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<TPWO!ZQ!_SP!?YaPY_TZY!.!

!

FSP! TYaPY_TZY! ]PWL_P^! _Z! _SP! ]PXZaLW! ZQ! QZ]PTRY! [L]_TNWP^%! LYO! TY! [L]_TN`WL]%!

^XLWW!OPM]T^!Q]ZX!Q]LRTWP!^`]QLNP^'!

!

7LNVR]Z`YO!LYO!C]TZ]!6]_!*)!

!

8ABE! "NZX[WPXPY_L]d! XP_LW! ZcTOP! ^PXTNZYO`N_Z]#! ^PY^Z]^! L]P! `^PO! _Z!

Z[_TNLWWd! NL[_`]P! TXLRP^! TY! OTRT_LW! NLXP]L^'! ! ?Y! _SP! ^PXTNZYO`N_Z]! TYO`^_]d%!

QZ]PTRY! [L]_TNWP^! "[L]_TN`WL]Wd! OPM]T^#! ZY! 8ABE! ^PY^Z]! ^`]QLNP^! O`]TYR! _SP!

XLY`QLN_`]P!ZQ!8ABE!^PY^Z]^!L]P!^_]TN_Wd!NZY_]ZWWPO!LYO!^SZ`WO!MP!PWTXTYL_PO!*.!

TY! _SP!XLY`QLN_`]PO![]ZO`N_'! !6W_SZ`RS!NWPLYTYR!`^TYR!NSPXTNLW^!Z]!bL_P]! T^!

_d[TNLWWd! NZYO`N_PO! _Z! bL^S! QZ]PTRY! [L]_TNWP^! LbLd! Q]ZX! _SP! 8ABE! ^PY^Z]!

^`]QLNP%![Sd^TNLW! TY^[PN_TZY! ^SZ`WO!LW^Z!MP![P]QZ]XPO! _Z! TY^[PN_! _SP! ^PY^Z]!

^`]QLNP! _SP]PLQ_P]! QZ]! _SP! []P^PYNP! ZQ! QZ]PTRY! [L]_TNWP^%! L^! _SP^P! XTRS_!

LOaP]^PWd!LQQPN_!_SP!\`LWT_d!ZQ!TXLRP^!NL[_`]PO!Md!_SP!8ABE!^PY^Z]'!+)!

!

E`NS! TY^[PN_TZY! ZQ! _SP! 8ABE! ^PY^Z]! ^`]QLNP! QZ]! QZ]PTRY! [L]_TNWP^! XLd! MP!

NZYO`N_PO! XLY`LWWd! Md! S`XLY! Z[P]L_Z]^! Z]! L`_ZXL_TNLWWd! Md! 6`_ZXL_PO!

B[_TNLW! ?Y^[PN_TZY! "f6B?g#! OPaTNP^'! ! ?Q! QZ]PTRY! [L]_TNWP^! L]P! QZ`YO%! L! S`XLY!

Z[P]L_Z]! bTWW! _d[TNLWWd! `^P! L! ^`T_LMWP! _ZZW! _Z! XLY`LWWd! ]PXZaP! ^`NS! [L]_TNWP^!+.!

TYOTaTO`LWWd'!

!

BYP!NZYNP]Y!bT_S! _SP!LQZ]P^LTO!L[[]ZLNS! T^! _SL_! _SP!8ABE!^PY^Z]!XLd! MP!

OLXLRPO!O`]TYR! _SP! ]PXZaLW!ZQ![L]_TNWP^!bSPY!`^TYR!L! _ZZW! _Z![TNV!`[! _SP^P!

[L]_TNWP^%! L^! ^`NS! _ZZW^! bTWW! _d[TNLWWd! XLVP! NZY_LN_! bT_S! _SP! 8ABE! ^PY^Z]!,)!

^`]QLNP'!!APLYbSTWP%!XLY`LW!]PXZaLW!ZQ![L]_TNWP^!T^!LW^Z!L!^WZb!LYO!WLMZ]TZ`^!

[]ZNP^^'!

!
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6! []TZ]! L]_! NWPLYTYR! L[[L]L_`^! `_TWTeP^! L! aP]_TNLWWd! L]]LYRPO! [L]_TNWP! ]PXZaLW!

_ZZW!bSTNS! T^! LOL[_PO! _Z!PcP]_!L! QZ]NP!ZY! _SP![L]_TNWP! ]PXZaLW! _ZZW! _Z! WTQ_! _SP!

QZ]PTRY![L]_TNWP^!Q]ZX!_SP!^`]QLNP!ZQ!LY!ZMUPN_'!?Y!^`NS!L!NWPLYTYR!L[[L]L_`^%!

_SP!PQQPN_TaP!NWPLYTYR!L]PL!ZQ!_SP![L]_TNWP!]PXZaLW!_ZZW!T^!L_!LY!L[Pc!ZQ!L!_T[!ZQ!

_SP! [L]_TNWP! ]PXZaLW! _ZZW'! GSTWP! _ST^! XP_SZO! XLd! MP! `^PQ`W! _Z! []PaPY_! _SP!.!

Q]LRTWP! ^`]QLNP^! Q]ZX!MPTYR!OLXLRPO%! T_! T^! L! bL^_P!ZQ! ]P^Z`]NP^!L^!ZYWd! _SP!

L[Pc! ]PRTZY! ZQ! _SP! [L]_TNWP! ]PXZaLW! _ZZW! T^! `_TWTePO'! >PYNP%! ^`NS! [L]_TNWP!

]PXZaLW!_ZZW^!L]P!NZY^`XLMWP^!bSTNS!SLaP!^SZ]_!WTQP!^[LY^!LYO!L]P!]P[WLNPO!

LQ_P]!L!QPb!NWPLYTYR!NdNWP^'!!

!*)!

<`]_SP]XZ]P%!bSPY!_SP]P!L]P!XLYd!QZ]PTRY![L]_TNWP^!Z]!P^[PNTLWWd!TQ!T^!L!WL]RP!

QZ]PTRY![L]_TNWP!_Z!MP!NWPLYPO!Q]ZX!_SP!^`]QLNP!ZQ!_SP!ZMUPN_%!LY!PY_T]P!NWPLYTYR!

L]PL!ZQ!_SP![L]_TNWP!]PXZaLW!_ZZW!XLd!MP!NZaP]PO!Md!QZ]PTRY![L]_TNWP^'!FSP!]T^V!

ZQ!NZY_LXTYL_TZY!ZQ!_SP!^`]QLNP!Z]!LYZ_SP]![L]_!ZQ!_SP!^`]QLNP!Md!`^TYR!L!^LXP!

NWPLYTYR!L]PL! ZQ! _SP![L]_TNWP! ]PXZaLW! _ZZW! bTWW! TYN]PL^P'!FSP! WTQP! ^[LY! ZQ! _SP!*.!

[L]_TNWP!]PXZaLW!_ZZW!T^!LW^Z!^SZ]_!L^!ZYWd!L!^XLWW!^`]QLNP!L]PL!ZQ!_SP!_T[!"L_!_SP!

L[Pc#!ZQ! _SP![L]_TNWP! ]PXZaLW! _ZZW!XLd!MP!`^PO'!>PYNP%! _SP![L]_TNWP! ]PXZaLW!

_ZZW!T^!YZ_!Q`WWd!`_TWTePO%!]P^`W_TYR!TY!bL^_LRP!ZQ!]P^Z`]NP^'!<`]_SP]%!bSP]P!_SP]P!

L]P! ^_`MMZ]Y! Z]! ^_TNVd! QZ]PTRY! [L]_TNWP^! _SL_! L]P! ]P^TO`LW! ZY! _SP! ^`]QLNP^%!

NWPLYTYR!PQQTNTPYNd!ZQ!_SP![L]_TNWP!]PXZaLW!_ZZW!XLd!MP!WTXT_PO'!+)!

!

?_! bZ`WO! MP! MPYPQTNTLW! _Z! []ZaTOP! LY! L`_ZXL_PO! XP_SZO! LYO! []ZNP^^! bSTNS!

LaZTO^!LYO!ZaP]NZXP^!_SP^P!^SZ]_NZXTYR^'!

!

E`XXL]d!ZQ!_SP!?YaPY_TZY!+.!

!

?_! T^! _S`^!LY!ZMUPN_!ZQ! _SP![]P^PY_! TYaPY_TZY!_Z!^PPV!_Z![]ZaTOP!LY!L`_ZXL_PO!

XP_SZO! LYO! L[[L]L_`^! QZ]! ]PXZaTYR! QZ]PTRY! [L]_TNWP^! bT_S! L[[]Z[]TL_P! QZ]NP!

NZY_]ZW!XPNSLYT^X^!_Z![]PaPY_!TYLOaP]_PY_!OLXLRP!MPTYR!OZYP!_Z!_SP!8ABE!

^PY^Z]! ^`]QLNP%! LYO! dP_! XLcTXTeP! _SP! `^LRP! LYO! NWPLYTYR! dTPWO! ZQ! PLNS!,)!

[L]_TNWP!]PXZaLW!_ZZW!MPQZ]P!T_!SL^!_Z!MP!]P[WLNPO'!

!

6NNZ]OTYR! _Z! L! QT]^_! L^[PN_! ZQ! _SP! TYaPY_TZY%! _SP]P! T^! []ZaTOPO! L! XP_SZO! QZ]!

]PXZaTYR!L!QZ]PTRY![L]_TNWP!Q]ZX!L!^`]QLNP!ZQ!LY!ZMUPN_%!_SP!XP_SZO!NZX[]T^TYR!
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_SP! ^_P[^!ZQ3! R]T[[TYR!L! [L]_TNWP! ]PXZaLW! _ZZW!bT_S! L! _ZZW! R]T[[P]%! L! _T[!ZQ! _SP!

[L]_TNWP! ]PXZaLW! _ZZW! TYNW`OTYR!L!^_TNVd! _T[! [Z]_TZY%! _SP!^_TNVd! _T[![Z]_TZY! Q`]_SP]!

SLaTYR!LY!L[Pc!]PRTZY!L_!L!]PXZ_P!PYO!ZQ!_SP!^_TNVd!_T[![Z]_TZY!LYO!L!QWLYV!]PRTZY!

LOUZTYTYR!_SP!L[Pc!]PRTZY4!SZWOTYR!_SP![L]_TNWP!]PXZaLW!_ZZW!bT_S!_SP!_ZZW!R]T[[P]!

L_!LY!ZMWT\`P!LYRWP!bT_S! ]P^[PN_! _Z! _SP! ^`]QLNP! ^Z! _SL_! _SP! QWLYV! ]PRTZY!ZQ! _SP!.!

[L]_TNWP! ]PXZaLW! _ZZW! QLNP^! _ZbL]O^! _SP! ^`]QLNP4! NZYaPdTYR! _SP! _TW_PO! [L]_TNWP!

]PXZaLW! _ZZW!bT_S! _SP! _ZZW!R]T[[P]! _Z!NZY_LN_! _SP!QZ]PTRY![L]_TNWP!ZY! _SP!^`]QLNP!

bT_S! _SP! QWLYV! ]PRTZY!ZQ! _SP![L]_TNWP! ]PXZaLW! _ZZW!LYO!PcP]_TYR!L! QZ]NP!ZY_Z! _SP!

^`]QLNP!_Z!L__]LN_!_SP!QZ]PTRY![L]_TNWP!ZY_Z!_SP!QWLYV!]PRTZY4!LYO!WTQ_TYR!_SP![L]_TNWP!

]PXZaLW!_ZZW!LYO!_SP!QZ]PTRY![L]_TNWP!LbLd!Q]ZX!_SP!^`]QLNP'!*)!

!

6NNZ]OTYR!_Z!L!^PNZYO!L^[PN_!ZQ!_SP!TYaPY_TZY%!_SP]P!T^![]ZaTOPO!LY!L[[L]L_`^!

QZ]! ]PXZaTYR! L! QZ]PTRY! [L]_TNWP! Q]ZX! L! ^`]QLNP! ZQ! LY! ZMUPN_%! _SP! L[[L]L_`^!

NZX[]T^TYR3!L!_ZZW!R]T[[P]!bSTNS!T^!Z[P]L_TaP!_Z!R]T[!L![L]_TNWP!]PXZaLW!_ZZW%!L!_T[!

ZQ! _SP! [L]_TNWP! ]PXZaLW! _ZZW! TYNW`OTYR! L! ^_TNVd! _T[! [Z]_TZY%! _SP! ^_TNVd! _T[! [Z]_TZY!*.!

Q`]_SP]! SLaTYR!LY! L[Pc! ]PRTZY! L_! L! ]PXZ_P! PYO!ZQ! _SP! ^_TNVd! _T[! [Z]_TZY!LYO! L!

QWLYV!]PRTZY!LOUZTYTYR!_SP!L[Pc!]PRTZY4!LY!LWTRYXPY_!LN_`L_Z]!NZ`[WPO!_Z!L!_ZZW!

R]T[[P]!L]X!ZQ! _SP! _ZZW!R]T[[P]%!bSP]PTY! _SP!LWTRYXPY_!LN_`L_Z]! T^! Z[P]L_TaP! _Z!

O]TaP! _SP! _ZZW!R]T[[P]! _Z!Z]TPY_L_P! _SP![L]_TNWP! ]PXZaLW! _ZZW!L_!LY!ZMWT\`P!LYRWP!

bT_S!]P^[PN_!_Z!_SP!^`]QLNP%!^Z!_SL_!_SP!QWLYV!]PRTZY!ZQ!_SP![L]_TNWP!]PXZaLW!_ZZW!+)!

QLNP^! _SP! ^`]QLNP! QZ]! NZY_LN_TYR! LYO! PcP]_TYR! L! QZ]NP! ZY! _SP! QZ]PTRY! [L]_TNWP%!

bSP]PMd!_Z!L__]LN_!_SP!QZ]PTRY![L]_TNWP!ZY_Z!_SP!QWLYV!]PRTZY!QZ]!WTQ_TYR!_SP!QZ]PTRY!

[L]_TNWP!_SL_!T^!L__]LN_PO!ZY_Z!_SP!QWLYV!]PRTZY!LbLd!Q]ZX!_SP!^`]QLNP'!

!

?_!bZ`WO!MP!NZYaPYTPY_!SP]PTYLQ_P]! _Z!OP^N]TMP! _SP! TYaPY_TZY! TY!R]PL_P]!OP_LTW!+.!

Md! ]PQP]PYNP! _Z! _SP! LNNZX[LYdTYR! O]LbTYR^! bSTNS! TWW`^_]L_P! []PQP]]PO!

PXMZOTXPY_^! ZQ! _SP! TYaPY_TZY'! FSP! [L]_TN`WL]T_d! ZQ! _SP! O]LbTYR^! LYO! _SP!

]PWL_PO! OP^N]T[_TZY! T^! YZ_! _Z! MP! `YOP]^_ZZO!L^! ^`[P]^POTYR! _SP! RPYP]LWT_d! ZQ!

_SP!M]ZLO!TOPY_TQTNL_TZY!ZQ!_SP!TYaPY_TZY!L^!OPQTYPO!Md!_SP!NWLTX^'!

!,)!

!

!

!
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7]TPQ!9P^N]T[_TZY!ZQ!_SP!9]LbTYR^!

!

;cLX[WP^!ZQ!XP_SZO^!LYO!L[[L]L_`^!QZ]!_SP!]PXZaLW!ZQ!QZ]PTRY![L]_TNWP^!Q]ZX!

LY!ZMUPN_!^`]QLNP!TY!LNNZ]OLYNP!bT_S!_SP!TYaPY_TZY!bTWW!YZb!MP!OP^N]TMPO!bT_S!

]PQP]PYNP!_Z!_SP!LNNZX[LYdTYR!O]LbTYR^%!TY!bSTNS3!.!

!

<?='!*! T^!LY!ZaP]aTPb!ZQ!L!NWPLYTYR!L[[L]L_`^!NZX[]T^TYR!L![L]_TNWP! ]PXZaLW!

^d^_PX!QZ]!]PXZaTYR!L!QZ]PTRY![L]_TNWP!Q]ZX!L!^`]QLNP!ZQ!LY!ZMUPN_4!

!

<?='!+! T^!LY! T^ZXP_]TN! aTPb!ZQ!L! _ZZW!R]T[[P]!R]T[[TYR!L![L]_TNWP! ]PXZaLW! _ZZW!*)!

]P^_TYR!ZY!L!_ZZW!SZWOP]!L_!_SP!NWPLYTYR!_ZZW!^_L_TZY4!

!

<?='!,!T^!LY!T^ZXP_]TN!aTPb!ZQ!_SP!_ZZW!R]T[[P]!SZWOTYR!_SP![L]_TNWP!]PXZaLW!_ZZW!

L_!LY!ZMWT\`P!LYRWP!bT_S!]P^[PN_!_Z!_SP!^`]QLNP!ZQ!_SP!ZMUPN_4!

!*.!

<?='!-!T^!L!^TOP!aTPb!ZQ!L!_TW_PO![L]_TNWP!]PXZaLW!_ZZW! WZNL_PO!ZaP]!LY!`[&WZZV!

Z[_TNLW!OPaTNP!O`]TYR!L![Z^T_TZYTYR!NLWTM]L_TZY4!

!

<?=^'! .6! _Z! .8! TWW`^_]L_P! LY! PcPX[WL]d! Z[P]L_TZYLW! ^P\`PYNP!ZQ! _SP! [L]_TNWP!

]PXZaLW!^d^_PX4!+)!

!

<?='! /! T^! L! ^TOP! aTPb! ZQ! L! _TW_PO! [L]_TNWP! ]PXZaLW! _ZZW! TY! L! NWPLYTYR! [Z^T_TZY!

bSP]PTY!L!QWLYV!]PRTZY!ZQ!_SP![L]_TNWP!]PXZaLW!_ZZW!T^!XLOP!_Z!NZY_LN_!L!QZ]PTRY!

[L]_TNWP!ZY!_SP!^`]QLNP!ZQ!_SP!ZMUPN_4!

!+.!

<?='!0!T^!LY!T^ZXP_]TN!aTPb!ZQ!_SP!_ZZW!R]T[[P]!bSTNS!T^!Z[P]L_TaP!_Z!]Z_L_P!_SP!

[L]_TNWP!]PXZaLW!_ZZW!LMZ`_!T_^!WZYRT_`OTYLW!LcT^!^`NS!_SL_!LY!`Y`^PO![Z]_TZY!ZQ!

L! QWLYV! ]PRTZY! ZQ! _SP! [L]_TNWP! ]PXZaLW! _ZZW! QLNP^! _SP! ^`]QLNP! ZQ! _SP! ZMUPN_! QZ]!

NZYO`N_TYR!L!Q`]_SP]!NWPLYTYR!NdNWP4!!!

!,)!

<?='!1!T^!L!^TOP!aTPb!ZQ!_SP!_ZZW!R]T[[P]!bSTNS!T^!Z[P]L_TaP!_Z!O]TaP!_SP![L]_TNWP!

]PXZaLW!_ZZW!_Z!^N]`M!]P^TO`LW!QZ]PTRY![L]_TNWP^!Q]ZX!_SP!^`]QLNP!ZQ!LY!ZMUPN_'!

!
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9P_LTWPO!9P^N]T[_TZY!ZQ!_SP!C]PQP]]PO!;XMZOTXPY_^!

!

<?='! *! T^! LY! ZaP]aTPb! ZQ! L! NWPLYTYR! L[[L]L_`^! *)! NZX[]T^TYR! L! [L]_TNWP!

]PXZaLW!^d^_PX! QZ]! ]PXZaTYR! L! QZ]PTRY! [L]_TNWP! Q]ZX! L!^`]QLNP! ZQ! LY! ZMUPN_'!

FSP!NWPLYTYR!L[[L]L_`^!*)!RPYP]LWWd!NZX[]T^P^!L![L]_TNWP! ]PXZaLW!`YT_!*+%!L!.!

NWPLYTYR! _ZZW! ^_L_TZY!*-!bSTNS! NZY_LTY^!L!^`[[Wd!ZQ!X`W_T[WP![L]_TNWP! ]PXZaLW!

_ZZW^! */%! LYO! LY! Z[_TNLW! OPaTNP! ^`NS! L^! LY! `[&WZZV! Z[_TNLW! OPaTNP'! ?Y! _SP!

TWW`^_]L_PO! PXMZOTXPY_%! _SP! [L]_TNWP! ]PXZaLW! _ZZW^! */! L]P! TY! _SP! QZ]X! ZQ! RPW!

^_TNV^!,-%!bSP]PTY!L!RPW&WTVP!^`M^_LYNP!T^!L__LNSPO!_Z!ZYP!PYO!ZQ!L!^_TNV!LYO!

_SP!RPW!^_TNV!,-!T^!L__LNSPO!_Z!L!^_TNV!SZWOP]!,+'!6!_ZZW!R]T[[P]!,)!T^!^`[[Z]_PO!*)!

Md!L!_ZZW!R]T[[P]!L]X!+1%!LYO!R]T[^!ZY_Z!L![Z]_TZY!ZQ!_SP!^_TNV!SZWOP]!,+!bSTNS!

SL^! MPPY! LOL[_PO! QZ]! _ST^! [`][Z^P'! FSP! RPW&WTVP! ^`M^_LYNP! T^! ^_TNVd! LYO! T^!

Z[P]L_TaP!_Z!L__]LN_!^XLWW!QZ]PTRY![L]_TNWP^!LYO!_Z!]PXZaP!_SPX!Q]ZX!^`]QLNP^!

ZQ! ZMUPN_^'! ?Y! _SP! TWW`^_]L_PO! PXMZOTXPY_%! _SP! RPW! ^_TNV! ,-! SL^! L! ^_TNVd! _T[!

[Z]_TZY!NZX[]T^TYR!LY!L[Pc!]PRTZY!*0!L_!L!]PXZ_P!PYO!ZQ!_SP!^_TNVd!_T[![Z]_TZY!*.!

LYO!L!QWLYV!]PRTZY!*2!LOUZTYTYR!_SP!L[Pc!]PRTZY!*0'!!

!

FSP! `^LRP!ZQ! RPW! ^_TNV^! ,-! _Z! ]PXZaP! QZ]PTRY! [L]_TNWP^! Q]ZX! _SP! ^`]QLNP^!ZQ!

ZMUPN_^!SPW[^! _Z! []PaPY_! OLXLRP! _Z! _SP! ^`]QLNP^'! >ZbPaP]%! _SP! TYaPY_TZY! T^!

YZ_!TY_PYOPO!_Z!MP!WTXT_PO!_Z![L]_TNWP!]PXZaLW!_ZZW^!TY!_SP!QZ]X!ZQ!RPW!^_TNV^'!+)!

!

<?='!+!T^!LY!T^ZXP_]TN!aTPb!ZQ!L!_ZZW!R]T[[P]!,)!R]T[[TYR!L![L]_TNWP!]PXZaLW!_ZZW!

*/! ]P^_TYR!ZY!L! _ZZW!SZWOP]!+*!L_! _SP!NWPLYTYR! _ZZW! ^_L_TZY!*-'!6! _ZZW! R]T[[P]!

XZ_Z]! "YZ_! ^SZbY#!ZQ! _SP! _ZZW!R]T[[P]!,)!SL^!LN_`L_PO! _SP! _ZZW!R]T[[P]!,)! _Z!

R]T[!ZY_Z!L![L]_TNWP! ]PXZaLW! _ZZW! */!L_! _SP!NWPLYTYR! _ZZW! ^_L_TZY!*-'!FSP! _ZZW!+.!

SZWOP]! +*! T^! XZ`Y_PO! ZY_Z! L! ]Z_L]d! _`]]P_! LYO! LOL[_PO! _Z! ]PNPTaP! X`W_T[WP!

[L]_TNWP! ]PXZaLW! _ZZW^! */! ^[LNPO! LWZYR! T_^! [P]TXP_P]'! FSP! _ZZW! SZWOP]! +*! T^!

Z[P]L_TaP!_Z!]Z_L_P!LMZ`_!L!WZYRT_`OTYLW!LcT^!ZQ!_SP!]Z_L]d!_`]]P_'!6!]Z_L]d!XZ_Z]!

"YZ_!^SZbY#! T^!Z[P]L_TaPWd!NZYYPN_PO!_Z!_SP!]Z_L]d!_`]]P_!_Z!]Z_L_P!_SP![L]_TNWP!

]PXZaLW!_ZZW!*/!_Z!L!f[TNV&`[g![Z^T_TZY%!bSP]PMd!_SP!_ZZW!R]T[[P]!,)!T^!aP]_TNLWWd!,)!

LWTRYPO!bT_S!L![L]_TNWP!]PXZaLW!_ZZW!*/'!FSP!_ZZW!R]T[[P]!,)!_SPY!R]T[^!LYO!WTQ_^!

_SP![L]_TNWP!]PXZaLW!_ZZW!*/!aP]_TNLWWd!LbLd!Q]ZX!_SP!_ZZW!SZWOP]!+*'!!

!
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<?='!,!T^!LY!T^ZXP_]TN!aTPb!ZQ!_SP!_ZZW!R]T[[P]!,)!SZWOTYR!_SP![L]_TNWP!]PXZaLW!

_ZZW! */!L_! LY!ZMWT\`P!LYRWP! bT_S! ]P^[PN_! _Z! L!^`]QLNP!ZQ! LY! ZMUPN_'!6Q_P]! _SP!

[L]_TNWP!]PXZaLW!_ZZW!*/!SL^!MPPY!]PXZaPO!Q]ZX!_SP!_ZZW!SZWOP]!+*%!T_!T^!_TW_PO!

Md! _SP! _ZZW!R]T[[P]!,)'!FSP! _ZZW!R]T[[P]!,)!T^!Z[P]L_TaPWd!NZYYPN_PO!_Z!L! _ZZW!
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CLAIMS: 

1. An automated method for removing a foreign particle from a surface of an 

object, the method comprising the steps of: 

gripping a particle removal tool with a tool gripper which is operatively 5 

connected to an alignment actuator, a tip of the particle removal tool including a 

sticky tip portion, the sticky tip portion further having an apex region at a remote 

end of the sticky tip portion and a flank region adjoining the apex region; 

driving the tool gripper with the alignment actuator to tilt the particle 

removal tool at an oblique angle with respect to the surface so that the flank 10 

region of the particle removal tool faces towards the surface; 

conveying the tilted particle removal tool with the tool gripper to contact 

the foreign particle on the surface with the flank region of the particle removal 

tool and exerting a force onto the surface to attract the foreign particle onto the 

flank region; and 15 

lifting the particle removal tool away from the surface with the tool gripper 

to remove  the foreign particle  from the surface. 

2. The method of claim 1, wherein the particle removal tool has a 

longitudinal axis, and the method further comprises the step of rotating the tilted 20 

particle removal tool with the tool gripper about the longitudinal axis so as to 

position an unused portion of the flank region of the particle removal tool to face 

the surface, and lifting another foreign particle away from the surface. 

3. The method of claim 1, further comprising the step of driving the particle 25 

removal tool with an XY driving mechanism coupled to the tool gripper to scrub 

the surface with the particle removal tool for attracting the foreign particle onto 

the flank region. 

4.  The method of claim 1, wherein the particle removal tool is gripped by 30 

the tool gripper when the particle removal tool is stored at a cleaning tool station 

containing a supply of multiple particle removal tools. 
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5. The method of claim 1, further comprising the step of determining a 

position of the apex region of the tilted particle removal tool with an optical 

device prior to conveying the particle removal tool to contact the foreign particle. 

6. The method of claim 1, wherein the sticky tip portion of the particle 5 

removal tool comprises a gel-like substance attached to one end of a stick.  

7. The method of claim 1, further comprising the step of applying a force in 

predetermined increments until a threshold force is exerted on the foreign 

particle by the particle removal tool for attracting the foreign particle onto the 10 

flank region. 

8.  An apparatus for automatically removing a foreign particle from a surface 

of a fragile object, the apparatus comprising: an alignment actuator and a tool 

gripper operatively connected to the alignment actuator, 15 

wherein the tool gripper  is configured and operative to grip a particle 

removal tool, a tip of the particle removal tool including a sticky tip portion, the 

sticky tip portion further having an apex region at a remote end of the sticky tip 

portion and a flank region adjoining the apex region,  

the alignment actuator is operative to drive the tool gripper to tilt the 20 

particle removal tool at an oblique angle with respect to the surface, so that the 

flank region of the particle removal tool faces towards the surface, and 

the tool gripper is further configured and operative to convey the tilted 

particle removal tool to contact the foreign particle on the surface with the flank 

region of the particle removal tool and exert a force onto the surface to attract 25 

the foreign particle onto the flank region, and to lift the particle removal tool away 

from the surface to remove the foreign particle  from the surface. 

9. The apparatus of claim 8, wherein the tool gripper arm has a longitudinal 

axis, and the alignment actuator operatively connected to the tool gripper for 30 

rotating the tool gripper about the longitudinal axis of the tool gripper arm so that 

the particle removal tool is tiltable to an oblique angle with respect to the surface 

of the object. 
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10. The apparatus of claim 9, wherein the particle removal tool has a 

longitudinal axis, and the tool gripper further comprises a rotary motor for 

rotating the tilted particle removal tool about the longitudinal axis of the particle 

removal tool, so as to position an unused portion of the flank region of the sticky 

tip portion to face the surface of the object. 5 

11. The apparatus of claim 10, wherein the longitudinal axis of the arm is 

substantially perpendicular to the longitudinal axis of the particle removal tool. 


