
=REUD]RYDFm�PHWRG\

0RQWH�&DUOR

{�����������-RVHI�3HOLNgQ

.69,�0))�8.�3UDKD

H�PDLO��-RVHI�3HOLNDQ#PII�FXQL�F]

:::��KWWS���FJJ�PV�PII�FXQL�F]�aSHSFD�



2SHUgWRU\�§mÎHQm�VYÀWOD

L e TL

L e Te T e T e

= +

= + + + +2 3 ...

=REUD]RYDFm�URYQLFH�SUR�UDGLDQFL�

,QWHJUgOQm�RSHUgWRU�7�O]H�UR]OR©LW�QD�GLIXVQm
�'��D�OHVNORX��6��VOR©NX�RGUD]X�

( ) ( )
T D S

L e D S e D S e

L e De Se DDe DSe SDe SSe

= +

= + + + + +
= + + + + + + +

2 ...

...



$EHFHGD�UHJXOgUQmFK�Y¬UD]Ö

X �]GURM�VYÀWOD�/���OLJKW��

X �GLIXVQm�RGUD]�'���GLIIXVH��

� RGUD]�SRGOH�/DPEHUWRYD�]gNRQD��Y§HVPÀURY¬�

X �OHVNO¬�RGUD]�6���VSHFXODU��

� VPÀURY¬�RGUD]��RGOHVN���VPÀURYg�³gVW�%5')

� LGHDOL]RYDQ¬�]UFDGORY¬�RGUD]��60

X �RNR�SR]RURYDWHOH�(���H\H��

� SÎmVSÀYHN�Y¬VOHGQkPX�REUD]X



&HVW\�§mÎHQm�VYÀWOD

L
E

LE

LDE

LDSE

D

S

LD3SE



.ODVLFNk�]REUD]RYDFm�PHWRG\

·�VWmQRYgQm�V�RGOHVN\�D�YU©HQ¬PL�VWmQ\��QDSÎ�

3KRQJÖY�PRGHO���/�'_6�(

� ³DVWR�VH�LJQRUXMH�Y¬SR³HW�YU©HQ¬FK�VWmQÖ

·�UHNXU]LYQm�VOHGRYgQm�SDSUVNX��:KLWWHG��
/>'_6@60

(

� SUYQm�OHVNO¬�RGUD]�VH�SR³mWg�SÎHVQÀ��RVWDWQm�VH

QDKUD]XMm�LGHgOQmP�]UFDGORY¬P�RGUD]HP



.ODVLFNk�]REUD]RYDFm�PHWRG\

·�GLVWULEXRYDQk�VOHGRYgQm�SDSUVNX��&RRN��

/>'@6(

� Y§HFKQ\�OHVNOk�RGUD]\�VH�RGKDGXMm�NRUHNWQÀ

·�RE\³HMQg�UDGLD³Qm�PHWRGD��/'(

� SRX]H�PÀNNk�RGUD]\�VYÀWOD

X �Y§HFKQ\�PR©Qk�FHVW\�VYÀWOD��/�'_6�(

� SÎHVQk�ÎH§HQm�]REUD]RYDFmFK�URYQLF��.DML\D�



0RQWH�&DUOR�]REUD]RYgQm

X �LQWHJUgO�]REUD]RYDFm�URYQLFH�MH�³DVWR�PQRKR�
UR]PÀUQ¬
� DQWL�DOLDVLQJ��KORXEND�RVWURVWL��UR]PD]gQm�SRK\EHP

� 0RQWH�&DUOR�PHWRG\�QHMVRX�FLWOLYk�QD�YmFH�GLPHQ]m

X �LQWHJUDQG\�PDMm�PQRKR�QHVSRMLWRVWm�UÖ]Q¬FK
GUXKÖ

X �QHSR©DGXMH�VH�YHONg�SÎHVQRVW
� OLGVNk�YLGÀQm�Pg�RPH]HQRX�DEVROXWQm�FLWOLYRVW

� EÀ©QÀ�SRVWD³m�SÎHVQRVW����������



=REUD]RYDFm�URYQLFH�SUR�UDGLDQFL

( )
( ) ( ) ( )

L x

L x f x L y d

x

e x y x y y y

x

,

, , , cos

ω

ω ω ω ω θ ω

=

= + → ⋅ ⋅
−
∫

Ω 1

x

Nx

θy
yωyL(x,ωx)

L(y,ωy)
ωx

( ) ( ) ( )Φ
Ω

o x e x x x x

A

S L x W x S d dA

x

= ⋅ ⋅∫∫ , , , cosω ω θ ω



3DWK�WUDFLQJ

( ) ( )
( ) ( )Φ S

W x S
p x

L x
path

e
path

=
⋅

⋅0 0

0 0 0
0 0

, , cos
,

,
ω ψ

ω
ω

9¬NRQ�SURFKg]HMmFm�SL[HOHP��DQWL�DOLDVLQJ�
KORXEND�RVWURVWL��

�[��ω����VH�W¬Ng�ERGX�QD�SRYUFKX�WÀOHVD��GR�NWHUkKR
GRSDGQH�VOHGRYDQ¬�SDSUVHN��S��MH�SÎmVOX§Qg�KXVWRWD

SUDYGÀSRGREQRVWL��9]RUNRYgQm�QD�³R³FH�REMHNWLYX�S���

( ) ( )
p x

p x

x x
0 0 0

1 1 0

1 0
2,

, cos
ω

ω ψ
=

⋅

−
− −

−



3ULPgUQm�SDSUVHN

ψ

N0

(x-1,-ω0)

(x0,ω0)p-1

p0

KORXEND�RVWURVWL�
DQWL�DOLDVLQJ VYÀWOR�Y\FKg]HMmFm

]�ERGX�[��VPÀUHP�ω�



3DWK�WUDFLQJ

( ) ( )
( )

( )
( ) ( )

Φ S
W x S

p x

f x

P p
L x

path
e

j j j j

j j jj

i

i

k

e i i

=
⋅

⋅

⋅
→ ⋅

⋅













⋅− − −

==
∏∑

0 0

0 0 0

1 1 1

10

, , cos
,

, cos
,

ω ψ
ω

ω ω θ
ω

ω

2GKDG��/�[��ω����PHWRGRX�0RQWH�&DUOR
RPH]HQ¬�SRPRFm�UXVNk�UXOHW\�

SUDYGÀSRGREQRVW
�SRNUD³RYgQm�NURNHP�M�

KXVWRWD�SUDYGÀS�
�SUR�YVWXSQm�VPÀU�ωM�



6FKHPD�§mÎHQm�VYÀWOD

x0

ω0

x1

ω1

x2

ω2

x3

ω3

N0

θ0

ψ

θ1

θ2



9]RUNRYgQm�SRGOH�GÖOH©LWRVWL

( ) ( )
( )

( ) ( )

p x
W x S

W S

W S W x S d dA

e

e x x x x

A x

0 0 0
0 0,
, , cos

, , cos

ω
ω ψ

ω θ ω

=
⋅

= ⋅∫∫
Ω

3UR�Y¬NRQ�SURFKg]HMmFm�SL[HOHP��GUXK¬�LQWHJUgO��

9�]REUD]RYDFm�URYQLFL��SUYQm�LQWHJUgO��]QgPH�³OHQ

I�[�ω\→ω[��FRV�θ\����SURWR©H�MH�SRGOH�I\]LNgOQmFK
SRGPmQHN�PHQ§m�QH©����PÖ©HPH�KR�SRX©mW�NH�NRQVWUXN�

FL�VXENULWLFNk�KXVWRW\�SUDYGÀSRGREQRVWL�

���NGH



9]RUNRYgQm�SRGOH�%5')

( )P f x dj j in j in in= → ⋅− −
−
∫ 1 1

1

, cosω ω θ ω
Ω

3UDYGÀSRGREQRVW�SRNUD³RYgQm�NURNHP�M�

+XVWRWD�SUDYGÀSRGREQRVWL�SUR�VPÀU�SRNUD³RYgQm
ωM�

( ) ( )
p

f x

Pj j
j j j j

j
ω

ω ω θ
=

→ ⋅− − −1 1 1, cos



9]RUNRYgQm�SRGOH�%5')

&HONRY¬�SULPgUQm�RGKDG�V�Y\X©LWmP�Y§HFK�XYHGHQ¬FK

SUDYGÀSRGREQRVWm�

( ) ( ) ( )Φ S W S L x
path imp e i i

i

k

,
,= ⋅

=
∑ ω

0

x

N ωinL(x,ωx)

f(x,ωin→ω[)�FRV�θLQ

ωx

θin



( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )

( ) ( )

L x L x L x

L x f x L y d

f x L y G y x dA

f x L y d

x e x r x

r x y x y y y

y x e y y

A

y x r y y y

x

x

, , ,

, , , cos

, , ,

, , cos

ω ω ω

ω ω ω ω θ ω

ω ω ω

ω ω ω θ ω

= +

= → ⋅ ⋅ =

= → ⋅ ⋅ +

+ → ⋅ ⋅

−

−

∫

∫

∫

Ω

Ω

1

1

2GKDG�SÎm§Wm�XGgORVWL��1((�

5R]GÀOHQm�QHSÎmPkKR�RVYÀWOHQm�QD�GYÀ�VOR©N\�



3ÎmVSÀYHN�SÎmPkKR�RVYÀWOHQm

( ) ( )G y x v y x
x y

y out x in, ,
cos cos, ,= ⋅

⋅

−

θ θ
2

*HRPHWULFN¬�³OHQ�*�\�[��

3ÎmVSÀYHN�SÎmPkKR�RVYÀWOHQm�MH�Y\MgGÎHQ�SUYQmP
LQWHJUgOHP��LQWHJUXMH�VH�SÎHV�Y§HFKQ\�SOR§Qk�]GURMH

YH�VFkQÀ���+XVWRWD�SUDYGÀSRGREQRVWL�SUR�RGKDG�WkWR
VOR©N\�VH�NRQVWUXXMH�SRPRFm�UDGLRVLW\�]GURMH�

�IDNWRU�YLGLWHOQRVWL�



9]RUNRYgQm�VYÀWHOQ¬FK�]GURMÖ

( ) ( )

( ) ( )

( )

p y
L y

L

L y L y d

L L y d dA

e y y y

e y y y y

A

y

y

=

= ⋅

= ⋅

∫

∫∫

, cos

, cos

ω θ ω

ω θ ω

Ω

Ω

KXVWRWD�SUDYGÀSRGREQRVWL�SUR�SÎmVSÀYHN
SÎmPkKR�RVYÀWOHQm�

�UDGLRVLWD�HPLWRYDQg�]�ERGX�\�

�FHONRY¬�HPLWRYDQ¬�Y¬NRQ�



2GKDG�SÎm§Wm�XGgORVWL

9]RUNRYgQm�SRGOH�%5')��VXENULWLFNg�KXVWRWD
SUDYGÀSRGREQRVWL��V�UXVNRX�UXOHWRX�D�RGKDGHP
SÎm§Wm�XGgORVWL�

( ) ( ) ( )[

( ) ( ) ( ) ( )

Φ S W S L x

L
L y

L y f x G y x

path imp nee e

e y i i y i i i
i

k

, ,
,

, , , ,

= ⋅ +

+ ⋅ ⋅






→ →
=
∑

0 0

0

ω

ω ω ω



6FKHPD�§mÎHQm�VYÀWOD��1((�

x0

ω0

x1

ω1

x2

ω2

y

ωy→
2

ωy→
0

ωy→
1



2GKDG�SÎm§Wm�XGgORVWL

X �MH�QHMY¬KRGQÀM§m�SUR�VFkQ\�V�PDO¬PL�DOH�GREÎH
YLGLWHOQ¬PL�SORFKDPL�VYÀWHOQ¬FK�]GURMÖ

� Y]RUNRYgQm�VYÀWHOQ¬FK�]GURMÖ�MH�GRPLQDQWQm

X �Y]RUNRYgQm�]GURMÖ�QHEHUH�Y�rYDKX�MHMLFK

YLGLWHOQRVW

� GRNRQDOHM§m�PHWRG\�SR³mWDMm�L�V�%5')�QHER
JHRPHWULFN¬PL�IDNWRU\�*�\�[L�

X �Y]RUNRYgQm�VYÀWHOQ¬FK�]GURMÖ�VH�PÖ©H
SURYgGÀW�Y�ND©GkP�NURNX�[L



=REUD]��URYQLFH�SUR�SRWHQFLgO

( )
( ) ( ) ( )

W x

W x f y W y d

x

e x x y y y y

y

,

, , , cos

ω

ω ω ω ω θ ω

=

= + → ⋅ ⋅∫
Ω

x

y

Nyθy
ωx

W(y,ωy)

W(x,ωx)
ωy

( ) ( ) ( )Φ
Ω

o e x x x x x

A

S L x W x S d dA

x

= ⋅ ⋅∫∫ , , , cosω ω θ ω



/LJKW�WUDFLQJ

( ) ( )
( ) ( )Φ S

L x
p x

W x S
light

e
light

=
⋅

⋅0 0 0

0 0 0
0 0

, cos
,

, ,
ω θ

ω
ω

3DSUVHN�Y\FKg]HMmFm�]H�]GURMH��Y\]DÎRYDFm
FKDUDNWHULVWLN\�]GURMH��

( ) ( )
( )

( )
( ) ( )

Φ S
L x

p x

f x

P p
W x S

light
e

j j j j

j j jj

i

i

k

e i i

=
⋅

⋅

⋅
→ ⋅
⋅













⋅−

==
∏∑

0 0 0

0 0 0

1

10

, cos
,

, cos
, ,

ω θ
ω

ω ω θ
ω

ω

�FHONRY¬�
RGKDG



6FKHPD�§mÎHQm�VYÀWOD��VWÎmOHQm�

x3

ω3

x2

ω2

x1

ω1

x0

ω0

N3 θ3

θ2

θ1



9]RUNRYgQm�SRGOH�GÖOH©LWRVWL

( ) ( )
p x

L x
L

e
0 0 0

0 0 0,
, cos

ω
ω θ

=
⋅

3UR�Y\]DÎRYgQm�VYÀWHOQkKR�]GURMH��GUXK¬�LQWHJUgO��

( ) ( )P p f xj j j j j j j⋅ = → ⋅−ω ω ω θ, cos1

3UR�SUDYGÀSRGREQRVW�SRNUD³RYgQm�D�VPÀU�RGUD©H�
QkKR�SDSUVNX��SUYQm�LQWHJUgO��VH�SRX©LMH�PHWRGD
VXENULWLFNk�SUDYGÀSRGREQRVWL��%5')�Y�ERGÀ�SM��



9]RUNRYgQm�SRGOH�%5')

&HONRY¬�SULPgUQm�RGKDG�V�Y\X©LWmP�Y§HFK�XYHGHQ¬FK

SUDYGÀSRGREQRVWm�

( ) ( )Φ S L W x S
light imp e i i

i

k

,
, ,= ⋅

=
∑ ω

0

x

N ωoutL(y,ωy)

f(x,ωy→ωRXW)�FRV�θRXW

ωy

θout



( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )

( ) ( )

W x W x W x

W x f y W y d

f y W y G y z dA

f y W y d

x e x r x

r x x y y y y

x z e z z

Ape

x y r y y y

y

y

, , ,

, , , cos

, , ,

, , cos

ω ω ω

ω ω ω ω θ ω

ω ω ω

ω ω ω θ ω

= +

= → ⋅ ⋅ =

= → ⋅ ⋅ +

+ → ⋅ ⋅

∫

∫

∫

Ω

Ω

2GKDG�SÎm§Wm�XGgORVWL��1((�

5R]GÀOHQm�RGUD©HQkKR�VYÀWOD�QD�GYÀ�VOR©N\��EH]�6��

SORFKD
REMHNWLYX



2GKDG�SÎm§Wm�XGgORVWL

9]RUNRYgQm�SRGOH�%5')��VXENULWLFNg�KXVWRWD
SUDYGÀSRGREQRVWL��V�UXVNRX�UXOHWRX�D�RGKDGHP
SÎm§Wm�XGgORVWL�

( ) ( )[

( ) ( ) ( )

Φ S L W x S Ape

W x S f x G x z

light imp nee e

e i i z i i i z i
i

k

, ,
, ,

, , , , ,

= ⋅ + ⋅

⋅ ⋅ ⋅






→ − →
=

+

∑

0 0

1
1

1

ω

ω ω ω



6FKHPD�§mÎHQm�VYÀWOD��1((�

x3

x2

ω2

x1

ω1

x0

ω0

ω3→z

ω2→z

ω1→z



$SOLNDFH

X �SÎmP¬�Y¬SR³HW�UHDOLVWLFNkKR�REUg]NX

� VYÀWOR�VH�SÎLMmPg�NDPHURX�D�XNOgGg�Y�SUÖPÀWQÀ

X �SRPRFQ¬�Y¬SR³HW�SUR�QÀNWHURX�NRPELQRYDQRX
�K\EULGQm��PHWRGX

� VYÀWOR�VH�XNOgGg�GR�W]Y��VYÀWHOQ¬FK�PDS��IRWRQRYk

PDS\���SDUWLFOH�WUDFLQJ��

� YÀW§m�VXPD�SRWHQFLgOX�:H�YHGH�N�HIHNWLYQÀM§mPX

Y¬SR³WX

3RX©LWm�PHWRG\��OLJKW�WUDFLQJ��



2ERXVPÀUQk�VOHGRYgQm�SDSUVNX
��ELGLUHFWLRQDO�SDWK�WUDFLQJ��

.RPELQRYDQg�JOREgOQm�]REUD]RYDFm�URYQLFH�

( )
( ) ( ) ( )

Φ

ΩΩ

S

L x W y S F x ye x e y x y

A,A, yx

=

= →∫∫∫∫ , , , , ,ω ω ω ω

cos cosθ θ ω ωy x y y x xd dA d dA

�GLVNUkWQm�SRWHQFLgO�
�*5')�

�YODVWQm�HPLWRYDQg�UDGLDQFH�

�LQWHJUgO\�SÎHV�Y§HFKQ\�SORFK\�D�VPÀU\�]GURMÖ�

D�Y§HFKQ\�SORFK\�D�VPÀU\�UHFHSWRUÖ



2GKDG�VYÀWHOQkKR�WRNX

( ) ( )
( )

( )
( ) ( )

Φ S
L x

p x

W y S

q y
F x y

bipath
e x x

x

e y y

y
x y bipath

= ⋅

⋅ ⋅ →

0 0 0

0 0 0

0 0 0

0 0 0
0 0 0 0

, cos
,

, , cos

,
, ,

ω θ
ω

ω θ
ω

ω ω

9¬NRQ�SURFKg]HMmFm�SL[HOHP��DQWL�DOLDVLQJ�

KORXEND�RVWURVWL���Y\]DÎRYgQm�VYÀWHOQkKR�]GURMH�

S������KXVWRWD�SUDYGÀSRGREQRVWL�QgKRGQk�GYRMLFH

>[��ω[�@���T������K��S��QgKRGQk�GYRMLFH�>\��ω\�@



5HNXUHQWQm�GHILQLFH�*5')

( ) ( )
( ) ( )

F x y x y

f z F z y d

x y x y

x z z y z z

z

, , , , ,

, , , cos

ω ω δ ω ω

ω ω ω ω θ ω

→ = +

+ → ⋅ → ⋅∫
Ω

3UYQm�RGUD]�

( ) ( )
( ) ( )

F x y x y

f y F x z d

x y x y

z y x z y z

y

, , , , ,

, , , cos

ω ω δ ω ω

ω ω ω ω θ ω

→ = +

+ → ⋅ → ⋅
−
∫

Ω 1

3RVOHGQm�RGUD]�



2GKDG�*5')

F w T F w TF w w= + + + =δ * * *, 1

/LQHgUQm�NRPELQDFH�RERX�UHNXU]LYQmFK�Y]RUFÖ�

F w T T wij
i j

j
i N i

i

N

i

= =
=

∞

−
==

∞

∑ ∑∑ *
,,δ

0 00

1

1HNRQH³Qg�1HXPDQQRYD�ÎDGD�

7�L�7�VH�RGKDGXMm�VWRFKDVWLFN\�SRPRFm�QgKRGQk
SURFKg]N\�XNRQ³RYDQk�UXVNRX�UXOHWRX��%H]�RGKDGX
SÎm§Wm�XGgORVWL�Y§DN�Pg�WDWR�PHWRGD�YHON¬�UR]SW\O��



7���VH�RGKDGXMH�VOHGRYgQmP�GUgK\�VYÀWOD�RG�]GURMH

��OLJKW�WUDFLQJ���
[���[�����[N���VPÀU�ω[L�VH�Y\EmUg�SRGOH�KXVWRW\

SUDYGÀSRGREQRVWL�SL�ω[L���SUDYGÀSRGREQRVW
SRNUD³RYgQm�MH�3L

2ERXVPÀUQk�VOHGRYgQm�SDSUVNX

7���VH�RGKDGXMH�]SÀWQ¬P�VOHGRYgQmP�GUgK\�VYÀWOD

RG�SR]RURYDWHOH���SDWK�WUDFLQJ���
\���\�����\N���VPÀU�ω\L�VH�Y\EmUg�SRGOH�KXVWRW\

SUDYGÀSRGREQRVWL�TL�ω\L���SUDYGÀSRGREQRVW
SRNUD³RYgQm�MH�4L



6FKHPD�§mÎHQm�VYÀWOD��1((�

y0

x2

ωy1

x1 ωx1

x0

ωx0

ωy0

y1

y-1



2GKDG�SÎm§Wm�XGgORVWL��1((�

6�SÎLGgQmP�QHX]DYÎHQ¬FK�FHVW�

( )Φ S w C
bipath nee ij ij

j

k

i

k

,

*

=
=−=−
∑∑

11

L=−���M>���FHVWD�RG�SR]RURYDWHOH��EH]�1((�
L=���M≥���FHVWD�RG�SR]RURYDWHOH�VH�Y]RUNHP�QD�]GURML
L>���M>���VYÀWOR�L�NUgW�RGUD©HQk�RG�]GURMH�D�M�NUgW�RG

�����SR]RURYDWHOH

L≥���M=���FHVWD�RG�]GURMH�VH�Y]RUNHP�QD�UHFHSWRUX
L>���M=−���FHVWD�RG�]GURMH��EH]�1((���QHHIHNWLYQm�



3ÎHKOHG�Y]RUNRYgQm

Y]RUNX�QD�FHVWÁ�RG�]GURMH�VYÁWOD

[� [� [� [�

]gYLVORVW
SÎmVSÀYNX�QD

Y
]
R
UN
X
�Q
D
�F
H
V
WÁ

R
G
�U
H
F
H
S
WR
UX

\�

\�

\��

&��� &��� &��� &���&����

&��� &��� &��� &���&����

&��� &��� &��� &���

&���� &���� &����

/7

37



1HX]DYÎHQg�FHVWD�RG�UHFHSWRUX

y0

ωy1

ωy0

y1

y-1

&���M



3DWK�WUDFLQJ�V�1((

y0

ωy1

x0

ωy0

y1

y-1

&��M



1HX]DYÎHQg�FHVWD�RG�]GURMH

x2

x1 ωx1

x0

ωx0

&L���



/LJKW�WUDFLQJ�V�1((

x2

x1 ωx1

x0

ωx0

y-1

&L��



.RPELQRYDQg�FHVWD

y0

x2

ωy1

x1 ωx1

x0

ωx0

ωy0

y1

y-1

&L�M



(IHNWLYQm�LPSOHPHQWDFH

X �Y¬SR³HW�GYRX�QH]gYLVO¬FK�QgKRGQ¬FK
SURFKg]HN�]DNRQ³RYDQ¬FK�UXVNRX�UXOHWRX

� RG�VYÀWHOQkKR�]GURMH��GkOND�N��D�RG�UHFHSWRUX��N�

� QHER�MHGQD�FHVWD�]H�]GURMH�GR�UHFHSWRUX�GkON\�.

·�NRPELQDFH�Y§HFK�SUHIL[Ö�RERX�FHVW

� V\VWHPDWLFNg�FK\ED"

·�.���NRPELQDFH�SUR�FHVWX�SHYQk�GkON\�.

� NRPELQRYDQ¬�RGKDG���VPÀV�RGKDGÖ�SUR�Y§HFKQD�.



.RQHF

'DO§m�LQIRUPDFH�

Q (��/DIRUWXQH��0DWKHPDWLFDO�0RGHOV�DQG

0RQWH�&DUOR�$OJRULWKPV�IRU�3K\VLFDOO\�%DVHG

5HQGHULQJ��3K'�WKHVLV��.8�/HXYHQ��������

Q $��*ODVVQHU��3ULQFLSOHV�RI�'LJLWDO�,PDJH

6\QWKHVLV��0RUJDQ�.DXIPDQQ����������������

Q (��9HDFK��/��*XLEDV��2SWLPDOO\�&RPELQLQJ

6DPSOLQJ�7HFKQLTXHV�IRU�0RQWH�&DUOR

5HQGHULQJ��6,**5$3+����


