A% 713 AA A4 33449 CAD A 2H

(COSMOS, Computer Organization Scheme & Mass Optimization System)

Z - M - BT - el

A9Ed71e¢4d CAE A

e AR g ¥F AF

WA A% ZAE AEH AF TS AR AP dolHE: ¥A 9 52
¥ g R JAARE S AF¢d., B AW ¢Hd CAD S/Ws

o 2] Non-geometric lolE1 S Tho] Eate] dlole] 72 R Eo] e Ax=®l¥ W

LK A]_};Eﬂ%

— =4

¥
*

e Rols Yemz, no WE ATAEFS AA AL H &3
Az W3 28 Azws ABo @ A% A% L d= 2l H4E,

o2 & HHEWML AAE AA EWH(B-Rep) = 24 Vvl ALHANLH
g e $ele 2l Half-Edge vlol8l F+22 Ags™ 44 AL Ve, 24

AANS, S ¥ 715 S Mg, HEA F GAE AA%dn FHGA

AZ 44 9% 2 A% B34 FYs1E Qo] WA AF FA A¥ HRY
A

AA WFE BES AF A5 H A FEE AAGE HAelm, ofF 7 HAAH

Gop, olEld BPWT HAEHFAL o HHges, APol B LdAARE BE A
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& waE ¥9. DY TXI AEE R AFE ATl EASY 4AN L 5=
Q. WA olHw NGLAN 2FF AAG, N g FFY 71 G4A
HE Axgol Wadth ol UL A2WE AZ =z 7vtze ALY A$ A

A 3 HEE st Ag=n Y (HHAd4 - SPIRIT, 524 : STEP,

X

2 74 #EE : MULTI CAD-CAC, GDS:APS 5). =23y $uvae A9 LEH 4
A 3sted of

|

AZ87S 22 ALAE EFax, A5A-AAAS CAD 7] HFAHe

e b

83z Q& AdHeld, HT 4

o
=
=5
>
op
o
>

A7 AE olHE A2d Eo] =
ol £2A4=dA Aol 2P Yoy, AFYPF He]l2 A &A%
IS

AdEL7NE Y TECAEMEAE oA $AE FHE7 Astd Sdudyg A5
$AF HFol T 1G24 HE CAD A2 g Mg, £ %
He BAALE Graphic 22 YAz 48" AFAE =2 758 A5 A
Knowledge Base2 ZHEdw®, HEZRFE 7dtez o 7 AL 32U Solid
Modelinge 2 Fdsed AAAN] ABdHoz & 7587 stod A57HAS UL
2 REAHE a2dW AL AR ZFF AHE LA &0, HAANRE HLE o
A5 FoA 58 AAE LA .

2 A

€ UNIX, X-Window, OSF/MOTIF Aol4 C do]E& A&3te] AMusgRen,

=
A 9 A$BAL otalst o,

AF71H 4 AA2H
(COSMO0S) C language A} &
Rule/Inference % %= |Graphic Lib [OSF/MOTIF| OSF/MOTIF 1.0
IF/prolog X-Window X window 11.3
UNIX 0/S AT & T SYSTEM V
H/W SWS-500C
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2. R xIgxa U

ed AzsnA = RAFAEE AFas A A= Data structured 74
sodok B, of W BAARE AZGTA & FAo F AF AYHA HE=

A RAAANA, AdAAH, T/ A/ TA AL, ABAFA,

LA O I I

ol sy AZzMF HE ALsn, HEAF FF 7+ ¥ T2 Solid modeling
S 9% 2B E &3,
B Agxzgods RAARYYEE A HE 9 GUI(Graphic User Interface) S 7w

A2, 7z AAAY AP keyboard S MouseE W ¥ A4¢¥ & Aeow, AAAM

S uegwW7l 9@ Line 52 Rubber band 7I% % Data & 1% Dialog box, #3E
o] table = 22 HiCAD Al2%s9 "WixA 7I& 715ES 252 A,
E Nado AgsdE FAAREL 53 #o.
A AAD - RAE o)FE UAY FAA
CERAAA - B Fde 229 %S vdedls 4 229 AAAM
CAGAAN - BAY Agely AR, o $& vdehE AAA
L2 H/SN/TA AAAD - BA FEY FHolu dH, FA F& UEUHE 73 A A

CAAAEH - RA WG 4F APAEA
E2ggdAd - ¥ Fd 229 87 A
e - RAS B

(29 2.11% [2¥ 2.2]& RAAERAH D AAA A4 5= data structures dlo]r},
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' I I 7 id —> NULL
attribute attribute attribute
Al & 3 Al % A Al 2 3
z 2 | | T o
P EEEA * A& 3A v BEEA
o ® °
(2% 2.1] A AAAM DATA F=



id > id > id —>NULL
attribute attribute attribute
Al %A Al 2 A A & A
= e =
* pair * pair ¥ pair
¥ 44T * A& T A * A& T A
[ ® ®

[2® 2.2] =24 AAH DATA +=

3. A= 1P\ 5 HE

2 R xAHHE 9 Graphic data Y o] Tl U, olF oz 3o g
Age] P A5WF 9 ZAE Rule-based systeme 28 HES A5 Y9444 J&
3 HFES AASA . o] W AFsHE A5UF 9 ZUE S Databased Prolog
oA FHHRAG. A AFAFAANY ZF AHFxzH Y AYH T Ry
A uk W 57 Databased F+& a3t oeny, Ao o Databases Vx| FF F ol

. (2% 3.1]2 A5 Ruled] LR olg.

/¥ 3. AAAY HE ¥/

if([a2,70,0,2,0,0,4,3), A, AFAA,[A1Fo]T,A2F0R, AIF v 3, A4F 0],
A5F v F]).

then([a2,70,0,2,0,0,4,3], AFE,x0],x3).
i1f([a2,71,0,1,0,0,1,3], W42, AFAA, H2RE),
then([22,71,0,1,0,0,1,3], A% &, %o, EAAHFTA".
if([a2,71,0,1,0,0,2,3], 58, AFAH, H21E).
if([a2,71,0,1,0,0,2,3], 25 &, %], [, =EAAYFAH].
if([a2,71,0,1,0,0,2,3], A5 &, %, AE43FRol5 ).
then([22,71,0,1,0,0,2,3], %5 &, %], [F4A,2EAA8574]).
[2% 3.1] AHHE Rule &

H dgdAddA ddd AFHEE] 43AA

o

Rule-based System ol &= £ 4 Rz
(relationship)E F &t HAFHERE2ZE HYAAA Hg, o b M HENA =

AuolAE A% BSH Fo.
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WA AALAY 22 FAHd] Hall RAE7H?
WAAAAG AFTALel Ha A

2 AAAY AZITAHe] Hal REI?

S22 AN AFAFAe] A&

WA A YE 2R AAMAY list % % 229 F,

= I B B

2R A Y Ao,
o= e by Ad BE, Ax, A9, AF T A AFelg.

olHY HEJ ZTuyx UyY JAPALES AEHoz A7 A M2 2
Data structured A}£ 3}, (2% 3.2) AAdE 2o o Datas] FZEon,

o) W AUERE HY AAAALAY ER2AAHE pointer2 Zx E2F, P& A

e ARRY.
id > id > id —>NULL
* TR * TEHFAH * S84
s 22 A4 s 22 AAA ¥ £224A44
x ol A 7 A A xaAAAL| | R E L
=z = g = £z =
q& 7ol Hg 7ol H& 7ol
oo 2 soe | | wo g
SRy T2y LR
° ° °

(2% 3.2] AHAE & DATA #+ &
(2% 3.3]2 2223432 deblE Data structureo]™ A HFolA A
M TE2E ALEYG Zo B AZPEAE FEF ol . ofF A =2

ZAA4FS 24 Data 2 RE Ao A},
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id > id > id —>NULL
TR E TLAZLE 2L
S EELER TEELEE CEEEER
yoh 2 4 A A 2 | I yop 2 A A4 2
x AUz 2 1 kAU E g 1 xZAs g |
*xAAME 2 2 *AHEE 2 * A HE R 2
. o .

(2% 3.3] 222233 DATA 7=
Inference engineodl A= 19 DataE S 8ol ZH M Databaseoll A sl B =& AFE
& Zol AR E LAHAFH, AANR Gol wAGE AFoE LAAZFE Decisiong
g & A Interactived ZHUYE 7% ¢,
(28 3.4] A5 WH5FHE Inference engine dReojw, [2¥ 3.5]2 A5+ =3

Al &9EHE BEe Gg Qo

get rule(AF A A ) :- site_data(h A, HE=24%, [H|T]),
asserta(current_street([1)),
asserta(remain_street([H|T])),
H = [St, Wd, Le],
asserta(site_data( o A,

NAFYWSEZHE o], Le)),

street_cond,
repeat,
(next_street:
remain_street([]), !, get_rule(tHR4)),
abolish(true_list, 3),
abolish(false_list, 3),
current_street([R, W, L1),

[ 3.4] A5+ #HE inference engine 18~
Now, checking the street of 5

[(AZ%4,41,9,1,%,1] o o
A} A A g[3,1.5,0,0]

(Z%e,87,9,1,%,1] o 23
AL A (1,1.5,0,0]

[(A%9,88,9,1,%,1] o &4
A A A [(5,1.5,35,10]

2

AZAXHE [ol4,6] EAAA?
2

(29 3.5) AFHEF =334 %d
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Inference engineol 9% HEZAJE agHeo2Z EHG7 A8 HE 9 Data structure

2 A28, (2% 3.6]S AHAY Datas F2 ok, FHFHFANAN FAHAE
AAANGS B A2do s 8742 A$E FR Agddn, 2ALS AAAE v E
& 73 AZE Solide Section operation® dataz A& 3. datal, datalol = 7
AAAGe] e MBS ZA o,
id > id —> id —>NULL
F W F F W
ol &) 4 A Aid oA A A Aid o &) A A Adid
A 4 7 ) & AgAagmgl | PR E TR
data 1 data 1 data 1
data 2 data 2 data 2
o @ ®
[2% 3.6] AAAY DATA +&
(29 3.71¢ AZ Hdo) & Data structuree] o,
id > id > id —>NULL
attribute attribute attribute
Al 2 Al 2 A Al 74
= =a | | T =
* o) 2] A A A ¥ oA AAA ¥ 2 AL
A5 A% AF% A ¥H A5 4% =
s Z R ANS T T T *EEZRAAY
o | B "—"‘—l
(2% 3.7] AHFA4 data T+ £
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4. W= & Solid

AZETF HE N2does e Aojd BZA%

of

e B A2%ol A Solid Modeler
E E3o A3, tHE 29 Solid Modeler 2 & CSG(Constructive Solid

Geometry) ¢ B-Rep(Boundary Representation)S & 4 .
8t )5k CSG Modeler& MY 7 Lol renderingd GHER T dua]Fol HAds

A= F

= % surface evaluation o] ¥4 Host2z E A A€o A= B-Rep ModelerE

A8 e R o,

4.1. B-rep data structure

Solide AA EE8 (B-rep)s& % dataol: topological data$} geometric data
123 Face, Edge] A3 72 non-geometric datae A% d4 AHE A= A
22 FHEY SolidE FAS7 A% AF=2AE 4 wSalof ok, A
Geometric datat Face<®] Surface equation, Edge 2 Curve equation, Vertex 9 point

HE To2 o]Fojzg. & A2HFAgME

. A4 Edgest H W Facewl g Xtz
I I

ol
2

ax + by + ¢z +d =0 [4] 4.1]

9} Edge ¥ EH HEEUWOLRE BE geometric data d A Y 4 9},

Solid2] topologyE A A7 A= 28 4.1 3 o] Solide] A AE

s T4
SOLID
| | ’ l
FACE FACE FACE L o
I l ]
l l
FACE FACE FACE ) o

T

)VERTEX’ (VERTEX

[ 4.1] Face-based Graph model
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3+ FaceES# 2z Faceol ZAE FA%E EdgeE 18l 7z Edges] & £5 74
B VertexE & graph® A AW, ol g o] 7 FaceE FTH2E topologyE AF
= WH & Face-based o] ¥k, Face-based Model & HARAg 53 %
Jegdz e ¥ 7AA Agd dHo A, AAL AHE FaceES Yot =
59 A3 4 goenz 7Ndga A7E A7 EG. oF AN A
Linked list& 83715 A5 EdgeE FH22 topologyes B FAE AFs3:s
Edge-based Model o] £3] A& "<},
S 2 Edge-based =29 o) F 2 o Winged-edge data structureE 4
. F, 779 Face:r 2 AAE olF & 3t Edgett s AFEG., o=
7t 7t o] Edge: %o Faced 47019 o] Edge, 283 % Z Vertexd A% &},
2% 4.2 Winged-edge data structureE A&, A, o] data structure
E oo 4,33 7o) 27 o4 HJFHdezZ HAANYZ Facer vdetds ed
o] 2 ¢ &l Face A A EdgeE 2 st} sl FHol AkEAE v o] F Loop & Ao o},

4 .2. Half-Edge data structure

Half Edge data structure® A8 W 2 E Edge: F /19 Loopel A7 #Hro.
tt Al st Edges Left Loopol #HAH A 27 (CWL, CCWL Edges) ¢ Right Loop
ol #@H A (CWR, CCWR Edges)e & Ug 4 Acdk. wa A Half Edged) ME S
= Y#to] Edge NodeE €2 Yol 1 od7x dagdss 44 F38% & A,
2% 2.9 Half Edgeo HE 49y, & EdgeE F 789 Half EdgeE 1} ¥ o

L Half Edge® privious, next Half Edge 5 & Loop & A9t A =,

SOLID
FACE FACE FACE FACE ——J
CCWL CWR
EDGE EDGE
LEFT RIGHT
FACE EDGE FACE
CWL CCWR
EDGE [ ] EDGE
PREVIOUS NEXT
VERTEX VERTEX

[ 4.21 Half-Edge data structure
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Holes Loop

p |
. o FACE A - »,__#!f___\\
[ b/ e \ ™
‘ P G . e .,
. . .
O .
R P * ‘ TSR
! T < | \ \ J /
i - .
i >

Peripheral Locop

(2% 4.3] Loops 7

4.3. ¥ AR =2%gl=] HN=HE Solid

HAHAE AAE LotEd A AAHdoezRe AF54Fs, 2= A4 A4eE

=]

st AFN5HE AAHIY ¥ Solid operations F 2o,

4 . 4. = EE Solid B -4

SolidE MAS7 9l FIRo] H= operatorE o] Lok, EAMASE Solid

= Euler formularE wbEsjof 3t o]F 93t Face, Edge, Vertex 2 Hs 9

AAE st G2 Fol Aesior k. B A& Braidsh MG Euler
operatorE A& ¢k, HAH Euler opeartor:s 34 %o,

- MVFS (KVFS)

- MEV (KEV)

- MEF (KEF)

- MEKH (KEMH)

- MFKH (KFMH)

o7 A M, K, V, E, F, S, H = 77 Make, Kill, Vertex, Edge, Face, Solid,

Hole loops Y etlw wet A o5 Eof o,

- Make(Kill) a Vertex, a Face, and a Solid Body

- Make(Kill) a Edge, and a Vertex

- Make(Kill) a Edge, and a Face
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- Make(Kill) a Edge, and Kill(Make) a Hole loop
- Make(Kill) a Face, and Kill(Make) a Hole loop
o] uf, WIS o HBL oo,
E o AA0 Fdng 282 gdenz HExd YA primitiveR =
column(zt7]E)uk A€ =k, column AL A A& Ao G534 2.

solid *column (Sid, Polygon, NPoly, Height)

int sid; /%Solid <1 A ¥ ¥ (Identification Number)*/
float Polygon[][2]5 /A g e HEH

int  NPoly; /0 gzhg e He S/

float Height: /*column 9 3% ol%/

column primitive® M A&7 sisted WA Pl HAH HEdE XY J24
o] sheet-faceS e, 2 tbd& o] sheet faceE z Y F2 =2 translational sweep

o] SolidE AAST YA SolidE Wk,

4.5. T\ =28 Solid= <}, =zx= =3It

(splitting, sectioning)

2 ogrde HEREY Ho AFASTHE AAAA ddo HE WFS HAE
oz AEAA Ho] Y, olHT APL F= dEe oWy AL 2F}eA Z4
52 5o Reon YEHA AE TEAGH FHATE T 5 Ak, @HFA A
A% ASTRS 27 AAAE YD oA d B ARz R HFAAE 5o
Ao ASEAL AAHT o] WAL FREOZ sweep & TS WARAEL 4
ge AWPUESE Yrol AR LES AARE JFol BT, o] JEE

Splitting & & Sectioning ol %o,

Mz Split Plane (SP) 3 Solid(S) intersectiong Fsjof 3. WA SPe
ZAeE S RE Edged Zoblth, o] Edge £ A A Frl9 Edgex £ d
d. o2 SPA9 ZE VertexET AAT., SPA S Vertex7t st = gled S
SPel itz 9b: Aelmz Zdd, olw 9 mxsE Edges o] Eel Ao Vertex
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Ex 2% SP4e Hol 288D, oJF ZHHA=E SPE JNEeE odFH AFoz
Balst7] s Null EdgeE M 7bst 2 Null Edgest X & Vertex5 & d A skl Solid

g 548 By
4 . 6 _ Volumetric properties

2oz e YU 4o o FoA U7 wEoel Edge @A ol
2 U¥el 27 472y WA, AW AHS FoE FTAL 4$ee] HA:
(sunmation) LT AFS ol ST, 2 AxdoldE WAL AP W2z @
o

) WA

2 omdoy Fue AAE LoopS 2 7AH A, @A A9 Loopel Fol
Re @ L Loopol o) el FHcAYs AHE Fas ssel At
WA 2Ad YA el oAgs WA FHE YT 4R

duge dels H (P)3 Loop Aol @ Edgest ol F& 474%s dde # P oA
Bdges) A4 H3 ZHo2 $obs MEHE 274 o, b & T w 4 4,29 o

¥ {al % |b]| siné

(478 |3
=¥ | a X D] [4 4.2]
ojw] WE] a X b = Hwe WA WE (normal vector) n = [0 0 -1]1¢ Y3 A
Ho., w4,
| & X b | = abs(aXb-n) [ 4] 4.3]
7t 5132, o714 triple product (axb) -c® HEE 67 Fostes WFolWd %4,
Zasts wgold Fol A, wedA, 28 b4 A Loope ZE Edged Loop 9]
HEAE gt dAg e triple productE w7t d gz yge] g 78 &
k. o] W} PoE Loop HWUA ExadEs ¢l FHer Hazm P4 H¥

2 gus Hd MEHE ASdd 349 GRiol AAHNE 2 HEAG

Solidel 3 HWE ol F & Loopd 4 BA. Vo, Vi, V2 & Loopd W&=

tr

g AdPd A Vertexz 3k Ak ¢ PE 37249 daAg H (HHE T8 Ao
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2 of HE Loop HWAol RE ¥ ) ol 2, s, b, ¢ § FAP oA

VO, vl ’ Vz % -%‘5}"':— veCtora} -31"5’ L‘“ ;ﬂ P ) vo ’ Vl ’ Vz % J_I'IZIX“"_Q_E -8]'1":‘

A2 ) (Tetrahedran) e A ML a, b, ¢cE Mo 3t HYFHAY AH 1/60]

gEg o AuAs MY Ve

V =1/6 abs(a - bXc) [ A 4.4]

7} B, oW, AZFHBe B3 P Pl o FiH(outer normal ) g Fol &

& wWollE &, 2 g RXE HolE: Feo] I,

wetA, Loops olF& RE JHE F Edgecll dal AdA AHE 74

tjst® Loop g WHez
(signed volume)e] Hr}, ol &

2
deo® fdets Solids MHE F¥ + Ao

4 _.7. Solid =3 |93 data structure

&3 PE HH(apex) o & 3t e AFH

T8 Loope oz 9 signed volumeds 2 F

@ Vertex
id S > id > <T id
X, ¥, Z X, ¥, Z X, ¥, Z
Half Edge Half Edge Half Edge
next next  — next —>NULL
NULL{— previous previous previous
@ Edge
HalfEdge 1 [< {’*) HalfEdge 1 > < HalfEdge
HalfEdge 2 I HalfEdge 2 HalfEdge
next ‘ mext  — 7 next —>NULL
NULL<— previous previous b—— previous
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@ HalfEdge

—> loop <7 > loop > < loop <1
vertex vertex vertex
next next  —  ...... next
( previous previous previous
@ Loop
Face < > Face > < Face
Half Edge Half Edge Half Edge
next next  — next ~SNULL
NULL<{— previous previous previous
@ Face
Solid < > Solid > </ Solid
Face Eq. Face Eq. Face Eq.
loop loop loop
next next  — next —>NULL
NULL<—] previous previous previous
@® Solid
Vertex <7 > Vertex > < Vertex
Edge Edge Edge
Face Face Face
next next P next —>NULL
NULL<— previous previous previous
[ 4.4] Solid # Y data T+ =
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5. GUI (Graphic User Interface)

32 ¢ES)T UE CAD system GUIol ol F ol W E s system I 2
2Ao]E gxm L. UNIX fHHAAE X-window &+ OSF/MOTIF7} FH & ol %X 1=

o B2 g, B A2"oAE ofF ol&so] User Interface AL FHAD.

3

X-window & A}g %o 24 Menu button, dialog box, label =g wEg B FHS

=

Z3n o} @AZNAE X-windowE o] 28 w Graphic Library A}-8¢] Hardware
Independencyd R A& F& library7k b A7 A& EAMeA 4 A,
2 2" g sMte7l $8 Hardware IndependencyE Z X X-windowA oA AE¥

4 9t WAy Graphic LibraryE A A Awe HEdRd.

6. =-8
B oAgrue A48 Hd AZ A5 TS AAY AF AE EAZA AANY

A A Asoz HEW dE G 2o

6.1. W= = =w B FxEyAHI}IAD

Mo AZRAe AHs AS TN H2E e A, AFITEE

2

HJEE 9YF .

ol
=2
o
=



6.2 B x| &=

FARERYFe] 25 B 3F AF5Hto] B2y knowledge base system

njo

SR YD AN AN FHBAE A5 A4 oo

Ay, 4%
ZA8 2849 443 ruleol

e AHAE A AHsd LA AL decisiono]
P AL orompt 7} LA},

6.3 M= E Solid 9 &3 331
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6.4 FH ol AASHF FXOAAE A

A8 A5 E Solid dataoll A ddH, $4&, &S A4FHx AF

WF4eE GuAk 4t AW, FAUHET BFANE WANA AAE

fle

S F7EA Ay FRE AAHE.

6.5 22 3 =] Report =

Az ABE Sl Beld ¥ Aubdel plotter Ao} el HP-GLE A 4 3 of

A3 E plotting & & RAEF 1.



7. <} =
NEd 2oz AY & 4 Wol AW AF/1 G HAYF ) A& CAD systens
MAdtozn 27A8d dtez FAJYTY 4 /Y=dSs A% Y449 FFd
= AgET AL, 4dA8 A3 L A5HY & A2 YHRE 2L & AA AN
B og2ag Auez s graphic W Solid Modeling 71 6& A A implement
B9 £33 HZ AYA EFo] =l= UNIX, X window OSF/MOTIF 5 o GUI A&7 <
4% GRgon CAD system® AA AY AF&o) RAHE & %& A

. B3 AS="E= AZY WA BE rule 9 updater} BFHo g o] Fo]Ao}

FE 324 rendering AE AN 2¢a TOPAZS 71 ¥ data B

9 AL 22 P B AAHoZ nmodelingd el A& o5

et
™,
I

A AR LY HAARE FFoE FYHALH
A%MF rule ¥ inferences T AU g m AS5HNA G A,

2 A2d A2 4¢3

114



8. Reference

1. Martti Mantyla

"Introduction to Solid Modeling" 1988
2. Michael E Mortenson

“Geometric Modeling" 1985

3. A AW, 3 PP

"AE B 4" 1990
4. Oliver Jones

"Introduction to THE X window system" 1989
5. Douglas Young

"{the X window system programming and application with Xt"

OSF/MOTIF edtion 1990
6. Robert W. Scheifler, James Gettys, Ron Newman

"X window system C library and protocol Reference" 1988
7. HEWLETT PACKARD

"Welcome to X window system" 1990
8. William M. Newman, Robert F. Sproull

"Principles of Interactive Computer Graphics" 1979
9. Seteven Harrington

“Computer Graphics" 2nd edtion 1988
10. Open Software Foundation

"0SF/MOTIF Programmer’s Reference Manual" 1988
11. Open Software Foundation

"OSF/MOTIF Programmer’s Guide" 1988
12. 0’Reilly & Associates, Inc.

"X Toolkit Intrinsics Reference Manual" 1990

115



