRBEOREZHERRC
RKODLIELHNTEL.

LHDBEE LT, HLVOERZ EIIHIET 5700

SN AR BT - ST A ERTFES

LR MAT ALEND L. BURTIREF L WRAKISHIE

TEHHE, VAT LRREVALEORBOESH L L

AEBLC, HLVOHMBYBEALTWS. ZOXI%

iR T, RANLEEFEL AV CHBMNICH

SEWETAFENENTH B2,

Wi AR UL IEHBIIHIY, THRELWLCL

W EBBRARFERFRE T FMARER LY EIEAS
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