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P r g h u q l q g x v wu l d o u r e r w z r u n f h oov k d y h s u r y h q h � h f wl y h

l q v r p h l q g x v wu l h v / v x f k d v h oh f wu r q l f f k l s d q g d x wr p r 0

e l oh p d q x i d f wx u l q j 1 W k h | d u h f d s d e oh r i k d q g ol q j u l j l g

s d u wv / v x f k d v v l ol f r q f l u f x l wv d q g p h wd o k d u g z d u h / z k h u h

wk h v h t x h q f h r i p r wl r q v f d q e h s u h g h � q h g 1 L q f r q wu d v w/

p r g h u q u r e r w z r u n f h oov d u h od u j h o| x q d e oh wr z r u n z l wk

� h { l e oh s d u wv / v x f k d v z l u h v d q g wh { wl oh v 1 X v x d oo| / v x f k

wd v n v d u h j l y h q wr v s h f l d oo| g h v l j q h g p d f k l q h u | / l q z k l f k

wk h x q f h u wd l q w| l v h q j l q h h u h g r x w r i wk h s u r f h v v d v p x f k

d v l v s r v v l e oh 1 R x u r q j r l q j u h v h d u f k d l p v wr z d u g v h { wh q g 0

l q j wk h f d s d e l ol w| r i d q l q g x v wu l d o u r e r w z r u n f h oo l q wr v x f k

l q g x v wu l h v d q g d s s ol f d wl r q v 1 L q r u g h u wr j u r x q g wk l v u h 0

v h d u f k / z h k d y h g h y l v h g d v h w r i d { h v r i f od v v l � f d wl r q r i wk h

f d s d e l ol wl h v r i l q g x v wu l d o u r e r w z r u n f h oov 1 L q wk l v z r u n / z h

l q wu r g x f h d q g g l v f x v v wk l v f od v v l � f d wl r q u h od wl y h wr wk h v wd wh

r i wk h d u w1 Z h wk h q h { s h u l p h q wd oo| g h p r q v wu d wh wk h f d s d 0

e l ol wl h v r i r x u f x u u h q w s u r wr w| s h z r u n f h oo1 D j r d o r i wk l v

f r q i h u h q f h s d s h u l v wr h q d e oh d g l v f x v v l r q z l wk l q wh u h v wh g

f r ooh d j x h v d e r x w wk l v f od v v l � f d wl r q v f k h p h 1

y l v x d o

w u d f n l q j

p r w l r q

v k d s h

p r w l r q

s u h g l f w d e l ol w|

p r w l r q

y h or f l w|

q r q h ol q h d u n q r z q d s u l r u l v wd wl r q d u |

h q j l q h h u h g

i h d wx u h v

j h r p h wu l f z l q g r z h g

d g mx v wp h q w

f r q y h | r u

v l q j oh

r e mh f w

f od v v

v p r r wk z d on l q j

v s h h g

d u e l wu d u |

r e mh f w

i u h h

i r u p

f r q wl q x r x v

d g mx v wp h q w

p h f k d q l f d oo|

ol p l wh g

W d e oh 4 = F d s d e l ol w| r i d q l q g x v wu l d o

u r e r w z r u n f h oo

W d e oh 4 v k r z v r q h z d | r i g h v f u l e l q j wk h f d s d e l ol wl h v r i

d q l q g x v wu l d o u r e r w z r u n f h oo1 W k h u h d u h i r x u f r ox p q v l q wk l v

wd e oh > h d f k r i wk h p s u h v h q wv d f d s d e l ol w| r i d q l q g x v wu l d o

u r e r w z r u n f h oo1 L q h d f k f r ox p q / wk h oh y h o r i f d s d e l ol w| l v

t x d ol wd wl y h o| r u g h u h g d v l q f u h d v l q j i u r p wr s wr e r wwr p 1

I r u wk h � u v w f r ox p q / l 1h 1 y l v x d o wu d f n l q j / wk h or z h v w

oh y h o k d v q r y l v x d o wu d f n l q j 1 P r v w l q g x v wu l d o z r u n f h oov z r u n

z h oo z l wk r x w y l v x d o wu d f n l q j e h f d x v h h y h u | wk l q j l v d v v x p h g

n q r z q d s u l r u l + v x f k d v d x wr p r e l oh s d l q wl q j , 1 W k h v h f r q g

oh y h o u h i h u v wr z k h q v r p h z r u n f h oov k d y h y l v l r q i r u h q j l 0

q h h u h g i h d wx u h v 1 W k h wk l u g oh y h o f od v v l � h v v r p h z r u n f h oov

z l wk wk h f d s d e l ol w| r i u h f r j q l } l q j d v l q j oh r e mh f w f od v v 1

W k h p r v w f r p s oh wh oh y h o r i y l v l r q wu d f n l q j r f f x u v z k h q

l q g x v wu l d o z r u n f h oov f d q wu d f n d u e l wu d u | r e mh f wv 1 V r p h u h 0

v h d u f k h u v k d y h s x v k h g wk h v wd wh r i wk h d u w wr wk h oh y h o r i

d v l q j oh r e mh f w f od v v 1 Q d n d l ^5 ` e x l ow d u r e r w v | v wh p z k l f k

f d q s od | r q h 0wr 0r q h y r ooh | e d oo j d p h v z l wk d k x p d q s od | h u 1

W k h y l v l r q v | v wh p i r u wk h u r e r w k h u h r q o| i r f x v h g r q wk h

y r ooh | e d oo1 K d v k l p r wr ^6 ` g h y h or s h g d s l q j s r q j u r e r w v | v 0

wh p x v l q j d : g h j u h h r i i u h h g r p g l u h f w g u l y h d u p 1 N z r q

^7 ` s u r s r v h g d u h d o0wl p h v | v wh p wr u h f r y h u wk h s r v wx u h r i

d k x p d q * v k d q g d q g wk h q j x l g h d u r e r w k d q g l q j u l s s l q j

j h v wx u h v 1 L q ^8 ` d q d g d s wl y h f r q wu r ooh u z l wk y l v x d o i h h g e d f n

z d v s u h v h q wh g i r u p d q l s x od wr u wr j u d v s d p r y l q j f | ol q g u l 0

f d o r e mh f w1 S d q s d q l n r or s r x or v ^9 ` s u h v h q wh g d q h | h 0l q 0k d q g

v h q v r u v | v wh p r i p d q l s x od wr u wr wu d f n p r y l q j j h r p h wu l f

r e mh f wv 1

I r u wk h v h f r q g f r ox p q / p r wl r q v k d s h / wk h v l p s oh v w w| s h

l v ol q h d u 1 W k h v h f r q g oh y h o i h d wx u h v j h r p h wu l f s d wwh u q v v x f k

d v v t x d u h v 1 W k h wk l u g oh y h o l v v p r r wk e x w q r q j h r p h wu l f s d w0

wh u q v 1 W k h g h h s h v w oh y h o l v wr oh w wk h u r e r w i r oor z i u h h 0i r u p /

l 1h 1 q r q ol q h d u / x q v p r r wk d q g q r q j h r p h wu l f 0s d wwh u q wu d mh f 0

wr u l h v 1 V r p h z r u n k d v e h h q g r q h l q wk l v d v s h f w1 D ooh q ^: `

g h p r q v wu d wh g d S X P D 08 9 3 wu d f n l q j d q g j u d v s l q j d p r y 0

l q j p r g h o wu d l q z k l f k p r y h g d u r x q g d f l u f x od u u d l oz d | 1 L q

^5 ` / wk h u r e r w v | v wh p f d q g h d o z l wk s d u d e r od / z k l f k l v d

q r q 0j h r p h wu l f e x w v p r r wk wu d mh f wr u | 1

I r u wk h wk l u g f r ox p q / p r wl r q s u h g l f wd e l ol w| / wk h or z h v w

oh y h o l v n q r z q d s u l r u l 1 S u h g l f wl r q l v q r w q h f h v v d u | l q d q

d x wr p r e l oh d v v h p e o| ol q h e h f d x v h wk h p d q l s x od wr u k d v h { 0

d f w n q r z oh g j h r i wk h wd v n 1 W k h v h f r q g oh y h o f d q e h wh u p h g

d v z l q g r z h g d g mx v wp h q w/ z k h u h wk h s r v l wl r q r i wk h r e mh f w

l v n q r z q d q g wk h r u l h q wd wl r q l v x q n q r z q 1 L q wk l v f d v h z h

r q o| q h h g wr wd n h r q h s l f wx u h d w wk d w s r v l wl r q d q g j h w wk h

r u l h q wd wl r q r i wk h r e mh f w1 K r z h y h u / i r u � h { l e oh v wu l q j v r u

d p r y l q j f k d l q / z h g r q * w n q r z h l wk h u wk h s r v l wl r q v r u wk h



r u l h q wd wl r q v h { d f wo| 1 W k h u h i r u h / z h q h h g f r q wl q x r x v d g mx v w0

p h q w/ z k l f k l v wk h wr s oh y h o r i p r wl r q s u h g l f wd e l ol w| 1 L q ^; `

wk h l p d j h l v j u d e e h g 6 3 wl p h v s h u v h f r q g 1 W k h u h i r u h / wk l v

t x d ol � h v d v _ f r q wl q x r x v d g mx v wp h q w1%

I r u wk h od v w f r ox p q / p r wl r q y h or f l w| / wk h v l p s oh v w w| s h

f oh d u o| l v v wd wl r q d u | 1 W k h v h f r q g oh y h o l v wk h v s h h g w| s l f d o

r i f r q y h | r u e h owv / z k l f k l v 4 3 08 3 p p 2 v h f 1 W k h wk l u g oh y h o l v

wk h z d on l q j v s h h g r i d k x p d q / r u d e r x w 8 3 3 p p 2 v h f 1 W k h

k l j k h v w oh y h o l v p h f k d q l f d oo| + u r e r w, ol p l wh g v s h h g / z k l f k

l v 4 8 3 3 p p 2 v h f i r u wk h p d q l s x od wr u / V w‚d x e ol U [ 4 6 3 / l q r x u

q r y h o z r u n f h oo1 L q ^< ` y l u wx d o u h d ol w| l v x v h g i r u d v v l v wl q j wk h

p d q l s x od wr u wr j u d v s p r y l q j r e mh f wv l q d f r q y h | r u d q g s x w

wk h p l q d q l q v s h f wl r q v wd wl r q 1 I h z u h v x owv d g y d q f h s d v w

wk l v v s h h g 1

V r p h u h v h d u f k k d v e h h q g r q h wr d g y d q f h wk h f d s d e l ol w|

l q r q h r u p r u h d v s h f w d e r y h 1 K r z h y h u / q r u h v h d u f k z r u n

k d v e h h q g r q h wr wd n h d oo r i wk h i r x u d v s h f wv g r z q wr wk h

e r wwr p oh y h o1 F r ooh z h w ^4 3 ` s u h v h q wh g d p h wk r g wr j h w wk h

s r v l wl r q r i d q d u e l wu d u | 0v k d s h e x w p r wl r q oh v v r e mh f w e | y l 0

v l r q i h h g e d f n 1 L q ^4 3 ` wk h � u v w f r ox p q l q W d e oh 4 k d v e h h q

l p s u r y h g wr wk h e r wwr p oh y h o/ l 1h 1 wr u h f r j q l } h d u e l wu d u |

r e mh f wv 1 K r z h y h u / wk h i r x u wk f r ox p q / p r wl r q y h or f l w| l v

v wl oo l q wk h _ v wd wl r q d u | % oh y h o1 R x u r e mh f wl y h l v wr h q k d q f h

wk h u r e r w z r u n f h oo v r wk d w l w f d q f r s h z l wk d u e l wu d u | r e mh f wv

d q g i d v w/ i u h h 0 i r u p wu d mh f wr u l h v v l p x owd q h r x v o| 1

L q wk h u h v w r i wk l v s d s h u / z h u h s r u w wk h u h v x owv r i h { s h u l 0

p h q wv z k l f k p h d v x u h wk h f d s d e l ol wl h v r i r x u f x u u h q w s u r wr 0

w| s h z r u n f h oo d or q j wk h f od v v l � f d wl r q ol q h v mx v w g h v f u l e h g 1

W k h u h p d l q g h u r i wk l v s d s h u l v r u j d q l } h g d v i r oor z v 1 L q v h f 0

wl r q L L / z h g h v f u l e h wk h e d v l f d s s u r d f k r i r x u z r u n f h oo1 L q

v h f wl r q L L L / wk h h { s h u l p h q wd o u h v x owv d u h j l y h q wr v k r z wk h

s h u i r u p d q f h r i wk h z r u n f h oo1 Z h d q d o| } h wk h u h v x owv d q g

f r q f ox g h z l wk r x u i x wx u h g l u h f wl r q v r i u h v h d u f k l q v h f wl r q

L Y 1
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R x u u r e r w z r u n f h oo l v e d v h g x s r q d q r y h u f r q v wu d l q h g d s 0

s u r d f k wr v h q v l q j 1 D q h wz r u n r i v l { f d p h u d v v x u u r x q g v wk h

z r u n f h oo/ s od f h g r q d f x e h r i d ox p l q x p i u d p l q j 1 I l j x u h 4

v k r z v d s l f wx u h r i r x u s u r wr w| s h 1 L q ^4 ` / z h g h wd l oh g wk h

z r u n f h oo f r q � j x u d wl r q / f d ol e u d wl r q / l p d j h g l � h u h q f l q j d q g

u h d o0wl p h u r e r w p r wl r q s od q q l q j 1 F x u u h q wo| z h d u h f r q 0

g x f wl q j 5 G h { s h u l p h q wv / l 1h 1 wu d f n l q j d p r y l q j r e mh f w r q

wk h � r r u 1 W k h r f f x s d q f | p d s ^4 4 ` f d q r x ws x w wk h s r v l wl r q

r i d p r y l q j r e mh f w 6 3 wl p h v s h u v h f r q g 1

Z h x v h d V w‚d x e ol U [ 4 6 3 p d q l s x od wr u l q wk h v h q v r u q h w0

z r u n e d v h g z r u n f h oo/ z l wk l wv f r q y h q wl r q d o f r q wu r ooh u 1 L q

wk h Y . od q j x d j h + v r i wz d u h h q y l u r q p h q w r i wk h u r e r w f r q 0

wu r ooh u , / z h x v h wk h D owh u f r p p d q g wr l p s oh p h q w u h d o0wl p h

u r e r w p r wl r q ^4 ` 1 Z k h q wk h D owh u f r p p d q g l v h q d e oh g /

wk l v l q v wu x f wl r q + z k l f k f k d q j h v wk h v h w s r l q w r i wk h f r q 0

wu r ooh u , z l oo e h h { h f x wh g r q f h g x u l q j h d f k wu d mh f wr u | f l u f oh

+ 4 9 p v , 1 W k h u r e r w f r q wu r ooh u d q g wk h y l v l r q v | v wh p f r p 0

p x q l f d wh wk r x j k v h u l d o s r u wv 1 W k h s u r f h g x u h l q r q h or r s

wr l p s oh p h q w wk h wu d f n l q j wd v n l v wk h i r oor z l q j =

4 1 L q y h u v h n l q h p d wl f v l v x v h g wr r e wd l q wk h mr l q w d q j oh v r i

wk h g h v l u h g s r l q wv / z k l f k d u h v h q w i u r p wk h v h q v r u q h wz r u n 1

5 1W k h g l � h u h q f h e h wz h h q wk h f x u u h q w mr l q w d q j oh v d q g wk h
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g h v l u h g mr l q w d q j oh v l v f d of x od wh g 1

6 1 W k h p d { l p x p r i wk h v l { mr l q w d q j oh v * g l � h u h q f h l v

g l y l g h g e | wk h p d { l p x p mr l q w d q j oh wk d w wk h u r e r w f d q

p r y h h y h u | l q v wd q w1 L i wk h t x r wl h q w l v oh v v wk d q r u h t x d o

wr r q h / wk h u r e r w f d q p r y h wr wk h g h v l u h g s r v l wl r q l q wk h

q h { w l q v wd q w1 L i wk h t x r wl h q w l v od u j h u wk d q r q h / h y h u | mr l q w

d q j oh * v g l � h u h q f h l v g l y l g h g e | wk h t x r wl h q w d q g z h j h w wk h

q h z v h w r i mr l q w d q j oh v 1 W k h q wk h u r e r w p r y h v wr wk h q h z

v h w r i mr l q w d q j oh v l q wk h q h { w l q v wd q w1

7 1 D or z s d v v � owh u l v x v h g wr v p r r wk wk h mr l q w d q j oh v 1

8 1 I r u z d u g n l q h p d wl f v l v x v h g wr r e wd l q wk h q h z s r v l 0

wl r q v f r u u h v s r q g l q j wr wk h � owh u h g mr l q w d q j oh v 1 W k h q z h

x v h wk h D owh u f r p p d q g wr oh w wk h u r e r w p r y h wr wk h q h z

s r v l wl r q 1

Y Y Y � - j t � , | t N u | � j j ! V j i � 6 j A | t

L q wk h s u h y l r x v v l { p r q wk v / z h k d y h s h u i r u p h g p d q |

g l � h u h q w n l q g v r i wu d f n l q j h { s h u l p h q wv 1 L q d oo r i wk h h { 0

s h u l p h q wv g l v f x v v h g k h u h / wk h u r e r w wu d f n v d p r y l q j r e mh f w

r q wk h � r r u 1 W k h h q g h � h f wr u r i wk h u r e r w s r l q wv v wu d l j k w

g r z q d q g l v 6 ; f h q wl p h wh u v d e r y h wk h � r r u 1 I l j x u h 5 j l y h v

d j h q h u d o y l h z 1 Z h f k r r v h d u h g u h p r wh f r q wu r o wr | f d u

d v wk h r e mh f w i r u p d q | r i wk h h { d p s oh v 1 L w l v d e r x w 5 9
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D 1 Y l v x d o wu d f n l q j

L q wk h h { s h u l p h q wv s u h v h q wh g k h u h / z h g h p r q v wu d wh wk d w

wk h p d q l s x od wr u f d q wu d f n d u e l wu d u | r e mh f wv 1 W k h u h i r u h /

z h v k r z wk h f d v h r i d wr | f d u / d k x p d q d q g d e u r r p d v

wk h p r y l q j r e mh f w1 L q wk h i r oor z l q j wk u h h h { s h u l p h q wv / wk h

wu d mh f wr u l h v r i wk h r e mh f wv d u h d oo ol q h d u 1

4 1 wr | f d u

W k h v l wx d wl r q r i wu d f n l q j d u h p r wh f r q wu r o wr | f d u l v

v k r z q l q I l j x u h 5 1 W k h wu d mh f wr u l h v r i wk h f d u d q g wk h

p d q l s x od wr u d u h s u h v h q wh g l q I l j x u h 6 1 W k h j u d s k l f v r i

wk h wu d f n l q j h u u r u l q s r v l wl r q d q g mr l q w d q j oh v d u h j l y h q l q

I l j x u h 7 d q g 8 1 D i wh u f d of x od wl q j wk h r x ws x w g d wd i u r p wk h

r f f x s d q f | p d s d q g wk h u r e r w f r q wu r ooh u / i r u d w| s l f d o u x q
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6 1 E u r r p
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wk h d y h u d j h y h or f l w| / 9 7 p p 2 v h f / wk h d y h u d j h g h y l d wl r q e h 0

wz h h q wk h f d u s r v l wl r q d q g wk h s r v l wl r q r i h q g h � h f wr u l v

5 ; p p 1 W k h p d { l p x p g h y l d wl r q e h wz h h q wk h p l v < 3 p p 1

E 1 P r wl r q v k d s h d q g p r wl r q s u h g l f wd e l ol w|

L q wk h l q wu r g x f wl r q v h f wl r q / z h q r wh g wk d w z h z d q w wr

h q k d q f h wk h z r u n f h oo* v f d s d e l ol w| wr i r oor z i u h h 0i r u p wu d mh f 0

wr u l h v 1 R e y l r x v o| / wk l v f d q q r w e h l p s oh p h q wh g l i z h v l p s o|

x v h z l q g r z h g d g mx v wp h q w l q p r wl r q s u h g l f wd e l ol w| 1 W k h u h 0

i r u h / z h f r p e l q h p r wl r q v k d s h d q g p r wl r q s u h g l f wd e l ol w|

wr j h wk h u 1

W k h p r y l q j r e mh f w l v wk h wr | f d u l q d oo h { s h u l p h q wv s u h 0

v h q wh g l q wk l v v h f wl r q 1 F r p s d u h g z l wk wk h ol q h d u wu d mh f wr u |

l q wk h s u h y l r x v v h f wl r q / z h s u h v h q w wz r g l � h u h q w wu d mh f wr u l h v

l q wk l v v h f wl r q 1 W k h � u v w wu d mh f wr u | l v d q d u f 1 W k h s od q h

s r v l wl r q r i wk h f d u d q g wk h u r e r w d u h v k r z q l q I l j x u h 4 5 1

W k h j u d s k l f v r i wu d f n l q j h u u r u l q s r v l wl r q d q g mr l q w d q j oh v

d u h j l y h q l q I l j x u h 4 6 d q g 4 7 1 W k h v h f r q g wu d mh f wr u | l v

d i u h h 0i r u p wu d mh f wr u | 1 W k h j u d s k l f v r i wu d f n l q j h u u r u l q

� � ����� ��� � ����� 
���� � 
 ��
�������� 	 �
����
 � ��$

0 50 100 150 200
-150

-100

-50

0

50

100

150
the x tracking error

t (1/8 sec)

de
lta

x 
(m

m
)

0 50 100 150 200
-150

-100

-50

0

50

100

150
the y tracking error

t (1/8 sec)

de
lta

y 
(m

m
)

��� ��� ��� ����� � � ����� ��� ��	 � 
 
 � 
 ��� � 
���� � � 	�� ��� 
�����$

0 50 100 150 200 250
-5

0

5
the 1st joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

0 50 100 150 200 250
-20

-10

0

10
the 2nd joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

0 50 100 150 200 250
-20

0

20

40
the 3rd joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

0 50 100 150 200 250
-1

-0.5

0

0.5

1
the 4th joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

0 50 100 150 200 250
-20

-10

0

10
the 5th joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

0 50 100 150 200 250
-5

0

5
the 6th joint tracking error

jo
in

t a
ng

le
 (

de
gr

ee
)

��� ��� ��������� ��� � � 	�� ��
�
���
 � � � 
�������� 	 � ����
�����$



-900 -800 -700 -600 -500 -400 -300 -200
-200

0

200

400

600

800

1000
the car and robot

x (mm)

y 
(m

m
)

robot
car  

��� ��� ��� ����� � ������	 � � �#� � ��� ��	 ��� ��
������ ��	 �
��	 ��
 � ��
�� � ��� ����
 �

0 20 40 60 80
-200

-150

-100

-50

0

50

100

150

200
the x tracking error

t (1/8 sec)

de
lta

x 
(m

m
)

0 20 40 60 80
-200

-150

-100

-50

0

50

100

150

200
the y tracking error

t (1/8 sec)

de
lta

y 
(m

m
)

� � ������� ����� � � ����� ��� ��	 � 
������ � 	 � ��
�
�� 
 ������	 ��
�� � 
�� ����� ����
 �

s r v l wl r q d q g mr l q w d q j oh v d u h v k r z q l q I l j x u h 4 8 / 4 9 d q g

4 : 1 I r u wk h d u f wu d mh f wr u | / z l wk wk h d y h u d j h y h or f l w| / 4 4 :

p p 2 v h f / wk h d y h u d j h g h y l d wl r q e h wz h h q wk h f d u s r v l wl r q

d q g wk h s r v l wl r q r i h q g h � h f wr u l v 7 ; p p 1 W k h p d { l p x p

g h y l d wl r q e h wz h h q wk h p l v 4 < ; p p 1 I r u wk h i u h h 0 i r u p wu d 0

mh f wr u | / z l wk wk h d y h u d j h y h or f l w| / 4 4 : p p 2 v h f / wk h d y h u d j h

g h y l d wl r q e h wz h h q wk h f d u s r v l wl r q d q g wk h s r v l wl r q r i h q g

h � h f wr u l v 7 < p p 1 W k h p d { l p x p g h y l d wl r q e h wz h h q wk h p

l v 5 8 7 p p 1

F 1 G l � h u h q w y h or f l wl h v

W r v k r z wk h f d s d e l ol w| r i r x u z r u n f h oo wr k d q g oh g l � h u h q w

r e mh f w y h or f l wl h v / z h g h v l j q h g d q h { s h u l p h q w/ z k l f k i h d 0

wx u h g wk h f d u p r y l q j l q d f l u f x od u s d wk d w g l � h u h q w v s h h g v 1

W k h q z h u h f r u g h g wk h d y h u d j h y h or f l w| r i wk h r e mh f w/ wk h

d y h u d j h g h y l d wl r q d q g p d { l p x p g h y l d wl r q e h wz h h q wk h r e 0

mh f w d q g wk h u r e r w1 Z h v x p p d u l } h wk h u h v x owv l q W d e oh 5 1

L q I l j x u h 4 ; / z h s or w wk h v h u h v x owv / z k h u h wk h g h y l d wl r q e h 0

wz h h q wk h d f wx d o d q g wk h g h v l u h g s r v l wl r q l v r q wk h r u g l q d wh

d { l v / d q g wk h d y h u d j h y h or f l w| r i wk h p r y l q j r e mh f w l v r q

wk h d e v f l v v d d { l v 1
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Y � + p p 2 v h f , � g d y + p p , � g p d { + p p ,

5 : 8 7 7

6 : : 8 9

: 5 4 7 : 5

4 3 : 5 4 < 6

6 8 6 9 6 4 : <

7 ; 8 < ; 5 4 6

9 6 8 4 3 ; 4 < 9

W d e oh 5 = wk h r e mh f w d y h u d j h y h or f l w| /

d y h u d j h g h y l d wl r q d q g p d { l p x p g h y l d wl r q

e h wz h h q wk h r e mh f w d q g wk h u r e r w

YX � � N A W , � t � N A t

R x u d p e l wl r q l v wr f r q v wu x f w d z r u n f h oo l q z k l f k d u e l 0

wu d u | r e mh f wv / x q g h u j r l q j d u e l wu d u | p r wl r q v / f d q e h wu d f n h g

e | d v wd q g d u g l q g x v wu l d o u r e r w d u p 1 Z k l oh z h k d y h q r w | h w

d wwd l q h g wk l v j r d o/ z h k d y h wu l h g wr g h y l v h d i u d p h z r u n l q

z k l f k z h f d q p h d v x u h wk h u h oh y d q w f d s d e l ol wl h v r i z r u n f h oov

wr z d u g v d f k l h y l q j wk l v j r d o1 Z h k d y h d ov r _ p h d v x u h g % r x u

h { s h u l p h q wd o z r u n f h oo r q wk h v h d { h v / l q r u g h u wr t x d q wl } h

r x u f x u u h q w f d s d e l ol wl h v d q g r x wol q h d s od q i r u i x wx u h z r u n 1

V s h f l � f d oo| / z h f d q f x u u h q wo| wu d f n d g h p r q v wu d e o| z l g h

y d u l h w| r i r e mh f wv d f u r v v p r wl r q v wk d w d u h p r v wo| v p r r wk

e x w f r p s oh wh o| x q s u h g l f wh g 1 W k h d u p l q v l g h r x u z r u n f h oo

f d q _ k r y h u % r y h u wk h v h r e mh f wv d w v s h h g v f r p p r q wr l q 0

g x v wu l d o f r q y h | r u e h owv / e x w v k r z v d od j + wk h d u p _ f k d v h v %

wk h r e mh f w, z k h q wk h v s h h g l v l q f u h d v h g p x f k e h | r q g wk d w1

S u l p d u l o| / z h e h ol h y h wk l v l v g x h r x u od f n r i l q f r u s r u d wl q j

d s u h g l f wl r q p h f k d q l v p 1 D v wk h z k r oh v | v wh p r s h u d wh v d w

d u d wh r i 6 3 K } / l q r u g h u wr d f k l h y h d s s u h f l d e oh v s h h g x s z h

z l oo h { d p l q h x v l q j N d op d q � owh u p h wk r g v wr s x v k wk h v s h h g

f d s d e l ol w| r i r x u z r u n f h oo1 R x u r q j r l q j z r u n l v d l p h g d w
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