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b cdefghijekgd

lm nom pqrstuvw qxm yznppuynz v{v|non}mqouy omwomppu{v |o{~ zm} {� omy{�mouvw qxm �nzrmp {�
nv rv�v{�v �rvyqu{v � � �� � �� �� � �o{} v{upt {~pmo�nqu{vp {v nv m�rus upqnvq wous �

�� � � ���� � � �� � � � �� � � � � � � �� � ���
�xmom �� nom uvsm|mvsmvq nvs supqou~rqms np � �� � � � � � lm nom y{vymovms � uqx mpqu} nq{op
�� ~npms {v �n�mzmqp � �{o nv {�mo� um� {� �n�mzmq } mqx{sp uv pqnqupquyp   pmm m �w � ¡ usn�{� uy
��¢¢¢� � £ u�mv nv {oqx{v{o}nz ¤ upyomqm ln�mzmq ¥onvp�{o} �¤l¥� ¦ � � § �� �§   smv{qm
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qxm �myq{o {� v{upt �n�mzmq y{ mä yumvqp ~t �å æç � ¦ �   qxm �myq{o {� v{upmè�omm �n�mzmq
y{ mä yumvqp ~t éå æç � ¦ �   qxm �myq{o {� mpqu} nqms �n�mzmq y{mä yumvqp ~t �éå æç � ¦ ��   nvs
qxm �myq{o {� ê�n�mzmq v{upmë y{ mä yumvqp ~t �å æç � ¦ �   �xmom ì � � �ì � í î �� up qxm
y{nopmpq �ïvmpq� smqnuz pynzm � ðq nvt wu�mv pynzm ì   qxm smqnuz y{mä yumvqp nom uvsmñms ~t
ò � �� � � � � �å � ¥xm {vzt p}{{qx y{ mä yumvq up uvsmñms ~t �ì � ò � � �î�� �� � ót qxm zuvmnouqt
{� qxm �n�mzmq qonvp�{o} ¦   uv qxm �n�mzmq s{} nuv ��� ~ my{}mp

�å æç � éå æç � �å æç � ���
�xmom   srm q{ qxm {oqx{v{o}nzuqt {� ¦   qxm �å æç ôp nom nwnuv uvsm| mvsmvq � �� � � � � � õv
�rvyqu{v mpqu} nqu{v � un �n�mzmqp   mnyx �å æç up rpms q{ {~qnuv nv mpqu} nqm �éå æç {� éå æç � ¥xm
mpqu} nqm �� up qxmv {~qnuvms r|{v n|| ztuvw qxm uv�mopm �n�mzmq qonvp�{o} ¦ ö÷ q{ �éå æç �
ø{o }nvt puwvnzp   qxm om|ompmvqnqu{v ��� up p|nopm   u �m � {vzt n �m� qorm y{ mä yumvqp éå æç
nom puwv uïynvqzt suùmomvq �o{} úmo{ � û{qu�nqms ~t qx up   ¤{v{x{ nvs ü{xvpq{vm ��¢¢ý �
|o{| {pms qxompx{zsuvw np n �nt {� mpqu} nquvw éå æç �o{} �å æç � ¥xompx{zsuvw nvvuxuznqmp qx{pm
m}|uouynz y{mä yumvqp �å æç �xuyx �nzz ~ mz{� n ymoqnuv qxompx{zs þ   nvs   |o{�usms qxnq þ up
yx{pmv êy{oomyqztë   up nv mñqom}mzt mùmyqu�m smv{upuvw qmyxvu�rm smp| uqm uqp pu}|zuyuqt�
ø{o qxm rvu�mopnz qxompx{zs þ � � �� z{w � �÷ÿ� �¤{v{x{ nvs ü{xvpq{vm ��¢¢ý ��   qxm �{ zz{� uvw
v{upmè�omm omy{vpqoryqu{v |o{| moqt x{zsp � �xmv qxm qorm puwvnz � up y{vpqnvq   qxmv   � uqx
xuwx |o{~n~uzuqt  qxm mpqu} nqm �� up nzp{ y{vpqnvq nvs m�rnz q{ qxm m}|uouynz }mnv {� ��� �§�� ÷ �¥xup up n smpuon~ zm |o{| moqt  �{o mñn}|zm   uv �n�mzmqè~npms �rvyqu{vnz nvnztpup {� �nounvym
qmpqp �ð~on}{�uyx mq nz � ����ý �� � õq mvpromp qxnq qxm omy{vpqoryqu{v up � uprnzzt n|| mnzuvw np  
npt}|q{quynzzt  uq y{vqnuvp v{ v{upm � ¥xm rvu�mopnz qxompx{zs up npt}|q{quynzzt qxm z{�mpq
pynzmèuvsm| mvsmvq qxompx{zs �xuyx pnqupïmp qxm v{upmè�omm omy{vpqoryqu{v |o{| moqt  ~rq uq up
pquzz êq{ { x uwxë uv qxm pmvpm qxnq uqp n||zuynqu{v {�qmv zmnsp q{ {�mop}{{qxuvw �
û{qu�nqms ~t qxm {�qmv {~pmo�ms smyomnpuvw p|nopuqt {� �n�mzmq y{ mä yumvqp �o{} ïvmo q{
y{nopmo pynzmp   p{}m nrqx{op xn�m |o{|{pms pynzmèsm| mvsmvq qxompx{zsp þå �xuyx {�qmv nyx um�m
~ mqqmo }mnvèp�rnom | mo�{o}nvym qxnv pynzmèuvsm|mvsmvq qxompx{zsp þ   pmm m �w � ü{xvpq{vm
nvs � uz�mo}nv ������ � õv qxup |n| mo   �m y{}~uvm qxmpm q�{ u}|{oqnvq upprmp � qxm v{upmè�omm
omy{vpqoryqu{v |o{| moqt  nvs pynzmèsm| mvsmvq qxompx{zsuvw � lm uv�mpquwnqm �xmqxmo uq up
| {ppu~ zm q{ sm�upm n pynzmèsm| mvsmvq qxompx{zsuvw pyxm}m þå �xuyx | mo�{o} p ~ mqqmo qxnv qxm
rvu�mopnz qxompx{zs uv qxm }mnvèp�rnom pmvpm   ~rq pquzz omqnuvp qxm v{upmè�omm omy{vpqoryqu{v
|o{| moqt� û{om{�mo   �m nom |noquyr znozt uvqmompqms uv qxm ynpm �xmom �m ynv u}|{pm p{}m
|non} mqouy sm| mvsmvym ~ mq�mmv qxm qxompx{zs �nzrmp �þå �� ö÷å ��   u �m � nppr}m þå � þ� �ì �   � xmom
þ� up n �n} uzt {� �rvyqu{vp |non}mqmouúms ~t n puvwzm pynzno |non}mqmo � � ¥xm onqu{vnzm xmom
up qxnq ~t yx{{puvw þå ê� {uvqztë   nvs v{q pm|nonqmzt �{o mnyx pynzm   �m ynv |{qmvqunzzt {~qnuv
n pqn~ zm pmzmyqu{v |o{ ymsrom m�mv �{o y{nopmo pynzmp �xmom {v zt n �m� �n�mzmq y{ mä yumvqp nom
n�nuzn~ zm � ¥xm �rvyqu{v þ� � uzz {�qmv ~ m om�mooms q{ np n êqxompx{zs |o{ï zmë �
¥xm |n| mo up {ownvupms np �{ zz{� p � uv �myqu{v �   �m y{vpusmo n wmvmonz v{upmè�omm omy{vè
pqoryqu{v |o{| moqt {� pynzmèsm| mvsmvq qxompx{zsuvw   zmnsuvw q{ n p| myuïy �n} uzt {� qxompx{zs
|o{ï zmp � õv �myqu{v 	   �m sm}{vpqonqm qxm }mnvèp�rnom vmnoè{|qu} nzuqt {� qxm vm� qxompxè
{zsuvw |o{ ymsrom {�mo n onvwm {� ómp{� p|nymp � õv �myqu{v ý   �m uvqo{ srym n snqnèsou�mv
qmyxvu�rm �{o pmzmyquvw qxm |non}mqmo � {� {ro |o{ ymsrom � õv �myqu{v �   qxm | mo�{o}nvym {�
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qxm vm� }mqx{s up uv�mpquwnqms uv n pu}rznqu{v pqrst� õv �myqu{v 
   �m px{� x{� q{ mñqmvs
qxm |o{| {pms }mqx{s{z{wt q{ v{vè£nrppunv v{upm supqou~rqu{vp �

� �  �d�fkj dgk����f�� f�jgd�efijekgd �fg� �fe�
¥xm mpqu} nq{o y{vpusmoms uv qxup |n| mo up qxm xnos qxompx{zsuvw mpqu} nq{o

�éå æç �þå � � �å æç �� ��å æç � � þå � � �	�
�{o ì � � � � � � � í î � nvs ò � �� � � � � �å � �{�m�mo   omprzqp nvnz{w{rp q{ qx{pm {~qnuvms uv qxup
|n| mo ynv nzp{ ~ m smou�ms �{o qxm p{�q qxompx{zsuvw ynpm � lm p� u| qx up ynpm �{o pu}|zuyuqt  nvs
srm q{ qxm uv�mou{o |onyquynz | mo�{o}nvym {� p{�q qxompx{zsuvw mpqu} nq{op   pmm m �w � ðvq{vunsup
mq nz � ���� �� � lm zmn�m qxm p}{{qx y{ mä yumvq rvyxnvwms � �éö÷æ÷ � �ö÷æ÷ � ø{o v{qnqu{vnz
pu}|zuyuqt  �m nppr}m � � � qxo{rwx{rq qxm |n|mo � õv |onyquym   qxm |non}mqmo � up {�qmv
mpqu} nqms �o{} qxm snqn � un qxm ûmsunv ð~p{zrqm ¤m�unqu{v �ûð¤ � mpqu} nq{o {v qxm ïvmpq
omp{zrqu{v zm�mz í î ��
¥xm v{o}nzuqt  uvsm| mvsmvym nvs usmvquynz supqou~rqu{v {� qxm ê�n�mzmq v{upmë y{ mä yumvqp
�å æç nom qxm �mt uvwomsumvqp {� qxm smv{upuvwè� unèqxompx{zsuvw qxm{ot srm q{ ¤{v{x{ nvs
ü{xvpq{vm ��¢¢ý � � õv |noquyrzno   qxm | {|rzno rvu�mopnz qxompx{zs uvw |o{ ymsrom up ~npms {v
qxm �{ zz{� uvw omznqu{v �{o uvsm| mvsmvq   usmvquynzzt supqou~rqms pqnvsnos v{o}nz �noun~ zmp
�å æç �

|o � }nñå�� æ���æ� ö÷ �ç� ÷æ���æ�� ��å æç � � �� z{w � �÷ÿ� � � � np � � � � �ý �� puvw �ý �   uq ynv ~ m px{�v qxnq n||zt uvw qxm pynzmèuvsm| mvsmvq qxompx{zs þå � þ � �� z{w � �÷ÿ�
uv �	� zmnsp q{ qxm v{upmè�omm omy{vpqoryqu{v |o{| moqt � u� � up n y{vpqnvq puwvnz   qxmv   � uqx
xuwx |o{~n~uzuqt  �� up nzp{ y{vpqnvq nvs m�rnz q{ qxm m}|uouynz }mnv {� ��� �§�� ÷ � õq ynv nzp{
~ m sm}{vpqonqms qxnq qxm yx{uym þ � �� z{w � �÷ÿ� t umzsp vmnoè{|qu} nz ûmnvè��rnom � oo{o
�û �� � onqmp {�mo n onvwm {� puwvnz p}{{qxvmpp yznppmp   nvs |o{srymp �uprnzzt n|| mnzuvw
omy{vpqoryqu{vp m�mv �{o omznqu�mzt p}nzz pn}|zm puúmp � � �{�m�mo   uq up �mzz �v{�v qxnq
qxm rvu�mopnz qxompx{zs {�mop}{{qxp � �{o v{vèúmo{ puwvnzp �   q{ { }ryx puwvnz wmqp � uzzms
uv qxm |o{ ympp {� qxompx{zsuvw � ¥xmom noupmp n vmms �{o z{�mo qxompx{zsp  x{�m�mo   om| znyè
uvw þå � þ � �� z{w � �÷ÿ� uv �	� � uqx þå � þ � �! z{w � �÷ÿ� �{o ! " � oruvp qxm v{upmè�omm
omy{vpqoryqu{v |o{| moqt np

|o � }nñå �� æ���æ� ö÷ �ç� ÷æ���æ�� ��å æç � � �! z{w � �÷ÿ� � #� � np � � �
u� ! " � � ¥xrp   qxm {v zt �nt {� {~qnuvuvw qxompx{zsp �xuyx nom z{�mo qxnv qxm rvu�mopnz
qxompx{zs þ � �� z{w � �÷ÿ�   ~rq   | {ppu~ zt  pquzz |ompmo�m qxm v{upmè�omm omy{vpqoryqu{v |o{|moqt 
up q{ omp{oq q{ pynzmèsm| mvsmvq qxompx{zsp þå �
ð p }mvqu{vms uv �myqu{v �  {vm {qxmo }{qu�nqu{v �{o rpuvw pynzmèsm| mvsmvq qxompx{zsp þå up
qxm �nyq qxnq �{o }nvt puwvnzp   qxm y{nopmo qxm pynzm   qxm znowmo qxm |o{| {oqu{v {� éå æç ôp �xuyx
puwv uïynvqzt s uùmo �o{} úmo{ � ót mpqu} nquvw qx{pm éå æç ôp np úmo{   �m �{rzs rvvmymppnouzt � uzz

	



puwv uïynvq uv�{o}nqu{v   nvs q{ |om�mvq qxup   qxm rpm {� z{�mo qxompx{zs px{rzs ~ m y{vpusmoms
nq y{nopmp pynzmp � õvsmms   qxm �nyq qxnq qxm p|nopuqt {�qmv smyomnpmp �o{} ïvmo q{ y{nopmo
pynzmp prwwmpqp rpuvw qxompx{zsuvw |o{ï zmp �xuyx nzp{ smyomnpm �
õv �xnq �{ zz{� p   �m smou�m n prä yumvq y{vsuqu{v �{o pynzmèsm| mvsmvq qxompx{zsp �xuyx �n�
nom z{�mo qxnv qxm rvu�mopnz qxompx{zs nvs smyomnpm �o{} ïvmo q{ y{nopmo pynzmp   nvs �~ �
|ompmo�m qxm v{upmè�omm omy{vpqoryqu{v |o{| moqt� $mq �å æç smv{qm �n�mzmq y{ mä yumvqp {� n
ê|rom £nrppunv v{upmë puwvnz nvs nppr}m qxnq | {ppu~ zt suùmomvq qxompx{zsp þå nom n||zums
nq mnyx pynzm ì � � � � � � � í î �� õq ynv mnpuzt ~ m px{�v qxnq qxm v{upmè�omm omy{vpqoryqu{v
|o{| moqt { yyrop u� nvs {vzt u�

|o %��� ö÷æ÷ � � þ� ö÷ & � � � & ��� ö÷æ�' () � � þ� ö÷ & � � � & ��� æ÷ � � þ� * � � np � � � �
¤mv{quvw qxm | s� �ys� � {� n pqnvsnos v{o}nz ~t + �, �   �m {~qnuv

|o %��� ö÷æ÷ � � þ� ö÷ & � � � & ��� ö÷æ�' () � � þ� ö÷ & � � � & ��� æ÷ � � þ� * -.
å æç

|o � ��å æç � � þå � � � ö÷.
å�� �å ��� î , �þå �� - � � ö÷.

å �� �å + �þå ��þå �

¥xrp   n prä yumvq y{vsuqu{v �{o qxm êv{upmè�omm omy{vpqoryqu{vë |o{| moqt up

zu}
�/ 0 � ö÷.

å �� + �þå ��å �þå � � � ���
lm nppr}m qxnq {ro qxompx{zsp nom {� qxm �{o} þå � �� z{w � �÷ÿ� þ� �ì � �í î ���   �xmom þ� �1 � �
�� � �� �� �2 � �� up n �n} uzt {� y{vquvr{rp   v{vsmyomnpuvw �rvyqu{vp � uqx 2 � � � 3{qm qxnq
pmqquvw þ� �1 � 4 � tumzsp qxm yznppuynz rv u�mopnz qxompx{zs � 5{vquvruvw �o{} ���   �m xn�m
� ö÷.
å�� + �þå ��å

þå �
�

�ý6 í z{w ��÷ÿ�
� ö÷.
å�� �ö� 789 � �' () �:å

þ� ; å
� ö÷< - �2 �ý6 í z{w ��÷ÿ�

� ö÷.
å�� �ö� 789 � �' () �: '�' () �

ð p í � �   uq prä ymp q{ uv�mpquwnqm �xmv qxm pr} up ~{rvsms uv í � ¥xm pr} ~mxn�mp zu�m

í = ÷� �� >?ö789 @? ABéC � �
�
õ� þ�� �C � - C {v nvt pmq {� v{vèúmo{ } mnprom uv �� � ��   qxmv �
� up v{q ~ {rvsms � D � y{ropm  
�m ynvv{q p| mn� xmom {� qxm êp}nzzmpq | mo} uqqmsë þ�� �C �   np nvt pryx qxnq þ�� �C � E 2 nvs
þ�� �C � � C n �m � � uzz s{   ~rq �{o pu}|zuyuqt �m puvwzm {rq ênz}{pq qxm p}nzzmpq | mo} uqqmsë þ�� �C �
{� qxm �{o} þ�F �C � � 2 � ��î 2 �C   �xuyx up n vnqronz z{�mo ~{rvsnot �{o qxm �n} uzt {� �rvyqu{vp
þ� �C � � �� � �� î � �C �÷ÿ�   |non}mqmouúms ~t n {vmèsu}mvpu{vnz |non}mqmo � G �2 � �� � ¥xm
mñ|omppu{v �
� up ~ {rvsms �{o nvt þ� �C � {� qxup p| myuïy �{o} nvs qxrp qxm qxompx{zs |o{ï zm

þå � �� z{w � �÷ÿ� �� � �� î � � ì
í î � �÷ÿ� �H�

|ompmo�mp qxm v{upmè�omm omy{vpqoryqu{v |o{| moqt �{o nvt � G �2 � �� � û{qu�nqms ~t qxup omprzq  
�m |o{| {pm q{ mpqu} nqm éå æç ~t qxm xnos qxompx{zs uvw mpqu} nq{o �	� � uqx þå np uv �H� � ¤rm
q{ qxm |noquyrzno �{o} {� qxup qxompx{zs |o{ï zm   �m zn~ mz qxm vm� mpqu} nq{o ê�IJ¥ë �

ý



K L k�M �fg� �fek�� g � eN � O P LQ ��e kR Segf

õv qxup pmyqu{v   �m y{vpusmo qxm û �� |o{|moqump {� qxm �I J¥ mpqu} nq{o � lm nppr}m qxnq
qxm rv�v{�v puwvnz � ~ mz{vwp q{ n ómp{� ~nzz {� ons urp T � � {v �� � ��   U VW æX �T �   �xmom Y � �
nvs � " Z � [ - � � J{rwxzt p| mn� uvw   qxm v{q vmymppnouzt uvqmwmo |non}mqmo Y uvs uynqmp qxm
vr}~mo {� smou�nqu�mp {� �   �xmom qxmuo mñ upqmvym up om�ruoms uv qxm \W èpmvpm   nvs qxrp Z
ynv ~ m � um�ms np qxm } mnprom {� uvx{}{wmvmuqt {� � � ¥xm nssuqu{vnz |non}mqmo [ |o{� usmp
n �roqxmo ïvmo wonsnqu{v � ómp{� yznppmp uvyzrsm qxm qonsuqu{vnz � ]{zsmo nvs �{~ {zm� yznppmp
{� p}{{qx �rvyqu{vp �Z � [ � � nvs Z � [ � �   omp| myqu�mzt � nvs �nou{rp yznppmp {� p|nè
qunzzt uvx{}{wmvm{rp �rvyqu{vp zu�m qxm yznpp {� �rvyqu{vp {� ~ {rvsms �nounqu{v   pnvs� uyxms
~ mq�mmv U ÷÷æ0 nvs U ÷÷æ÷ � ð zp{ v{qm qxnq u� qxm �nqxmo nvs }{qxmo �n�mzmqp xn�m omwr znouqt^ � �   qxmv qxm y{oomp| {vsuvw �n�mzmq ~npup up nv rvy{vsuqu{vnz ~npup �{o qxm ómp{� p|nympU VW æX ��� � ��� �{o � " ^ Y " ^   � " Z � [ - � � ¥xup nzz{� p {vm q{ yxnonyqmoupm ómp{� ~nzzp uv
qmo} p {� qxm �n�mzmq y{mä yumvqp é _å æç � éå æç �� ÷ÿ� {� qxm �rvyqu{v � uv qxm �{ zz{� uvw �nt�
¤mïvm qxm ómp{� pm�rmvym ~nzz {� onsurp T np

`VW æX �T � � abcé _å æç � 0.
å�� �å dX eé _å eXW - T X fgh �

�xmom i � Y � ��� î ��Z nvs eé _å eWW � j ��ç� ÷ �é _å æç �W � ¥xm }m}~mopxu| {� � uv U VW æX �T � ynv
~ m qx{rwxq {� np ~ muvw m�ru�nzmvq q{ qxm }m}~mopxu| {� �é _å æç �å æç uv `VW æX �T � � ¥xm omnsmo up
om�mooms q{ ûmtmo ��¢¢�� �{o ouw{o{rp smïvuqu{vp nvs n smqnuzms pqrst {� ómp{� p|nymp �
¥xm �{zz{� uvw qxm{om} mpqn~ zupxmp qxm û �� vmnoè{|qu} nzuqt {� {ro �IJ¥ mpqu} nq{o {�mo n
� usm onvwm {� ómp{� pm�rmvym p|nymp �

k lmnomp q rs tuvwx yz w {w| {w}}u~x � {~��w� ��� � �wy �� �w yz w � �� � w}yu� �y~{ ~� � � �~x�}y{��yw� �� ��� ��ux| yz w uxvw{}w � � � y~ yz w }w�� wx�w ~� w}yu� �yw� � �vw�wy �~w� �uwxy}
�éå æç �þå � �uyz yz{w}z ~��} þå �w� x w� �� ��� � � ~{ �x� � � w� � G �2 � �� � � wx~yw �é _å æç �þ� � �éå æç �þ��� ÷ÿ� ��� � " Z � [ - � �x� Y � ��Z � yz wx

pr|��� ��  ¡¢£ �¤ @¥ A û �� � �� � � � � pr|��� ��  ¡¢£ �¤ @¥ A �
�

§.
�� ÷ ¦ § �� ���� � î � ���� �¨�

� � �
� � pr|��� ��  ¡¢£ �¤ @¥ A � ö÷.

å�� ��.
ç� ÷ ¦ § �é _å æç �þå � î é _å æç ¨� - T��ö 8¢8¢© ) z{w � �

�z w{w T� u} ux�w� wx�wxy ~� � �
¥xm onqm ª �� ö 8¢8¢© ) � up qxm ~ mpq | {ppu~ zm û �� onqm �{o ómp{� p|nymp   nvs �IJ¥ nyxum�mp uq
r| q{ qxm z{wnouqx} uy qmo} � xmvym qxm vn}m êvmnoè{|qu} nzuqtë � ¥xm n~ {�m onqm up usmvquynz
q{ qxnq nyxum�ms ~t qxm yznppuynz rvu�mopnz qxompx{zsuvw mpqu} nq{o � ¥xm |o{{� {� ¥xm{om}	 �� n|| mnop uv qxm ð|| mvsuñ �

�



« ¬ SeS�hfk�d jNgkj� g � ®
��mv qx{rwx qxm rvu�mopnz qxompx{zs   ~ muvw n p| myunz ynpm {� �IJ¥ � uqx � � �  up �v{�v
q{ {�mop}{{qx   uq up v{q qorm qxnq ê�{o nvt puwvnz   qxm z{�mo qxm �nzrm {� �   qxm ~ mqqmo qxm
omy{vpqoryqu{vë � ðp n y{rvqmomñn}|zm   y{vpusmo qxm úmo{ puwvnz   � xmom qxm û �� {� qxm�IJ¥ smyomnpmp � uqx � uvyomnpuvw � yzmnozt  �{o qxm úmo{ puwvnz   qxm xuwxmo qxm qxompx{zsp  
qxm ~ mqqmo qxm omy{vpqoryqu{v � ¥xrp   qxmom noupmp n vmms �{o n snqnèsou�mv yx{uym {� � �
õv qx up pmyqu{v   �m smpyou~ m n y{}|rqnqu{vnz |o{ ymsrom   ~npms {v qxm zmn�mèxnz�è{rq yo{ppè
�nzusnqu{v }mqx{s {� 3 np{v ��¢¢
�   �{o yx{{puvw n pr uqn~ zm �nzrm {� � �o{} qxm snqn � £ u�mv
qxm �nzrm �¯ �o{} n |omèpmzmyqms wous ��¯ �°̄� ÷   �m p| zuq qxm snqn ��� �§�� ÷ uvq{ qxm {ss pr~pn}è
|zm ����ö÷�§ÿ��� ÷ nvs qxm m�mv pr~pn}|zm ���� �§ÿ��� ÷ � lm qxmv orv qxm �IJ¥ nzw{ouqx} � uqx
|non} mqmo �¯ {v qxm q�{ pr~pn}|zmp q{ {~qnuv qxm {ss nvs m�mv mpqu} nqmp   omp| myqu�mzt�
ø uvnzzt  �m }mnprom qxm supqnvym ~ mq�mmv qxm {ss mpqu} nqm nvs qxm m�mv pr~pn}|zm   nvs
nss uq q{ qxm supqnvym ~ mq�mmv qxm m�mv mpqu} nqm nvs qxm {ss pr~pn}|zm � ¥xm pmzmyqms �nzrm
{� �¯ up qxm {vm �xuyx } uvu} upmp qxm pr} {� qxmpm q�{ supqnvymp �
¥xm �mopu{v {� {ro �IJ¥ nzw{ouqx} �xuyx uvyzrsmp qxm n~{�m yo{ppè�nzusnq{ot |o{ ymsrom
�{o yx{{puvw � up zn~ mzzms �IJ¥è5¡ � ¥xm �IJ¥è5¡ nzw{ouqx} up {� y{}|rqnqu{vnz {osmoª �\� � nvs up �rzzt nrq{}nquy   u �m � v{ |non}mqmop vmms q{ ~ m pr||zums ~t qxm rpmo �

± ² R � kfkjS ³ � �f�gfR Sdj� g � O P LQ Sdh O P LQ � ´ µ
õv qxup pmyqu{v   �m y{}|nom qxm ïvuqmèpn}|zm | mo�{o}nvym {� qxm �IJ¥ nvs �IJ¥è5¡
mpqu} nq{op q{ n pmzmyqu{v {� {qxmo �n�mzmq smv{upuvw }mqx{sp � Dro qmpq �rvyqu{vp nom ¤{v{x{
nvs ü{xvpq{vm ôp ~r}|p   s{|| zmo   xmn� upuvm nvs ~ z{ y�p   np �mzz np qxm úmo{ puwvnz   pn}|zms nq
���ý m�rup|nyms |{uvqp � ¥xm pqnvsnos sm� unqu{v {� qxm v{upm up nz�ntp � ~rq uq up rv�v{�v q{
qxm mpqu} nqu{v |o{ ymsromp nvs nz�ntp mpqu} nqms rpuvw ûð¤ {v qxm ïvmpq smqnuz zm�mz � ¥xm
omp| myqu�m o{{q puwvnzèq{èv{upm onqu{p nom � ��		   ��ý�   � �¢H   ��¢ �  � � 3{qm qxnq qxmpm puwvnzèq{è
v{upm onqu{p nom omznqu�mzt z{�   u �m � qxm {~pmo�ms puwvnzp xn�m n y{vpusmon~ zt v{upt n|| mnonvym �
¥xm omp| myqu�m nvnztpuvw �n�mzmqp nom � ¤nr~ myx ump ô �ñqom} nz ¶xnpm �¤�¶ � �   ¤nr~ myx ump ô$mnpq ð pt}}mqouy �¤$ð � ¢   ¤$ð ·   ¤� ¶ �  nvs ¤$ð ý � ¶mou{s uy ~ {rvsnot y{vsuqu{vp nom
nppr}ms � ¤rm q{ qxmuo pr| mou{o | mo�{o}nvym   �m {vzt y{}|nom qxm ¥onvpznqu{vèõv�nounvq
�¥õ  3np{v nvs � uz�mo}nv ��¢¢��� �mopu{vp {� qxm mpqu} nq{op � ¥xm y{}|mquq{op nom �� 3 õ¡è¥ õ � ¥õ rvu�mopnz xnos qxompx{zsuvw � uqx nzz zm�mzp qxompx{zsms � õv n omymvq pqrst

nppmppuvw qxm m}|uouynz | mo�{o}nvym {� �nou{rp �n�mzmqè~npms smv{puvw }mqx{sp �ðvè
q{v unsup mq nz � ���� ���   � 3 õ¡ è¥õ y{vpupqmvqzt | mo�{o}ms qxm ~ mpq   {o vmnozt qxm ~ mpq  
n}{vw �nou{rp }{smov �n�mzmq p}{{qxuvw qmyxvu�rmp ��óè¥õ � qxm ¥õ �mopu{v {� qxm m}|uouynz óntmp �móntmp� |o{ ymsrom {� ü{xvpq{vm nvs � uz�moè
} nv ������ � õv qxm pu}rznqu{v pqrst om| {oqms qxmomuv   móntmp up px{�v q{ {rq| mo�{o}
pm�monz pqnqmè{�èqxmènoq smv{upuvw qmyxvu�rmp �






� 3 õ¡ è¥õ �óè¥õ �IJ¥è¥õ �IJ¥è¥õè5¡
~r}|p ��ý �	ý ��
 ��H
s{||zmo 
� H� �H �·

xmn� upuvm ý� ý � 	H ý �
~ z{ y�p ·� ·H H� H�

úmo{ �ý H· H� �H
¥n~zm �� õ�� n�monwms {�mo ��� pn}|zm |nqxp �¸���� �mñym|q úmo{ � ¸������ nvs o{rvsms�
�{o qxm ý y{}|mquvw }mqx{sp � ¤{r~zm ~ {ñ uvsuynqmp ~ mpq   nvs ~{ñ ¹ �vs ~mpq ompr zq � �mm
qxm s upyrppu{v uv �myqu{v � �

�IJ¥è¥õ � qxm ¥õ �mopu{v {� {ro �IJ¥ mpqu} nq{o � uqx xnos qxompx{zsuvw nvs qxm |o{ï zm
smïvms ~t þ� �� ÷ �C � � �� �� � � � �¢¢C �÷ÿ� ��IJ¥è5¡è¥õ � qxm ¥õ �mopu{v {� {ro �I J¥ mpqu} nq{o � uqx xnos qxompx{zsuvw �xmom � up
pmzmyqms rpuvw qxm yo{ppè�nzusnq{ot |o{ ymsrom {� �myqu{v ý   {�mo qxm wous �¯ � º��� �{oº � � � � � � � �� nvs � ÷ � � �� ��

¥xm õ�� �{o mnyx }mqx{s   n�monwms {�mo ��� pn}|zm |nqxp   up px{�v uv ¥n~zm �� �IJ¥è5¡è¥õ up yzmnozt qxm |om�mooms {|qu{v xmom � mñym|q qxm úmo{ puwvnz �xmom uq up   vnqronzzt
mv{rwx   pzuwxqzt {rq| mo�{o}ms ~t � 3 õ¡è¥ õ   uq {rq| mo�{o} p �óè¥õ ~t �» �·¼   nvs � 3 õ¡è¥õ
~t 
» �·¼ � £ u�mv qxm �rnzuqt {� qxm y{}|mquq{op   qxup up uvsmms n puwvuïynvq u}|o{�m}mvq �
¥xm y{}|rqnqu{vnz y{}|zmñ uqt {� qxm �IJ¥è¥õè5¡ nzw{ouqx} up ª �� �\ � z{w � ��   � xmom\ up qxm puúm {� qxm wous ��¯ �°̄� ÷ � õv |onyquym   qxm p{�q�nom up �npq   �xuyx up |noqzt srm
q{ qxm �nyq qxnq qxm qxompx{zs yx{uym up pqonuwxq�{o�nos nvs om�ruomp v{ y{}|rqnqu{vnzzt
uvqmvpu�m |o{ ymsromp � ¥xm �IJ¥ �è¥õ� �è5¡ � nzw{ouqx} up mnpt q{ y{sm uv nvt |ny�nwm �xuyx
u}| zm}mvqp qxm ¤l¥ �

½ ¾eN �f dgk�� hk�efk¿iekgd�
õv qxup pmyqu{v   �m sm}{vpqonqm x{� qxm |o{| {pms mpqu} nqu{v }mqx{s ynv ~ m mñqmvsms q{
v{vè£nrppunv v{upm supqou~rqu{vp � Dro pmqr| upÀ�� � � ���� � � À�� � � � �� � � � � �� � �·�
�xmom À�� nom uvsm| mvsmvq nvs usmvquynzzt supqou~rqms nvs �{zz{� n �v{�v supqou~rqu{v   v{q
vmymppnouzt £nrppunv   � uqx ¦ �À�� � � � � ¥xup up nv nssuqu�m pmqr| �xmom qxm v{upm À�� s{ mp v{q
sm| mvs {v qxm rvsmozt uvw puwvnz � � õv qxm �n�mzmq s{}nuv   �·� ~ my{}mp À�å æç � éå æç � À�å æç  
�xmom qxm v{qnqu{v up nvnz{w{rp q{ qxm £nrppunv ynpm � ø{o n ïñms ì   mnyx y{}|{vmvq
{� qxm �myq{o � À�å æç ���ç� ÷ up usmvquynzzt supqou~rqms   nvs uqp supqou~rqu{v ynv ~ m muqxmo smou�ms
nvnztquynzzt  {o mnpuzt n||o{ñ u}nqms vr}mouynzzt � un û{vqm 5noz{ pu}rznqu{vp   ~t | mo�{o} uvw
qxm ¤l¥ {� pu}rznqms �myq{op � À�� �§�� ÷ � ¥xrp   uv qxm om}nuv uvw |noq {� qxup pmyqu{v �m nppr}m

H



qxnq qxm supqou~rqu{v {� À�å æç up �v{�v �{o mnyx ì � ¥xm v{upmè�omm omy{vpqoryqu{v |o{| moqt noupmp
u� nvs {vzt u�

|o � �À�� ö÷æ÷ � � Àþ� ö÷ & � � � & �À�� ö÷æ�' () � � Àþ� ö÷ & � � � & �À�� æ÷ � � Àþ� � � �
np � � � � órq �m xn�m

|o � �À�� ö÷æ÷ � � Àþ� ö÷ & � � � & �À�� ö÷æ�' () � � Àþ� ö÷ & � � � & �À�� æ÷ � � Àþ� �- .
å æç

|o � �À�å æç � � Àþå � � � ö÷.
å �� �å |o � �À�å æç � � Àþå � �

¥{ mvprom qxnq {ro mpqu} nq{o xnp pu} uzno �uprnz |o{| moqump np uv qxm £nrppunv ynpm   u �m � qxnq
n pu} uzno p}nzz |o{|{oqu{v {� qxm v{upm pro� u�mp qxm qxompx{zsuvw   n vnqronz om�ruom}mvq up
qxnq qxm uvs u�usrnz mñymmsnvym |o{~n~uzuqump |o � �À�å æç � � Àþå � px{rzs ~ m qxm pn}m np uv qxm
£nrppunv ynpm � õv {qxmo �{osp   �m ïvs Àþå ~t vr}mouynzzt p{z�uvw qxm m�rnqu{vp

|o � �À�å æç � � Àþå � � |o � ��å æç � � þå � � ��� î , �þå �� � ì � � � � � � � í î ��
�xmom þå nom qxm �IJ¥ qxompx{zsp {� qxm �{o} �H�   pr uqn~ zm �{o £nrppunv snqn � ¥xup uvsmms
wrnonvqmmp qxnq qxm v{upmè�omm omy{vpqoryqu{v |o{|moqt x{zsp np �m xn�m

� ö÷.
å �� �å |o � �À�å æç � � Àþå � � � � ö÷.

å �� �å �� î , �þå �� - � � ö÷.
å�� �å + �þå ��þå �

nvs qxm znqqmo �rnvquqt y{v�mowmp q{ úmo{ ~t �{o}rzn ��� �
û mnvèp�rnom oup� nvnztpup {� �n�mzmq qxompx{zsuvw mpqu} nq{op �{o v{vè£nrppunv snqn up qt| uè
ynzzt v{q pqonuwxq�{o�nos   nvs   �{o qxm mpqu} nq{o |o{| {pms uv qxup pmyqu{v   up ~ mt{vs qxm py{| m
{� qxup px{oq y{}}rvuynqu{v � �{�m�mo   �m v{qm qxnq uq ynv ~ m | mo�{o}ms rpuvw qmyxvu�rmp
np uv 3mr} nvv nvs �{v �nyxp ��¢¢�� �
� jMdgÁ ³�h � R �de�
lm nom wonqm�rz q{ qxm �suq{o nvs nv nv{vt}{rp Jm�momm �{o rpm�rz y{}}mvqp nvs prwwmpè
qu{vp �xuyx xn�m puwvuïynvqzt u}|o{�ms qxup |n|mo �

� Â fgg � g � Q N �gf� R K Ãb
¥xm pmy{vs m�rnzuqt up srm q{ qxm {oqx{v{o}nzuqt {� qxm ¤l¥ � ø{o � znowm mv{rwx pryx qxnq
� � E ý   �m n||zt qxm ê{onyzm uvm�rnzuqtë �o{} ¥xm{om} H {� ¤{v{x{ nvs ü{xvpq{vm ��¢¢ý �
q{ {~qnuv

� ö÷.
å�� ��.

ç� ÷ Ä § �é _å æç �þå � î é _å æç ¨� -
·



� ö÷.
å �� ��.

ç� ÷ Å� �ý � �� � �� î � � ì
í î � � �í z{w �Æ

¸ Ç�ö� >�: @÷ö� A �' () : ÷B � } uv È�é _å æç �� � � ö÷ÉÊ �
�
��

� ö÷.
å�� �å Å� �ý � �� � �� î � � ì

í î � � �í z{w �Æ �ö� >�: @÷ö� A �' () B
� � ö÷.

å �� ��.
ç� ÷ Å� �ý � �� � �� î � � ì

í î � � �í z{w �Æ }uv È�é _å æç �� � � ö÷ É � Ë � Ë Ë �

3{qm qxnq Ë up nq }{pq {� {osmo
� �ý � �í z{w �

�� = �� �?ö� >�: @÷ö� A Ì' () BéC - � �ý � �í z{w �
�� �ö÷� 9 ' ()' () � ª Íz{w �

� Î �

�xuyx   uvyusmvqnzzt  up {� qxm pn}m {osmo np qxm y{oomp|{vsuvw �rnvquqt �{o qxm rvu�mopnz
qxompx{zs �

� �ý � �í z{w �
��

� ö÷.
å �� �å ö� � ª Í í

�� Î � ª Íz{w �
� Î �

lm v{� �{ yrp {v Ë Ë � � uvym � G �2 � �� nvs ì - í î�  v{qm qxnq Ë Ë up zmpp qxnv qxm y{oomp| {vsuvw
�rnvquqt �{o qxm yznppuynz rvu�mopnz qxompx{zs   �xuyx up

�� �ý � z{w � � � ö÷.
å �� ��.

ç� ÷
} uv È�ö÷ � �é _å æç �� É � �¢�

¥xrp   uvpqmns {� Ë Ë   �m pxnzz y{vpusmo �¢� � ð p `VW æX �T � Ï `VW æ0 �T � �{o nzz [   �m {vzt xn�m q{
y{vpusmo qxm ynpm é _å æç G `VW æ0 �T �   p{ �m ynv nppr}m eé _å eW - T �öå d �{o nzz ì   � xmom T up n
wmvmouy y{vpqnvq � ¥xm �{zz{� uvw nowr}mvq �np y{vpusmoms m �w � uv ü{xvpq{vm nvs � uz�mo}nv
��¢¢H� � lm vmms q{ y{vpusmo qxm ynpmp Z - � nvs Z � � pm|nonqmzt� ø{o Z - �   �m ïopq v{qm
qxm pu}|zm uvm�rnzuqt

} uv� �! �� � �` �� � � } uv� �! �W � �` �W � }uv� �! ��öW � �` ��öW � - �! ��öW }uv� �! �W � �` �W �
� } uv� �! �� � �! ��öW �` �W � �

ð||zt uvw uq � uqx ! � �ö÷ÿ�   ` � é _å æç   �m ~ {rvs qxm s{r~zm pr} uv �¢� np �{ zz{� p �

� ö÷.
å�� ��.

ç� ÷
} uv��ö÷ � �é _å æç �� � - � ö÷.

å�� ��.
ç� ÷

} uv��ö÷ � ÐÐé _å æç ÐÐW �W ÿ�ö÷�
- � ö÷.

å�� } uv��å � ö÷ � T W �öå dW�W ÿ�ö÷� � ����

¢



3{qm qxnq �å � ö÷ - T W �öå dW�W ÿ�ö÷ u� nvs {vzt u� ì - í � �� �� z{w � T � í �� ��Y � ��� D~pmo�m
qxnq npt}|q{quynzzt  �m nz�ntp xn�m í � " í � ðppr} uvw qxnq í � up nv uvqmwmo �uq xnp v{
u}|nyq {v qxm onqmp�   �m p| zuq ���� uvq{ q�{ |noqp

� �ö÷.
å �� �å � ö÷ � � ö÷.

å� � ¨
T W �öå dW�W ÿ�ö÷ �

¥xm ïopq |noq up n |noqunz pr} {� nv uvyomnpuvw wm{}mqouy pmoump p{   � uqx{rq w{uvw uvq{
smqnuzp   uq up ~ {rvsms �o{} n~{�m ~t n }rzqu| zm {� � ö÷�� ¨ � ª �� ö�V ÿ @�V : ÷A � � ¥xm pmy{vs
|noq up n qnuz {� smyomnpuvw wm{}mqouy pmoump p{ uq up ~ {rvsms �o{} n~{�m ~t n }rzqu| zm {�
�W ÿ�ö÷�ö� ¨ dW � ª �� ö�V ÿ @�V: ÷A � � ¥xup |o{�mp qxm onqm �{o Z - � �
ø{o Z � �   ïopq v{qm qxnq qxm � ]{zsmo uvm�rnzuqt wu�mp eé _å e�� - �å @÷ö�ÿW A eé _å e�W � l uqx qxup uv
} uvs   �m ~{rvs qxm s{r~zm pr} uv �¢� np �{ zz{� p �

� ö÷.
å �� ��.

ç� ÷
} uv��ö÷ � �é _å æç �� � - � ö÷.

å�� }uv��å � ö÷ � eé _å e�� �
- � ö÷.

å�� }uv��å � ö÷ � T ��ö�å d�å @÷ö�ÿW A � � ����

ð p ~ m�{om   v{qm qxnq �å � ö÷ - T ��ö�å d�å @÷ö�ÿW A u� nvs {vzt u� ì " í � � ðwnuv p| zuqquvw qxm
pr} uv ���� uvq{ q�{   �m {~qnuv

� �ö÷.
å �� �å � ö÷ � � ö÷.

å � � ¨
T � �ö�å d�å @÷ö�ÿW A �

ð p �m xn�m nzomnst v{qms   qxm ïopq |noq ~ mxn�mp zu�m ª �� ö�V ÿ @�V: ÷A � � ¥xm pmy{vs |noq up n
smyomnpuvw wm{} mqouy pmoump   p{ uq up ~ {rvsms �o{} n~{�m ~t n }rzqu| zm {� �� ¨ @ö�d: ÷ö�ÿW A �ª �� ö�V ÿ @�V: ÷A � � ¥xup |o{�mp qxm smpuoms onqm �{o Z � � � Ñ
L ���f�dj��
ð~on}{�uyx   ø �  ðvq{vunsup   ð �  �n|nquvnp   ¥ � Ò ¡ usn�{�uy   ó � ����ý � � D|qu}nz qmpquvw uv

n ïñmsèmùmyqp �rvyqu{vnz nvnztpup {� �nounvym }{smz � �x yw{x�yu~x�� Ó~�{x�� ~� ��vw�wy}�Ô ��yu{w}~�� yu~x �x� �x� ~{� �yu~x Õ {~�w}}ux|   Ö   	�	» 	�� �
ðvq{vunsup   ð �  ó uw{q   ü � Ò �n|nquvnp   ¥ � ���� �� � ln�mzmq mpqu} nq{op uv v{v|non}mqouy

omwomppu{v � n y{}|nonqu�m pu}rznqu{v pqrst� Ó~�{x�� ~� � y�yu}yu��� �~� y� �{w  ×   �» ·	 �
¤{v{x{   ¤ � $ � Ò ü{xvpq{vm   õ � û � ��¢¢ý � � õsmnz p|nqunz nsn|qnqu{v ~t �n�mzmq pxouv�nwm �Ø u~� wy{uÙ�  Ú s   ý��»ý�� �
ü{xvpq{vm   õ � û � Ò � uz�mo}nv   ó � l � ��¢¢H� ln�mzmq qxompx{zs mpqu} nq{op �{o snqn � uqx

y{oomznqms v{upm � Ó� � ~�� �y�yu}y� �~�� � w{� Ø   ÛÜ   	 �¢» 	� ��
��



ü{xvpq{vm   õ � û � Ò � uz�mo} nv   ó � l � ������ � �}|uouynz óntmp pmzmyqu{v {� �n�mzmq qxompx{zsp �Ý xx��} ~� � y�yu}yu�}   qq   q{ n||mno �
û mtmo   Þ � ��¢¢�� � ��vw�wy} �x� ß� w{�y~{} � 5n}~ouswm �vu�mopuqt ¶ ompp �3 np{v   £ � ¶� ��¢¢
� � ln�mzmq pxouv�nwm rpuvw yo{ppè�nzusnqu{v � Ó � � ~�� �y�yu}y� � ~�� � w{�Ø   ÛÚ   ý
	»ýH¢ �3 np{v   £ � ¶ � Ò � uz�mo} nv   ó � l � ��¢¢�� � ¥xm pqnqu{vnot �n�mzmq qonvp�{o} nvs p{}m

pqnqupquynz n|| zuynqu{vp � õv ð � ðvq{vunsup nvs £ � D|| mvxmu}   msuq{op   àw�y�{w á ~yw} ux�y�yu} yu�}� v~�� �âã   |nwmp �· �» 	�� � �|ouvwmoè¡moznw �3 mr}nvv   û � Ò �{v �nyxp   J � ��¢¢�� � ln�mzmq qxompx{zsuvw � ~ mt{vs qxm £nrppunv u �u �s �
puqrnqu{v � õv ð � ðvq{vunsup nvs £ � D|| mvxmu}   msuq{op   àw�y�{w á ~yw} ux �y�yu}yu�}� v~���âã   |nwmp 	� �» 	�¢ � �|ouvwmoè¡moznw �

¡ usn�{� uy   ó � ��¢¢¢� � �y�yu}yu��� Ô ~�w�ux| �� ��vw�wy} � l uzmt�

��


	Parametric modelling of thresholds across scales in wavelet regression(cover)
	Parametric modelling of thresholds across scales in wavelet regression(author)

