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x bzy{f|^is�}~q�f�`�[�h�]gf���h�[�d
• � �1^eb�^ef���h{`��1^i��di] θ

dib1q�f�b�h�[�d>�/dgf�h�v~��dgf�v���Y
• � ��b1n�h�f�h�v�`�[�q�[wh�jRb1�z^e��d s

Y
• � dA^e��v1��h�b1n|��di��og[w�M^if���h���} x � b��u[�n�h�dg[�]i��[w�z^ef�s1[ y � b��u[wn�h�Yx tOy{f|^edi[rq�f�`�[�h�]if��1h�[�d
• � �1^eb�^ef���h{`��1^i��di] θ

dib1q�f�b�h�[�d>�/dgf�h�v
z � b��u[�n�h�Y

• � ��b1n�h�f�h�v�`�[�q�[wh�jRb1�z^e��d s
Y

• � dA^e��v1��h�b1n	��di��og[w�M^if���h���} xy � ��n�b1h�[�^�� yz � ��n�b1h�[�^�di[w]i��[��z^if�s�[ xz ���n�b1h�[�^�Y
� Y+�9_1dV`cb1h']A�/]i]in�b1d-`�[�q x q�b�^i��d%y � v�dib�����_�dV��^el
s�[�d-n�f�h�oi_1dib+b
s/t�f�n�q�h�f�h�v�b1dU�/�%�/]i}^edib1h�]in�b�^ef���h�[wd�`'�u�%�1[w^Vs/f��M^if�vzbuY$�Hh�^ideb1h�]in�b�^ef��1h�`c[wq�[�h�s1[��z^e��d

b
�
Tb

_1d<��[wn�^
[�h��1[wn�^Db1q�q�f�^if���h�`c[wq�s�[w�M^i��dih

b �
Tb(x) = x + b.

x bzy��9f�]ib�b�^i^�[�h�^edeb�h�]in�b�^ef���h PRT���J _�d�[wh�n�f�h�oi_�d>b
s/t�f�n�q�h�f�h�v x ��`
b 6= 0

y�Y
x tOy� U}�^

f(x) = Ax
s�b1dib�[�hcn�f�h�oi_�dHb�s/t�f�n�q�h�f�h�vr`c[wq�`cb�^edgf�]g[�h

A =
(

a b

c d

) Y
ZK[�de_��/h�b

Tb ◦ f(x)
�/�%�

f ◦ Tb(x)
Y��9_1d�_1d�q�[�n�f���bz¡

¢ Y+�Hh£b�¤�h¥b
s/t�f�n�q�h�f�h�v¦_�d�[wh x v1�/q�^C�/�%�Mn�f�vMyc]eb1`�`§b�h�]e_�^g^eh�f�h�v¦b�s¨[�h©n�f�h�oi_1d
b
s/t�f�n�q�h�f�h�vk�/�ª��[wh�^edib1h�]gn�b�^if���h|Y
x bzy��9f�]ib�b�^i^~��`

f
_1d�[�h5b�¤�h5b�sut�f�n�q�h�f�h�v«]e}¬��h�h�]�q�[w^�`cb�^edgf�]

A
�/�ª�

s�[w�z^e��d
b
]e}1q�b1h�b�b�^g^

f(x) = Ax + b
Y

x tOy��9f�]ib­b�^g^-]eb1`�`§b�h�]e_�^g^eh�f�h�v�[whkb�s�^gs�}9n�f�h�oi_1dibDb�s/t�f�n�q�h�f�h�vzb1d<_1dV[�hkn�f�h�oi_1d
b�s/t�f�n�q�h�f�h�v�Y/�­f�n��1[�h�di_1�Mh�[�dg[�v�[wn<_1d�q�[�^Dh�f���^ehz�M^i^Roib�d%¡

x ��y{�9f�]ib§b�^i^D]eb�`c`cb1h�]i_�^i^ih�f�h�v1[�h�b
s{^is�}§b�¤�h�b§b�sut�f�n�q�h�f�h�vzb1d�_1d+[wh¬b�¤�h
b�s/t�f�n�q�h�f�h�v�Y

x qOy� U}�^
ft

s�b1deb�jm��h��z^ef���h�[wh']i�1`®di��^e[�dib1d
t
dib1q�f�b1h�[�dU`��1^e��dg]<di��hM^-����h��z^e[wh

(1, 1)
Y��9f�]eb�b�^g^

ft

_1d9[�h�b�¤�h¯b
s/t�f�n�q�h�f�h�v§v1[�h���`°b�^i^rt�[w]g^e_1`c`cb§[wh
`cb�^idif�]

At

�/�%��[�h�s�[��z^e�1d
bt

]i}1q�b1h�b�b�^i^

ft(x) = Atx + bt.

± X���L�N$Q/SUT<P²TUW�X�N
21Y+³D��h�]A^edi��[�debc´µb�^en�b1t � jm��h��z^ef��1h�[�d>]g��`

x bzy{��b1d�b�div���`c[whM^
s
�/�ª�{v�[wd>q�[�h

2× 2 � `cb�^edgf�]K]g��`¶]As�b1dib1d>`��1^\]i��b�n�h�f�h�v
`�[�q

s
Y
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x tOy{��b1d�b�div���`�[�hz^
t
�/�%��v1[�d�q�[�h

2× 2 � `cb�^edgf�]\]i�1` ]gs�b�deb1d�`��1^>di��^%b�^if���h
t
deb�q�f�b�h�[�d�`��1^i��di]wY

� Y x bzy�³D�1h�]g^idi��[wdebc[�h�jm��h��z^if���h�]i�1` ��b�d+^idi['b1dgv���`�[�hz^ � A � b �/�%�
x
q�_1d

A_�d-[wh
2×2 � `cb�^idif�]<�/�%� b

�/�%�
x
_�d

2 � s�[w�z^e��dg[�d�Y � ��h��z^if���h�[whk]i�$b­��n��1^i^eb����h��z^e[wdih�b
x
�/�%�

Ax + b
Y

x tOy � b1`c`cb�]g��` jml�dg]g^%b�q�[�n�������v�f!j ^e[�h�jRb�]g^K��n��1^g^%b�q�[+^gs�}�����h��M^i[�dgh�b'fO^gs�}
q�[�n�jml1h�]g^i[�d�v1[�h���`ab�^i^+b1hzs�_1h�q�b�� ]i��t���n���^��!Y

¢ Y � b1`�`§b\]i��` ������v�f!j ^ � jRb1]g^Un�}�^�hM��f�]g^%_�n�n�[�^
X
s�b1deb�[�h�� s�[w�z^e��d���b
s

n
����h��M^i[�d

n�b1v1deb1q�[�]i��` [�h
2 × n � `cb�^edgf�]�Y � ��h��z^ef���h�[wh¨]g��b dif�^eb q�[wh ���1n��/v���h `c[wq

����h��z^i[�dih�b­f
X
]i��`®��l�dih']eb�`'^V`c�1^i]gs�b�deb1h�q�[�]V����n��/v���h�q�}+`§b1h�^eb1d

Ax+bjml�d�q�[���n�f���b'����h��z^e[wdih�b
x
f
X
Y��-��[w`c��[wn�s/f�]�]i��b

X =

(

0 0 1 1 0
0 1 1 0 0

)

v�[­[wh���[�^e]i�zs�b1q�dib�^e[wh�Y	�<[�]A^%b�q�f�h§jm��h��z^ef���h�`c[wq{n�f�^e[+��n�f���b�`§b�^idif�]i[�d x ^O[ª��q�[
jmde}1h�jml�di]A^%b§������v�f�j ^i[�hOyª��s�[w�z^e��dg[�d

b
�/�ª�«����n��/v��1h�[�d

X
Y|�	^i^9^if���]9_1d­b�^g^9^eb

[�h«n�f�^i[���di[wv�[�n�t���h�q�[wh«����n!�uv1��h�jml1d9b�^i^9t�_�^i^idi[�]i['[�
|[w�z^e[�dgh�b{b�s�q�[wh¬b�¤�h�b
b
s/t�f�n�q�h�f�h�v�[wh�Y
�DhMs�_�h�q vz_1dgh�b{�1��`�`§b�h�q��1^�� b��uf�]�� x ��b1h�]g�1[cf	�1��`kt�f�h�b�^if��1h
`c[wq�� `§b$�����/�%��� `�f�h�� y jml�d�b�^i^�jR}�n�_1`���n�f!vzb'v�di_1h�]i[wd�jml�d�v�deb�jm[�dgh�b�Y

� Y��'q�[�h5��_1d~������v�f!j ^e[�h �1��`�`�[�d�q�� b�^g^���b b�hMs�_�h�q�h�f�h�v b�s �1��`�`§b1h�q���h�b
� v1[w^ijmdib1`�[����/�%��� `��
suf�[�� x ]ib1`'^�[�h�jm��h��z^ef���h�]i��`aq���v�og�1dg^�] oi_1n�s�dg[�q�b�hOy�Y
x bzy��rl�d�[wh���n�` ]g��`af�n�n���]A^edg[�deb�d>[�h�]i[w�/��h�q�suf�]eb1dg[1Y
x tOy���^el��$b ]e} b�^i^�q�[�h¨�/�ª�M]e} ��b1d§`�f�hM��^ � �/�%� ^ef�`ks/f�]eb1dg[1Y x�� _�dc^ef�n�n�}�^e[wdq��«n�_1`���n�f!v�[wh�^ef�q�[�h«b�^i^9v�}c]ih�b�t�t�b1dg[ x jml�dDb�^i^+jR}cn�f!^e[��Ab1��^ef��1h��Ay\]eb1`'^

��������b1d\h�}1v�dib']i[w�M��h�q�[�d�f�^eb1v�[�^ x jml�d>b�^i^>f�hz^e[9v1l�deb�]in��u^>��}k`�f�h�h�[w^ªygy�Y
�+����v1f�j ^ � t�n�b1h�q{^e[w��dif�������v1f�j ^e[wdih�b']eb1`'^�������v�f�j ^ ¢ t�n�b1h�q�q�b�^e��dg������v1f�j ^e[wdih�bk]i�$b
dg[�q��
s/f�]ib1]�]i�Mdif!j ^en�f�v1^9^if�n�n � ^e[wjRb�h�Y � f�]g^%b�f�h�n�_1`�h�f!h�v�]iq�b1v�_1dr`c}1h�q�b1v�[�h¯q�[wh � jm[�t �dg��b1dgf Y�� h�]g^idi���z^if���h�[wd�jml�d�di[wq��$s/f�]gh�f�h�v�[�h���h�h�]+��}���[�`�]if�q�b1h�Y


