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`�MONU�SMOP���TV}·RSP?�·`~gYM�yfdUeSP?MOXKX¥MOgKP?M�no¡0TVXKRS]_gYTVP�c0TVP2¡0MON_wJgYMON_];ISn�gKP?M�e?TVe?M\´£RS]fWE]_gYTVP?y_NfWE]UM\¡0MON_eSgKP�½
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 Segmentregister Segment−Deskriptoren

Basisadresse
LängeZugriff

Segment−Selector

48 Bit logische Adresse
32 Bit virtuelle Adresse

(Segment−Offset)
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User Mode

Kernel Mode

C−Funktion

Behandlungsroutinen der Systemaufrufe
(system call handler)

(system call service routines)
Serviceroutinen der Systemaufrufe

der Standard C−Bibliothek glibc
Wrapper−Routinen

int 0x80

...
open()
...

open() {

...

system_call:

sys_open() {

sys_open()

}
...
...

int0x80
...

}

...

...

iret

...

...
ret_from_sys_call:
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I/O Struktur

Beispiel: Modem

Modem mit Steuereinheit

mit UART

und ein Output−Port sowie

Serielle Schnittstelle

Jeweils ein Input−

ein Kontroll− und ein 
Ststusregister

Daten Daten DatenStatusKontroll

Kernel

I/O−Ports

I/O−Gerät

I/O−Schnittstelle

Steuereinheit

I/O−Bus

Dateisystem
/dev/xxx

Gerätetreiber
Software

Hardware
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R_XcV�W9XcIÓg#IÓW9XcV�H�h�� ZfT[\�W9XcIïT9I/a�XcV�XcI�]~XcV�Xcg0l�m[XcIEg#IÓWNg0X�RzXcj�a�u*V�XcI¬O�K{p9g0\ Ñ Ô�¯�XcV�\�l�m[u*pqXcI¾M
n�p[\�l�m9e#g0Xc��XcI[W;XcV-�%u*e#��a·W[Z*\U¶�b�\�l�m�Zfe#a�XcI;g#I;W9XcI;stV�u*a�X�lca�X�W^�{u�W9XCT9I[W;W9XcVC¡�r9V�T9I9��k�T9VUXcV�\�a�XcI
 c��*�c�%Û1�����\�D��� n°\�\�Xcb�p9e0XcV-��T9I9j�a�g0u*I^g#I �*��í7à�ê����}����ê«Þ��1����êqí��*å�����Øß � 1Ø�âßê�à9Ø���â/ö#Ú M

d>egf.e�d jl�Qp�mcz\kUr}z\|S~��I�dDv¡ S|St�¢hz}�Q£.t�pst
¤/X;I�Z*l�m[W9Xcb � u*p�W9XcV��iXcV�I[Xce�g#IEW9XcIÓm[u*m[XcI¬u�W9XcV�a�g0X7�%XcI¬nCV�pqXcg#a�\�\�rqXcg0l�m[XcV���XcewZ*W9XcI¬RUT9V�W9X �
pqX$#[I[W9Xca;\�g0l�m(WNg0X�XcV�\�a�X�\�a�ZfV�a�T9r�¥CO�KÝx4±9T9I9j�a�g0u*ILXcI�a4R¼X�W9XcV{ZfI¢W9XcV^¡�a�Xce#e0Xl[ÝÀB[\[NQ�[\[\[\[\[¤u�W9XcV[ÝÀB[\[\[\[NQ�[\[\[;g#b¦nCV�pqXcg#a�\�\�rqXcg0l�m[XcV1M.¦�XcpqXcI´R_Xcg#a�XcV�XcI¥HJI9g#a�gwZfe#g0\�g0XcV�T9I9��XcI¥RUg#V�WYp�Xcg¼Xcg#I[Xcb j�u*b�x
r9V�g#b�g0XcV�a�XcI§�iXcV�I[Xce¼WNg0X�±[T9I9j�a�g0u*I â�Ø�í��*å�����Øß � 3��Ü*Ø7�7��Ø7çg��� ZfTN�%��XcV�TN�%XcI¾M¾ÿ®\?RUg#V�W´WNg0X��{Xce0WNT9I9��4¶�I[l�u*b�r9V�X�\�\�g#I9�I&«g#I/TNÀ«M#M#M 
§ZfTN�·W9XcV<��u*I[\�u*e0X§ZfT[\���Xc��XcpqXcIYT9I[WYW9XcV<�iXcV�I[Xce®RUg#V�W´k�T9b8Xcg#I[XcI��Xcg#e�g#I½Xcg#I[X·a�g0X7�£X·T9I[W�k�T§Xcg#I[XcbéZfI[W9XcV�XcI��!Xcg#e�g#I§Xcg#I[XCm[u*m[X°¡�rqXcg0l�m[XcV�V�Xc��g0u*I;XcI/a�j�u*b�r9V�g#b�g0XcV�a1M
hiZfV�ZfTN�%m9g#I�R¼XcV�W9XcI�p�Xcg0W9X��!Xcg#e0X�k�T[\ßZfb�b�XcI9��X7��|9m9V�a�T9I[WSZfI{WNg0X�¡�a�Xce#e0X�[ÝÀ{[\[NQ�[\[\[\[\[§¯�XcV�\�l�m[ufx
pqXcI¾M

ÿz\��%u*e#��a÷Xcg#I�¡�r9V�T9I9�ik�T�WNg0X�\�XcV÷nUWNV�X�\�\�X_T9I[W�W9XcV>�iXcV�I[XceNb�g#atW9XcV÷p�X1ZfV�pqXcg#a�T9I9�iW9XcV�k�R_Xcg#a�XcI
\�a�ZfV�a�T9r�¥CO�KÝx4±9T9I9j�a�g0u*Iûg#I �*��í7à�ê��g�}���ßê�Ü*Ø7�7��Ø7ç ê�àNØ��/â/öyÚ �£u*V�a1M¾h°g0X�\�X�±9T9I9j�a�g0u*I´V�g0l�m�a�Xca�k�T9I�v*l�m[\�a
Xcg#I[X�¶Cb���Xcp9T9I9����|9V¼W9XcI§XcV�\�a�XcI�szV�u*k1Xc��b�g#a_W9XcV®stV�u*k1Xc��I/T9b�b�XcV	[?Xcg#I¾M/h°g0X�¡�Xc��b�XcI/a�V�Xc��g0\�a�XcV
R_XcV�W9XcIYXcI[WN��|9e#a�g#�;g#I9g#a�gwZfe#g0\�g0XcV�aiT9I[WSXcg#IY¡�a�Z*l�j��%|9V�W9XcISXcV�\�a�XcI´szV�u*k1Xc�;RUg#V�W´ZfTN����X�\�Xca�k�a1Mqh°g0X
±[T9I9j�a�g0u*I  �Øc�%Ûô�����£â��3��� RUg#V�W�ZfTN�%��XcV�TN�%XcI � T9b¿WNg0X?Xcg#��XcI�a�e#g0l�m[XcI´H�h1�-¨3©ib�g#a�\�u*��XcI�ZfI9I�a�XcI�I/T9e#e
g#I�a�XcV�V�T9r9a�m�ZfI[WNe0XcV�\�k�Tïg#I9g#a�gwZfe#g0\�g0XcV�XcIo¸%nCp[\�l�m9I9g#a�a�KNM Ò MPK » Mzh�XcV�stV�u*k1X�\�\�u*V�RUg#V�W¤g0W9XcI�a�gª#[k�g0XcV�a �
R_u*V�ZfTN��m9g#I§WNg0X-�CXc��g0\�a�XcV÷�%|9VzW9XcI���e0u*p�Zfe0XcI�h�X�\�j�V�g#r9a�u*V�¸���WNa�V » T9I[W�W9XcI�HJI/a�XcV�V�T9r9a-x4h�X�\�j�V�g#r9a�u*V�\
¸�g0WNa�V » b�g#aCW9XcI2nUWNV�X�\�\�XcI;¯�u*I���h1�¢T9I[W^HJh1�¢��XcewZ*W9XcI�R¼XcV�W9XcI¾M
«g¬3�®°¯�±c²8³¡´+µw¶;´+¯�·c´�¸�·y®¹´D³¡º$»o¼U½g¾>¿>®°¯c®°¸Q®¹ÀKÁ¹®°Âw®°´+µw¸Q´�½�Ã>Ä<¯�±cµ�ÅcµQº@³�®°ÂwºÆµQ®°ÂwÇ�ÈS±É¯É·8³¡´+µw¶®ÊµwËÌ¸{·c®°´�Âw´�¯S®°¯�·y´+µ{ÂwÅÉÍK¸Q´+µQ´�¯¿�¸XÀKµw¸QÅcÈ�ÀKÂw´
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0x02000

0x07C00

0x01000

0x00100

0x00100000

0x10000

0x90000

0x00000

4KB

65KB

8KB

1MB

Kernel Setup

Kernel

256 Byte

1

Bootloader
bzImage

komprimierter Kernelcode

Kernel Entkomprimierer

start_kernel

startup_32

2(a)

2(b) 3(a)

(b): bzImage
(a): zImage

n�p9p9g#e0WNT9I9�ûKNM°ZNÖ Ú�ícàNØ7å����%�è cí7àNØ × �*�ß 7�4Ø7ç�çõÛ����¤â/Øc� P Øc�ß��Øcç����[�%�%�%�*çõ�è ß�Ø7�ßÛ����¥��å8î���Þ�Øc���� ß �9Ø7�£í7àNØc�
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d8egfhe�� jq�Qp�myz\k;r\zB�(¢�pBr�t�pDugv¡ S|St�¢hz}�Q£.t
HJb¦n�I[\�l�m9e#T9�´ZfI¤WNg0X½¯�u*V�ZfI9��Xc�/ZfI9��XcI[XcI�n�\�\�Xcb�p9e0XcV-�%T9I9j�a�g0u*I[XcI¤RUg#V�W¤WNg0X©XcV�\�a�X;µ®x4±9T9I9j�a�g0u*I
 7����7�Ð��Ü*Ø7�7��Ø7çg��� ZfTN�%��XcV�TN�%XcI � R¼Xce0l�m[X©\�g0l�mYg#IûW9XcV�hiZfa�Xcg ���[�%��ê�å��*�è�qöwí pqX$#[I[W9Xca1M�h�g0X�\�X�\�g0l�m[XcV�a
k�T9I�v*l�m[\�a°WNg0X�hiZfa�XcI2|9pqXcV�WNg0X�'°ZfV�WNR~ZfV�X�T9I[W2��|9m9V�a�R¼Xcg#a�XcV�X�ZfV�l�m9g#a�Xcj�a�T9V�Zfp9m�vfI9��g#��X�HJI9g#a�gwZfe#gyx
\�g0XcV�T9I9��XcI�WNT9V�l�mÑ^ ]·µ%[NQ$b4MÝhiZfI9I�R¼XcV�W9XcI�s÷Zf��g#I9� � ¡�`N\�a�Xcb�ZfTN�%V�TN�%X � HJh1� � ¡�l�m[X�WNT9e0XcV÷T9I[W��~g#b�XcV
XcI/a���|9e#a�g#��g#I9g#a�gwZfe#g0\�g0XcV�azT9I[W�W9XcVzstV�u*k1Xc��[°��X�\�a�ZfV�a�Xca � W9XcVtg#I�Xcg#I[Xcb6�iXcV�I[Xce#a�m9V�X1Z*W§WNg0X~±9T9I9j�a�g0u*I
���[���3�Ð� ZfT[\-�%|9m9V�a1M�H4I�g#I9g#aô¸ » \�Xce#p[\�aCpqX$#[I[W9Xcai\�g0l�m{RUg0X�W9XcV�T9b³WNg0X�±9T9I9j�a�g0u*I â�����Þ��f 7�%íK�? 1Øc�%Ûô�h���/�
R¼Xce0l�m[X°b�g#a å��*Û����Ð���-�ô���3��� W[Z*\S`ST9V�k1Xce#¯�XcV�k1Xcg0l�m9I9g0\�¸�V�u�u*a�#[e0X°\�`N\�a�Xcb » Xcg#I�p9g#I[W9Xca � W[Z*\~Zfp©WNg0X7x
\�XcbÒ"�Xcg#a�r9T9I9j�a÷b�g#atZfe#e�\�Xcg#I[XcI�hiZfa�Xcg0XcI�k�T9V.RzXcV-�%|9��T9I9�°\�a�Xcm/a1M*ÿz\�RUg#V�W�¯�XcV�\�T[l�m/a � Xcg#I[XÓ�Cu*I[\�u*e0X
k�T�þfª�I[XcI � T9b¹ZfTN��WNg0X�\�XcV�XcI/aJR¼X�W9XcV®WNg#V�Xcj�a�Xcg#I[XcI���u*b�b�ZfI[W9u*g#I/a�XcV�r9V�Xca�XcV°¸%Xcg#I[X  �à9Ø7çèç£» �Ýp9g#I��f\�m
u�W9XcV�W[Z*\�stV�u*��V�Zfb�b ê� �Þc�è�*ê��è�[�%� ZfT[\°W9XcbT`ST9V�k1Xce#¯�XcV�k1Xcg0l�m9I9g0\?k�T�\�a�ZfV�a�XcI¾MD&¾Xca�k�a�XcV�X�\i\�a�ZfV�a�Xca
WNg0XtT9I�a�XcV.&«g#I�TNÀ?ewZfTN�%XcI[W9XcI�'Cg#I�a�XcV���V�T9I[WNr9V�u*k1X�\�\�X¼T9I[W�W[Z*\¾stV�u*��V�Zfb�b �/Øc�£�%ø�� R~Z*\!Xcg#I[Xz]~XcI/T9a-x
k1XcV�ZfI9b�Xce0WNT9I9�^XcV�b�þ*��e#g0l�m�a1M¾h°g0X��Cu*I�#[��T9V�Zfa�g0u*I[\�W[Zfa�Xcgt�%|9V°g#I9g#a°pqX$#[I[W9Xcai\�g0l�m{g#b�RzXcV�k1Xcg0l�m9I9g0\
ê«Øc�í�ê��è�����£��/Þ M>'Cg0XcV�j�ZfI9I¤�%X�\�a���Xce0Xc��a�R¼XcV�W9XcI � ZfIïR_Xce0l�m[XcV���u*I[\�u*e0X;R¼Xce0l�m[X�\�stV�u*��V�Zfb�b�RUg0X
��X�\�a�ZfV�a�Xca§R¼XcV�W9XcI¢\�u*e#eM®hiZfpqXcg·p�X�\�a�Xcm/a§WNg0X���þ*��e#g0l�m9j�Xcg#a � Xcg#I[XcIO�Cu*b�b�ZfI[W9u*k1Xcg#e0XcI9g#I�a�XcV�r9V�X7x
a�XcV°|9p�XcV°WNg0X�\�XcV�g0Xce#e0X�¡�l�m9I9g#a�a�\�a�Xce#e0X�k�T{pqXca�V�Xcg#p�XcI¾M«�C��a�b�Zfe0\�RUg#V�W{WNg0X�]~XcI/T9a�k1XcV�g#I�a�XcV�Zfj�a�g#¯�g#a�vfa
ZfTN�tXcg#I9��Xcp�Xca�a�Xca�XcII&«g#I/TNÀ9\�`N\�a�Xcb�XcI^T9I/a�XcV�RzXcV�R¼XcI[WNT9I9�©W9XcV·\�XcV�g0Xce#e0X�¡�l�m9I9g#a�a�\�a�Xce#e0X?T9b���X�\�Xca�k�a
¸%n�p[\�l�m9I9g#a�a Ñ MPO » Mq¶�V�\�r9V�|9I9��e#g0l�m´RUT9V�W9XcIYZfTN�_WNg0X�\�X�`´Xcg0\�X�\�XcV�g0Xce#e0X��!XcV�b�g#I�Zfe0\ ¨3Ô u�W9XcVÖÕ Øcç#Øc�%ø*}
«g×3Ä�´+µQ»-®°¯�ÀÆÁ°ÂÂw®°¯�·�¼U®°ÁØ·yÂwÇ�Èc®ÊµQ»-´>»-®°¸´+®¹¯c´+µ.Ä�ÀÆÂg¸XÀ@¸Q±cµ
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�[Øß  ¸�a�aJ` » ZfI�Xcg#I[XcI©�°V�u*��V�X�l�m9I[XcV~ZfI9��X�\�l�m9e0u�\�\�XcI � R¼X�\�m�Zfe#p§WNg0XC��XcV�vfa�X�W[Zfa�Xcg0XcI��%|9VzWNg0XU\�XcV�g0Xce#e0XcI
¡�l�m9I9g#a�a�\�a�Xce#e0XcI2T9I�a�XcV�&«g#I�TNÀ2ZfT[l�m2m[XcT9a�X?I[u�l�m^b�g#a·a�a4`[¡�[�p9g0\Ua�aJ`9¡�I2p�XcI�ZfI9I�a·R¼XcV�W9XcI¾M
ÙlÚ pBr Ú u��XÛ�¢Ük;|SÝ�Þ��QpIps�XtSß{psuXtSpstEà(|SpsuXuXpstO�XtáÞ�pBr�âÏps��ã�pstSÝ+£.uQäpIÞ�pBrÑåæ|SmÉÝ3çSãSr�|StSäÚ pD�Xè n�pBr�t�pDuXmcz\kUr}z(k;|SÝ�ÞSpsè é(ê

� ZfV�l�m��ÝgwO\Z � �Ýpqu�u*aß�Ýpqu�u*a�\�X�l�MÕ¡
� ZfV�l�m��ÝgwO\Z � �Ýpqu�u*aß�f\�Xca�T9r¾MÕ¡
� ZfV�l�m��ÝgwO\Z � �Ýpqu�u*aß�fl�u*b�r9V�X�\�\�X�W��Ým[X1Z*W«MÕ¡
� ZfV�l�m��ÝgwO\Z � �Ýj�XcV�I[Xceè�Ým[X1Z*W«MÕ¡
� g#I9g#aß�Ýb�Zfg#I¾M l�Ö�\�a�ZfV�aë¥Uj�XcV�I[Xce4¸ »
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�Y0�� 46587 MÜMON ������JKL � C���L�5>:��<587 M��! *587UMON " 7$#%��J�AD5�&�ADF<7U5>:
')(+*-,/.103254768(+*928: Ñ [ Ò<; 2!2=: Ñ [ Ò?> (+@BA9CEDF*EGIH9JBALKF(+MON�*9H9JFGPA9(+QRAESF*9CEAUTV@WKWTV*9KYX[ZF*�2\4]6=(+*928:=C]^
KF(+*_K`SF*9HUJ
(+GP@W(a(+GP@FJW(+GPAEbPGIH9JW(dc-C9(+*_,e@WCEAE*ESWH+AEGI4f@`g/hR(+AiN�*9HUJFGPA9(jH+AESF*9( ; c�,EhRN > KF($#W@FGI(+*EA_GICEA]k5'-GI(
c-,lhRNmGICEA-KF(+*)GPMnc-C9(+*�0Y4RKF(�¯?(+*lX[ZFoqprTV*9(��s(+GPbtKF(+*-.1(uXv(+JFbIC9CUTVAEw7TV*9HUJFGPA9(+QBAESF*]kxN�bPbI(y2\4]6=(+*928:=C
CEGP@WK���,EhF:zg{N�*9HUJFGPA9(+QBAESF*9(+@|^?GPM~}rTVbPbI(�KF(jC�2!2=: Ñ [ Ò M�GPAt(+GP@W(+*tc�@�A9(+*9CEAEZFwjSF@Fo)X[ZF* Ò CEAES�#Wo?(jCt2!G�g
D%(+bPGP@FGP@FoWk�'-GI(�VE(+68(+GPbPGPo?(=c�M�C9(+AEwjSF@Fo-KF(jC\.1(uX[(+JFbICUCUTVAEw](jC\TVS`XrKF(+*�ÿtp%(+@W(8KF(+*\0�GPQR*94Vg{N�*9HUJFGPA9(+QBAESF*
¯qTV*EGPGI(+*EA�GP@F@W(+*EJrTVbPp<KF(jC�2\4]6=(+*928:zg/hBAUTV@WKWTV*9KFC]k
N�S`X)KF(+M R-GP*EA9(u�Rg{,9,_2!*94�GICEA�KF(+*�2\4]6=(+*928:�2t*94fw](jC9C94f*EpFbI4RH9Q�GP@�KF(+@�}�28�)N�GP@�A9(+oq*EGI(+*EAaSF@WK
p%(jCEA9(+J�A�@W(+p$(+@�KF(+M Ø7å�Þ�Ø�â�â/Ø�â�ÙE� ý���� ä¼Ø+� �������?�f�%×_�_��,lhF:6��(+*E@�TVSWCi(+GP@W(+*���(+GPJW(§¯?4f@
hRH9JF@FGPAEA9C9A9(+bPbI(+@�wjSFM�}\2=�)N_k�')(+*52\4]68(+*92=:zg{N�*9HUJFGPA9(+QBAESF*z(+@BA9CEDF*9(jH9JW(+@WKx^VGICEA5K`GI(!GP@�A9(+*E@W(�hBAE*ESFQBg
AESF*�KF(jC)2t*94fw](jCUC94f*EQ?(+*E@WC)(+GP@W(<')TV*�¯fTV*9KRg{N�*9H9JFGPA9(+QRAESF*)M�GPA�o?(+AE*9(+@F@BA9(+@�.8SWCUC9(+@�X[ZF*�'�TVA9(+@YSF@WK
,e@WCEAE*ESFQBAEGI4f@W(+@�SF@WK�C9(+DrTV*UTVA9(+*8,e@WCEAE*ESWH+AEGI4f@�:1TfH9JW(�c�@FGPA ; ,E:=c > SF@WK�')TVAUT_:1TfH9JW(�c�@FGPA ; 'L:=c >
M�GPA-VE(+68(+GPbIC�(+GPo?(+@W(+@�hBA9(+SW(+*9(+GP@FJW(+GPA9(+@|k�'-GI(�¦�SFAEwjSF@Fo�K`GI(jC9(+*��|*9(+@F@�SF@Fo GICEAGVl(jKF4RH9J¡4fDFAEGI4f@rTVb¢k
')(+*�2t*94fw](jC9C94f*�p$(jCEA9(+JBA�TVSWC�KF(+@dXv4fbPo?(+@WKF(+@o��4fM�D$4f@W(+@BA9(+@¾Ö

� KF(+*):=2!c£M�GPA�(+GP@W(+*�}W(+A9H9J�¤V')(jHj4RKF(_c�@FGPA�SF@WK�(+GP@W(+*Cÿt�`(jH+SFAEGI4f@�c�@FGPA+¥
� (+GP@W(+*)hBD$(+GIHUJW(+*�¯?(+*E6=TVbPAESF@Fo?C9(+GP@FJW(+GPA ; 0Y0<c >
� KF(+@�p$(+GIKF(+@Y:1TfHUJW(Lc�@FGPA9C�,l:=c�SF@WK�'L:=c
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� _ i � ����� _ i � à ö èqê ã ß ö é b ú � f ö e ã�÷/ã ß ã�ÞMå6ã âQèaäHß åû ä Þ èä ñ ü ðCìSî��jïõ÷qí Ö ü ý ü ��������ü ùPôjô!7 à w�w EtEtE *ú�ü ïðþJû[üÈøË÷qûqw�ø�ùJï�7��+w�ô�ìËø�ùJúðïðþMw�ô�ìËø�ùJúðïðþ«ü íM�)(Hw�ô�ìËø�ù�ò�÷mø �#w þAL ic� L�K º�ºF� þ ý �`[;� L

[ K�þ � ý3ü xu�Ax=��� ü i þ � Ö �
� _ i � L�K � _ i � à c�á ã ùjâ û ö èqê ã ß ö é g�òoã ã1å|åFã1å g Þ�í/â ß!è Þ ò ã-Þ?ç á d�ßKáå á â�ç-ã!å ç èmß1ä ñ øHé ã!å�â !�å ä ç�â è Þ�â ÷ è " ù�# û ö èqê ã " ö é g�ò%$ ã1å�åFã�å é&è Þ'&ç "!è ñßñ�ã " â ü ðCìSî��jïõ÷qí Ö ü»�B� � ìËøË÷qí�ò �xò�ïðôjïõ÷qí�� Ö/L�L�K ü ùPôjô!7 à w�w EtEtE *ú�ü ïðþJû[üÈøË÷qûqw�ø�ùJï�7��+w�ô�ìËø�ùJúðïðþMw�ô�ìËø�ùJúðïðþ«ü íM�)(Hw�7Jî�÷mò�ñ�øSô)(�ó�û�ïðúðïQì �#w:X-÷ E ìSî�X�[ST � ïG*

øSî�÷A7Jî�÷møËì ����÷qî�� T_ó�í�òöT¬�(ûgþ¾ìËòJòJìËòöT�XCî�÷GøËì ����÷qî��
� _ i � X L�K � _ i � à ý�ì	(EìSúõ÷A7Jïðí�� X�÷ E ìSî�X�[ �(ûgþ¾ìËòJòJìËò xQ7�7Júðïõøvó�ôjïõ÷qí i^ïðí�ó�î!R _ íGô�ìSî)*

(�óqøËì ¶¡�zxSi _ ¸ [^÷qû�7JúðïQó�íPô
X(î�÷A�Hî�ó�û4�vü ðCìSî��jïõ÷qí Ö ü»�B� Ö/L�L�K ü9ùPôjô!7 à w�w EtEtE *ú�ü ïðþJû[üÈøË÷qûqw�ø�ùJï�7��+w�ô�ìËø�ùJúðïðþMw�ô�ìËø�ùJúðïðþ«ü íM�)(Hw�ô�ìËø�ù�ò�÷mø �#w�ìvó�þJïPT_óA7�7«ü 7°òU(
� é�ì��F�3ú�� é��±ö �h,z�"ýuü à #Nè â�ñ�å�âßÞ ç ä ÞWå c ã)â�ç�âßÞ ç ç å�å ë�ç ñ â $ å å "!è â\â ç è/è ñ�å á�ä â�Þ�â ü

ùPôjô!7 à w�w EtEtE ü VEì��EìSú�üÈøË÷qûqw�øSî�÷��6�jô�÷G÷qú�w
� , _ îSXhX�[h� ,³ïðíGñByg÷qí´X¢÷ E ìSî�X�[ � ó�ïðúU,«ï��jô`x�î�ø�ùJï)(Eì � à ùGôjô!7 à w�w�úðï��jô��vü úðïðíPñByB7�7°øHüÈ÷qî!�Nw�ïðí�òJì+y°ü ùGôjû�ú
� � ø$é��Cý%����� � xQ[�é��¼î í _ ���Gý<ü[ê|�z,�, _ � ï æ
î´�Fi�ü[êPý
� � x _ ,�,����Fx<ü à d�è ç è å è Þa÷& é�" ã ä ç�âßÞ ç

d�è ç è�ò�ä ç�â�å é&è Þ*! çqè+"1ä ç�â è Þ ø å " â é ç�â&÷ è�" í:ã " â#â è Þ-, ê � ûvü��Jî�ìËì � ÷:(�ô E ó�î�ì���÷qñJí�ò�ó�ôjïG*
÷qí�� _ í�øHü�����������üJùPôjô!7 à w�w EtEtE ü �HíGñ«üÈ÷qî!�Nw�ûoó�íPñ�ó�ú�wHó�ñJô�÷møË÷qíB(�*§��ü ý�þ wqó�ñ�ô�÷møË÷qíB(Àü ùGô�û�ú

� � æu����� � x ï í _ ö é�� _2ï �Ãöçê¿æ
é%±
è _ ��.uü�é�ü à c�á ã fhe ó # û ä Þ0/ ä ñ ü���î�ìËì � ÷:(�ô E ó�î�ì��÷qñJí�ò�ó�ôjïõ÷qí�� _ í�øHü?�>��������üEùPôjô!7 à w�w EtEtE ü �HíGñ«üÈ÷qî!�Nw�ûoó�íPñ�ó�ú�w:�HîjñJþB*)��ü L �>w��EîjñJþ«ü ùGôjûoú
� � æ ï L3ý � � æ ï æ
Ý«æ=,�x àö èqê ã " ö é2g�ò%$ ã1å�åNã1å d2131 ñ âPå ä ç�â è Þ # âßÞ ä ")ã�ù Þ?ç-ã " ÷ ä å6ã ü � ÷qô�÷qî�÷:*

úQóB� _ í�øHüh� Ö/L�L3ý ü EtEtE üÈøSúõ÷qñ�òJøvó:7Jô�ìËø�ù«üÈøË÷qûqw � X�[ ý3ý3ý34 �>��Ý_ì ��÷qñJî�øËì �+w2X(î�÷A�Hî�ó�ûY*
û�ïðí�� 4 �����(í+(Gïðî�÷qíJûYìSíGô#w�7�7¾øËìvó�þJï�ü 7°òU(

� � X&º|ú�� � ø�[�±S,�,�æ%[�ì@� W ü�ê?X _ºï«ï � W ü à d ñ è65 â�å ä ñ3å ä ñGå	/�ñ7/|â è ÷'ç á ã@â åFã ä â@â òSò�ä Þöã-Þ?çâ�ÞtÞ�ã " í è /�â ä å/ç�â�í/â�ç ãHü�i^ñJúðúõìSôjïðíz÷:( � ó�ôjù�ìSûoó�ôjïõøvó�ú8i^ïõ÷A7JùNRU�jïõø ����ðC÷qú�ü ý � Ö/L º|ú
� � ðu� Ö � _ i � X�÷ E ìSî�X�[ ºF� ý öuX ,«ïðíPñBy X�÷qîjô � ô�ó�ôjñ�� X¢ó:�EìHü

ùPôjô!7 à w�w�òJì	(°ü û8(mï��jô�ó�üÈøË÷qûqw�7Jî�÷:9jìËøSô��#w�ºF� ý ��7�T��jô�ó�ôjñ��#w
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� X�ì L3ü � X�x ï«ï �¼Ý � æ
î@�Nýuü;x<ü�ê�ì
�¼î
î�� ��� �>.Y�«è�üt,Cü à é&è�ò�1 /Uç-ã "nd�" å á â�ç-ã!å ç?/ " ã à~ä
@ / ä ÞMç�â�ç ä ç�â�í:ã äA131=")èaä å áGüM��ü � ÷qî!�Pó�íté
ó�ñB(�ûoó�íJí�X(ñJþJúðï���ù�ìSî��/� _ í�øHü�� Ö/L�L3ü

� X�ì L�K � X�x ï«ï �¼Ý � æ
î@�^ýuühx<üYê¼ì
�¼î
î�� ��� �B.Y��è�üh,xü à é&è3ò1 /Uç-ã "�ùC"D5�ä Þ?âÂâ ä ç�â è ÞFE
á´ã)â+â 5 Þ ü���ü � ÷qî!�Pó�íÀé
ó�ñB(wûoó�íJí�XCñJþJúðï��jù�ìSî��/� _ í�øHü�� Ö/L�L�K

� X¢÷qô L ºA� X�æVý � [�ì=±
î@� ï ü à?á ä â d â\â ã òG$ ñ�ã " & # /�å áGüö��ü�x¨òJò�ï���÷qíB* W ì �júõì�R>� Ö/L�L º
� Ý�[;����� Ý;±=i _ î _ �Bx<ürê?[«æ
ÝQic� ï è�ü à � ù!ô ó � f ã "�H ç-ã�ç " ã+â $ ã "?üö��üWæSôõÝ�ìSïðúðú�R>�?�������
� Ý�÷:9 L3ü � Ý¬æ
è>x � ��Ýgü à c�á ã è�" âPãSåFã " Þ�ãI/ ")è Þ ä ñ�ã-Þ ô ã�çKJ�ã ü�º�ü � 7Jîjïðí��EìSî/� Ö/L�L3ü
� Ý�÷�� ý�K � Ý¬æ � �¼î=i;,�x ï«ï �&�Ãüuc�á ã 1 ã " å6ã 1 ç "!è Þ à ä%1L"!èM$1ä+$ âßñ âßâ+ç�âPå ò4è åFã-ñR÷ è�" â�Þa÷ è�")ò�ä ç�â è Þâ�ç è�"1ä*5 ã ä ÞWå è�"D5�ä Þ�âNJ ä ç�â è Þvâ�Þvç á ã $I"1ä â�Þ ü�Xz�!R�ø�ù�÷qúõ÷A�Hïõøvó�ú�Ý_ì	(mïõì E ��ðC÷qú�ü ü3ý � Ö/L3ý�K
� Ý�Ou� Ö � Ý_ñ�����ìSúðúH� Ý�ü ê O�ñJïðíJúQó�í�� ý<ü à ìhâ�ñ�ã-â ã â+ç-ã ò þ âHã ",ä " å á�ã ø ç ä ÞWå ä�" å ü

ùGôjô!7 à w�w EtEtE ü 7�ó�ôjùJí�ó�ûYìHüÈøË÷qûqw�(wù��+wA��ü»�>w
��� ø�ù�ì/� Ö � � [�ì
� �v� �h,z��è�ü�ê � � _ �¼Ý'��é�ü�ê � [�ì � Ý � x�î
î´�r�^ü à dQP � øù_ù)ò1 ñ�ã ò ã-Þ0&

ç ä ç�â è Þ è ÷ ä Þ d Þ ä ñ è65�ô ã	/ "1ä ñ ô ã�ç?R è�"#æ âA/Uâ�ç-ã�åY÷ è�"4f ã-Þöã�ç�â�å d ñ 5>è�" â�ç á�ò â ê _ í à ºHôjù_ íPô�ìSîjí�ó�ôjïõ÷qí�ó�ú�[^÷qíB(pìSî�ìSí�øËì�÷qí}�B(E÷qú)(Hó�þJúõì � RB�jô�ìSû4�u¶ _ [�� � ����� Ö ¸+�ú�* ý æVøSô/�B����� Ö �ï ÷AVNRE÷
��� ø�ù�ì/����� � [�ì
� �v� �h,z�«è�ü�ê � [�ì � Ý � x
î�î´���Ãü êcì æ
ì � x
î
î@� � ü ê � � _ �¼Ý'�cé�ü à

d Þ ù Þ?ç-ã 5�"1ä ç-ã1å û�â j ã1å�&Ïû è åFã ô ã	/ "1ä ñ ô ã�ç?R è�"#æ d�" å á â�ç-ã!å/ç?/ " ã�÷ è�" ûbã 5|ä â ã Þ äA1 &â/ã dQôSô â ü _ í à �´è " ñnå é&è Þ 5�" ã)â)â è ÷ é&è3ò1 /Uç ä ç�â è Þ ä ñ ù Þ?ç-ã-ñ�ñ â 5 ã�ÞMå6ã ¶ W [t[ _ �������>¸+�
�������

��� ø�ù�ì/�3ú�� � [�ì
� �v� �h,z��è�ü&êrì�æ
ì � x
î�î´� � ü&ê � � _ �¼Ý'�ré�ü&ê � [�ì � Ý � x�î
î@�R�Ãü à dû}â j ã�å�&Ïû è åFã d Þ ä ñ è65nô ãI/ "1ä ñ ô ã�ç?R è "6æ /�â#â�Þ 5µé / "I" ã-Þ?ç?& ø ç-ã�ã " âßÞ 5�ø[ã Þ äA1 â/ã)â ü _ í à
ü ñ7/+R�ã "=d å ä åFã ò â�å©öS/ $ ñ âßâ á ã " â �Wî_ïõìËòJìSîjúQó�í�òJì��������3ú

��� ø�ùJûÎ�3ú�� � [�ì �v_2ï í`� ï üM��ì�æ
ì � x�î
î´� � ü[ê � � _ �¼Ý'��é�ü[ê � [�ì
� �}� �z,z��è�ü[ê � [�ì � Ýt*� x
î�î´�|�Ãü à ø 1 ã�ã1åAâ�Þ 5 ó 1rþ�ä�" å R ä�" ã g í è ñT/Bç�â è Þ àMd é&èA1L"!è å6ã-â\â è " ÷ è�"�g í è ñT/Bç�â è &Þ ä�")ã�d ñ 5>è�" â�ç á|ò â ü _ í à ù Þ?ç-ã " Þ ä ç�â è Þ ä ñ é&è Þa÷/ã " ã-ÞMå6ã è Þ g í è ñ í äM$ ñ�ã ø[ã â+ç-ã ò â ¶ _ [�� � ¸
*hXCî�÷GøËìËìËò�ïðí��>�V÷:(¢ôjù�ì _ [�� � �����3úB��7�ó:�Eì �S� þ ºA*§� K3ý � � 7Jîjïðí��EìSî�ðCìSîjúQó:���?�����3ú

��� ø�ùF.?����� � [�ì � Ý � x�î
î@���ÃüRêì�æ
ì � x
î�î´� � ürê � [�ì
� �v� �z,h��è�ü�ê � � _ �¼Ý'�é�ü à cMè &
R ä " å(â ä Þ d�" ç�â !�å�â ä ñ ô ãI/ ",ä ñ ô ã�ç?R è�"#æ ì ",ä3ò ã	R è�"6æ�ü _ í à � ï æ _ [�x@��x<ü&¶¡ì_î��!��ü�¸_ê
,�æ
ì�î´��è�ü�¶¡ì_î��!��ü�¸�ê�é%x ï í`��Ý�üh¶¡ì�î��!��ü�¸£ê�é��>. � �z±=,��¼î´�ºýuü�¶¡ì�î��!��ü�¸£ê�íR�3*
i;±=,�± � �¿Ý�ü � ü=¶¡ì�î��!��ü�¸ à c�á ãU,Uú>úV, ôSd
øBd^ë á è á é&è Þ+÷ ã " ã-ÞMå#ã è Þ g í è ñ í ä+$ ñ�ã
þ�ä�" å�R ä�" ã ü�x_úõì+y�ó�í�ò�îjïQóB�ðVïðî!�HïðíJïQó à _ �¼�¼� [^÷qû�7JñJô�ìSî � ÷GøSïõìSô§R>� Öaý * Ö/K èHñJúðï���������ü
* _ � icî ��* þ�ü�L3ý * Ö+þUÖ/K * K

��� ö � ����� � ï xS,�, � x
î´�[Ý�ü � ü�ê � [¨ö�ÝQx ï ì´��Ý�ü�ê � �}_ºï ì´��X�ü à fhô ó�û ä:æ ã�& d ö ")è &
5 ",ä�ò ÷ è�" á\â " ã!å ç�â�Þ 5�e ã!å è�ò�1 â�ñ ä ç�â è Þ ü��Jî�ìËì � ÷:(�ô E ó�î�ì}��÷qñJí�ò�ó�ôjïõ÷qí�� _ í�øHü��8��������ü
ùGôjô!7 à w�w EtEtE ü �HíPñ«üÈ÷qî!�Nw�ûoó�íGñ�ó�ú�w�û�ó:VEì+*2úJü K �>w�û�ó:VEìHü ùmôjûYú

��� X������ � ï xS,�, � x
î´��Ý�ü � ü�ê�X¼� � [�ì´��Ý�üê � ì
�zi � � � üHìSôxó�ú�ü àFá@ã $ / 5W5 âßÞ 5 R&â�ç árf á #_üL ü(�Jî�ìËì � ÷:(wô E ó�î�ìc��÷qñJí�ò�ó�ôjïõ÷qí�� _ í�øHüN�:��������üeùGôjô!7 à w�w EtEtE ü �HíPñ«üÈ÷qî!�Nw�ûoó�íGñ�óqú�w��Eò�þ�*ý ü Ö ü Ö w��Eò�þ«ü ùGôjû�ú
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����� ��ì=����� � _ �&ð
��Ý'���Nürê � X�x _ î
ì æ=±
Ý'� � üRê� _ ö
ö _ î � � � ü�ê�ì��¼é � x
î@�è�üBX¢ü à � ù!ô ó �â�Þ ä Þ'/Bç�â á ã-ñ�ñ ü�ú�üWæSôõÝ_ìSïðúðú�R>�?�������
��� ô�ó�� Ö � � ï x=,�, _ î�ö � � W ü à ù<1 ã ",ä ç�â�Þ 5pø[ã â+ç-ã ò â ü�º�üöX(î�ìSíPôjïõøËì+*¦ì�ó�úðú _ íPô�ìSîjí�ó�ôjïõ÷qí�ó�úH� _ í�øHü

������� Ö
��� ô�ó������ � ï x=,�, � x
î@�=Ýgü � ü àçó�â+âßÞ 5 ç á ã fhô ó é&è�ò�1 âßñ�ã " é&è ñßñ�ã!å ç�â è Þ ü ±S7B*

ò�ó�ô�ìËò (p÷qî ö\[t[ ú�ü ú�ü �Jî�ìËì � ÷:(wô E ó�î�ì ��÷qñJí�ò�ó�ôjïõ÷qí�� _ í�øHü � ��������ü
ùPôjô!7 à w�w EtEtE ü �HíGñ«üÈ÷qî!�Nw:��÷:(�ô E ó�î�ì�w��EøËø:w�÷qíJúðïðí�ìËòJ÷Gø �+w

��� ô�ó��3ú�� � ï x=,�, � x
î@� Ý�ü � ü à fhô ó é&è�ò�1 â�ñ�ã " é&è ñ�ñ�ã!å ç�â è Þ ù Þ?ç-ã " Þ ä ñ5â ü ±S7B*
ò�ó�ô�ìËò (p÷qî ö\[t[ ú�ü º�ü �Jî�ìËì � ÷:(wô E ó�î�ì ��÷qñJí�ò�ó�ôjïõ÷qí�� _ í�øHü � �����3ú�ü
ùPôjô!7 à w�w EtEtE ü �HíGñ«üÈ÷qî!�Nw:��÷:(�ô E ó�î�ì�w��EøËø:w�÷qíJúðïðí�ìËòJ÷Gø �+w

� ï ó�í K�K � ï x
î
�¼îSi;xt± � �&x<ü � ü à é&è�ò�1 /Bç-ã "Îô ã�ç?R è�"#æ â üzX(î�ìSíPôjïõøËìÀìVó�úðú _ íPô�ìSîjí�ó�ôjïõ÷qí�ó�úH�_ í�øHü�� Ö/L�K�K
� ï ö L�L � ï x
î
�¼îSi;xt± � ��x<ü � ürê�ö©æ�æVý � x�î´��è�ü à é&è�ò�1 /Bç-ã "1ä�" å á â�ç-ã æ ç?/ "SüMº�ü�X(î�ìSíPôjïõøËì+*ì�ó�úðú _ íGô�ìSîjí�ó�ôjïõ÷qí�ó�úH� _ í�øHü�� Ö/L�L�L
� ï ï L ��� ït_ � [�ì��¼Ý@� � ü à[ö é â�Þ?ç-ã " Þ �Nê ú üJý�ó�ô�ó�iÃìËø�VEìSî/� Ö/L�L �
� ït_ � � ï ÷m÷qú _ íPô�ìSî)(�óqøËì � ô�ó�í�ò�ó�î�ò�� ¶ ït_ � ¸ à gzj ã!å	/Bç äM$ ñ�ã ä ÞWå � â�Þ æ â�Þ 5 ì è " &ò�ä ç ï�g � ì ñqü X¢÷qîjô�ó�þJúõì ��÷qîjûoó�ô�� � 7°ìËøSïYX�øvó�ôjïõ÷qí ðCìSî��jïõ÷qí Ö ü Ö üEtEtE üÍ�!VURF(�î�ìËìHüÈ÷qî!�Nw�úðïðíPñBy?w�î�ì+(pìSî�ìSí�øËì �#w(�z,���T¬��÷qîjûoó�ôvü 7°òU(
� ð � �3ú�� ð � E ó�î�ì à EtEtE ü (Gû E ó�î�ìHüÈøË÷qû
� W ïðî L3ü � Wó_ Ý ï ì´�~îgü à fS" /�ÞWåñ ä*5 ã-ÞZ/�ÞWå c ã!å á Þ?â æ ã�Þ åFã-â é&è3ò1 âßñ�ã "*$1ä /�â üÎx¨òJò�ï���÷qíB*W ì �júõì�R>� Ö/L�L3ü ü
� W � L�K � W x�Ý�ý´� i�ü ê ��� ï«ï �¼ÝS, _ î@��X¢ü à � â�Þ'/ j ü ã " Þöã-ñ þYù���c�ù¨ü ðCìSî���ïG*

÷qí|��ü K ��*2úB� Ö/L�L�K ü�ùGôjô!7 à w�w EtEtE ü úðïðíPñBy�ù�ó�(EìSí«üÈòJì�w�ò�úðù�7Mw�ì�æ W ï æ\w�ý �3*¦é
ìSîjí�ìSú�*ì�æ W ï æ<ü ùPôjû�ú
� [ ïðúÓ���Hó�� [ ïðúðïðíByö� _ í�øHü à P â " ç-ã j & ù1ù ö "!è öcñ ä ç ÷ è�"-ò ì�ö fhd ó�â/ã "Îf /Uâ¡åFã ü EtEtE ü ymïðúðïðíBy³üÈøË÷qû
� [ ïðúÓ����þB� [ ïðúðïðíByö� _ í�øHü àWö¼ö éfb ú �fó�â/ã " û ä Þ0/ ä ñ ü EtEtE ü y�ïðúðïðíBy°üÈøË÷qû
� .±ó:�F�3ú�� .hx_ö ì � æ=±
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