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abciYabcYaUaWoYV][goWechciauY][YX�Ygos[YX|kYyiVY[UYZY^caYabcY[]icYU_YWogbWYgos[Yabc 
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eWooYabchY\W`mc`uYWiVY\W`mc`Y][Yab][kY{UYabcY\UsiVW`XYeUiV]a]UiYocWV[YaUYV][e`cac 

wWosc[YU_YabcY`c[UiWiecY_`ctscie]c[kYyiVY]_Yab][Yrc`cYtsWiashYhcebWi]e[uYrc 

rUsoVYeWooYabc[cYc]^ciY[Uosa]Ui[YWiVYc]^ciY[aWac[kY{UY]_YXUsYrWiaYaUYr`]acYVUriYiUr 

abcY[]asWa]UiY_U`YXUs`Yiz[YhUVcuY]iY]az[YhU[aY^cic`WoY_U`huYabciYXUsYrUsoVY^caYXYW[YW 

_siea]UiYU_YvYWiVYakYyiVYabcYiz[YhUVcYrUsoVYbWwcY]a[YUriYWhgo]asVcuYyYU_Yiu 

rbWacwc`YabWaY][uYXUsYeWiYg]emYabWaY_U`YV]__c`ciaYwWosc[YU_Yik 

yiVYabciYXUsYbWwcYbc`cYabcY[]icYU_YiYg]Ya]hc[YvYV]w]VcVY\XY}kYyiVYbc`cYXUsYbWwcYabc 

eU[]icYU_YUhc^WYiakYTbWaYabciYhcca[YabcY\UsiVW`XYeUiV]a]Ui[Y_U`YarUY_]vcVYciV[k 

yiVYWiXYo]icW`Y[sgc`gU[]a]UiuYWiXYeUh\]iWa]UiYU_YwW`]Us[YwWosc[YU_YqWieXuYiuYWiV 

wW`]Us[YwWosc[YU_YyuYr]ooY[Wa][_XYabcYrWwcYctsWa]UikY{UYab][Y[a`]i^YeWiY[]hsoaWicUs[oX 

U[e]ooWacY]iYWYrbUocY[c`]c[YU_Yabc[cYiU`hWoYhUVc[kYyiVYrbciYrcYVUYhs[]eYicva 

Tbs`[VWXuYXUsYr]ooY[ccYabWaYWeasWooXkYZYr]ooYVchUi[a`WacYabWaYaUYXUsk 

nbWaYZYrWiaYaUY[bUrYXUsYiUrY][YabWaY]_YZYaWmcYWY[a`]i^xxYZYiccVYW^W]iYW[[][aWiecxx 

cwciYabUs^bY]aYbW[Y[g`]i^xo]mcYtsWo]a]c[uYrcYr]ooYa`cWaY]aYW[YWY[a`]i^kYTbciYZYr]ooY[bUr 
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XUsYabWaY]_YZYV`]wcYab][YWaYabcYciVYWaYg`Ugc`Y_`ctscie]c[uYabWaYZYeWiY^cic`WacYabc 

`c[UiWiec[uYWiVYZYeUsoVYhWmcYXUsY[ccYabcYiU`hWoYhUVc[kY{UYrbUY][Yr]oo]i^YaUYW[[][a 

hcYab][Ya]hcNY�UsYrc`cYa`X]i^YoW[aYa]hcYWo[UY`]^bauY\saYq]eUocYrUiYabcY\WaaocYabcik 

O/kY{UYbUoVY]aY]iYXUs`YbWiV[Y_]`hoXkY0s[aYrWomY\WemYWiVYVUYiUab]i^kY0s[aYrWomY\Wemu 

rWomY\Wemk 

ncYiccVYWYo]aaocYaci[]UiYUiYabc`ckYO/uYabWaY][Y_]ickY{UYZzhYiUrY^U]i^YaUYr]^^ocYab][xx 

ab][Y][Y`cWooXYWY_]vcVYciVkY�UsYr]ooY[ccYrbciYZYb]aY`c[UiWiecYabWaYhXYbWiVY][YbW`VoX 

hUw]i^YWaYWooY\ceWs[cYZYmccgYgshg]i^YrWwc[Y]iYWiVYabcXYmccgYeUh]i^Y\WemYWaYhc 

WiVYabcYWhgo]asVcYr]ooY\s]oVYsgkYyiVYabciYZYbWwcYaUY[cW`ebY_U`Yabc[cY`c[UiWiec[k 

yiVYrbciYZYb]aYUicuYZYmiUrYZYb]aYUickY�UsYr]ooY[ccYrbXYZYmiUrY]akYZY_ccoY]aY]iYhX 

[aUhWebkYZY_ccoY]aY]iYhXYashhXkYZY_ccoY]aY]iYhXY\`W]iuY]iYhXYbWiV[uYcwc`Xrbc`ckYjX 

rbUocY\UVXYmiUr[YZYb]aY`c[UiWieckYyiVYXUsYr]ooY[ccYabWak 

OmuYabc`cYrcY^UkYTb][Y][YabcYoUrc[aYhUVckYTb][Y][YiYctsWo[Y�kYyiVYiUa]ecYabWaYhX 

bWiVY][YbW`VoXYhUw]i^YWaYWookY{UYhXYbWiVuY_U`Yg`Wea]eWoY`cW[Ui[uY][Y`cWooXYWY_]vcVYciVk 

{UYXUsY^caYabWaY[Uosa]UikY{UYZYr]ooYiUrYa`XYaUY_]iVYabcY[ceUiVYbW`hUi]euYrb]ebYrUsoV 

ciVYsgYabciYW[YWYiUVcY]iYabcYh]VVocuY]iYWVV]a]UiYaUYiUVc[YWaYabcYciVkYZ[YabWaY]aNYyiV 

W^W]iuYrbciYZYb]aYabWaY`c[UiWiecuYrb]ebY][YWYiU`hWoYhUVcuYiUa]ecYabWaYhXYbWiVY][ 

bW`VoXYhUw]i^k 

yiVY\UXuYVUYZY_ccoY]akYZY`cWooXYmiUrYabWaYZYWhYUiY`c[UiWieckYZYeWiYa`XYabcYab]`VYUicuY]i 

rb]ebYeW[cYXUsYrUsoVY[ccYarUYiUVc[Y]iYabcYh]VVocuYWiVYarUYWaYabcYciV[kYZ[Yab][Yabc 

ab]`VYUicNYnUruYZzhY^UUVYaUVWXuYWhYZYiUakY�UsY[ccuYwc`XYeocW`uYabc[cYgU]ia[Y[aWiV 

[a]ooY]iYiU`hWoYhUVc[kYOUUbuYXUszcYiUaY[sggU[cVYaUYVUYabWakYObYhWiuYXUsz`cY`s]i]i^ 

hXYVchUi[a`Wa]Uik 

{UYiUrYZYr]ooYa`XYaUY^cic`WacYabcYb]^bc[aY_`ctscieXYiU`hWoYhUVc[YabWaYZYeWikYyiVY[U 

XUsYeUsiaYabcYish\c`YU_YiUVc[Y]iYabcYh]VVockYyiVY]_YXUsY_]iVY_]wcuYabciYabWaz[Yabc 

[]vabYbW`hUi]ekY�UsYhWmcxxYZYab]imYZYeUsoVYVUY\caac`YabWiYabWauY\saY]az[YiUaY[UYcW[XYaU 

^caYWYwc`XYb]^bY_`ctscieXkY{UYXUsYVUYiUab]i^Y\ceWs[cYXUsYrUsoVY`cWooXY`s]iY]akY�cWbu 

XcWbuYXcWbuYXcWbkYZzhY^caa]i^YabchuY^caa]i^YabchuY^caa]i^Yabc`ckYQUaY]auY^UaY]akYObYhX 

QUVkY�cWbuYiUYiUuYiUkY�UsY[bUsoVizaYbWwcYhUwcVuYXUsY[cckYqUuY]aYrW[YiUaYXUs`Y_Wsoak 
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ZzooYa`XY]aYW^W]ik
 

ZY^UaYWiUabc`Y`c[UiWiecuYZY^UaYWY`c[UiWiecuYZY^UaYWY`c[UiWieckY~UsiauYgocW[cYeUsiak 

�UrYhWiXYV]VYXUsY[ccN 

lmnNioQik l]wck 

RZqTSTdO{ZqQYUOZ~S{V 

fgPhijjPgk l]wck 

lmnNioQik RZqTSTdO{ZqQYUOZ~S{V 

fgPhijjPgk ZYeUsiacVY�|YiUVc[Y]iYabcYh]VVock 

lmnNioQik R}yWQ�TSTV 

fgPhijjPgk nbWaY][YXUs`YiWhcN 

lmnNioQik j]mck 

fgPhijjPgk yooY`]^bauY[UYab][Y][YabcYrWXY]aYrU`m[uYabWaYXUsY[ccYiU`hWoYhUVcY[Uosa]Ui[Yrb]ebYc]abc` 

`c[soaxxYrb]ebY`c[soaY]iY[aWiV]i^YrWwc[kYyiVYabcYVchUi[a`Wa]UiY[gcWm[Y_U`Y]a[co_kYZ 

bWwcYbc`cYWY`s\\c`YbU[cYrb]ebYrcYW`cY^U]i^YaUYcve]acY]iYabcY_]_abYbW`hUi]ekY}caz[ 

[ccYbUrYabWaYrU`m[uYrbcabc`YrcYrc`cYeoU[ckYZ_YWiXUicYaUsebc[YabcYaW\ocuYabc`cYabci 

abcYaci[]UiYebWi^c[kYyiVY]hhcV]WacoXuYU_YeUs`[cuYabcY`c[UiWiecY_`ctscieXYebWi^c[ 

\ceWs[cYabcY`c[UiWiecY_`ctscieXxxYiUa]ecxxYbW[Yab][YwY]iY]ak 

{UYabcYhUhciaYXUsYebWi^cYaY]az[YV]__c`ciauY\saY]az[YiUaY\WVkYyiVY[UYiUrYZYr]ooY[a`U\c 

ab][YUicY_U`YXUskY�ceWs[cYXUsYbWwcYiUY]VcWYbc`cYabWaYrbWaY][YbWggci]i^YabWaY][ 

^U]i^Yo]mcYab][kYZaY][Y^U]i^YaUUY_W[aY_U`YXUskYyiVY[UYZYhWmcY]aYcW[XYUiYXUskYnUsoVYXUs 

as`iYabcYo]^ba[YU__NYTbWimYXUskY{UYZzhY^U]i^YaUY[a`U\cY]aY_U`YXUskYyiVYabciYZYeWiuYhU`c 

U`Yoc[[uYhWmcYabcY`UgcY[aWiVY[a]ookY�saYZYeWiYWo[UYU__[caYabcY_`ctscieXYU_YhXY[a`U\c 

o]^baYWYo]aaocY\]auY[UYabWaYXUsYWeasWooXY[ccYabcY`UgcYhUwcYwc`XY[oUroXk 

{UYZYeWiYgs`gU[coXY^]wcYabcY[a`U\cYo]^baYWY[o]^baoXYV]__c`ciaY_`ctscieXkY{UYabWaz[YrbWa 

ZzhYVU]i^YiUrkY�UsY[ccYaUUYRZqyWfZ�}SVY[UYXUsYbWwcYiUYVUs\a[YWiXhU`cYW\UsaYabc 
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_WeaxxYiUYVUs\a[xxYabWaY]iVccVuY]_YabcYh]VVocY^Uc[YsguYabcYUicYUiYabcY[]VcY^Uc[YVUri 

WiVYw]ecYwc`[WkYnbWaYZYeWiYWo[UYVUuYaUYas`iYab][Y]iaUYWYrU`mYU_YW`axxY]_YZYeWiYas`iYab][ 

UicYU__YW^W]ikY�c[YZYeWikYZYeWiYWo[UxxYZYrU`mcVYr]abYWiYW`a][aYrbUYWeasWooXYo]mcVYabc[c 

ab]i^[YWYoUakY{UYZYeWiYWo[UY[a`U\cY]aYar]ecYW[YU_acik 

{UYab][Y][YWeasWooXxxYabcY_`ctscieXYU_YabcY`UgcY][YW\UsaYi]icYbc`apuY[UYhXY`cVYo]^ba 

rW[YeoU[cYaUYi]icYbc`apkYTbcY^`cciYo]^baY][Y�XYbc`apxxYWiVYWYo]aaocY\]aYU__kY{UYiUrYXUs 

[ccY]aYar]ecYgc`YU[e]ooWa]UikYO_YeUs`[cuYaUYhWmcY]aY`cWooXYrUiVc`_souYaUYhWmcY]aYwc`X 

[cvXxx 

lmnNioQik	 R}yWQ�TSTV 

fgPhijjPgk	 xxZYeWiYVUYabchY\UabY[]hsoaWicUs[oXkY{UYiUrYXUsY[ccYabcY`cVYUicYVU]i^Y]a[YUri 

ab]i^uYWiVYabcY^`cciYUicYVU]i^Y]a[Yab]i^kYyiVYrbWaYZY_]iVY]iac`c[a]i^uY]aYhWXYiUaYrU`m 

_U`YXUsuY\saYabc`cYW`cYhUhcia[uYUeeW[]UiWooXuYabWaYabcY`cVYcvWeaoXYUwc`oWg[Yr]abYabc 

^`ccikYnbciYabWaYbWggci[YZY[ccYrb]acYo]^bakY}caz[Y[ccYrbcixxYrbcabc`YrcYeWiYbWwc 

WYeW[cYo]mcYabWakYZaYeWiYUioXxxYXcWbuYabc`cYrW[Y]auYWaYabcY\UaaUhkYf]VYXUsY[ccY]aNYZaz[ 

rb]ackYZaz[Y`cWooXYWhWp]i^kYyiVYW^W]iuYWaYabcYaUgkYyooY`]^bakY{UYXUsYeWiYbWwcY[Uhc 

o]^baYW^W]ikYTbWimYXUsuYjW`es[k 

ZYeWiYiUrYVUYabcY[WhcYab]i^Y_U`Y[UsiVkYTbc[cYrc`cYa`Wi[wc`[cYrWwc[Y\saYabc`cz[ 

iUab]i^Yr`Ui^Yr]abYVU]i^YabcY[WhcYab]i^Y_U`Y[UsiVkYZiYrb]ebYeW[cuYXUsYrUsoVYbWwc 

WYas\cYrb]ebYbW[YWYec`aW]iYoci^abY}kY{WXY]az[YeoU[cVYUiY\UabY[]Vc[Y_U`YiUrkYyiVYZYeWi 

iUrY^cic`WacY]iYabc`cYg`c[[s`cYrWwc[xxYhWmcYabcYW]`YeUoshiYU[e]ooWackYyiVYabcYW]` 

gW`a]eoc[uY]iYabcYoUrc[aYhUVcuYWooYZYbWwcYaUYVUY][YrbWaY][Ybc`cY]iYabcYXYV]`cea]UiuY_U` 

ab][Y][YWYa`Wi[wc`[cYgU[]a]UikYZYiUrYbWwcYaUYU__[caYabcYhUocesoc[YU_YabckYy]`Y]iYabcYv 

V]`cea]UikY{UYab][Y][YabcYvYV]`cea]Uik 

yiVYabcYV]`cea]UiY]iYrb]ebYabcXYhUwcY][Y]iYabcYvYV]`cea]UikY�saYabcYV][goWechciaYZYr]oo 

eWooYg[]xxYbUrYhsebYabcXYV][goWecY_`UhYcts]o]\`]shkY{UY]iYabcYoUrc[aYhUVcxxYabWa 

hcWi[Y]iYabcY_siVWhciaWouY]iYabcY_]`[aYbW`hUi]exxY]iYabcYh]VVocYabcYhUa]UiYrUsoVY\c 

wc`XYoW`^cuYo]mcYabcYXY][Ywc`XYoW`^ckYyiVYabciY]az[YWYo]aaocY[hWooc`uYWiVYWYo]aaocY[hWooc`u 

WiVYbc`cY]aYrUsoVY[aWiVY[a]ookYyiVYbc`cY]az[YWYo]aaocY[hWooc`uYbc`cY]az[Y[hWooc`uYWiVYbc`c 

]aY[aWiV[Y[a]ook 
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{UYabc`c_U`cuY]iYac`h[YU_Yg[]uYrb]ebY][YabcYgU[]a]UiYU_YabcYhUocesoc[uYab][YrUsoVY\cYW 

iUVcuYWiVYab][YrUsoVY\cYWYiUVcuYWiVYab][Yr]ooY\cYWiYWia]iUVcuY]iYabcYeW[cYU_YabcY_]`[a 

bW`hUi]ekYyiVY[UYZYeUsoVYr`]acYVUriYabWaYg[]uY]iY]a[YciV[YhUVcuYW[YWY_siea]UiYU_Yv 

WiVYauY][YabciYc__cea]wcoXYabcY[WhcYW[YhXYXYabWaYZYbWVY\c_U`cuYcvecgaYZYbWwcYaU 

`cgoWecYXYiUrY\XYg[]kY{UYZY^]wcY]aY[UhcYWhgo]asVcuYyYU_YiuYWiVYZY^caYabcY[]icYU_YiYg]Yv 

Uwc`Y}YWiVYZY^caYabcYeU[]icYUhc^WYiakY{UYabcYctsWa]UiY][YeUhgocacoXY]Vcia]eWok 

�Urcwc`uYmccgY]iYh]iVYabWaYUhc^WYiuYrb]ebY][Yab][YwWoscxxYrb]ebY][YiYg]YwYUwc`Y}xx 

abWaY][YiUYV]__c`ciakYTbWaY][YW^W]iYiYg]YwYUwc`Y}uY\saYwY][YiUrYabcY[gccVYU_Y[UsiVkYZaY][ 

iUixic^Ua]W\ockYwY][YHMMYhcac`[Ygc`Y[ceUiVuYWiVYXUsz`cY[asemYr]abYabWakYyiVYabWaYbW[ 

hW�U`YeUi[ctsciec[uYW[YZYr]ooY[bUrYXUsYTbs`[VWXuY_U`YabcYVc[]^iYU_Yr]iV 

]i[a`shcia[kYnbc`cW[Yr]abY[a`]i^Y]i[a`shcia[uYXUsYeWiYhWi]gsoWacYwYWiVYXUsYeWi 

ebWi^cYaYWiVYhskY�UsYeWiYhWmcYabcYaci[]UiY]iYabcY[a`]i^[YoW`^c`YU`Y[hWooc`k 

�UsYVUYiUaYbWwcY[sebYWiYUga]UiYr]abYr]iVY]i[a`shcia[kYTbcYUioXYab]i^YXUsYeWiYgoWX 

r]abY][Y}uY_U`Yab][Y][YabcYWgg`Uv]hWacY[gccVYU_Y[UsiVkYjU`cYU_aciYabWiYiUauYVUYrc 

cvg`c[[YabcY[aWiV]i^YrWwcuY]iYeW[cYU_Y[UsiVuY]iYac`h[YU_YUwc`g`c[[s`ckY{UYrcYVUiza 

oUUmYWaYabcYV][goWechciaYU_YabcYW]`YhUocesoc[uYrb]ebYZYV]VYbc`cxxYrb]ebY][Yg[]xxY\saYrc 

rWiaYaUYmiUrYrbc`cYabcYg`c[[s`cY][YoW`^c`YabWiYUicYWahU[gbc`cYWiVYrbc`cY]aY][ 

oUrc`YabWiYUicYWahU[gbc`ckYZaz[YabcY[WhcY]VcWuY\saY]az[Ywc`XYU_aciYVUickYqUrYmccgY]i 

h]iVYabWaY]_Yabc[cYgW`a]eoc[Y_oUrY]iYab][YV]`cea]UiYWiVYg]ocYsgYbc`cuYabWaYabcYg`c[[s`c 

bc`cY\ceUhc[Yb]^bc`kYyiVYabcYg`c[[s`cYbc`cY\ceUhc[YoUrc`Y\ceWs[cYabcYgW`a]eoc[ 

hUwcYWrWXY_`UhY]ak 

{UYabWaYhcWi[Yrbc`cYXUsYbWwcYWYiUVcY]iYg[]uYXUsYWorWX[YbWwcYWiYWia]iUVcY]i 

g`c[[s`ckY{UYabc[cYW`cYabcYoUeWa]Ui[Yrbc`cYabcYg`c[[s`cY\ceUhc[Yb]^bkYyiVYabc 

g`c[[s`cYbc`cuYabcYUwc`g`c[[s`cuYUwc`YWiVYW\UwcYWh\]ciauY][YMYbc`cuY\ceWs[c 

abc`cz[YiUab]i^YabWaYg`cwcia[YabcYg`c[[s`cY_`UhY\s]oV]i^YsgkYTbc[cYgW`a]eoc[YW`cY_`cc 

aUYhUwckYyiVY[UY]_YXUsYr`]acY]aYVUriY]iYac`h[YU_YduYrb]ebY][YiUrYUwc`g`c[[s`cxxY]aY][ 

iUaYabcYaUaWoYg`c[[s`cuY\saY]aY][YrbWaY][YUwc`YWiVYW\UwcYUicYWahU[gbc`cxxYabciYXUs 

^caY[UhcYWhgo]asVcY]iYg`c[[s`ckYZY^]wcY]aY�s[aYWYdYU_Yik 

yiVYiUrYZY^caYabcYeU[]icYU_YiYg]YvYUwc`Y}uYWiVYabciYZY^caYabcYeU[]icYU_YUhc^WYiakYyiV 
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XUsYsiVc`[aWiVYiUrYrbXYXUsY^caYabcYeU[]icxxY\ceWs[cYabcYWia]iUVc[YW`cYiUrYbc`cu 

WaYabcYciV[uYrb]ebY][YabcYeUi[ctsciecYU_YabcY\UsiVW`XYeUiV]a]Ui[kYZ_YZYV`crYWYes`wcx 

xY]_YZYhWVcYWYgoUaYU_YabcYg`c[[s`cxxYZYr]ooYVUY]aYbc`cuY]_Y]aYVUc[izaY\ceUhcYaUUYeosaac`cVk 

{UYbc`cY][YiUrYMYWiVY][Y}kYZ_YZYgsaYbc`cYabcYg`c[[s`cuYabciY]iYabcY_]`[aYbW`hUi]exxYabc 

_siVWhciaWoxxYbc`cY][YWYg`c[[s`cYiUVcY]iYabcYh]VVocYrbc`cYabc`cYrW[YWiYWia]iUVc 

_`UhYg[]Yabc`cY][YiUrYWYg`c[[s`cYiUVcY]iYabcYh]VVockYyiVYabciYabcYg`c[[s`cYr]oo 

ebWi^cY]iYab][YrWXk 

{UYab][Y][YiUrYiYctsWo[Y�kY{UYabcYg`c[[s`cYbc`cuYWaYUicYhUhciaY]iYa]hcuY][Yb]^bk 

TbciY]aY][YMYbc`ckYyiVYabciY]aY][YoUrYbc`cuY]aY][Y\coUrYWh\]ciaYg`c[[s`ckYyiVYabWauYU_ 

eUs`[cuY][YebWi^]i^Yr]abYa]hcxxYr]abYabcYeU[]icYUhc^WYaYac`hkYyiVYW^W]iYXUsY[cc 

abWaYoWh\VWY�Y][uYU_YeUs`[cuY|}kYTbc`cz[YiUYV]__c`ciecYabc`cYr]abYabcY[a`]i^kYZYeWi 

VchUi[a`WacYab][YaUYXUsY]iY`cWooXYWYwc`XuYwc`XYi]ecYrWXk 

ZYbWwcYbc`cYWYas\cYrb]ebY][YeoU[cVYWaY\UabYciV[kYyiVY[UYbc`cY]aY][kY�saY]iYUicYciVYZ 

bWwcYWYg][aUiuYWiVY[UYZYeWiYebWi^cYabcYoci^abY}kY�UszooY[ccY]iYWYh]isacYrbXYZYo]mcYaU 

ebWi^cYabWaYoci^abY}kYncz`cY^U]i^YaUYV`]wcYabcY]i[]VcYr]abYWYh]e`UgbUicxxY[UYbc`cz[ 

WYh]e`UgbUickYyiVYrcz`cY^U]i^YaUYVUYabWaYr]abYWY_`ctscieXxxYrcY`cWooXYrWiacVYaUYVU 

XMHYbc`apuY\saYXMHYbc`apYbW[YWY`Wabc`YoUi^YrWwcoci^abxxYZYrWiacVYaUYbWwcY]aY[bU`ac`k 

{UYZYVUY]aYHYa]hc[YXMHkY{UYabcY_`ctscieXY][YHYa]hc[YXMHYWiVYXUsYRZqyWfZ�}SVYrb]eb 

][Y|IMYYbc`apk 

yiVY[UYabcYrWwcoci^abYoWh\VWuYrb]ebY][YwYV]w]VcVY\XYabcY_`ctscieXxxYXcWbuYabWaz[ 

eU``ceauYabcYrWwcoci^abY][YoWh\VWxxYctsWo[YwYV]w]VcVY\XYabcY_`ctscieXuY][YabciYwc`X 

`Us^boXY�IYecia]hcac`[kY{UYabWaY^]wc[YXUsYWiY]VcWuY]az[YW\UsaYab][YhsebkYZiYbc`cYrc 

bWwcYWYh]e`UgbUicYabWaYrcYeWiYhUwcY]iYWiVYUsakYyiVYWYh]e`UgbUicYhcW[s`c[ 

g`c[[s`cYW[YWYhch\`WicYWiVY[UY]az[Y[ci[]a]wcYaUYg`c[[s`ckYyiVYab][Yh]e`UgbUicY][ 

eUiiceacVYaUYWYoUsV[gcWmc`Y[UYXUsYeWiYbcW`Y]auY\saYrcYWo[UY[bUrY]aYaUYXUsxxYabc 

[]^iWoYU_YabcYh]e`UgbUicxxYrcYr]ooY[bUrY]aYaUYXUsYW[YrcY`ceU`VY]aYUiYWiYU[e]ooU[eUgck 

Z_YZYgsaYabcYh]e`UgbUicYWaYWYg`c[[s`cYiUVcuYXUsYbcW`YiUY[UsiVkYyiVY]_YZYhUwcY]aYaUYWi 

Wia]iUVcuYXUsYr]ooYbcW`Y[UsiVkYZYr]ooYe`cWacY]iYbc`cYg`c[[s`cYiUVc[uYiUVc[uYiUVc[u 

iUVc[uYiUVc[uYiUVc[uYrb]ebYW`cYWorWX[YbWo_YWYrWwcoci^abYWgW`akYTb]imYW\UsaYabWau 

1:
 



rbXYabWaY][kY�c`cYabcYiUVc[YW`cYbWo_YWYrWwcoci^abYWgW`akYTbcY[WhcYrUsoVY\cYa`sc 

_U`Y[UsiV[kYZzhYabciY^U]i^YaUYgsaYab][Yh]e`UgbUicY[Uhcrbc`cYWaYWYiUVcYabWaYrcYWoo 

W^`ccYXUsYbcW`YWohU[aYiUY[UsiV[kYyiVYrcY[ccYiUY[]^iWoY_`UhYabcYU[e]ooU[eUgck 

yiVYabciYZzhY^U]i^YaUYhUwcY]aY\WemYWiVY[cW`ebY_U`YUicuYarUuYab`ccuY_Us`YiUVc[kYyiV 

abciYZYmiUrYabWaYab][YV][aWiecY][Y^U]i^YaUY\cY|YoWh\VWkYyiVYZYbWwcYabc`c_U`c 

hcW[s`cVYoWh\VWkYyiVYabcYWhWp]i^Yab]i^Y][xxYrb]ebYWeasWooXY[s`g`][cVYhcxxYabWa 

XUsYeWiYVUYabWaYaUYWiYWees`WeXYU_YW\UsaYUicYh]oo]hcac`kYZaY][Y[UYciU`hUs[oXYeocW` 

rbciYXUsYW`cYWaYWYiUVcuYabWaY]_YXUsYhUwcYXUs`Yh]eY\XYUicYh]oo]hcac`uYXUsYeWiY`cWooX 

[ccYabWaYXUsYW`cYiUYoUi^c`YWaYabcYiUVck 

{UYrcYr]ooYmiUrYoWh\VWYg`U\W\oXYaUYUicYh]oo]hcac`YWees`WeXkYOiecYrcYmiUrYabWau 

abcY[gccVYU_Y[UsiVY][YoWh\VWYa]hc[Y_kY�saYrcYmiUrYrbWaY_Y][kYTbWaz[YmiUriYaUYUic 

gW`axxYrcYeUsoVizaY\cYU__Y\XYhU`cYabWiYUicYbc`apuY[UYabWaz[Ywc`XYrcooYmiUrikYyiVY[U 

rcYiUrYbWwcYWYhcW[s`chciaYU_YabcY[gccVYU_Y[UsiVxxYb]^bYVc^`ccYU_YWees`WeXYrc 

hcW[s`cYabcY[gccVYU_Y[UsiVkYyiVY[UYrcYeWaebYab`ccY\]`V[Yr]abYUicY[aUick 

l]`[aYU_YWooYZYeUsoVY[bUrYXUsYabcYiUVc[YWiVYWia]iUVc[uY[UYXUsY[ccYbUrYabcXY\s]oVYsg 

abc`ckYyiVYabciuYWaYabcY[WhcYa]hcuYrcYeWiYhcW[s`cYabcY[gccVYU_Y[UsiVkYTbcYUioX 

`cW[UiYrbXYrcYhWmcYab][YciVYhUwW\ocY][YabWaYW[YZYhUwcY]aYWiVY\`]i^YabcYh]eY_]`[aYWa 

WYiUVcuYZYeWiYhWmcY[s`cYabWaYabcYoci^abY][Y�s[aYWaY`c[UiWieckYyiVY[UYabWaz[Y�s[aYhX 

\c^]ii]i^xxYaUYhWmcY[s`cYabWaYabcYiUVcY][YW[YeoU[cYaUYpc`UYW[Y]aYgU[[]\oXYeWiY\ck 

yiVY[UY]_YrcYiUrY^caYabcY]hW^cYsgYabc`ckYyiVYabciYZYab]imYrcz`cY^U]i^YaUY^caYabc 

o]^baY[]asWa]UiYo]mcYab][kYyiVYZzhY^U]i^YaUYas`iYUiYabcY[UsiVkY�c`cY][YabcY[UsiVkYZYeWi 

as`iYsgYabcYwUoshcY[UYXUsYeWiYbcW`Y]aY\caac`kYZ[YabcY[eUgcYeUiiceacVuYjW`es[N 

MlgQmjk	 j]e`UgbUick 

fgPhijjPgk	 ObYXcWbYU_YeUs`[cuYabWimYXUskYZYV]VizaYeUiiceaYabcYh]e`UgbUicYXcakYZaYbW[YWxxYbW[YW 

[r]aebkYOmuYiUrYrcY_]`[aYhUwcYabcxxYUbuYWr_sokYTb][Y][Y|IMYYbc`apuY\XYabcYrWXkYZzooYas`i 

]aYVUriYWYo]aaockYZ[YabWaY\caac`NYO/kY{UYocaz[Y_]`[aYhUwcY]aYW`UsiVYaUYWxxYocaz[Y_]`[aY\`]i^Y]a 

aUYWYiUVckY�UXuYabc`cYiUab]i^Yoc_aYWiXhU`cY`]^baNYyiVYiUrYZzhY^U]i^YaUYebWi^cY}k 

O/uYZYab]imYab][Y][YW[xxYZYeWiiUaYVUYhsebY\caac`kY{UYrbWaY}Y][Y][YiUaYwc`XY]hgU`aWiak 
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ZY[caY}Y[UYabWaYZYab]imYabcY[X[achY][YWaY`c[UiWiecY]iYWYhUVcYabWaYXUsYeWiYeWoesoWacuY]_ 

XUsYmiUrYbUrYhWiXYiUVc[Yabc`cYW`ckY{UYZzhY^U]i^YaUY[cW`ebY_U`YWxxYUbuYbc`cYXUs 

[ccYabcYWia]iUVc[uY\XYabcYrWXuYXUsY[ccYabWaNYZzhYhUw]i^Y]aY]iYiUrkYZzhYhUw]i^Y]a 

_s`abc`Y]aYabWaYrWXkYyiVYbc`cYXUsY^caYaUYWiUabc`YiUVckY�UsY[ccYabWaNYZ[izaYabWa 

rUiVc`_soNYyiVYZY^UYW^W]iYaUYWiYWia]iUVckYyiVYbc`cYeUhc[YWiUabc`YiUVck 

yiVYab][YiUVcuYZzhY^U]i^YaUYhcW[s`cYabcYgU[]a]UikYZYbWwcYWY`soc`Y]iYabc`cuYWiVYabc 

`soc`Y^]wc[YhcYabcYgU[]a]UiYU_YabcYh]ekYyiVYab][YUicY][YJ|kXkY{UYJ|kXYecia]hcac`[Y][ 

ab][YgU[]a]UiYbc`cY[Uhcrbc`ckYyiVYZYeWiYgsaYWYhW`mYbc`cY_U`YXUsxxYiUaYabWaY]aYr]oo 

bcogYXUsYwc`XYhsebY\ceWs[cYhXYWees`WeXY][YUicYh]oo]hcac`YWiVYab][Y][YWYwc`XYe`sVc 

rWXkY{UYiUrYZzhY^U]i^YaUYgsooY]aY\WemkY�Usz`cY^U]i^YaUY[ccYWiYWia]iUVcYWiVYXUsYbcW` 

]akYyYo]aaocY\]aYhU`cY[UsiVN 

yiVYXUsz`cY^U]i^YaUY[ccYWYiUVckYTbWaz[Yish\c`YUicuYiUVcYish\c`YarUuYiUVc 

ish\c`Yab`ccuYiUVcYish\c`Y_Us`kYyiVYZzhY^U]i^YaUYoUUmxxYWiVYZzhY^U]i^YaUYoUUmYiUr 

WaYabcY`cWV]i^uYWiVYZY`cWVY|IkHkY{UYZY`cWVY|IkHYecia]hcac`[kY{UYZY[s\a`WeaYabchkYTbWa 

][YJkY|XkJYecia]hcac`[YWiVYab][Y][Y|YoWh\VWkYyiVYZYmiUrYab][Y`cWooXYaUxxYZYrUsoVY[WXYaU 

WYh]oo]hcac`kY~c`aW]ioXYiUYrU`[cYabWiY|Yh]oo]hcac`[k 

yiVYabc`cY][YiUYsiec`aW]iaXuY_U`Y[s`cuY]iYabcY_kYZ_YXUsYeWiY^caYhcYabcYo]^baY\WemkY{UYZ 

eWiYiUrYeWoesoWacYrbWaYabcYwcoUe]aXYU_Y[UsiVY][kY{UYabWaY][Y|XkJkYZYV]w]VcYabWaY\XY|k 

TbWaY^]wc[YhcY�Ik|JYecia]hcac`[kYTb][YrW[Y�s[aYWY`Us^bYish\c`YabWaYZY^WwcYXUsk 

yiVYiUrYZYhsoa]goXYabWaY\XYabcY_`ctscieXY|IYMYYkYyiVYabciYZY_]iVYHIHkY{UYwY][YHIHxxYZ 

rUsoVY[WXYgos[YU`Yh]is[xxYhWX\cYarUYhcac`[Ygc`Y[ceUiVk 

{UYrczwcYhcW[s`cVYabcY[gccVYU_Y[UsiVYaUYWYb]^bYVc^`ccYU_YWees`WeXkYyiVYU_ 

eUs`[cuYWaYabcY[WhcYa]hcuYXUszwcY[cciYab][YrUiVc`_soY`c[UiWiecYiU`hWoYhUVc 

\cbWw]U`xxYrbc`cYXUsY[ccY]aY]iYabcYiUVc[YWiVYabcYWia]iUVc[uY]iYab][YeW[cYU_Yg`c[[s`ck 

SW`o]c`YXUsY[WrYabchYbc`cY]iYac`h[YU_Ya`Wi[wc`[cYhUa]UikYqUrYXUsYbWwcY[cciYabch 

]iYac`h[YU_YoUi^]asV]iWoYhUa]Uik 

Tbc`cY][Ycic`^XY]iYWYa`Wwco]i^YrWwckYZ_YZYbWwcYbc`cYWYa`Wwco]i^YrWwcYrb]ebY][YhUw]i^ 

]iYab][YV]`cea]UiuYbW[Yaci[]UiYTkYhsY][YabcYhW[[Ygc`Ysi]aYoci^abkYTbciYZYeWiYr`]ac 

VUriYXYW[YWY_siea]UiYU_YvYWiVYTkYZYeWiY^]wcY]aYWYec`aW]iYWhgo]asVcYyuYa]hc[YabcY[]ick 
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yiVYZYeUsoVYr`]acYab][YiUrY]iYhWiXYV]__c`ciaYrWX[uY\saYocaz[Yr`]acY]aYVUriY]iYab][Y_U`hxx 

mYa]hc[YvYh]is[YwakYyiVYrcYmiUrYab][YwkYTbWaYwuYocaz[YeWooY]aYwY[tsW`cVuY][YaYV]w]VcVY\X 

hsk 

{UYab][Y][YWYa`Wwco]i^YrWwcYabWaY^Uc[Y]iaUYabcYgos[YvYV]`cea]UikYZ[YWiXYhWaac`YhUw]i^ 

]iYabcYgos[YvYV]`cea]UiNYqUkY�saY][YWiXab]i^YhUw]i^NY�c[kYZaY][YhUw]i^Y]iYabcYX 

V]`cea]UikY{UY[]iecYabc[cYgW`a]eoc[YbWwcYhW[[YWiVYabcXz`cYhUw]i^Y]iYab][YV]`cea]Uiu 

abc`cY][Ym]ica]eYcic`^XYVscYaUYabcYhUa]UiY]iYab][YV]`cea]UixxYiUaYVscYaUYWiXYhW[[YabWa 

hUwc[YWoUi^kYqUYhW[[YhUwc[Y]iYabcYV]`cea]UiYU_Ybc`ck 

{sggU[cYZYeW`wcYUsaYbc`cYabcY[cea]UiYVvkY{UYab][Y][YabcYV]`cea]UiYU_YvYWiVYZYaWmcYW 

[hWooY[cea]UiYVvkYTbciYabcYm]ica]eYcic`^XuYVSYm]ica]exxYa]iXYo]aaocY\]aYU_Ym]ica]eYcic`^Xxx 

][Y�T|Ya]hc[YabcYhW[[YVhYa]hc[YabcYwcoUe]aXY]iYabcYXYV]`cea]UiY[tsW`cVkYTbWaY][YXM� 

`]^baNY/]ica]eYcic`^XY][Y�T|YhYwY[tsW`cVkYqcwc`YeUi_s[cYab][YwYr]abYabWaYwkYTbWaY][Yabc 

wcoUe]aXYU_Yg`UgW^Wa]UikYTb][Y][YabcYwcoUe]aXYU_YabcY[a`]i^Y]iYab][YV]`cea]Uik 

{UYZYeUsoVYr`]acYab][YVUrikYVhY][YU\w]Us[oXYhsYa]hc[YVvkYZ_YZYbWwcYWYoci^abYVvYbc`c 

WiVYZYbWwcYhsYm]oU^`Wh[Ygc`Yhcac`Y[UYZY^caYbc`cY�T|YhsYa]hc[YVvkYyiVY_U`Yab][YZ 

r`]acYVUriYVXTVaY[tsW`cVkYZaY][YabcYwcoUe]aXY]iYabcYXYV]`cea]UiYWiVYZYs[cYgW`a]Wo 

Vc`]wWa]wc[Y\ceWs[cYZYVUY]aYWaYWY^]wciYoUeWa]UiY_U`YvkY{UYrbWaY][YVXTVaNYncoouYabWaz[ 

cW[XkYTbWaz[YWYg]cecYU_YeWmckYTbc`cY][YhXY_siea]Uik 

{UYZY^caYykYTbciYZY^caYWYmYWiVYWYh]is[YwkY{UYZY^caYWYh]is[uYWiVYWYmuYWiVYWYwkYyiV 

abciYabcY[]icY\ceUhc[YWYeU[]ickYyiVY[UYZY^caYmYa]hc[YvYh]is[YwakYZY[bUsoVYbWwcYgsa 

\`Wemca[YW`UsiVYabc`cYaUUuY\saYabWaz[Y[co_xcvgoWiWaU`XkYyiVYiUrYZYrWiaYaUYmiUrYrbWa 

abcY[tsW`cYU_Yab][Y][kY{UYZzhY^U]i^YaUY[tsW`cYab][kYqUrYZYeWiYeWoesoWacYrbWaYabcYaUaWo 

cic`^XY][xxYm]ica]eYcic`^XxxY]iYUicYrWwcoci^abkYyooYZYbWwcYaUYVUY][Y]iac^`WacYiUrY_`Uh 

MYaUYoWh\VWYaUY^caYabcYaUaWoYcic`^XY]iYUicYrWwcoci^abk 

{UYZzhY^U]i^YaUYVUYabWakYZzhY^U]i^YaUYr`]acYVUriYbc`cYiUrYSYm]ica]ekYqUrY_UooUrYhc 

eoU[coXkYZYbWwcY�T|uYZYbWwcYWYhsuYWiVYabciYZY^caYabcYVXTVaY[tsW`cVY[UYZY^caYWiYy 

[tsW`cVkYZY^UaYWYmY[tsW`cVuYZY^UaYWYwY[tsW`cVkYyiVYabciYZY^UaYabcY]iac^`WoY_`UhYMYaU 

oWh\VWYU_Yab][Y_siea]UiYeU[]icYmuYvYh]is[YwakYyiVYabciYZYbWwcYhXYVvYrb]ebY][Yab][YVvk 

TbWaz[YrbWaYabcY]iac^`WoY][Y]iYabcYV]`cea]UiYU_YvkY�cWbN 
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lmnNioQik	 RZqyWfZ�}SV 

fgPhijjPgk	 �cguYabWimYXUsYwc`XYhsebkYSva`WYeUs`[cYe`cV]akYnbWaY][Yab][Y]iac^`WoNYjWX\cYXUs 

VUizaY`chch\c`uY\saYZzwcYVUicYab][YU_aciYciUs^bYabWaYZYVUYmiUrkYTbcY]iac^`WoYU_ 

eU[]icY[tsW`cVYU_YabWaY_siea]UiY][YoWh\VWYV]w]VcVY\XY|kYyiVYZYocWwcYXUsYr]abYabWak 

TbWaz[YWYwc`XYcW[XYcvc`e][ckYyiVYZYeWiYWo[UYaWmcYabcYwY[tsW`cYUsaYWiVYr`]acY_U`YabWa 

TYUwc`YhskY{UYSYm]ica]eYiUrxxYWiVYab][Y][Y]iYUicYrWwcoci^abxxYab][Y][YhXY[bU`aYbWiV 

iUaWa]UikY{UYWooYZzhYeWoesoWa]i^Y_U`YXUsYiUrY][YbUrYhsebY][Y]iYUicYrWwcoci^abk 

{UYXUsz`cY^U]i^YaUY^caYiUrY�T|YhskY�UsY^caYWiYyY[tsW`cVkYTbcYmY[tsW`cVYZYeWiYr`]ac 

VUriYW[YIg]Y[tsW`cVYV]w]VcVY\XYoWh\VWY[tsW`cVkYlU`YabcYwY[tsW`cVuYZYeWiYr`]ac 

VUriYTYV]w]VcVY\XYhskYyiVYabciYZYbWwcYhXYoWh\VWYUwc`Y|kYncoouYab][YhsYm]oo[Yab][ 

hsuYab][Y|Ym]oo[Yab][YIuYWiVYab][Y|uYWiVY�YoWh\VWYm]oo[Y�YoWh\VWYbc`ckY{UYiUrYZYbWwc 

abcY_]iWoY`c[soaYabWaYSYm]ica]exxY]iYUicYrWXYrWwcoci^abxxYctsWo[YyY[tsW`cVYa]hc[Yg] 

[tsW`cVYa]hc[YTYV]w]VcVY\XYoWh\VWk 

qUrY]_YXUsYoUUmYWaYab][YWiVYXUsYW[mYhcxxY][YabWaYU\w]Us[NYZYrUsoVY[WXYiUaYaUYhck 

Tbc`cz[YWYTuYabc`cY][YWYoWh\VWkYjXY^UUVic[[kYyiVYZYeWiYWo[UYeUemaW]oYabcYrbUoc 

ab]i^kYZYeWiY^caYabcYTYUsauYWiVY^caYWYwY\WemY]iYW^W]ikYyiVYZYr]ooYWVh]aYabWaYZYVUizaYbWwc 

WYwc`XY^UUVY_cco]i^Y_U`Yab][Y_siea]UiuYcvecgaY_U`YUickYZYVUYmiUrYabWaYWorWX[Yabc 

cic`^XY]iYWYrWwcY][YWorWX[Yg`UgU`a]UiWoYaUYabcYWhgo]asVcY[tsW`cVkY�Usz`cY^U]i^YaU 

[ccYabWaYrbciYrcYVUYcocea`UhW^ica]eYrWwc[Y]iYXYMYHkYZaz[YWorWX[Yg`UgU`a]UiWoYaUYy 

[tsW`cVkY{UYabWaz[YabcYUioXYUicY_U`Yrb]ebYZYhWXYiUaYbWwcYWY_cco]i^uY\saYZYmiUrY]az[Y^Ua 

aUY\cYabc`ck 

yiVYabcY`c[auYZYr]ooYocWwcYXUsYr]abYabWaYaUY[ccYrbc`cYrbcabc`uYgc`bWg[uYXUsYeWiYaWom 

XUs`[co_Y]iaUYsiVc`[aWiV]i^YrbXYXUsY[ccYabcY[Xh\Uo[Yrbc`cYabcXYW`ckYqUrYeocW`oXu 

abc`cY][YWo[UYgUacia]WoYcic`^XY\ceWs[cY]aYaWmc[Ycic`^XYaUYhWmcYabWaY[a`W]^baYo]icY]iaU 

WYes`wckYyiVYabWaYhcWi[YrU`mYabWaYXUsYbWwcYaUYVUkY�UsYbWwcYaUY[tsccpcYaUY[a`caeb 

]akYTbc`cz[YWYaci[]UiYWiVYXUsYbWwcYaUY[a`caebYabWakYyiVY[UYrcYbWwcYaUYVUYrU`mYaUY�s[a 

^caYabcY[bWgckYyiVYabWaY][YgUacia]WoYcic`^XkYyiVYabcYgUacia]WoYcic`^XYgc` 

rWwcoci^abuYrb]ebYZYrWiaYXUsYaUYVUYUiYXUs`YUrik 
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Zaz[YrU`mcVYUsaYi]ecoXY]iYl`ciebkYZYr]ooYiUaYVUY]aYaUVWXkY�Wggci[YaUY\cYcvWeaoXYabc 

[WhcYW[YabcYm]ica]eYcic`^XuYrb]ebY][Y\XYiUYhcWi[YU\w]Us[kY{UYabcYgUacia]WoYcic`^X 

gc`YrWwcoci^abY][YabcY[WhcYW[YabcYm]ica]eYcic`^XYgc`YrWwcoci^abkYyiVY[UYrbWaYabWa 

hcWi[YabciY][YabWaYabcYaUaWoYcic`^XY]iYWYa`Wwco]i^YrWwcY][Yar]ecYab][xxYm]ica]eYcic`^X 

gos[YgUacia]WoYcic`^XkYTbWaY][YabcYaUaWoYcic`^XY]iYWYa`Wwco]i^YrWwck 

ZYeWiYiUrYhWmcYXUsY[ccuY]iYWYi]ecYrWXuYWiYcic`^XY\WoWiecYaUYeUhgW`cYa`Wwcoo]i^ 

rWwc[Yr]abYWY[aWiV]i^YrWwckYZ_YZYbWwcYWY[aWiV]i^YrWwcxxYWiVYWY[aWiV]i^YrWwcY][Yo]mc 

ab][kYyiVYZYVUYab][xxYZYoUUmYWaYab][Yg]eas`cYWaYabcYhUhciaYabWaYabcYrWwcY[aWiV[Y[a]oou 

abWaYwXY][YMkY{UY]aY^Uc[Yo]mcYab][xxYabWaz[YWY[aWiV]i^YrWwckY�UszwcY[cciYabWakYZYVUY]aYWa 

ab][YhUhciaxxYabc`cY][YiUYm]ica]eYcic`^XkYTbc`cY][YUioXYgUacia]WoYcic`^Xk 

yYo]aaocYoWac`Yabc`cY][YUioXYm]ica]eYcic`^XuYWiVYabc`cY][YiUYgUacia]WoYcic`^XkYyiVYWYo]aaoc 

oWac`uYabc`cY][YUioXYgUacia]WoYcic`^XYWiVYiUYm]ica]eYcic`^XkYZ_YZYg]emYabWaYhUhciaYabWa 

]aY[aWiV[Y[a]oouYabciYZYmiUrYabWaYabWaz[YabcYaUaWoYcic`^XuY\ceWs[cY]az[YUioXYgUacia]WouY\sa 

]aY][YabcYaUaWokYZiYUabc`YrU`V[uY_U`YWY[aWiV]i^YrWwcxxY_U`YWY[aWiV]i^YrWwcuY]_Yab][YbW[ 

WiYWhgo]asVcYyuY]aYhs[aY\cYabcY[WhcYgUacia]WoYcic`^XYW[YXUsYbWwcY]iYWYa`Wwco]i^ 

rWwcY\ceWs[cY]az[Y[]hgoXYVscYaUYabcY_WeaYU_YabcY[bWgckYZaYbW[YiUab]i^YaUYVUYWiXhU`c 

r]abYhUa]UikY{UY_U`YWY[aWiV]i^YrWwcuYabcYaUaWoYhs[aY\cYabWaYish\c`kYnbc`cY_U` 

a`Wwcoo]i^YrWwcuYXUsYbWwcYm]ica]eYcic`^XYgos[YgUacia]WoYcic`^XkY{UYXUsYbWwcYar]ecYW[ 

hsebk 

qUrYZYeWiYeUiw]iecYXUsuYWiVYabWaYrW[YhXYgoWiYcW`o]c`YaUVWXuYabWaY]_YZYbWwcYUic 

a`Wwco]i^YrWwcYr]abYWhgo]asVcY�T|YyuYWiVYZYbWwcYWiUabc`Ya`Wwco]i^YrWwcuYW^W]iYr]ab 

Whgo]asVcY�T|YyuYZYmiUrYabWaYZzhY^U]i^YaUYhWmcYWY[aWiV]i^YrWwcYr]abYWhgo]asVcYyk 

T]^bauY\ceWs[cY�T|YyYWiVY�T|YyYuYrbciYrcYWVVcVYabchYsgYXUsY^UaYar]eckY�c`c 

XUszwcY^UaYab][Y|YykY�saYabc`cYhs[aY\cYWYec`aW]iYWhUsiaYU_Ycic`^XY]iYabWaYrWwcYabWa 

eUhc[Y]iYr]abY�T|YyYWiVYec`aW]iYWhUsiaYU_Ycic`^XY]iYab][YUickYyiVYrbciYXUsYWVV 

abU[cYcic`^]c[YsguYXUsYhs[aYcvWeaoXY^caYabcYcic`^XY]iYWY[aWiV]i^YrWwcY\ceWs[cYiU 

cic`^XYrW[YoU[ak 

{UYabc`c_U`cYZYhWmcYabcY_UooUr]i^Y[aWachciaYiUruYrb]ebY][Yac[aW\ocuYabWaYarU 

a`Wwco]i^YrWwc[uYcWebYr]abYWhgo]asVcY�T|YyxxYZzhY^U]i^YaUYeUhgW`cYabchYr]abYW 
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[aWiV]i^YrWwcYr]abYWhgo]asVcYykYTbc`cYhs[aY\cYabcY[WhcYcic`^XY]iYWY[aWiV]i^ 

rWwcYr]abYWhgo]asVcYyYW[Yabc`cY][Y]iYarUYa`Wwco]i^YrWwc[Yr]abYWhgo]asVcY�T|YykYf]V 

rcY_UooUrYabWaNYnW[YabWaYaUUYV]__]esoaNY�ceWs[cYrcYmiUrYabWaYrcYeWiYhWmcYabWa 

rWwcYWY[aWiV]i^YrWwckYO/k 

ncYmiUrYabWaYabcYaUaWoYcic`^XY]iYWYa`Wwco]i^YrWwcY][Yab][uY\saYrcYbWwcYarUYU_Yabchk 

{UY]iYabcYa`Wwcoo]i^YrWwc[xxY]iYarUYa`Wwco]i^YrWwc[xxYrcYbWwcY|kYTbciYrcY^caYabWaY| 

abc`cuYabWaz[YiUixic^Ua]W\ockYTbciYrcY^caYg]Y[tsW`cVuYabciYrcY^caYTuYWiVYrcYV]w]Vc 

\XYoWh\VWkY�saYabcYWhgo]asVcYyYabWaYrcYbWwcYabc`cY][YiUrY�T|YykY�cWbNYZ[YabWaYaUU 

V]__]esoaNYZY^]wcY]aYWiYWhgo]asVcY�T|YykY{UYiUrYZY^caY�TIYa]hc[YyY[tsW`cVkY{UYab][Y][Yabc 

cic`^XY]iYarUYa`Wwcoo]i^YrWwc[kYfUYrcYW^`ccNYnbWaY][YabcYcic`^XY]iYUicY[aWiV]i^ 

rWwcYr]abYWhgo]asVcYyNYncoouYrcYbWwcYabcYWi[rc`Ybc`ck 

ZiYWY[aWiV]i^YrWwcuYWooYabcYcic`^XYhs[aY\cYyuYg]Y[tsW`cVuYTYV]w]VcVY\XYoWh\VWkY}UUm 

WaY]akYTbcXYW`cYabcY[WhckYTb][Y|uYWiVYab][Y|uYWiVYab][YIYcWaYcWebYsgkY0s[aYWY[ceUiVk 

{UYXUsY[ccYabcYeUi[][acieXxxYZzooY^]wcYXUsYWYebWiecxxYabWaYarUYa`Wwco]i^YrWwc[ 

hWm]i^YsgYUicY[aWiV]i^YrWwcuY]iYabcYcvc`e][cYZYV]VYcW`o]c`uYabWaY]iVccVuYabcYcic`^X 

][YeUi[c`wcVkYTbcYcic`^XY]iYabcYarUYa`Wwco]i^YrWwc[Yr]abYbWo_YabcYWhgo]asVcY^]wc[ 

XUsYabciYWY[aWiV]i^YrWwcYr]abYykY�c[N 

lmnNioQik	 RZqyWfZ�}SV 

fgPhijjPgk	 yY[tsW`cVuYabWimYXUsYwc`XYhsebxxYWorWX[YyY[tsW`cVYWiVYrbciYZY[W]VYcic`^XY][ 

WorWX[YyY[tsW`cVkYTbWimYXUsYwc`XYhsebkYZ_YZY^cic`WacYa`Wwcoo]i^YrWwc[uYZuYnWoac` 

}cr]iuY[aW`aY[bWm]i^Y[a`]i^[YU`Y[UhcYUabc`Y]i[a`shciaY][YhWm]i^Ya`Wwco]i^YrWwc[k 

TbciYabc`cz[YWiYcic`^XY_oUrY]iYabcYV]`cea]UiYU_Yg`UgW^Wa]UiY\ceWs[cYabc[c 

rWwcoci^ab[YmccgYhUw]i^Yabc[cYrWwc[kYyiVY[UYabc`cz[YWiYcic`^XY_oUrkYTbc`cz[YiU 

hW[[Y_oUr]i^kYObkYTbc`cz[Ycic`^XY_oUr]i^uYabcYhW[[Y][YUioXYVU]i^Yab][kYyiVY[U 

abc`c_U`cuY]_YZY^cic`WacYWYec`aW]iYWhUsiaYU_Ycic`^XuYabciYZYiccVYgUrc`YaUYVUYabWak 

qWhcoXuYgUrc`Y][Ycic`^XYgc`Ysi]aYa]hck 

yiVY[UYZYeWiYiUrYwc`XYcW[]oXYeWoesoWacY_U`YXUsYabcYgUrc`YaUY^cic`WacYWY[aWiV]i^ 

rWwckYTbWaY][Ysaac`oXYa`]w]WoY\ceWs[cYabcYcic`^XY]iYabcY[aWiV]i^YrWwcY][Y|YyY[tsW`cVu 

g]Y[tsW`cVuYTYV]w]VcVY\XYoWh\VWkYyiVYWooYZYbWwcYaUYVUYiUrY][YaUYV]w]VcY]aY\XYabcYa]hc 
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abWaY]aYaWmc[YhcYaUY^cic`WacYUicYU[e]ooWa]UikYlU`YabWaz[YabcYgc`]UVYU_YabcYU[e]ooWa]Uik 

yiVYabcYgc`]UVYU_YabcYU[e]ooWa]UixxYZYa`XYiUaYaUYgsaYaUUYhWiXYdz[Y]iYabc`cxxYWiVYZYbWac 

aUYeWooY]aYTkY{UYabcYgc`]UVYU_YabcYU[e]ooWa]UiY][YabcY[WhcYW[Y�YUwc`YabcY_`ctscieXkYyiV 

�YUwc`YabcY_`ctscieXY][YwYV]w]VcVY\XYoWh\VWk 

{UYabc`c_U`cuYabcYgUrc`Y][Y[]hgoXYabcYcic`^XYabWaYZzhY^cic`Wa]i^YWiVYwYV]w]VcVY\X 

oWh\VWY][YabcY[WhckYZaz[Y�YUwc`YabcYgc`]UVYU_YUicYU[e]ooWa]UikYSic`^XYV]w]VcVY\X 

gc`]UVxxYabcYa]hcYabWaY]aYaWmc[YaUYhWmcYUicYU[e]ooWa]UixxY][Ygc`YVc_]i]a]UiYgUrc`kYyiV 

[UYabciYXUsY^caYabcY`c[soaYbc`ckY�UsY^caYWYoWh\VWY[tsW`cVYbc`cYWiVYXUsY^caYWYw 

abc`ck 

lmnNioQik Tbc`cY[bUsoVY\cY|Yabc`cY\ceWs[cY]az[YWY[aWiV]i^YrWwck 

fgPhijjPgk Sves[cYhcN 

lmnNioQik Tb][Y][YWY[aWiV]i^YrWwcY`]^baN 

fgPhijjPgk Tb][Y][YWYa`Wwco]i^YrWwckYZYWhxxY]az[Y^UUVYabWaYXUsYW[mcVYabWakYZYWhY^cic`Wa]i^YW 

a`Wwco]i^YrWwckYZYbWwcYaUYVUYrU`mY_U`Ycwc`XYrWwcoci^abYabWaYZYg`UVsecuYab][Y][Yabc 

WhUsiaYU_YrU`mYabWaYZYbWwcYaUYVUkYfUYrcYW^`ccNYTbc`cY][Ycic`^XY]iY]akYdUacia]Wo 

cic`^XY\ceWs[cYZYbWwcYaUY^]wcY]aYabWaY[bWgckYyiVYabc`cY][Ym]ica]eYcic`^XY\ceWs[cY]a 

hUwc[kYZ_YZY^cic`WacYab][YWhUsiaYU_Ycic`^XxxYrbWaY][YXUs`YiWhcN 

lmnNioQik 0Whc[k 

fgPhijjPgk 0Whc[uY]_YZY^cic`WacYab][YWhUsiaYU_Ycic`^XuYWiVYZYV]w]VcYabWaY\XYabcYa]hcYabWaY]aYaWmc[ 

hcYaUY^cic`WacYabWaYcic`^XuYZY^caYabcYgUrc`xxYabcYWwc`W^cYgUrc`YabWaYZYbWwcYaUYgsa 

]ikYZaz[Y`cWooXYWwc`W^cYgUrc`kYyiVY[UYZYbWwcYaUYV]w]VcYab][Y\XYabcYgc`]UVYU_YhX 

U[e]ooWa]UixxYabcYa]hcYabWaY]aYaWmc[YaUYhWmcYUicYU[e]ooWa]UikYyiVYabWaY][YoWh\VWYV]w]VcV 

\XYwuYabWaY][YabcYgc`]UVkYyiVY[UYZYbWwcYaUYhsoa]goXYab][Y\XYwYV]w]VcVY\XYoWh\VWkY{UYab][ 

][Y`cWooXYrbWaYrcYeWooY_`ctscieXkYyiVY[UYiUrYXUsY^caYabcYgUrc`kYyiVY[UYXUsYeWi 

V`]wcxxYXUsYeWiYhUwcYcic`^XY_`UhYUicYgU]iaYaUYWiUabc`Yr]abUsaYWiXYhW[[YhUw]i^k 

yooY`]^bak 

Tb][Y][YWiY]VcWoYhUhciaY_U`YWY\`cWmYWiVY_U`YWY_Wabc`oXYaWomkYZzwcYbWVY[UhcYwc`X 
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]iac`c[a]i^YchW]oYcvebWi^c[Yr]abYts]acYWY_crYU_YXUskYyiVYW[YWY`c[soaYU_YabWauYZYbWwc 

Vce]VcVYaUYoUrc`YabcY�MUYU_YabcYh]i]Yts]ppc[YaUYJUYWiVYaUY`W][cYabcYbUhcrU`mY_`Uh 

�MUYgc`eciaYaUY�JUkYZYab]imYabWazooYhWmcYg`U\W\oXYhU[aYU_YXUsYbWgg]c`Y\saYiUaYWook 

{UhcYU_YabchYabUs^baY]aYrW[Y_]icuY\saYZYab]imYhU[aYU_YXUsYr]ooY\cYbWgg]c`kYyiVYZzoo 

hWmcYabWaYebWi^cYab][YW_ac`iUUiYUiYabcYrc\[]acY[UYXUsYr]ooY[ccYabWaY`c_oceacVYrbci 

XUsYoUUmYaUhU``UrYhU`i]i^k 

ZYr]ooYWo[UY\cYhU`cYeW`c_soYabWaYabcYgcUgocYbc`cY]iYabcY_`UiaY`UrYVUizaYbWwcY_]wc 

h]isac[YWiVYabcYgcUgocY]iYabcY\WemYhWX\cYUioXYUicYh]isackYyiVY[UYabc`c_U`cuYZYr]oo 

hWmcY[s`cYabWaYcWebYUicYU_YXUsuY_`UhYiUrYUiuYbW[YabcY[WhcYWhUsiaYU_Ya]hckYyiV 

[UYrbWaYZzhYW[m]i^YXUsYiUrY][YaUxxYiUaYaUY[aW`aYsia]oYcwc`XUicYbW[kYyiVYabciYZYr]oo 

\oUrYabcYrb][aocuYWiVYabciYZYr]ooY^]wcYXUsY_]wcYh]isac[kY{UY]_YXUsY[aW`aYbWiV]i^Yab][ 

Usak 

Rn�Z{T}SVYO/k 

fgPhijjPgk	 ZzhYiUrY^U]i^YaUYebWi^cYabcY\UsiVW`XYeUiV]a]Ui[Yrb]ebY][Y[Uhcab]i^YabWaYXUsYr]oo 

iccVYwc`XYhsebY_U`YXUs`Yg`U\ochY[cakY�c`cY][YWY[a`]i^xxYhs�uYw�kYyiVYbc`cY][YW 

[a`]i^xxYhs|uYw|kYyiVYU\w]Us[oXuYabcXYW`cYWaYabcY[WhcYaci[]UixxYUicY[a`]i^kYyiVY[U 

w�Y][YabcY[tsW`cY`UUaYU_YTYV]w]VcVY\XYhs�uYWiVYw|Y][YabcY[tsW`cY`UUaYU_YTYV]w]VcVY\X 

hsY|kYZYr]ooYeWooYab][YgU]iaYbc`cuY_U`Y[]hgo]e]aXuYvYctsWo[YMxxYabWaY][YabcY�siea]UikYyiV 

ab][Y][YabcYXYV]`cea]UiuYWiVYab][Y][YabcYvYV]`cea]Uik 

yiVYZzhY^U]i^YaUYbWwcYWYrWwcYeUh]i^Y]iY_`UhYabcYoc_auYrb]ebYZYeWooYabcY]ie]VciaYrWwcx 

xY]ie]VciakYZYr]ooY^]wcYabWaYWiY]uYhUw]i^Y]iYab][YV]`cea]UikYyiVYabciYabc`cYr]ooY\cYW 

`c_ocea]UiuYrb]ebYZYeWooY`uY[Uhcab]i^YhWXYeUhcY\WemYrbciY]aY^Uc[Y]iaUYab][YV]`cea]Uixx 

\UabY]iYhcV]shY�kYTb][Y][YhcV]shY�YWiVYab][Y][YhcV]shY|kYyiVYabciY[Uhcab]i^Y][ 

\c]i^Ya`Wi[h]aacVY]iaUYabcY[ceUiVYhcV]shxxYZYr]ooY^]wcYabWaY[s\[e`]gaYa`kYyiVYabWaY][ 

^U]i^Y]iaUYhcV]shYish\c`Y|kYyiVYabWaz[YrbWaYZYrWiaYaUYcwWosWacYiUrk 

qUrYZYbWwcY\UsiVW`XYeUiV]a]Ui[YWaYvYctsWo[YMkYZYaUoVYXUsYcW`o]c`uYWooYU_YXMHYbWi^[ 

aU^cabc`xxYabcYrWwcYctsWa]Ui[YWiVY\UsiVW`XYeUiV]a]Ui[kYyiVYabWaz[Ya`sckYTbc 

\UsiVW`XYeUiV]a]Ui[Y][YabWaYWaYvYctsWo[YMuYX�Yhs[aY\cYX|uYsioc[[YabcY[a`]i^Y\`cWm[k 

{UYabcYXY`]^baYbc`cYhs[aY\cYabcY[WhcYW[YabcYXY`]^baYabc`ckYOabc`r][cYabc`cYrUsoVY\c 
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WY\`cWmYU_YabcY[a`]i^kY�saYiUaYUioXYabWakYVX�YVvYhs[aYWo[UY\cYVX|YVvkYZ_YabWaYrc`cYiUa 

abcYeW[cuYabWaYrUsoVY\cYWYm]imY]iYabcY`UgcYWaYabcY�siea]UikYyiVYWYm]imYrUsoVYhcWi 

abWaYabc`cY][YWYaWi^ciaYbc`ckYyiVYabWaYabc`cz[YWYaWi^ciaYbc`cuYrb]ebYrUsoVY^]wcYWYica 

_U`ecYVUriuY\saYabcY�siea]UiY]a[co_YbW[YMYhW[[k 

yiVY[UYabWaYrUsoVY^]wcYWiY]i_]i]acYWeecoc`Wa]UikY{UYXUsYeWiYicwc`YbWwcYWYm]imY]iYW 

[a`]i^uYiUaYcwciYrbciY]aY][YeUiiceacVYo]mcYab][Yr]abYWiUabc`Y[a`]i^kY{UY]aYhs[aY\c 

[Uhcab]i^YabWaY][YWorWX[Y_os]VYbc`cxxYeUsoVY\cYo]mcYabWauYU`YeUsoVY\cYo]mcYabWauY\saY]a 

eWiiUaY\cYo]mcYab][kYyiVY[UYabWaz[YabciYabcYeUiV]a]UiYabWaYabcYVc`]wWa]wcxxYabcY[gWa]Wo 

Vc`]wWa]wcY_`UhYabcYoc_axxYhs[aY\cYabcY[WhcYW[YUiYabcY`]^baY[]VckY{UYocaYs[Y[aW`aYr]ab 

WiY]ie]VciaYrWwcxxYeUhc[Y_`UhYabcYoc_akYyiVY[UYX�uYX]uY]uYabWaz[Y]ie]VciaYbW[Y[Uhc 

Whgo]asVcYyYU_Y]xxYabWaY][YabcYWhgo]asVcYU_YabcY]ie]VciaY�Ya]hc[YabcY[]ick 

yiVYZzhY^U]i^YaUYr`]acYab][YiUrkYZYeWiYr`]acY]aY]iYhWiXYV]__c`ciaYrWX[Y\saYZzhY^U]i^YaU 

r`]acYab][YiUrYW[YUhc^WY�aYh]is[Ym�vkYTbWaz[YeocW`oXYWYa`Wwco]i^YrWwcYabWaYhUwc[Y]i 

abcYgos[YV]`cea]UiY\ceWs[cYabcY[]^i[YW`cYV]__c`ciakYyiVYiUrYZYbWwcYWY`c_oceacVYrWwcxx 

Whgo]asVcYyY`c_oceacVYa]hc[YabcY[]icxxYU\w]Us[oXYabcY[WhcY_`ctscieXkYqUrYZY^UaYgos[ 

m�Ya]hc[YvkYqUa]ecYabcYV]__c`ciecY]iY[]^ikYTb][YUicY][Y^U]i^Yab][YrWXuYab][YUicY][ 

eUh]i^Y\Wemk 

TbcYWhgo]asVc[YW`cYV]__c`ciauY\saYabcYmz[YW`cYabcY[WhcY\ceWs[cYabcYrWwcoci^abY]i 

hcV]shY�Y][YabcY[WhckYTbcYmY][Y|Yg]YUwc`YoWh\VWkYyiVYabWaYrWwcoci^abY][YiUaY^U]i^ 

aUYebWi^cY_U`Yab][YrWwcYW[Y]aY][Y_U`Yab][YUickYyiVY[UYiUrYZY^caYaUYa`Wi[h]aY]axxYUicxx 

ab][YWhgo]asVcYa`Wi[h]aY]axxYa]hc[YabcY[]icYU_YabcY[WhcYUhc^WkY�ceWs[cY]_Yab][ 

�siea]UiY[bWmc[YsgYWiVYVUriYr]abY_`ctscieXYUhc^WuYabWaz[YabcY[WhcY_U`Y\Uab 

hcV]WkY{UYUhc^WY][YWY^]wcikY�UsYeWizaYebWi^cYUhc^WkY�UsYeWizaY[WXYUhc^WY][ 

V]__c`ciaY_`UhYabcY`]^baY[]VcYabWiY]aY][Y_U`YabcYoc_aY[]Vck 

ZiYUabc`YrU`V[uYUhc^WY�Y][Yw�Ya]hc[Ym�uY\saY]aY][YWo[UYabcYw|Ya]hc[Ym|xxY]aY][YabcY[Whc 

Uhc^WkYyiVY[UYZY^caYbc`cYh]is[Ym|Ya]hc[YvkY{UYab][Y^Uc[Y]iaUYabcY[ceUiVYhcV]shk 

TbcYh]is[Y[]^iY]iV]eWac[YabWaY]az[Y^U]i^Y]iYab][YV]`cea]UiuY\saYabcYm|Y][YV]__c`cia 

\ceWs[cYabcY[gccVY][YV]__c`ciaxxY\ceWs[cYw|Y][YV]__c`ciaY_`UhYw�kYyiVY[UYr]abYabc 

[WhcY_`ctscieXuYZY^caYWYV]__c`ciaYwWoscY_U`YmkY{UY]_YiUrYZY^UYaUYhXY\UsiVW`X 
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eUiV]a]Ui[uYX�YctsWo[YX|uYrb]ebYXUsY[ccYbc`cuYabciYZY^caYabc`cYabWaYyYU_Y]kY{UYv 

ctsWo[YMkYyaYWiXYhUhciaY]iYa]hcuYZYhs[aYhccaYabWaYeUiV]a]UikY{UYyYU_Y]Ygos[YyYU_Y` 

hs[aY\cYyYa`kYZ_YiUauYabciYabcY[a`]i^YrUsoVY\`cWmk 

ZYeWiYiUrYaWmcYabcYVc`]wWa]wcYU_YhXY_siea]UiuYVX�YVvkYyiVY[UYrbciYZYVUYabWauYZY^caYabc 

_]`[aYUicY][Y^U]i^YaUY\cYWiYyYU_Y]kYyiVYabciYabcYVc`]wWa]wcYW^W]i[aYvY^]wc[YhcYWYh]is[ 

m�Ybc`ckYyiVYabciYZY^caYWYeU[]icYU_YUhc^WY�aY\ceWs[cYvYrW[YMY`chch\c`kY{UYZY^caYW 

eU[]icYUhc^WY�aY\saYcWebYac`hYr]ooYbWwcYWYeU[]icYUhc^WY�akY{UYZYr]ooYVshgYWooYabc 

eU[]icYUhc^WY�az[kY{UYZY^UYaUYhXYicvaYUicYrb]ebY^]wc[YhcYiUrYgos[YyYU_Y`Ya]hc[Ym�k 

yiVYabWaYiUrxxYab][Y][Y[UuYab][Y][YabcYoc_aY[]VckYTb][Y][YhXYVX�YVvkYyiVYhXYVX|YVvY]iYhX 

[ceUiVYhcV]shY][YiUrYab][YUickYQ]wc[YhcYWYh]is[YmY|Ya]hc[YyYa`Wi[h]aacVYa]hc[ 

h]is[Ym|uYWiVYZYVshgYabcYeU[]ick 

{UYab][Y][YabcY[ceUiVYctsWa]UikYyiVYXUsYeUsoVY[UowcYabc[cYarUYctsWa]Ui[YcW[]oX 

cvecgaYXUsYbWwcYab`ccYctsWa]Ui[xxYarUYctsWa]Ui[Y[U``XxxYr]abYab`ccYsimiUri[kY�Us 

bWwcYy]uYy`uYWiVYyYa`Wi[h]aacVkYyiVYU_YeUs`[cuYXUsYeWiiUaY[UowcYarUYctsWa]Ui[Yr]ab 

ab`ccYsimiUri[uY\saYrbWaYXUsYeWiY_]iVxxYabWaY][YabcYUioXY^UWoYZYbWwcxxY][YabcY`Wa]UYU_ 

abcYWhgo]asVcYU_YrbWaYeUhc[Y]iYUwc`YrbWaYeUhc[Y\WemkYTbWaz[YhXYrbUocY^UWokYZ_YXUs 

eWoesoWacY_U`Yab][YUicuYm�YUwc`Ym|uYWiVYXUsY[s\[a]asacYabWaY]iYbc`cuYabciYXUsYeWi 

`cgoWecYabcYmz[Y\XYabcY`Wa]U[YU_Ywz[kY�UsY[ccYabWaNY{UYXUsYaWmcYm�YV]w]VcVY\XYm|uYWiV 

XUsY^caY`]VYU_YXUs`Ymz[k 

{UYrbciYXUsYVUYabWauYXUsY^caYyYU_Y]Yh]is[YyYU_Y`Ya]hc[Yw|xxYctsWo[YyYa`Wi[h]aacV 

a]hc[Yw�kY{UYabWaY\XY[]hgoXYeUh\]i]i^Yabc[cYarUkYyiVY[UYiUrYWooYXUsYbWwcYaUYVUY][ 

eWoesoWacYabcY`Wa]U[YU_YabU[cYWhgo]asVc[Y_U`Yab][YctsWa]UixxYUicYctsWa]UiYr]abYab`cc 

simiUri[uYWiVYabcY[ceUiVYctsWa]UiYr]abYHYsimiUri[kYyiVYrbWaYeUhc[YUsaYU_YabWaxx 

ab][Y][YWo[UYrU`mcVYUsaY]iYl`ciebxxYrbWaYeUhc[YUsaYU_YabWaY][YabWaYabcY`c_oceacV 

Whgo]asVcYUwc`YabcY]ie]VciaYWhgo]asVcY][Yw|Yh]is[Yw�uYV]w]VcVY\XYw�Ygos[Yw|kYyiVYy 

a`Wi[h]aacVYV]w]VcVY\XYWhgo]asVcYU_YabcY]ie]VciaY�Y][Y|w|YV]w]VcVY\XYw�Yh]is[Yw|k 

{Uhca]hc[YZYeWooYab][Yr]abY[bU`abWiVYiUaWa]UiYTuY`c_ocea]w]aXkYZaz[YabcY`Wa]UYU_ 

Whgo]asVc[kYyiVY[Uhca]hc[YZYeWooYab][Y[bU`abWiVYiUaWa]UiuYT`uYrb]ebY][Ya`Wi[h]a]w]aX 

abcY`Wa]UYU_YabcYWhgo]asVcYabWaYgcica`Wac[YabcY[ceUiVYhcV]shYV]w]VcVY\XYabcYUic 

2:
 



abWaYeWhcY]ikY�saYabWaz[Y�s[aYhXY[bU`abWiVYiUaWa]UikYncYeWiYiUrYVUY[UhcY]iac`c[a]i^ 

cvWhgoc[kYyiVYXUsYr]ooY\c^]iYaUYsiVc`[aWiVYrbWaY][YbWggci]i^Ybc`ckYTWmcYWi 

cvWhgocuY_U`Y]i[aWiecuYabWaYhsY|Y][Y]i_]i]acoXYoW`^ckYTbWaz[YWYrWookY{UY]iYUabc`YrU`V[u 

abWaY[ceUiVY[a`]i^Y][YWYrWookYZ_YabWaY[ceUiVY[a`]i^Y][YWYrWoouYXUsY\caac`Y\co]cwcY]aYabWa 

abWaYgU]iaYeWiiUaYhUwckYTbcY]ieUh]i^YrWwcYeUsoVizaYgU[[]\oXYhUwcYabcYrWookY{UYab][ 

][YabcY[WhcYW[YrbWaYrcYcW`o]c`YeWoocVxxY]az[YWY_]vcVYciVk 

ZiYUabc`YrU`V[Yw|Y][YMkYT]^baNY�ceWs[cY]_Yhs|Y][YuY]i_]i]aXYabciYw|Y][YMkY{UYiUrYZY^UYaU 

abU[cYctsWa]Ui[YWiVYZY[WXYrbWaY][YiUrYTNYw|Y][YMkYncooY]_Yw|Y][YMuYZY^caYh]is[Y�kY�cXu 

bcXkYj]is[Y�xxYabWaYhcWi[YrbciYWYhUsiaW]iY`Uoo[Y]iuYrbWaYeUhc[Y\WemN 

lmnNioQik yYwWoocXk 

fgPhijjPgk yYwWoocXkYyiVYrbciYWYwWoocXY`Uoo[Y]iuYrbWaYeUhc[Y\WemNYyYhUsiaW]ikYyiVYrczwcY[cci 

abWakYncYVchUi[a`WacVY]aYoW[aYa]hcxxYWY_]vcVYciVkYyiVYrbWaYVUYXUsYab]imYabcYT`Y][ 

^U]i^YaUY\cNYnbWaYVUYXUsYab]imY]az[Y^U]i^YaUY\cN 

lmnNioQik Mk 

fgPhijjPgk MkYqUab]i^Y^UYab`Us^bkYyiVYoUUmYWaY]akYZ_Yw|Y^Uc[YaUYpc`UuYT`Y][YMkY{UYW`cizaYrcYbWggXN 

TWmcYiUrYWiYcvWhgocYabWaYw�Y][Y[hWooc`YabWiYw|uY]iYUabc`YrU`V[uYhsY�Y][YoW`^c`YabWi 

hsY|kYnbciYrcYbWwcYWYeW[cYo]mcYabWauYiUa]ecYabWaYTY][YWorWX[YoW`^c`YabWiYMkYZ_Yw�Y][ 

[hWooc`YabWiYw|xxYab][Y][YWY[gccVYiUrkYTb][Y][YWorWX[YoW`^c`YabWiYMkYnbWaYabWa 

hcWi[xxY�s[aYWY[ceUiVuYZzooY^]wcYXUsYWYebWieckYnbWaYabWaYhcWi[Y][YabWaYWYhUsiaW]i 

eUhc[Y\WemYW[YWYhUsiaW]ik 

qUrYabcYWhgo]asVcYU_YabcYhUsiaW]iYr]ooY\cYebWi^cVuY\saY]aYeUhc[Y\WemYW[YW 

hUsiaW]iY\ceWs[cYabWaz[YabcYgos[Y[]^ikYyiVYiUa]ecYabWaYabcYa`Wi[h]a]w]aXY][YWorWX[ 

oW`^c`YabWiYMkYZaYicwc`Y^ca[YWYh]is[Y[]^ikYO_YeUs`[cY]aYeWiiUaY^caYWYh]is[Y[]^ikYTbWa 

XUsYeWiYcvgoW]iYaUYXUs`Ym]VY\`Uabc`Y\ceWs[cY]_YWYhUsiaW]iYeUhc[Y]iYbc`cuYabWaYgU]ia 

][Y^U]i^YaUYhUwcYsguYiUYhWaac`YrbWakYyiVY]_Yab][YgU]iaY][Y^U]i^YaUYhUwcYsguYrbWa 

^Uc[Y]iaUYabcY[ceUiVYhcV]shY][YWYhUsiaW]ikYyiVY]_Yab][YgU]iaY^Uc[YVUriuY\ceWs[cY]a 

][YWYwWoocXuYabWaz[YrbWaY^Uc[Y]iaUYabcY[ceUiVYhcV]shY][YWYwWoocXkY{UY]aY][YeUhgocacoX 

oU^]eWoYabWaYbc`cYXUsYicwc`YeWiY^caYWYh]is[Y[]^iuY\saYbc`cYXUsYeWikYTbc`cYrW[YW 
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tsc[a]Uik
 

lmnNioQik	 {bUsoVizaYabcYVciUh]iWaU`Y\cYRZqyWfZ�}SVN 

fgPhijjPgk	 TbWimYXUsYwc`XYhsebkYjXY^UUVic[[kYOUUbkY�c[uYw�Ygos[Yw|kYTbWimYXUsYwc`XYhsebk 

TbWimYXUsYwc`XYhsebkY{UYiUrYrcYaWmcYWiYcvWhgocYkYrb]ebY][YW\[UosacoXYab`]oo]i^xxYw 

�YctsWo[Yw|kYTbWaYhcWi[YhsY�YctsWo[YhsY|kYTbWaz[YWiUabc`YrWXYU_Y[WX]i^Yabc`cY][ 

iUY�siea]UikYZaz[Y�s[aYUicY`UgcxxYWooYabcY[WhcYhWac`]WokYncooY]_Yabc`cz[YUicY`UgcYr]abYWoo 

abcY[WhcYhWac`]WouYVUYXUsYab]imYU_YWiXab]i^Yr]ooY`c_oceaNYO_YeUs`[cYiUakY{UYZYg`cV]eau 

r]abUsaYcwciYoUUm]i^YWaYabcY`c[soauYabWaYTY][YMYWiVYabWaYabcYa`Wi[h]a]w]aXY][Y^U]i^YaU 

gos[Y�kY}caz[YebcemYabWakYnbciYw�Y][Yw|uYab][Y][Ypc`UkYyiVYrbciYw�Y][Yw|xxYXUsY�s[a 

eU``ceacVYhcYWaYabcY`]^baYa]hcuY\XYabcYrWXuYrbciYw�Y][Yw|uYXUsY[ccYabWaYab][Y^Uc[YaU 

gos[Y�kYn]abYWYh]is[Y[]^iuY]aYrUsoVzwcY^UicYaUY]i_]i]aXkYZYrUsoVzwcYeWs^baY]akY�saYXUs 

^UaY]aYcW`o]c`k 

O/Y[UYiUrYocaz[YVUYWY[gce]_]eYcvWhgocYrbc`c\XYrcY^]wcY[UhcYish\c`[Y\ceWs[c 

abWaz[YrbWaYZYgoWiYaUYVchUi[a`WackY{UYabcYcvWhgocYabWaYZYbWwcY]iYh]iVY][YabWaYw�Y][ 

|w|kY{UYw�Y][Y|w|kYZiYUabc`YrU`V[uYhsY�Y][Y�T|YhsY|kYZ_YZYgsaYabWaY]iYabWaYctsWa]UiuYZ 

_]iVYabWaYTYctsWo[Yh]is[Y�THuYWiVYZY_]iVYabWaYabcYRNYa`Wi[h]a]w]aXYNVY][Ygos[Y|THkYTbWaz[ 

�s[aYWYhWaac`YU_Y[a]em]i^YabU[cYish\c`[Y]ikYyiVYabWaYhcWi[YabciYabcY_UooUr]i^kYTbWaY]_ 

ab][Y][YhXY]ie]VciaYrWwcxxY[UYab][Y][YiUrYabcY]ie]VciaY�kYyiVY]ie]VciaY�uY]aYbW[YWi 

Whgo]asVcY�kYyiVY][YhUw]i^Y]iYab][YV]`cea]Uik 

TbWaYabcY`cas`i]i^YUicYbW[YWiYWhgo]asVcYrb]ebY][YHYa]hc[Y[hWooc`YWiVY]aY][Y_o]ggcV 

Uwc`uY\saY]aYbW[YabcY[WhcYoci^abY\ceWs[cY]aYbW[YabcY[WhcY[gccVkY{UY[sggU[cYabc 

`cas`i]i^YUicYrc`cYbc`cuYabciYXUsYrUsoVY[ccYabcY`cas`i]i^YUicYr]abYUioXY�THYU_Y]a[ 

Whgo]asVckYTbWaz[YW\UsaYbc`ckY{UYXUsYrUsoVY[ccY[Uhcab]i^Yo]mcYab][YWiVY]aYr]ooY\c 

hUw]i^Y]iYab][YV]`cea]UikYyiVYab][YWhgo]asVcY][Y�THk 

yiVYiUruYrbWaY^Uc[Y]iaUYabWaYhcV]shYish\c`Y|Y][YWYgso[cYr]abY|THYabcYWhgo]asVck 

{UYab][Y][YabcY|THYhW`mkY{UYabcYWhgo]asVcY][YUioXY|THY\saY[]iecYabcY[gccVY][YoUrc` 

\ceWs[cxxYiUa]ecYabcY[gccVY][YoUrc`kYTbc`c_U`cY]aY[b`]im[kYyiVY[UYiUaYUioXYr]ooY\cYabc 

Whgo]asVcY\cY|THYU_YabcY]ie]VciaY�uY\saYab][Yoci^abYr]ooYUioXY\cYbWo_kYyiVY[UYXUsYr]oo 

[ccYab][kYyiVYab][Y][YiUrY|THkYyiVYab][Y][YhUw]i^Yr]abYwcoUe]aXYw|kYTb][Y][YhUw]i^Yr]ab 
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wcoUe]aXYw�kYyiVYab][Y][YhUw]i^Yr]abYwcoUe]aXYw|kY{UYabWaz[YabcYhcWi]i^YU_YTYWiVYT`k 

Tbc`cYrW[YWYtsc[a]UiYbc`ck 

lmnNioQik RZqyWfZ�}SV 

fgPhijjPgk hs�uYw�Y][Y|w|kYTbcYicrYUicY][Y�T|Yhs|kYZ[YabWaYr`Ui^N 

lmnNioQik RZqyWfZ�}SV 

fgPhijjPgk �UsYbWwcYWY^UUVYgU]iakY}caz[Y�s[aY`chUwcY]ak 

R}yWQ�TSTV 

fgPhijjPgk O/YiUrNYTbWimYXUskY{UYab][YiUrYZYrWiaYaUYVchUi[a`WackYyiVYabcYrWXYrcz`cY^U]i^YaU 

VchUi[a`WacY][Yrcz`cY^U]i^YaUYs[cYab][YhWeb]ickYyiVYab][YhWeb]icYWooUr[YhcxxYab][ 

bW[YWYhcV]shYbc`cYrbc`c\XYabcY[gccVY][Yar]ecYW[Yb]^bYW[YabcY[gccVYbc`ckYZzh 

^U]i^YaUY^cic`WacYbc`cYWYhUsiaW]ikYyiVYabcYhUsiaW]iYr]ooY^UY]iaUYabWaYhcV]shkYyiV 

abcY_]`[aYab]i^YZYrWiaYXUsYaUYiUa]ecY][YabWaYW[Y]aYciac`[Yab][YhcV]shuYrbc`cYabcY[gccV 

][YoUrc`xxYabcY[gccVY][Yb]^bc`Ybc`cYabWiYabc`ckYZYrWiaYXUsYaUY[ccYarUYab]i^[kYTbWa 

_]`[aYU_YWooYabcYhUsiaW]iY^Uc[Yab`Us^bYW[YWYhUsiaW]ixxYrbWacwc`Y^Uc[Yab`Us^bYhs[a 

WorWX[YbWwcYabcY[WhcYgUoW`]aXkYZ_YWYhUsiaW]iYeUhc[Y]iuYWYhUsiaW]iY^Uc[Yab`Us^bk 

{UYoUUmYWaYarUYab]i^[kYTbcYhUsiaW]iY`chW]i[YWYhUsiaW]iYWiVY]aYr]ooY[b`]imkYyiVYabci 

oWac`YrcYr]ooYoUUmYWaYabcY`c_ocea]UikYO/NY{UYbc`cxxUbYrcYbWwcYaUYhWmcY]aYeUhgocacoX 

VW`muYVUizaYrcY_U`Yab][NYZYab]imYabWaz[YhU`cY`UhWia]euYXcWbYabWaz[YrbWaYabcXYo]mckYO/u 

[UYZzhY^U]i^YaUY^cic`WacYbc`cYWYhUsiaW]iYW[Y_W[aYW[YZYeWikYTbcY[gccVYbc`cY][YoW`^c` 

abWiYabcY[gccVYUwc`Yabc`ckYyiVYXUsYr]ooY[ccYabWaYabcYgUocY[b`]im[uY\saYabcYhUsiaW]i 

`chW]i[YWYhUsiaW]ikY�UsY`cWVXY_U`YabWaNYf]VYXUsY[ccYabWaYabcYhUsiaW]iY`chW]i[YW 

hUsiaW]iNYyiVYV]VYXUsY[ccYabWaY]aY[b`]im[N 

ZYiccVY[UhcYo]^baY\ceWs[cYZYab]imYZxxYZY\`UmcY[Uhcab]i^YW^W]ik 

R}yWQ�TSTVYk 

fgPhijjPgk qUYg`U\ochxxY_]vcVkYO/YiUrYrcYrWiaYaUYVUY[Uhcab]i^Yco[ckYqUrYZYrWiaYXUsYaUY[cc 

abWaYrbciYZYV`]wcY]iYWYhUsiaW]iuYabWaYWYhUsiaW]iY^Uc[Yab`Us^buY\saYabcYwWoocXYeUhc[ 
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\WemkYyiVYabcYwWoocXYabWaYeUhc[Y\WemYbW[YabcY[WhcYoci^abYW[YabcY]ie]VciaY�xxYabWaY][ 

abcYh]is[Y�THY`chch\c`NY{UYabcYwWoocXY][Ywc`XY[bWooUrY\saYabcYhUsiaW]iYr]ooYeUhc 

\WemYW[YWYwWoocXYrbciY]aYb]a[Yab][YgU]iaYbc`ckY{UYrcYbWwcYWo`cWVXY[cciYabWaYabc 

hUsiaW]iY^Uc[Yab`Us^bYW[YWYhUsiaW]ikY�UsYbWwcYWo`cWVXY[cciYabWaYabcYgUoc[Y^ca 

[bU`ac`kYyiVYiUrYXUsz`cY^U]i^YaUY[ccYabWaYrbciY]aYb]a[Yab][YgU]iauYabWaYabcY`c_ocea]Ui 

r]ooY\cYh]is[Y�THY[UYabcYhUsiaW]iYr]ooYeUhcY\WemYW[YWYwWoocXk 

�UsY`cWVXY_U`Yab][NYyiVYabc`cY]aYeUhc[kY~UsoVYXUsY[ccY]aNYTbWaY]aYeWhcY\WemYW[YW 

wWoocXNY{UYZzooYa`XYW^W]ixxYXUsY[ccYabcY[gccVY][Ywc`XYb]^bkYTbWaz[YabcYg`U\ochkY{UY]az[ 

wc`XYbW`VYaUY[cckYZzooYa`XYUiecYhU`ckY�cWbuYXcWbkYZYeUsoVY[ccYabWaYabcYhUsiaW]iYeWhc 

\WemYW[YWYwWoocXkYZiY_WeauYrbWaYrUsoVYbWggciY]_YZYV`]wcYWYhUsiaW]iY]iY_`UhYab][YciVk 

nbWaYr]ooYeUhcY\WemNYyYhUsiaW]iYU`YWYwWoocXNY{UY]_YZYVUY]aY_`UhYabWaYciVuYabc 

hUsiaW]iY`cas`i[YW[YWYwWoocXkYZ_YZYVUY_`UhYab][YciVuYabcYhUsiaW]iYhs[aY`cas`iYW[YW 

hUsiaW]ikY{bWooYrcYaWmcYWYoUUmYWaYabWaN 

lmnNioQik �UsY\`UmcY]aYW^W]ik 

fgPhijjPgk yiVY]aYeUhc[Y\WemYW[YWYhUsiaW]ikYZzooYVUY]aYUiecYhU`ck 

R}yWQ�TSTV 

fgPhijjPgk ZYab]imYZY\`UmcYabWaYUicYaUUkY�cWbk 

R}yWQ�TSTV 

fgPhijjPgk �UXkYZYUioXYbWwcYUicYg`U\ochkYyiVYabWaYg`U\ochY][Y^U]i^YaUY\cYXUs`Yg`U\ochkYyiV 

abWaY][YabcY_UooUr]i^kYZYrUsoVYo]mcYaUYcvgoU`cYiUrYabcYgU[[]\]o]aXYabWaYhs|Y][Y^U]i^YaU 

\cYMkYTbWaYhcWi[Yw|YbW[Y\ceUhcY]i_]i]acoXYb]^bkYZ_Yhs|Y][YMuYabc`cY][YiUab]i^Ybc`ckYZa 

hcWi[Yabc`cY][Yaci[]UiYUiYabcY`UgcuY\saYabc`cz[YiUab]i^Ybc`ckYZaz[YchgaXkYncYeWooYabWa 

UgciYciVk 

{UY]hW^]icY]iYXUs`YbcWVYabWaz[Y[Uhcab]i^YbUoV]i^Y]aYa]^bakYTbcYciVYeWiYhUwcY_`ccoXu 

abWaz[YiUYg`U\ochuY\saYabc`cY][YiUYhW[[Yabc`ckYTchch\c`Y]aYrW[Yo]mcYabcYhW[[oc[[ 

[a`]i^YWiVYabcY`UVkY{UYiUrY]iYab][YeW[cuYrb]ebY][Y`cWooXYWiYUgciYciVuYabc`cY][YiUab]i^ 

]iYhcV]shY|kYZYeWiYiUrY^UYaUYhXYctsWa]UiYWiVYW[mYrbWaYTY][kYyiVYZYr]ooY\cYwc`X 
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gocW[cVYrbciYhs|Y][YMYWiVYw|Y^Uc[YaUY]i_]i]aXkYnbciYw|Y^Uc[YaUY]i_]i]aXuYab][Y][Ygos[ 

�xxYhUsiaW]iYeUhc[Y\WemYW[YWYhUsiaW]ikYyiVYWooYU_YXUsYg`cV]eacVYabWaYoW[aYa]hcxxYWi 

UgciYciVYWYhUsiaW]iYeUhc[Y\WemYW[YWYhUsiaW]ikYnbUUgcckYdbX[]e[YrU`m[kYnbWa 

VUYXUsYab]imY][Y^U]i^YaUY\cYabcYRNYa`Wi[h]a]w]aXNYNV 

lmnNioQik Mk 

fgPhijjPgk MYXcWbkYTbWaz[YrbWaYXUsYab]imkYdsaY]iYabc`cYw|YctsWo[Y]i_]i]aXkYqUrYabWaYaWmc[YXUsY\X 

[s`g`][cxxYgos[Y|kY�UoXY[hUmck 

R}yWQ�TSTV 

fgPhijjPgk nbWaY][Y^U]i^YUiYbc`cNYZ_Yab][Yrc`cYa`scuYrcYrUsoVYbWwcY[UowcVYabcYcic`^XYe`][][YU_ 

abcYrU`oVkY�ceWs[cYWYgso[cYeUhc[Y]iYWiVYabcYrbUocYgso[cYeUhc[Y\WemkYSwc`Xab]i^ 

abWaYrciaY]iYeUhc[Y\WemxxYhUsiaW]iYeUhc[Y\WemYW[YWYhUsiaW]ikY�saYabc`cz[ 

[Uhcab]i^Y]iYWVV]a]UiYabWaY^Uc[Y]iaUYiUab]i^kYZYrWiaYXUsYaUYab]imYW\UsaYab][YWiVYXUs 

hWXYiUaY\cYW\ocYaUY[occgYaUi]^bak 

R}yWQ�TSTV 

fgPhijjPgk yiVY]_YXUsYeWizauY]aY][YiUaYhXY_WsoakYZaz[YabcY_WsoaYU_YgbX[]e[kY{ccYXUsYicvaYa]hck 

25 



 
  

  
  

MIT OpenCourseWare 
http://ocw.mit.edu 

8.03 Physics III: Vibrations and Waves 
Fall 2004 

For information	  about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

http://ocw.mit.edu/terms.	�
http:http://ocw.mit.edu

