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(2)0000 (00D0000000)0 Dz,y) =
—D(y,z)0 000 D(z,z) =00

(3) 00000 000000 € = (u,upy) 00000
D(uy,uq) =10

00000 D(x,y) DD DO OOD (signed area) 0 00 0O
000 4(00000): @z, 23,2,y €R30000

(1) 300000

D()\:I) + Hyam27w3) = )\D(Q},(Eg,d}g) + uD(y79:2,933),
D(a:h)\m + /,Ly7.’.133) = )\D(l?l,w,mg) + MD(mhy?mZ})?

D($1,$27)\$+ny) :)\D(w1:$2a$)+ﬂD(mla$27y)~
(2) OO0 (D00 20000000000000)0

D($1,$2,$3) = 7D(w27w17w3)
= —D(x1,x3,T2) = —D(x3, 22, 21).

000 D(z,x,y) = D(x,y,y) = D(z,y,x) = 0.
(3) 00000 000000 & = (uy,up,us) 000
oo D(ul,UQ,'U,g) =1.

00 D(z,y,z) 0000000 (signed volume) 0000

004000000 1NM0000000@ = z1uy +
Tous +x3uslly =y +--- 0000000000
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(060 00DOODOOOOO)

goog

20060 120 10

§1 0000

00000000 y0OO0OO00O0 e0DO0O0OO0AOOOOO
Oddd«00000C0C0O0OOOOOO

m[00 15(0000): D0D0OD0OD0O0eeVOOODODO
O00zeVOOODAOODOUDOODOOO
Ra:o(x) := (a-x)a+ cosb(x — (a-x)a) +sind(a x x)
ooooo

>Q

gbooooboobobO0obobOde-0OO00OO0O0 eOOO
OU0«00000000o000000

(6.1)

rT=u-+7v

a0 00000 00000w0000 ||ul =

|z|cosa 000000 |e|=10000000000

lull=]alllz|cosea=a-x0000000000 a
0000 «000000000000DO

u=|ulla=(a-xz)a (6.2)
goooooooooooooo
v=x—(a-xz)a (6.3)

00000ooooooooooooooooo 100w
ooooooooog

gobobobooobooboyo0ooboooobooboooobooo

w=aXxx

(6.4)

0o000obo000000wO0a,z0 2000000
ooooooooooooboo0 wOOOOOOOO @
oobooooo

wOODODOODODOOO0O0D0000000 |w| =

|v|D000000e, 00000 «0O0O0DOOOO
OU00oooO00||wl=|leaxz|=]allz|sina=
|z|sina 00000000 w, v, 000000000
0000|v|=|z|sihaD000000000

[wl =|=z|sna=v]

goboooobboooooooobyv,wOOOOOODO
000000000 600000000000

v’ = cos fv + sin fw

0000000y =u+v = u+ cosbv + sinfw O
0000000 (6.2)0(64) 00000000 15000
y=(a-z)atcosb(x—(a-z)a)+sinf(axx)0000

(cosB)v +\(sin OHw

§2 00O

m00 16 (000): 000 acV (|a|=1)000
0000000 f#eROOOO w:=faecV O0OODO

6-1



(angular velocity) 00000 O € ADDOODDO0 w
000000 P=0+=200000
T=wXx
ooooo
Erb) 0=0(t) x 82, BBFTH y(t) = Raow) () Z 55

3 5%, §(t) = 0—0sinf(z—(a-z)a) +0 cos O (ax
x) B, EE&Y @(t) = §(t)|o=o.

m00 17 (0000000): Oc ADDDD w, €V
000D0DD000* 00000 w, eV ODODOOOOO
(O0DD)0000D0000000 POOODOOOOO
000000 w=w +w, €V 00000

EXbr) P=0+tzn®EWa = (w1 Xxx)+ (w2 X ).
§3 0OQOQOO

Jdddd 0000000 yOOOO:
F n
mr—)g:F(m)ER
gooog

m(0 18 FOOOOODDOODOODDO AO0DDOO
F(z)=Az00000O0O0O0O0OO0DOOOOO

(1) Fx+y) = F(z)+ F(y)O
(2) F(Ax) = AF(z)0 (A € R)

0ooo(oon)

o000 21: 000 20000000000 F:x—y
000000 (linear transformation) 00 0O

00 8(00000) a=le) eR300000000
00000 z=[z) €eR?O0D0000000000

a:»iry:C(m) = axx

000000000000000D0 CO00000000
00C=e*000000(p5-10 (01)000)
§4 0000

00000 ¢,y eR*000000000 y = F(x)
00000000 18000000 3x3000

000D00F(z)=A:00000

009 z=[2,]0000y=[y]=F(x)00ODODO
00do00o0ooo0ooUUooOooUoUoo AQoo
gooooboo0oobob «t000D00O00DOOODOO

“O0OoO00000 200000000000000000 (rigid
body) DD OO
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000 10000R*0000000 (1,0,007 000
0o0oooooon

1 711 T2 Tz |1 11
F (0| ] =71 722 723| |0] = |721
10 1731 732 733] [0 731
0000200 300000000000000O000
[0] (712 0] 713
F 1 = [T92|, F 0 = |73
10 | 732 1] 733
O0o00o0oo0o0ooooooooa
oo0 22(@o000): e; = (1,0,---,0)7, ex =

(0715“'70)Ta“'
gooooooo

,en=1(0,0,---, )T e R*" OOR" O

m00 19 (0000) 0000 Fle) 000000
F(e1),F(es), - ,F(e,) 00000000000
A= [(61),F(€2),~-- 7F(e’ﬂ)]
O00D0D00F(x) =Az0000D0ADDFOOODO
(matrix representation) OO0 A= [F]O0O00O
00 10 (00000) 00000 a”(z) =axa DO
000 [@X]00000
cb) €12 (p51) EREFT DY, a=[ai], =[x 1Z
HLT,
ai a2x3 — azT2
az| X = |a3T1 —a173
as

xTs3 a1T2 — G271
TN F,

1 a20 — a30 0

0 a31 - a10 = as

U (110 — (121 —asz
X

1Z&-72, [@a*]n 1 FIBAHEAT S, UTREEZRSN&F.

X1

a*(x) T2

“Hh>5.

X
a —

0000000000000 [eX]000000000
00 [@X]T = —[@X]00000000000000O0O
[@¥]000000000000000000000

00 11 Rap(x) 000 15000000000

(1) Rey 00D0DDDOODOODOD
(2) 0000 [Rey) 000DOODOODOOOODO

000 23(0000): DOODO0OOOOOO

(1-a})Cy  araz(l—Ch) araz(l—Co)
+O¢% —as3Sh +a92Sh
[Rasg] = araz(1—Cy) (1—a3)Co  asaz(l—Cyp)
a:6 +as3Sy +a§ —a150
araz(l —Cy) asaz(l1—Cy) (1 —a3)Co
—a2Sp +a1Se +a3

0000000000 000 Sp:=sinf, Cy := cos b0
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goog

20060 120 150

§1 000000

goboooooooooooboboOooobooooooboo

o0o0o A0D0DO0DOO0ODO0O0OO0 XcAQoOoooo
o0oooooooo

e J0O00O0OODODOD <« OLODODOO
e J00ODOOODODOO <= OO

e J00O0OO0OD =00000000
e JI0OOUO =00000000

gooboooboboobooooooboooboooo
gooooobooboobobobobobobobooog
gooooooooboooboobbbbooooooo
gooboobobooobobooobboobboobooooboo
goobobboobobooobboooboooboboobo
goooooo

000000000000 o0UD ADDDOODOO
ooooooooO0o X00000000000XCA
gooooooooboo

oomoXxX0000000020 PReXOOOO
0000000000 DO0OO0DO (rigid body) DOOOD
0MO00000000 NOOOO &, X, -, Xy CA
OONOOO (N rigid bodies) 000 O

§2 00000

goobooboobooboboooooboOobOobOobo
goooooo

00 (1) 00000 (00000)0000000
00 (2) 00000 (0000D0000D0)0000
000

0000000 A000000000VOOO0000
0000 (A4,V)D0ODO0O0O0OO0O0ODO0O0oOooo*0o00
0000 0e€eADDOVOODEODDODODOODOODOO
0oooo (0,8)000000000000000*D

000ONDODODODOODOO0DO0D0000000
0000000ON+10000000

(i

1000 15 (pa-1) 00O
1100 18 (p4-2) 0O O
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0000010 F:=(0,§)00000 40000 (0
00000)00000000000F/ 00000000
000 F =(X,,&5)040000000000000
F 00000000

OO0 24: 0000 F/00000000000000
00000 e, 0000

10000000000000000000

{

OO0OOR;:=Ra,, 0000000000000 00
00000 X; 000000000 ;00000000
00000000000 EO0ODOOOD 000000
0R00000000000000OO

00000 (1)00x, R; 000000000000

X; =0+,
& = Ri(E).

(0oooo)

@©oooooo) (72

§3 O0OOOOOOOO
000 Pe ADOOOO FOO0ODOO /O0D0O00DO

Fo = (075)

PeA Do. € R?

Fi = (Xi, Ri(€))

PecA I)i;eRB»

goboooooooo

P:O;pO: :O_Lgpg(pO:)'g :O_Li’)O:'g

000D000F/ D000 p,, 000000F 0000

p,.000000D000
000000000 9200 (000)00000
00000(7.2)000000

IAjO: = pe (wOZi) + [Rl] fiz (73)

goboooooooooooo
oooooooobooooooboOoooboOooooo
gboooooobooooobooooboobooboobooo
gobobooooooooooo
(73)0000D00ONDOOODOODDOOOD PeA
gboboooooooboooobooboooboboooono

e J0DDDOOODODO F=(0,6)0D00000



e 00D0OIDOODOOOO F = (0+ x4, Ri(E))
oooooo
e 000DDOOD xp;, 000 R,ODDOODODOODO

00 /00000000 POOODOOO By (P=
0+p,-§)00000000000000000O0
000;000000000 /0 POODOOFODO
00 POODOOOOD p,0000000000000
00000 p, 0000000 /00(7.3)00000
PODOOOODO Py = we(®oi) + [Ri] P, 00ODOD
0oooooo

§4 0O00OOO

0000 (2)00000000000 P eX; 000
0000000 F=(X;,&) 00000000000

Ty o= e, (Ti), Pi=Xi+ai (7.4)

googoo

OO0 25(0000): DO0OO0DDOO0OO0OODOOO
00000000000 %; €eR3000000000
000 (local coordinate) 0 O O O *200

m00 20: 00000000 DOO0OO z,; €R3000
oo0ooooogoo

goooooooooo1000000000000
gboooboooooooooooobooooooo

gooboobooboobobooooooboooboobOooa
(000D0D00D0)0D0000000D0O0DO0O0OOOOOo
goooooooooooooooooboOoooonodg
0000O000o0D0o0O0o0oO0 (2)ooooooo

gobooOoooooooooooooboobooobooobooo
goobOoooboboobooooobooOoooobOoobooo
goobooboobooobooooooboboooooo
goooboooocoboobooooobooooooooboo
oooooooooooo

§5 0000

(73)D00D000DOU00ODOODOO

Do T; Ri1 Rix Riz| |pi
QG| = |yi| + |Re1 Raa Ras qi (75)
o 2 R31 R3a Raz| |7

goobooooboboooooooooobOoobooboo
gooao

Do Ri1 Ria Riz x| |pi

qo| _ [Ra1 Ro2 Rosz wi| |ai (7.6)
o R31 R3a Raz zi| |7

1 0 0 0 1 1

2000000000000 00000000000N0oNoooo
oooooo
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0000000000000 (0 300D0000)0D0 4
O00 “1””00000000000ooooooooo
gboboooooobooooboobooobobooono
gboboooooboobooooobobooboobooo
0000000000 (75)004x4000 1000

Ri1 Rip Riz
Ry1 Ry Rz i
R31 R3x R3z 2

0 0 0 1

H= (7.7)

00000000000000 HOOOOOOo*3o
00000000000 (76)000000000
300 CC0000000O0DoDOo0OoOoOoooono
0000000000000 00000000000
000000 (7.7)0000000000000000
3DO00000O0O00NODOOOOODDOO

100x
T@;%z)::hé?g} 0ooo (7.8)
0001
rr o 0 017
_ x000
Ra(0) = [0S & (7.9)
LO 09 09 14 opooo
[Se 0 Cg 07 0ooo
Ry(0) =195 %, 9 4 (7.10)
g | €0 0500 0oooQ
[Co —50 007 2000
R.(6) = | So Co 00 (7.11)
LS § 6%l uooo
559
s@pn=[8088]  ooon
0001

00ggddCy:=cosh, Sy :=sinfO

0012 00 23 (p62) 00000 a=ey = (0,1,0) 0
0000000 Re,y 0000(7.10)000000000

00 13 000000 (¢,0) 0000000000 MO
00000000 (7.8)0(7.12)00000000000

*13 000 Dehavit-Hartenberg 0000000000
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(080 OOOOOODO)

goog

20060 120 150

§1 OCOOOOOOO

000000000000000000000000
00000000000 0000000000000
0000000000000000000000000

0000000000 0000000000000 3
OOoO00000000300000000000000
0000000 3000000000000000000
0000000000000000000000000
000 (constraints) 000000000 OOOO 10
X, €X, 00000010 X, eXx, 00000000
0000000000000000 20 Py, Qg € A O
000000000000000000000000

0000000 20000000020000000
000000000 :000000000000000

1=l enl) w=l @] e

oooog

Po Di Co —Sp
@|=H|q|, H:=1|5 C§ y (8.2)
1 1 0 0 1

0D00000O0DOoDO (0,6)0000040000
000 (O+a;, RE)Dx; = (z5,y:)T 0000:000
U0000 PeX; 000000 p; = (ps,q;)I0000O
0 py = (po.q0) OO OO
00D000000ONODOOOOOOO0O00 2,y 00
00 ¢, 0000000000

q:[ql] 5:(33172/179173327"'733N7?JN79N)€R”
00000 (n=3N)D00D0O00O0O00O0ODO0O0ODOO
goo0obo0o0obOo0ooobooOooooboog g 1O
000000ONODODODODDODDOUODOOD (oD)o
0o0oooooobobbbooooooooooog m
oooooooo
¢1(a:t)

¢2(a.t)

®(q,t) = = Ogn (8.3)

b (a,t)

0Dooooo*o000000d00d mOO00000
oooooooo

m=n00000000000 qeR*O0O0CO0O
ooooooooooooooboOoooOoboOoOooooboo
0000000000000 D00 (kinematics) 0000
m<nd000000000C0CDOO00O0000DOOO0
goooooboooboobooboboooboooo
(dynamics) 00 OO

000000000000000 a),B(),-- 00
pobobooobooboboooboooboobbooboo
oooooogao

g =a(l), q=p6(),

goboooooobooooboobooobooono

g —a(t) =0, q—pB(t) =0,

0000o00oD0ooo@3)ooboooooooo

ar—al(t)

a6 | ~ Ogem

®(g,t) =

0000000000000 0O0O00OoOooDoO (driv-
ing constraints) 0000000000000 DOOOO
0ooooo(@oOooooobboOooooooDooon)o
goboooobooboooooo

05(000000): O0w()000000000 A
00000000000000000 0000000
000000 BOOOOOOOOO

B

A u(t)

7

0000000(G) 000 F = (0, )00000
0000000000 &, = (z,y)’ 000060000

4000000000000 00000 (nonholonomic con-
straints) 00 00000000000000000000O0OO
00000000000000



(b) 0000000000 Fe=(G,(¢,4) 00000
0000 ABOO F; 0000000000 Oag:
(-2,0)", be. = (3,0 DOODODOOOOOOD (82)
000000000000

00o00AO0OOO0OO0OOOODOOOOODOODO
10 a,=0000000000006000000 u(t)
0000000000000 00é=wu(t)000 100
gboooobooooboboooboooo

z+5Cy

z—5Cy
y+5Se

ap. =Hag. = y‘%SG:| s by. = Hbg. = |:

r
T—3
y—5 sind

0—u(t)

cos 0

B(0,0.60.0)= | =300 | = O

0000000 2y, 000000000 0O0ODOOO
Jgoo030000000000o0pboooooooo
0000000: (x,y,0)"7 = (5cosf, 5sind, u(t ))T
0000000 b, DOO0DDOBODODOO by.(t) =
r(cosu(t),sinu(t)) 0000

00 14 AQOUODOOO0O BOOODOOOODOOOOO
goooooo

§2 00OUO0OOODOOO

000 d/dtDD000D0000000000Domao
00 9/ce0000000000DO0ODODOODO
gbobooobooooood

af(x7y7)

d

ooood
0000000000 z=¢%,y=t0000

d(zy®t)  d(t®) 5
da At
Oxy?t) o 4
O =yt=1t
8(xy2t) 4
= z(2u)t = 2t
2y z(2y)
ANay?t) 5 4 d(zy?t)
ot = 7 dt
d/dt0 9/ot00000000
d o6 . 0b. ¢
%45(93,317 t) = 57x+87yy+a
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00000000000 ¢=2y* 00000

d
— (zy?t) = () (2t) + 2tH)(1) + (1) =5t
dt N
F (zy?t)
ooooobooono
d ¢ op . 09
il C Gy t) = = o =G+ =
dt¢(Q17 » 4 ) ) q1 + +8qnq + ot
gooood
§3 0OOOO
ooono
d -%qsl(q?t) %¢1(Q1»"' 7qn7t)
— P = : = .
dt P 4 :
E()bm(q?t) E(ﬁm(qla aq’nvt)
Gkt +%%+%
| Gy + - <+%m%+5%
0di o

0oooo(,j)000 6qvIZIIZIIZII:II:II:II:II:II:I [
J
oooooooooooooooono

-[a]

M}DDDDDDDDDD

Jo

(8.4)

dq

oP
ot

0P
dq

4
at
00000mxn00 42

§4 0000

0000 &(q,t) =00000 ¢q0O0000000
0000000000 ¢#)0000000000000

000000 ¢)000000000®(q,t)=000
4%(q,t)=00 (84)00000000
O%1dg OB _ do__[02]7 08
dq ot dt | Ogq ot
(8.5)

0000000000 ¢)00000000000 (8.5)
00000000000000000000 ®(g,t)=0
0200000000000000000000000
ooooo
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(090 00DOO00O0)

goog

2006 O

§1 00O

gooooooooooooooooooooonog
00o00ooO0o0o0o0o0ooooooOooooOoodo
000dt, de,dy 000000000000 OOODOO
000000000 At, Az, AyOOQOGUQooooo

dx <
0 Ax  0.0001 0.0005

oooooooooo

000 5(000): do,dy#000000000000
00000000 (dv)? = (dy)? = dzdy = 0.

dz00000D0 (de)?00000000000 dz#0
000000000 (de)®2=000000000000
000000000000000000000

Az 000000001000 z=(Az)02000
z=(Az)20000000000000

120 220

1000 2= (Az)0000000000002000
»=(Az)? 00000000000 y=0000000
000000 Az000dz00000000100000
000 z=dz000200000000 2= (dz)2=0
0000000000000000 de0000D000OD0
0000000000000000000000000
0000000000000000 2= (Az)(Ay)00
0000000 >=00000000dzdy=00000
00000 5000000000000

§2 OOOoOoOooOoO

00¢t0000000 2z(()) 000000000 t0O0
O0dtO00000 0000000000

dr = x(t + dt) — z(t)

00000 0000000000000 4000 de
00000000000
0000dt0000000000000000000
0000000 «(t)0000000000000000
O0«(t)0¢t000000000000000000
0000 (t,2(¢t)) 0000000000000000
000000 “y=az’ 00000

de=Kdt (KeROOD)

0000000 KOoOz(t)DtOoooooOOOoooo
0zt 0000D00000000O0OKO %DDD z 0
goboooooooboooooo

,7dx

z(t+h) —z(t)
&= S S A A

= K := lim
h—0
gooooooa

§3 00OOOOODOOOOO

000000000Dooooo0O0oteROOOOOO
00000 x(t)eVOOOOODODODOOOODOD

de = x(t + dt) — z(t) (9.1)
J00o0ooooodod«O0CCOOD

de=adt (£eVDOODOOO) (9.2)
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000000020 t00000000000000O0
0o* 0000000000 &€V O0xz(t)0000
0000000000000 00000000ooooon

dx 1
== th(u+m—x@) (9.3)
0oooooog
00000000000000 =(t) =a (Vt€R)O
ooooooooo
da:=a—a=0y 00O Z—?z@v (9.4)
00000 (9.1)0000000000
x(t+dt) = z(t) + da(t) (9.5)
000d(z+y) = (x+dx)+(y+dy)— (z+y) = de+dy
0oooooooo*sg
d de dy

0021 (0000000): 0000 aft) € R, 2(t),
y(t) eV DOOOODOOO (1)0(3) 00000000
O (zy) =2'y+2y/ 000000

(1) 000000 £ (alt)z(t)) = &t)z(t) + a(t)x(t)
00000000 @ 00 Z(a(t)zo) = &(t)zod
(2) 000 &(=(t)-y(t) = a(t) - y(t) +z(t) - y(2).
(3) DOO & (2(t) x y(t) = &(t) x y(t) +2(t) x §(t)
000O0(1)0000000000000
d(axm) = at + dt)z(t + dt) — a(t)z(t) (9.1)
= (a+da)(x + dx) —ax (9.5)
= (do)x + a(dz) + (do)(dz) VODODOO
= (adt)x + a(ddt) + (qdt)(2dt) (9.2)
= (ax + az)dt + (ax)dt> VOOOOOO
=(ax+ax)dt - dt*=0 00 5 (po-1)

00000000 dlex) = [azldt 0000 [az] =

r+ox00000000000O0OCO00O0 o000
000(94) 00 ¢=0, 000000
gooboooboobooboboobboobbo
00000 (1)o0o00o0D0O00O0o0DOoDOOooOoboo
(a+fB)x=ax+ Pz, ,a(x+y)=axr+ay 0000
00000000000 (=0000D0000o00)o

(x+y) z=z-z+y-z, z-(y+z)=z-y+x-z
0000000 (2)Uob0oboU0oooooooo
(x+y)xz=zxz+yxz, ex(y+z)=cxXyt+erxz

00000 (3)000000

150t 00000000000 &dt 00000
1600000 T(e+b) 00000000000 T(a)+T(b)00O
0000000 7000000 4000000000

84 0OOOOOOOOO

E=(u,uu3)0 VOOODOOOOODDOOODOO
0 pe(e) = 000000

0000000000000 00O0 000 2000
(time-varying)O

B0) = [ (], E0) = (8) wa(8) s (1)
ogoooooooooa
#(0) = 5 (X w0u) = 3 4 (a0 )

I

I
Mes i

.

7 = pe(@) = pe( - E(t) + 3+ E(1))
=ge(T-E(t) + (T - E(1))
= &+ pe(T-E(1))

ggood

m(0 22(00000): OD0O2000000

(1) 00 £0000D0
(2) 409, 00000000000

dm):d

ws(* —pe(x) z)
gooooooocoobooobooooon

(or = (9.7)

dt dt

gboooooboooooooobooooooboboooo
gbobooooboooobooobooboobobooooo
gobooooooboooooo

§5 00O

000 26 (000000000): 000 F = (0,€)
000000 ¢t0000000 X =04()0000
z(t)eVODODOODO&(t) eVOOOODODE(®) €
yooooooooooo

000 27(000): 00000 @(t) = pe(x(t)) 0O
0000000000000000000000

@(t) = [#:(1)],  @(t) = [#(2)]
00000000000000000000

X WA L E, ®, 3, F € R o3 iz Bl Ta
BN, BER bz, g, #, F €V GBE X TE



000 6(0000000000):
ooooo (2,70

oooooo3oon

e[ 100 (D0): DC0CCOOOOODLOUOUOOOO
00o0ooooooooon

e 0200 (D0ODOD): 0 FOOODODOOOmMOOO
0000000 zOOOOO

(F = ¢e(F))

e 0300 (DODODO): 00 A0DDO BOO GO

mz = F.

00000000 BOODOD ADO -GOOOOO

GO -GUOO0O00oooooooooo

D00 28(000): 000000 eR*000 20
Omz= FOOOODDOOOOOOOO FOOOO
(inertial frame) O 0 00O

X BEEZ@Emo#£ F Y ndBe
—BAMBRIZRNTE, Za—FnEEEAE, X
£ o THECT L B,

OO0 29(000): DD 20000000 F
(0,£) 000000000 (stationary frame) 00 0O

() 0000000 X=04+z00000Om&=FO
00000
(2) 00 € = (uy,uz,u3) 000 0*70

X ZHEHIBRENEESHIZHOVWIEMEREN TV, T
STV BERANEREZ TR L] CTVWD X RS . (8

HAYMETENT VN, EEEIOEEEEMAT S
m00 23 FO0O00 = F 00000

0000000000000 00000000000
ooooO0O0000000O0O0OO0O0O0O0O0OOOOO 2
O0mz= FOOODD0O00O0O0OOOOOOOO0O
0000000000000000000000000
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