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Exercise 1 (10 points)

V�WYX
L Z W6[]\WYX!^7_ n `badc W�\ adcfe 2 c ^gXh/i&W�WS^7_kj!h adl hImn[o\\�Xh/iE^Np/qrhF[ l ^Nsts(^ c m�^ adc X�u!vwp/m4m�^N\W:Xhx[�X[ `b`�`badc W�\y_zi&^Ns P { L

[*iEW�mn[�iE[ `b` W ` X^9W�[ l h|^7Xh4WYi�} c ^~X�jy^ `badc W�\�_�i&^Ns L\P
[�i&W!mn[�iE[ `b` W ` X^6W�[ l h�^7XhxWYi�}[ c4��c ^ `badc W<_�i&^Ns L\P a \�mn[�iE[ `b` W ` X^SXh4^N\&W!_�i&^Ns P

u��<WYXWYi&s adc W�Xh4W c p4s Z WYiy^7_��rWYiX adl W�\�}4W � qrW�\�}4[ c4�_�[ l W�\�^7_kXh4WS[�iiE[ c qrW�stW c X�� (L) adc XWYiEs(\�^7_ n
[ c4� k := |P|

u

Exercise 2 (10 points)

�/^7i![ c [�iiE[ c qrW�stW c X ��^7_+[9\WYX ^7_
n `badc W�\ adc�e 2

} ` WYX�� := � C ���/�	�����o���E� C � W c ^7XW�Xh4W:p c/a ^ c ^7_�Xh4W
lY` ^N\p/iEWt^7_�[ `b`�Z ^Np cx� W ��l W `b` \�u�vwh4^�j�Xhx[�X6XhxW l ^Nsgm ` W�� a X��G� c p4s Z WYi]^7_��rWYiX adl W�\g[ c4� W � qrW�\9^7_�Xh4W[�iiE[ c qrW�stW c X ` � adc q|^ c Xh4W Z ^Np c4� [�i�4  ^7_)� a \ O(n)

u

Exercise 3 (10 points)

¡ a �rW c [(\WYX~^7_ `badc W�\ adc XhxW]m ` [ c W]j a Xh c ^�Xh/iEW�W adc XWYi&\&W l X adc q adc [ l ^Nsts(^ c m�^ adc X�})_�^7i&s¢[(qNiE[�mxh
G
j!h4^N\&Wg�rWYiX adl W�\g[�i&W(Xh4W adc XWYi&\W l X a ^ c \(^7_ Xh4W `badc W�\�}?j a Xh�X�jy^I�rWYiX adl W�\([ �7£ [ l W c X a _ Xh4WY��[�m4m�W�[�i

l ^ c \W l p4X a �rW ` �¤^ c ^ c W|^7_�Xh4W `badc W�\�u�¥ki&^*�rW|Xhx[�X χ(G) ¦ 3
u§�

χ a \6XhxW l h/i&^Nst[�X adl�c p4s Z WYi]^7_!Xh4WqNiE[�mxhn 

Exercise 4 (10 points)

¡ a �rW c [$\&WYX S
^7_

n `badc W]\WYqrs(W c X\ adcIe 2
u!�<W�\ l i abZ W][ � [�X&[g\�X�iEp l Xp/i&W6_�^7i S

X^�[ c \�jyWYi adc O( ` ^7q n)X a s(W(h4^�j�st[ c ��\WYqrstW c X\S_zi&^Ns S
[(q a �rW cJ¨ p4WYi� `badc W adc XWYi&\W l X\�u|v�X^7iE[�qrWg\&h4^Np `d�©Z W O(n2)

[ c4�m4i&WYmxi&^ l W�\&\ adc q(X a stW O(n2 ` ^7q n)
u
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