Jogboooogbotubtdbtobobobouboubuod

Adaptive Deformation Simulation of Inhomogeneous Elastic Objects

0o o+ 0ooo+
Sei IMAT{, Younghao YUET,
+0o0oo
t0ooooo

D004
Bing-Yu CHEN{, 1

00 00§
and  Tomoyuki NISHITA}

T University of Tokyo
T National Taiwan University

E-mail: {{etoile,egaku,nis}@nis-lab.is.s.u-tokyo.ac.jp, frobin@ntu.edu.tw

1 0000

ooobbooooobboobbooooobboooo
gobooobooobooob,boobboobobooo
goboboooboobooobo. boboo,ob0obboobgo
goboogoboooobo,gobboobbooboboo
gobbooooobbo. obobbooooobboooo
00 [19,11,1)0,000000000000DO000OODO
gooooboboooooooboobo,obobbo,bbooga
00000000 FEM(Finite Element Method, 000 O
0)000D000000000O000,000000000
0ooooooooooOo. FEMOOODOOOO, 00
gobooobooobooob,boobboobboo
0000000000oO0ooooo 4, 8.

O00oU0DO0o0oo0o0ooU0OooUODoOO FEMODO
gooobo,boooooboboooobbboouobboo
(00D00O0D0O0D)000O00. D000, 0000000
000000000000 (Doo)ooooooo, oo
gbooooooobgobobo.bobobobooooo
o,000b0o0o0oboobooboobooo,oobogoo
gobgoboobboooboobuoobbooobo. oo
o,000b000booboobobo,boobgoobogon
goooobbb. bboooooooobbbobooo
gbobobobobo,boboboboboobooobogon
gooooobooooooooog,bbbbbbobbbb
gbobobobobobobobobobobg,bgo
gboooooooooo.

gogoo,0gboboooboooboooboooobo
goobobobobob,0oboboboboobooobooon
gobgobooboobobooboob.obooboo
goob,0b0boboboboboboboboobgon
gooooooooobdobo.bobobobooooo
goboooobo,goobboobbuooboboooboboo
oboobobOo,b0ob0oboboboboboobooobogoon
gooog.

gboooobooboooboooboooboobocooobogon
ooooooo200000. OO00O0OOO0OO0,0000
oobooobObooooooobobooobO,00000000
ooboooboooooOob,bo0boo0ooboooD
oooooo. oo,0o0bcooocoboocoboooooon
ooboooboboo,0bobooobboooooooboooon
ubobOoooooobooboobOoooocoooooboann
U.0ooooooocooooo,coboboobooobooon
ooooooooooooboooooooooD. ooooo
oo,00C0000000000DOCcO0O0O000b0000Dn
ooooooobooooboooooboooo.booooo
uobodoob,0o00bbo0obocoboo0ooboooon
oooooooobooooobog.

gooboboboooooooobgobobob. oo
00 (000D00000O00)000 (oooooooo
00000000000 00o0ODO0OOoO)0Dooooooo
ooooocooo.

2 00O0Od

0000000000000000000000000
0000000000000000000000 [7,14]. O
000000000000000 ([19,11,1]0,00000
00000000000000000000000000
0. 000000000000000000000000
00O00. 00000000000000000 (6000
000000 FEMODOOOOOOOO. 0000000
ooooo.

00000000000 FEMOOOODOOO0000O
00000 [16,13)0000 [2]000000000000
0.0000FEMOODOOOOO0OO0O0OO000000000
0000000000 (18,17, 00 FEMOOODOOOO
0000,0000000000000000000000
[4,8,5. 000000000000 0000O000000
00000000.000000000000000000
00000000000000.



F5H N

B

N—ZAMEGFET IV EERE

LNIVOETIV LNIVTETIV

SUe4 LA

J”J

01 OoobooOooooooOoOoOoO0OoooO.0o0o0ooooooo0on

0oo0o0ooo FEMOOOOOOOOODOOOOOO
00 [38. 000000000 DOO0DOO0ODOODOObDOD
cooo,000boocooooobooooboocooooon
0000000000 [10. DODODO0O,000D0ODOD
ooooooboooob,b0o0o0bo0obbooooooon
cooboocooooocoobO.ocooooooooboboooo
0000000000000 D0O0. NesmeO [15] 0000
coooooboooooboocooo,ocooboocoooooon
oobo. oooooooooooooco,boboooobooon
cooooooboooobooooooooooon.

3 DO0DOO0O0ooooooooooono

oooooboooboooOooobocbooobOoOo,ooon
000000 FEMOOO [16)0D00. ODO0ODOODOD
0000000 1000000,0000 (3.10)0000
0000 (40)00000000DO0OO0OO,000000
00000000o00Oo (320). D00O0O0O,00000
cooboooboooooOoocOooboooooOoOooboooooon
ooooog.

31 DO00O0OO0OODOoo

obobOoocoobooboooocOoobooooboooon
ocooboooooooooboooooooo.boboooon
coooboooooooooboooooooooooOo. oo
cooobooooooooooboooooooooooboo. oo
ooboooooooooooooooooooog o0,1,..n
ooo0. 0000, 000000000000000 “00
00000’ o000000o0ooooooO. oooooo
cooboocooooocoooboooooo.oooobooboooo
o0oo00o0oooo0ooooooooO,0ob00o 1210
coobooboooooobooboOobooooobooooon
0000000. 0000 U0 Aooo. o

32 DO0O0OODOODOODOODOODbOObOO

ooooooooooo,000 20000000000
0[9o000000000000D00O0oUooooooo.

N—2AEEFES
Tet, | Tet, ’ Tet, ’
/) \ \ \
¥ —¥

MEfE T O b

02 00000000000. 00000000000
goboooooboooooooooboooobooooon
goboooooo. boobooooboooooobooooo
gooooooocoooooooo.

oobOooooO0oooOoOOoOoOo0oOobocOoOoocOobOboOoDnn
ooooooooooob.ooooobooooboooooon
obobooooboooooboooooooooooboooon
oo,00000000b0000D000O0O000b0000Dn
ooooooooooobooobo.ooooboooooo
ooob 20000000000000COOOCOOOOO
oobooO,b00o0o0oobbooobooooooboooDn
oobobooooooooboocOooooocoooooooon
og.

goboooooobobooooo,oooocooooon
obobOooooooboobobooobocooboooboan
oobD,00000000000DO00bOOob0Oooboo0ooD
000 (0000 5200 510000).
oboobooboobooooooob, 0000000000
goo.

o =Ce (1)

00D00000000000D0000000, 6,6 € RO
0000000000000 D0DoDDooOg,C eR%*600
000O000000O00oOoo.

0000000000000, 000000000000
0000000000, 00,0000000000000
0e00000. 00,000000 00000 COO
000000000 (1)00000000. 000,000
00D000000D000000D000,00,000000



O.0005300000 T-0000C0O00O0COODOOC
ooo.

4 0000O0O0O0OOOUOOoOoOoOoOoOoo

gobobooobobooooboooobbooooobo
gg. bbooooboboooobb,bbooobbooo
gooooooobbo,bbooobbbooubboo
oooO0o00,000000000000 CcOOOOOO
0000000000000, D0Db0oO00Oo (Doo oo
n—1)000 (000)00000 COOOOOOODOO
gobooboobod.

0000000 CcO0b0 ()oooooo,0o0o0Ooo
Ooc00O00D000O edbbOdOoobDOog. bOoOoobo, 0O
gbooobbdb0 e0DO0OD0 edOobDbDOOO, O
Ooo0 cooooooooooooooooo Ccooo
gobgobooboob.oboobooobooboo
gbooboooooo,0b00b0obtueooooogon
gobooobo,oobboobboobboobboo
gbooboob,00boobooboob0o edoo,
gboboboboboobooooouob0 e obDOD.
0000000000 CO0O000b0O00e0 enOO
goooooobo.bobooooo.

41 OODOOOOO

ggbogopoboobooo,gbbooobd eboobn
Oed0O0OOoOoOooOOO.

6
€ — Z o™ e(m) (2)

m=1
000,m=1,..,60000000000000,a™cR
0O-1<a™ <1000000000000, €™ 0 m
000000 10000000000000000000
0D00000000.

00, 000000000000, 0000 (1)0
o= a™Ce™ 0000, 000000 a0 j
00000 0; 000 05 =50 a0 Cppel™ =
S _,a™C;, 000. 000 C; 040 k00000
00.00000

6
o= Z ome,, (3)
m=1

ooo.oooCc,0CcomOooooOo.

42 DOO0O0OOO0OODO

0((3)00000 CO000D00O. OmOOOO
0a™poo0ooo,0000 Cy, 0 Cp =a/al™
0000000, 000,000 C, 000000000
o™ O0000000000000000D00000000
00000. 00, 00000000. OO,0000
Cn=0c/a™ 0000000,0000 |o™|0000
00D00D00000. 000D00000000000 o™
0000,00000 ™ Ooonooge™ 0oon
0.000,00000 empoDooo0e™oooo
00000 C, 00000 (0 3).00000000,00
000000000 «™ 000000000000 (00
0430000).

O00n-100000000000000 »nO0000
0000000D000000D00000000. 0000
mO000 o™ 0000,00000 €=a™e™ 00
OD00.00,0007-100000000000,00
000000000 e00000D00O0. ODO0OOODO
n—100000000,000»00000000000
000. D00 »000000000000000,00
00000000000000000,000 n0000
00D000000D0000000. 00000,00,00
00000 -0000000000000000,000
n—1000000000000000000D00000.
00,000 »00000,000 200000 (00)D0
0000 (1)00000000000000. 00,000
00000000000,000»n00000000000
000000000.000000000,000 n000
00000000000 n-10000000 ¢00O0O
0. 0000000000000000 30000000
000. «™ 00000000000000000000
0oooO0o0oooood.

000,0000000000000000000000
00000,00000000»-10000000000.

43 ODODOOOOODOODO

gooooobboboobobooooooooooooooo
goobboooobobboooo. booobooboboooo
C;,,y DOODOO ™M O0D00000000000000

oooo.
017G — 350
@™ Cjy
000 7, 00000000000000 G, 00 30
D0000000000000,000 o;(™)0000

<T (4)



0.5 ~

—T v T4 LIcER
CHYTUVIT—4 04 1 v
0.3
0.2
0.1
Ui o Oneax
1.5 1 05 o7 | 0.5 1 1.5
y} -0.2 4
¢ 0.3 -
0.4 -

03 o™ (z0)0000000e000 (yO)OOO.
0000D000000000000.

oboooooboooobD,0 3000ooooooooo.
gboo,bobgbgobooooooboooooooooo
goo.boo,0bo00bbooboob.

10 G — 05(a™)] < Ty (5)

000,7,0000000000000000. 00000
000D000000000000000,00000000
D000000. 00000 o, 000 o™ ooooo
00000007, =10x10"2, 7, =10x10"2000.
0000000000000000000000000
000. 000000000000,0000000000
00000.000000000000000000000

coobooooboooooooooog.

5 Joooooooooon

00000o00oOo0o0oOoOoUooOoOoooDOoOo. 1)
oooo0oO0oooo0O,2)000000oDoD,0o0ooDo,
00000o000o0ooOooooo,000 3)T-000o0oo
0000000000000, 00oOo 1)oo,o0000
coobooboooooobooooooooooooon
coooboooooo,0ob00o00o0o0ooboobooooo,
oooboooooooooboooooooo.boboooo
00000000510 0 520000.0000200
000 [16000000. 0000 3)0000 53000
od.

51 DO0OO0OOO0OODOOOODOODOODO

00 43000000000000000000000
00000000000000000000000. 000
D0DO00000O00 edD (2)0000000 €™ 00O

Tet, Tet

y
((ret,) N [ret,]
Y 4y
(a

) (b)

122

04 ()0000000000000D0D00000 (b)
000000.0000000000000000000,
00000D000000D0000000.

000000. 000000 mOO000 ™ O0000n

Xin max (6)

obobOooooooboobobOooobocooooobon
ob0.0o0oo0ooboooob mOOOO0OODOOOOD
ooooog.

52 OODOOO0OODOODOOOOODOODOO

gogbooobooobobobbuoobooboobboboo
oobooooobboooobboobobboooboboon
g.ggboopobooboobboboboobboooboba
gooboboobo,ob0oboboobooboooooooon
goboob.bbooboobbobbooboobbo
oooo0o30boo0oooooooooooo.

1.000000000 () 0D0000OOoDO0DOoOoOoO
gobooobooooooocoobooooboog.
2.000000CC0OCOOOOODOOOOOOOOOO.
. 0000obOoo0oobooooobooooooDooonO

oooooooooon.

ooooDbo,000000000,0000D00000D
oooooooooocoboooooobooooooon.
obooboooooooobobOoooboobooooboDn
uoooooooooooboooo. boooo,o0000
ooboooboooo,bcooboooooooboooon
gooo.gboooob,00b00obooboooboboon
obOoooooO. boocoobooooboooooon
Oo,00bbooooooboooobooooooobooooDn
ooooog.

53 T-0000OO0OOOODO

gboobooooooooobooooooogoD 5000
OO0 TOOOOOOODOOOOOOO. TOOOOOOO



(a) (b)

05 (T-0000000000DO0D0ODO0DDODOODO.
(LT-0ODO0O000DO0O0O0D0DDOO0O0OD0DDDOOOOO
oooooooooooooooooobooog.

(a) (b)

06 0000D0 (a)00000 (b)D0ODO

1400 . . . . .

1200

1000+

800}

600+

1 #EY DOEHEE

400

200t

0 50 700 750 200 250 300
B2 A LAT v )

07 000 (0)00000(0)0100000000
000000000000000000O0.

oooo,0000000000b0000DbOb000DO000
cobooobooo,bobocoboobooobooo. obooo
ooooooo,oc00o000o0000000o0n0 T-00
cooobooooodoooooobooooooooan.
coobooboooooOooOooboooboooOooobooooon
ooo0 TOOoOoOoOooooooooooo.

6 OO

000000000 Intel Core X980 3.33 GHz O CPU,
GBUOOO0OO0O0OO0OO0ODOOOOOODODOOOOO.
go,0o0o0oobobboboboboboooooooon

08 ODO0OOOOOOOO0OO0OOOOOOOO0OOOO0O
gooo. 0oooo0ooooboooooobooooon
gooooooocooooooooooo.

000o000o00oD0oO0O0oo00oDOOo [6loobooo
(0 6. 00DDO0DDODODODODODO,D0000DOOO
ooboooobOocooooooboooo,boo0oobobcooon
oooooooooooboOo. oob,00bo0o0bO0o0D
uobooooboocooooooobo,ocoboo0oooboboooon
ooooooooboooobooooooooooboo. ooo
oobooobooo,obbo0ooooooooobobooon
ooooo.ooboooooooooooooboooooon
obooooobooooood. oooobooooooan
ooooooooooooooooo vyoooo. Oooo
obobooobooooobooboooooobooobon
oobodoobo,bo0cobocooboocobooooobobcoon
Oo.0obooooboooobooooboooo,bcoboooboooon
oobodooooooo,b0cooooooooooocoon
oooooo.0boooboooooooO,cobooboOooon
oobooobooo,bbooobooboboooboboooon
oooooogo

oo0o0oo0oooo0oooooooo0 8oOoooog
ooooooobooo.obobooooooooooooon
obOobOooOooboOooboobobOoooobOoobooobon
U.00boooooobooooo,oooooooooon
oobooooooooobooooooooooboon.

gboooobobooooboboobooooboooobogon
ooboboooobooooooooobooooooboOoooon

0000000o0oo00ooOoooOooooooo (0 9. oo

oboboooooobooboobooooooooaoan
U,d000o0ob0ooocbooocboobocbooocbooobooonn
oboobooobooooobooboooboooobooDbgoon
oooooooood.



09 0000000000 (Do)0oooOoooooo
oooooooooooooooooobooo. oooo
oooooooooboo,0oboo00o0b000o0b000o0ao
oooooobooooooboooooobo. oboboboooo
oooooooooboooo.

( Doooboobod

OO0000 FrEMODOOOOOODOOOOOOOODO
coobooboooooboOoobooobooooboooooon
og.

oob,0000000000000000000000
coobooboooooOooOooboooboooOooobooooon
ooboooooDb. oo,00000o00oboooooon
cooooobooooboocoooooboooo,o0o0000
cooboooooooooobooooboooooobobooo. o
oo,000000000000b000000000000
cOoobooboooooobOooboobooooobooooon
goooo.

oobooo,b0ooobocobooooboocoooooon
oooboooooooooboooooooo.boboooon
cooooobo,bocooooobooooobobocooooon
cooobooooooo.ooboooooooooobooboooon
coooooboooobooooo,ocoooocoooooon
cooooooooooooboo. bobobooboboo,
oooooooooooobooon.

gd

0000000 (0000 (C) 23500112) 000000
oooooo.

gooo

(1] D. Baraff and A. Witkin. Large steps in cloth simu-
lation. In ACM SIGGRAPH 1998 Conference Pro-
ceedings, pp. 43-54, 1998.

[2] S. Capell, S. Green, B. Curless, T. Duchamp, and

[13]

7. Popovié.
namic deformations. In Proceedings of the 2002 ACM
SIGGRAPH/Eurographics Symposium on Computer
Animation, pp. 41-47, 2002.

N. Chentanez, R. Alterovitz, D. Ritchie, L. Cho,
K. K. Hauser, K. Goldberg, J. R. Shewchuk, and

J. F. O’Brien. Interactive simulation of surgical nee-

A multiresolution framework for dy-

dle insertion and steering. ACM Transactions on
Graphics, Vol. 28, No. 3, pp. 88:1-88:10, 2009.

G. Debunne, M. Desbrun, M.-P. Cani, and A. H.
Barr. Dynamic real-time deformations using space &
time adaptive sampling. In ACM SIGGRAPH 2001
Conference Proceedings, pp. 31-36, 2001.

J. Dequidt, D. Marchal, and L. Grisoni. Time-critical
animation of deformable solids. Computer Anima-
tion and Virtual Worlds, Vol. 16, No. 3-4, pp. 177—
187, 2005.

F. Faure, B. Gilles, G. Bousquet, and D. Pai. Sparse
meshless models of complex deformable solids. ACM
Transactions on Graphics, Vol. 30, No. 4, pp. 73:1-
73:10, 2011.

S. F. F. Gibson and B. Mirtich. A survey of de-
formable modeling in computer graphics. Technical
Report TR97-19, Mitsubishi Electric Research Lab-
oratories, 1997.

E. Grinspun, P. Krysl, and P. Schréder. CHARMS:
a simple framework for adaptive simulation. ACM
Transactions on Graphics, Vol. 21, No. 3, pp. 281—
290, 2002.

H. Hoppe. Progressive meshes. In ACM SIGGRAPH
1996 Conference Proceedings, pp. 99-108, 1996.

Lily Kharevych, Patrick Mullen, Houman Owhadi,
and Mathieu Desbrun. Numerical coarsening of in-
homogeneous elastic materials. ACM Transactions
on Graphics, Vol. 28, No. 51, pp. 51:1-51:8, 2009.
Y. Lee, D. Terzopoulos, and K. Waters.
modeling for facial animation. In ACM SIGGRAPH
1995 Conference Proceedings, pp. 55—62, 1995.

Anwei Liu and Barry Joe. Quality local refinement of

Realistic

tetrahedral meshes based on 8-subtetrahedron sub-
SIAM Journal on Scientific Computing,
Vol. 16, No. 6, pp. 1269-1291, 1995.

Matthias Miiller, Leonard McMillan, Julie Dorsey,

and Robert Jagnow. Real-time simulation of defor-

division.

mation and fracture of stiff materials. In Proceedings



of the 2001 Eurographic Workshop on Computer An-
imation and Simulation, pp. 113-124, 2001.

[14] A. Nealen, M. Muller, R. Keiser, E. Boxerman, and
M. Carlson.
in computer graphics.
Vol. 25, No. 4, pp. 809-836, 2006.

[15] Matthieu Nesme, Paul G. Kry, Lenka Jefabkovd, and
Frangois Faure. Preserving topology and elasticity
for embedded deformable models. ACM Transac-
tions on Graphics, Vol. 28, No. 3, pp. 52:1-52:9,
2009.

[16] J. F. O’Brien and J. K. Hodgins. Graphical model-
ing and animation of brittle fracture. In ACM SIG-
GRAPH 1999 Conference Proceedings, pp. 137-146,
1999.

[17] S. Schaefer, J. Hakenberg, and J. Warren. Smooth

subdivision of tetrahedral meshes.

Physically based deformable models

Computer Graphics Forum,

In Proceedings
of the 2004 Eurographics/ACM SIGGRAPH Sym-
posium on Geometry processing, pp. 147-154, 2004.

[18] J. R. Shewchuk. Tetrahedral mesh generation by De-
launay refinement. In Proceedings of the 14th Annual
Symposium on Computational Geometry, pp. 86-95,
1998.

[19] X. Tu and D. Terzopoulos. Artificial fishes: physics,
locomotion, perception, behavior. In ACM SIG-
GRAPH 1994 Conference Proceedings, pp. 43-50,
1994.

OOA O0OO0O0OO

0o0o0oo0OOoo0O0OD 170b0b000. ooDoooooo
coobooboooobooboooboOooboooooboooboooon
00,1)00000000,2)000000000000O0
000,0003)0000000000000 OD0O0OO0ODO
coooboooooooooboooooooooobo.ooo
ooooooooooobobobobo. booboooo,
0000000000000 s00000000O00D0C
coooooooooooooooobooobobooooon
oo,00o0oocoooo.o.oocoooo,obooono
O000o0O000000O0o000O000000000 50
oooooooooooooboo.oooogoooboboooo
Oo0oo0ooO0oO0oo0Oo00oooO0oO0ooOboOooos0O000nn
oobooooo. ooooobooo,oco0obo0ooooon
cooooooo.obcoobooooooooobooooo
cooobooooooooooboooooo. oooobooboooo

type-a

010 (a)00D0-a0000 abed. O ab, be, ac, ad,
cd, bd00000D000 e, f,g h,i,jOo00. (b)4
00000 aegh, ebfj, gfci, hjid 0 abed D000 O
000000.00004000000 abedO0O000O0O
O.00000000D00000.

(@

011 (a)000 efghij. 00 ei, gj, fn0 kO DOOO,
0000000000D000000. (b)0000000
0 kO000O0OODO0OO0OO0OO0OO0OO0O0 8000000000
0. 000000D00000D0000400000 (0
00-b,000-¢,000-d,000-e) 00000000
oo.

gooboboooo.

gooooo,0b0obdodooooobooooo
O-a000. O0O0,000-a00000000000000
000. 000-a000000000 a, b,c,dO000
(0 10(a)). 00000000000 O0000 abed 000
O0O0O. 0 ab, bc,ac,ad,cd,bd00000000O e, f,
g h i j000. e=2tk f=blc g ate | _ atd
i=ctd j=>bld

000 abed O 400000 aegh, ebfj, gfci, hjid 0O
0000 (0 10(b)). 0000 4000000000 abed
goooboo. bobbobuoobuoobooboobo
abedDOUO0OOOOODOOOOODOO. ODODO 400
O000000 abedOOOOOOODODO efghij 000
(0 11(a)). OO0 ei, gj, fh00D0 kOODD, 00000
00000000 k=9 =& = hif _ atbledd

000 11(b) 000000000000 kOODOODOO
0000000 800000 fgik, efgk, efjk, fijk, ehjk,
hijk, ghik, eghk 00 000. 000 8000000,00

)




012

() 00D0-bOOOD fgik. O fg, f, gi, ik, gk,
fk 000000001, mn, 0, p,q000. (b)300
000 glnp, Ifmq, nmio 0 fgik 00O 0OO0OO0OO0OOOO
O0. 0003000000000 fgikOOOOOO.
000 fgik0OOOOO 300000000000 700

Imnopqgk OO O.

type-c

@ (b)

013 (a) 000 lmnopgk. (b)0000D0D0 4000
00 lmnk, nmok, Imgk, Inpk 0 000O0. 0000
000000000 -a,000-c,000-d,000-e00
gooono.

00 fgik, efgk, efjk, fijk O ehjk, hijk, ghik, eghk O
000000000o0o0o0ooooooooo. ooooo
008000000 400000,000-b,000-¢c,00
0-d,000-e0000000000.
ooooOo-bO000OO0O0DO0ODOODOOOODOOO. OO
0-bO00O0D fgik D00O0O0D0O0O000 (O 12(a). O
fg, fi, gi, ik, gk, fkOOOOOOOO 1, m, n, 0, p, q 0

_ f+g _ a+b+2c _ f+i _ b+2c+d _ g
[ID.I——2 =8R8 m= "7 =2 n=5- =
a+2c+d __ itk _ a+b+3c+3d _ gtk _ 3at+b+3c+d

7 9= "3 = g P =T = g )

q= 8k = atsbiderd opoQgQ fgik 0000000
glnp, Ifmq, nmio 00 000O. OO0OOOO0OOOOOO
00 fgik 000000, O0000O0OOOOOOOOO
00 fgik 0DDOOOODOOOODOO. 000 fgik O
000 300000000000000 lmnopgk OO
0 (0 13(a)). 00,0000 400000 Imnk, nmok,
Imqgk, Inpk 0000 (0 13(b)). 000 40000000
O00000-a,000-¢,000-d,000-e000000
oooo.

O0000 lmnk0000-a00000000. OO

000000000000 1l-m= 24 m-n= 52

n-1=42 1-k=9 m-k=22 n-k=2>
00000000 0. D0D0O0ODO0O0O0 ImnkOOOOO
00000-a0000 aegh000000 000000O.
(00D000D00-a0000 abedOOOOOO il:l[ll]l:l
00.) 000000 ImnkO0O0O00 abed000000
gboboo,btub-a0000000000.
00000 nmok D000-¢(000 efgk000) O
O00D0000. 00000-c0000 efgk00000
000 e—f =22 e—g="0¢ e k= athed

2 2

f—g _ %’ f—k = —a-‘,—bj—c—d7 g—k — a—bi—c—d 0

000000 nmok 00000000 m—n =

a—b+c—d __
==

o _ —atb4+c—d _ f-k o _ c _ e—f
3 ,M—0= 3 =5, k-m=52 =%

k—o=2atbeed _eck nOQQOQOO0. 00000000
nmok 0000000000000 efgk0 000
000. 0000000 nmok 0000 efgk 00000
000D0-c0000000000.
00000000000000 lmgk, Inpk 0000
O efik, ijk 000000000000, 0000000
Imgk, Inpk 000 0-d, 000-e000000000.
000-,000-d,000-e000000000000
00-b00000000000000. 00000000
00000000000000000000000050
0ooooooo0ooo0o0.
00000000,00000000000000000
00000. 00000000000000000000
000000000000000000000000. O
00-a00000000VO0O0000.000000 a0
O00-a00000000 (1/8")VO000. 000000
000 10000-b,000-¢,000-d,000-e0000
0000 V0000000 .,+10000000000
(1/2)(1/8myv 000. 0000000000000000
0000000000000000000000000.

og.
b-—a

_ f-g _ _ g—k _ _ b—c __
=5, n—o0= B, k—n=2>7°=
a—

W

)




