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2.1.3. Lemke (FAMHRFHEEIED) ..o 2
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3.2, MRIEENE SR B HHE S LT TR oo 6
320 FEAIZT TR TTFETR oo 6

3.2.2. BEHE I TLITRTTFREIR oo 10

3.2.3. AR ZI TR TTFE IR oo 11

BET SRR oot 13
PSR BALETLIERED oo 13
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2. KR

R SRIETTRAL Ax=b, b Ay n BT, x Al b 909 n 415 B
2.1. LCP/MLCP 3Kfi&

2.1.1. Gauss-Seidel (GS E{XKRARE)
P
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A =

aig ain ajg 0 0 0 0 —ai,
an1 a-nn] I 0 ann] [_ any 0] [0 0 ]
A #I9 A=D-L-U, b D XML, L2LETEDHMHERE, U A L
Sy 5ERE, f9: (L+U+D)x=b

Bl Dx=b-(L+U)x

R HE %t

a=[-C+ ) 1/

Algorithm 3 Approximately solve Ax = b given x”

x==3

for iter = 1 to iteration limit do
fori=1tondo
Axj = {b; —E};,A,-J,-xj} JAii
xXi=x;i+Ax;
end for
end for

2.1.2. Projected Gauss-Seidel (PGS £ K RE)

PGS J7VEA GS iEMIIX BN AE T, PGS tERRIER G 455 &z —4
VU, BIFTR x A LT 5.

HFEEE A SR IEER R, PGS Al 4™ AR AL NI GEM I SR E
EHHr (CAEUETED F55

2.1.3. Lemke (E#MEHHEE)

Ax-b=0
X"(Ax — b)= 0
xTAx = x"b
(RIS KRZFHH (BF) B —FERATEIEMERNE)
FEAME S
g —MNMEEFR—H G5 1T D s, AWE—HEAHARERIXA
FENLE M ELERR, MEEIERAT (B MR AT DU IX 4 2 w5 26 1%
RKINo
Lemke 572 Hbx:

1
min f(x) = EXTHX + ¢c'x

st.tAX < b
Xx=0

EXATE N GEW R ZH LR Lemke SLARIHIIA, AL
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w=-Mz=gq w—Mz—Iz,=¢q

0

(LCP)yw,z20 . w,z20,z,20

w z=0 w'z=0
B FE U, A1 Gauss-Jordan JH i
MR GR B gl ootk i ok, Fooil £, B METAMEARRATM L K, i
JCTE 598 R SR — AN e B AN A o A7, AWk, I REsR iRk
i@

® LM/ LA e R R
® [REFMETLAME, ¥ w_i(z_ip2@iEArE, Wz _i(w_i)edtitA s

AP IR

(1) #aq >= 0, Ww, z) = (q, 0) A, H, B max {-q_i} FIEMAT s T RFE
1T, oM MMIFIRNES], FmEE, & =

(2) WHUTERPZE THRFN , & <=0, BH; 750035/ ORI A
Efgbrr, i/ = {7 | >0}, WRriTHREELE (o, ¥
45 % 3

(3) W r ATHIHRBEN B ( ) o dEEE, DL ATAEEAT,  XWMEISIN
FA, FouHEE. mREETEL , WS = o WREETEL , N
é> = ’ $§2

(4)  HER, oBE. VrATNEAT,  WNNESIAES, EoiEE. 8T,
BH

HARFEA

min f(x)=2x’ —2x,x, +10x; — x, —10x,
st —3x—2x, 26

: o M |
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Tab.3-2 The initial table of classical Lemke algorithm

3 1) 2 W, W, W, Z, Z 2 Zs q
W, 1 0 0 2 1 3 1 1
W, 0 1 0 1 -10 -2 -1 -10
w, 0 0 | 3 2 0 -1 6

#€ 3.3 £ Lemke Bk R

Tab.3-3 The first iterated table of classical Lemke algorithm

e i) B W, W, W, o Do z; Z, q
w, 1 =1 0 =3 117 -1 0 9
w, 0 = | 0 == 10 2 1 10
W, 0 1 1 2 12 2 0 16

# 3.4 2 Lemke § ik M0 # 2
Tab.3-4 The second iterated table of classical Lemke algorithm
EwE w W, W, Z 5 z; Z d
z 1/11 -1/11 0 =3/11 1 -1/11 0 a/11
5 -10/11  -1/11 0 19/11° 0 32/11 1 20/11
W, 12/11  1/11 1 58/11 0 34/11 0 68/11
%35 2Ll Lemke 5Lk AL 3
Tab.3-5 The third iterated table of classical Lemke algorithm
R W, W, Z, Zs 2 £ q
7. -1/19  -2/1% @ 0 1 7/19 3/19 21/1%
7 -10/19: =1/1% B 1 0 32/19 11/19  20/19
W, az/19 7/19 1 ] 0 -110/1% -58/19 12/19

2.1.4. Dantzig-Wolfe E%
HURNTE RIS Tyl uvd, B AR B SR iR Bk 2 5 4 2k I 2
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3. ¥R FAIHE
3A. EAXYIERYFFS

VB 25 gk | KA R AR
g b &
(mass)
5 7 B (e B
)
7 RE =
(force)
Ay KE = x M 4
(torque) DR R
AR RE d = dt
(velocity)
FH RE d =
I PN
(acceleration)
FHINSH KA
) &= PN
(momentum)
Vi Elhs PN
i | -
(impulse) -
i L
s E R 12 °
s E R 12 2
Y VA= RE d =
(position)
A=EE ] ILpTvi¢ =1, o]
(orientation) d =1/2[0, ] dt
T ALE I =0, 1
7 SGH R =[ . 1
(status)
IN&E V| R

=1 - > )]
N7 PN
(normal)
JEVE R PR
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3.2. RENETEERESARSGER
3.2.1. EEMLARSER

Hbr: ARG H Ax+b=0 R, DU EIRSRME LCP i AU 500

(%%*% (Physics—Based Animation) )

— NE AN RE— E G 3R E /R R ST E e .

A sh &t R T EH A 2 P T AR . MERF R ET, ShREss
G EH R B AL, WANEE G NI AT bR, T BRI AT
e, &M —aahae b eE, ML T, shERRIAAX LEEERRIA XA
XTI B, B SR B 5| B SR i

U e AL e CRI— NI ER R GE n AN A JE I Cln st R R 5,
FAIGE) ALE T SOE Yy, SRETTA N2 1)) SOEEE

BAG SR, TR k AN R IR AL N A g = fion
5k AR R AL T, ORI L T MCE SN ), IE I ng = pe — T

AT SRR, PONIIR 1 T eI
W5 1 AR
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Jr=t ip=i
I713: % I + [l7 =t
—— ] iy >< bty + E JI'

FerpEr P 30T AR AR A BN I [ ) 3 Z R D9 T A 1Y 5 Ja A 37 R AR e 2 1

5 BRI

BT

Voesokiz: a1 = [a,vals 92 = [ag, vo], W
aiXlay = [a1@, — Vi Vo, @Vo + @V + Vi X Vo]

e AL O, ek n, UIASH R EHT LN o R AR R, WAE— DY ek

wt

#HATLLE K q = [cos(%),nsin(%)] = [cos(%t),%sin<7>]
kA e v, AR R ] DU AN () 284k, B e sk S, 18

1= - () 2 (21 =3r-09n(2) s (2

1

:E[wa]q

JE AT IR

WA = [ 6. 6] W ERA AT AR IR AL
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() —T3 "3
r-= ra 0 =11
—T5 ™ ()
KRB BT, £t + AtRZL, F
8 = 5 + AtST,
@At — gt 4 AtM-! (CN frat fm) .
FAL AL LCP 20
B mpe, PIAER DKM ng = pe — ATTL RS R E, WY
WAERRI R N vy, + @5 X1, Ay, + 0 XTI,
YIS ARAE B fid s AR B 07 1) B RIARN R GENHAE )

MV + @i X TG = Vi + ©j X Tigy)
ANTCTURIZE k Nr &, HZE KT 00, RRPIAIIEEHE 5B
Y AYIEALERZ) ¢ B, ABALEt + At Z, BAEEMSERNR, BN o,
Fefih pUR KT 05 B EAERL, HEfAb )R TFT 0, HflmUEZEN 0.
HIES)
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NTCTg 5 .
o LT —
! =0,

—t+ A

IfNTCT‘ﬁHM}Tf — .
Ry
NTSTMenNAtf Y £ NTCEP (@t + atM'f,,) > 0,
RN -

Atf = 0,

Atf (NTCTMU CNA Y £ NTCT @ + MM F ) = 0

A=NTC'M'CN . z=atf" « b=NTCT(@' +AtM™'f,,)

it b2 7o

ki v -
NI > g compl. to >0,

NTCT@5+&ﬂﬂ*(CNﬁﬂ“+f@))—ﬁ%zn.
BAT IR RE A + b = 0,x= 0 (I FEAER.
_ : 3 i 7
NTCTI\{[ ON At fHA¢ 4 }\TTCT (u_* + AtM! fm,) ~ag2 0
’ 5
3.2.2. BEEHARFER

LR AT, B, 2RI TT 1A S T 1A T L
JEYE 1771 Dy = [dy,,dy,, ..., dn,]

Eléfﬂ%jjj(d\ Bk = [B Igroo Bnk]
W2k Tt = fiene + Dy By

ﬁ:h@*(c(Nf+Dﬁ)+ﬁﬂ)
E”“:E‘+&ﬂ¥¢@%Nf+Dﬂ+&LJ.
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DTCTM-!CD DTCTM-I!CN E] |A3
NTCTM~!CD NTCTM-!CN 0| - |Atf
—ET I 0 )_:a“x
DTCT (ﬁf + AtM-! f:;xt)
+ [NTCT (:?f+;$rM—Lﬁ_m)—
0
At
compl. to At f =0,
/‘:aux

Z =0
At

AR IR R AX + b = 0,x = 0 T FRA L.

3.2.3. JEEfMAR FER
DL 20 R N FE A5

I'th Joint

[(ri + R(g:)ri,.) — (rj + Rigj)ri)]. =0,

&;"1 2
(s + Rla)r) — (rs + Rlgrk)], =0,
&,
[[:7'1' s R{Qi]?‘;nu} = (Tj 2 R{qj}riﬂf)]z =0,
&
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Dy (s)
B(s) = |Pa(s)
‘-'i]'g, S:]
Heb s 2 FmEr) XA E =1, 1. FEAEFESEERS, 5
d P ds
a2 =50 %
= @Su
(s
Ja
= 0.
d? d
F‘I'Eslif]] = EU@HJ
d d
2 Wty i gl
g el wtJanie)
0
Jou = —Jpu.
GE

RPEIX B L R ATy £ =0, WX ERSE f- =0, WAERSH

Fs = J3 s
A PLFR IR Jocabian SR A5

AT LRI FoR el 29 o) 3 P DL 7R G Jocabian FERE ) SUAEEL
CENf 3 .D,B] = Jg"nntact"kﬂmmf[‘

C(Nf+DpB)=CNf+CDB
_ f
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J\J-”'lm Jﬂlﬂ[ (u + AtM~™ ifcxt Jmnt |
A 7. o ‘kﬂ'-'mﬂf[ fﬂﬂ[ﬂf[ ('Ll.l +AtM™ fctt cnnr.m_t
[A“ AIL—:| Alimit | + Jlumt (‘LL + AtM~™ Lfcxt) bllmlt >0,
\-i-v-i# J\ﬂmtm’ F oo ('LI.'. + AtM™ f._u) Dot
A L Aaux i | baux |
x b

Bullet W R 7y 7 = Ff: ML, BEE )L AR AR A 4 o

&30

[Physics—Based Animation] (

https://www. researchgate. net/profile/Kenny-Erleben/publication/247181
209 Physics—Based Animation/links/5elb2ed04585159aa4cb43d8/Physics—Ba
sed-Animation. pdf )

[Lemke—Howson Algorithm] (
https://web. stanford. edu/ saberi/lecture4. pdf )

[Tterative Dynamics with Temporal Coherence] (

https://box2d. org/files/ErinCatto IterativeDynamics GDC2005. pdf )
[Practical methods of optimization] by Fletcher R.

[ RIRI A T30 78] ( https://www. docin. com/p-892892104. html)

BiR—: BRARZERES

AR BARG] T
FE— R HNLREEAT T K A AR s ) e fE

max 2x, + x,

8k 3, XL
6x, +2x, <24
X FH=X5

x20,x,20
AL bR ERL, RN AR E A U 9455
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https://www.researchgate.net/profile/Kenny-Erleben/publication/247181209_Physics-Based_Animation/links/5e1b2ed04585159aa4cb43d8/Physics-Based-Animation.pdf
https://www.researchgate.net/profile/Kenny-Erleben/publication/247181209_Physics-Based_Animation/links/5e1b2ed04585159aa4cb43d8/Physics-Based-Animation.pdf
https://www.researchgate.net/profile/Kenny-Erleben/publication/247181209_Physics-Based_Animation/links/5e1b2ed04585159aa4cb43d8/Physics-Based-Animation.pdf
https://web.stanford.edu/~saberi/lecture4.pdf
https://box2d.org/files/ErinCatto_IterativeDynamics_GDC2005.pdf
https://www.docin.com/p-892892104.html

max 2x, +x, max C X
s.t. 3x,+x, =15 o st AX=b
6x, +2x,+x,=24 X >D
X +x +X.=3
x 20 i=12,~3

(’2\
1 05100 15
C=|0|, A=|6 2 0 1 0| b=|24
0 i 1 8 8 1 5
\0,»‘
HHaif R

x» [0 1 02 0 o] 3
x, |6 0 -04 1 0|18
x |1 0 -02 0 1] 2

Z 1 9% O 0| z

BRI B R IAR G, A SR A ARAT TN I, Fh R) R R SRR R AR A
i NI4T/ B AR
WAL AT AR WO A AT AR A T AR AR K 0, 15
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BY |=% = x & x |RHS
% (9 1 82 9 8] 3
x, |6 0 -04 1 0] 18
% 11 0 402 0 1] 2
2 0 -62 0 0 |z-3
e SR
BV |x x, x x x |RHS
x, [0 1 02 0 o] 3
x, |6 0 -04 1 0] 18
mm{é_g%} - % [D 0 -02 0 1|2
2 0 =02 0 0 [z-3
BV |, & x % x |RHS
L |0 1 02 4 © 3
x2 |0 0 08 1 -6| 6
x |11 0 =02 ¢ 1 2
0 0 02 o0 -2|z-7
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BV |x % % 3 xs | RHS
L |9 1L 8§ 825 15 1.5
|10 0 1 125 ~15| 15
x 11 @ 0 025 ~-035) 35

0 06 0 —-025 -05|2-85

PSR 20 )RR SR

1) SRS R AR 2

2) AR R R

3)  ORARESTA T TR e R A
4) FEFR. AT

5)  WpES|EER R THESE

6) IK

7) WK VEIESE Verlet Integration
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