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V 435 '�- K 6 K = R, C 78 53539;:=< 13>3? ϕ 9 >A@�BC' 9 &D0E- 9 0 53: '�> ϕ : V × V → KF ' 9;G + HJI%I ���!�LKNM��!�PO%#%��� 6 0�1RQ V 7 BC'*>3>
6 0 7 ϕ(v + v′, w) = ϕ(v, w) + ϕ(v′, w)

6S5T7 ϕ(λv, w) = λϕ(v, w) λ ∈ K

6SU�7 ϕ(v, w) = ϕ(w, v)
F '*-V2 9 + 9;WVU F

6S<T7 v 6= o ⇒ ϕ(v, v) > 0 X , WV9 + 9ZY[< '�\�> 9 +
6SU�7 ⇒ ϕ(v, v) ∈ R

4R5 '*- R ] W/^ 2_2_'*+V- 9;WVU F 'a` 9=:;9 >R'b0�-cQS,.-V2
6SU�7 ⇔ ϕ(v, w) = ϕ(w, v) Wc^ 2_2_'*+V- 9;WVU F
6S5T7 13> <d6eU!7 ⇒ 6S5 R 7 ϕ(v, λw) = λϕ(v, w)

4R5 '*- C ] F '�-/2 9 + 9;WVU F 'afg' WVh 1 9;:=9 >3'b0E-/QS,.-/2
6S5T7 13> <d6eU!7 ⇒ 6S5 C 7 ϕ(v, λw) = λϕ(v, w)

V
F ' 9=G + �i�����b�j�!�!"�#%$ $ H � HJI%I ���!�L$ Mi�!�PO%#k��� 6Jl -�m F 9=:;5 '*-/+V-�0�132 7n ���������Coj��������p��(	qoRrLp
�ts

4R5 '*- R ] '�1R) :;9;<39=W/U F '�- 6 &('�)�+V,.-cu 7tv 0�132
435 '�- C ] 1R> 9 +�m�-V'*- 6 &('�)�+V,.-cu 7tv 0�132f U F -V' 9=5 B' 9;W ' ] �twx� 〈v, w〉 ]= ϕ(v, w)

r���p
yRz
〈v | w〉F m�1R\�? 6Jl F ^LWV9 ) 7 0�1 U F 132_?.'�)E' F -c+ ] 〈v, w〉 ]= ϕ(w, v) 6e435 '�- C 7

nJ{ ��|}���
���L��~�s Y '�-/BC0�> < +�'i`C'�?.- 9;� ' WV9 > <
6 ∀v ∈ V 7 v 6= o ⇒ ϕ(v, v) < 0

>3'*?�0E+ 9;Y[< '*\�> 9 +
6 ∀v ∈ V 7 ϕ(v, v) ≥ 0 X , WV9 + 9ZY[W '*2 9=< '�\�> 9 +
6 ∀v ∈ V 7 ϕ(v, v) ≤ 0

>3'�?.0E+ 9ZY[W '*2 9=< '�\�> 9 +

�q� ���e����� ��� �q�����������%�������;�/� �t�t� � ����� �c�/� �q�q�q�k�����  q��¡
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V
2 9 + 9 >3>3'*-V'�2 l -/, < 1R)�+ ���j���.¢������x�

£ � �E$
‖v‖ ]= 〈v, v〉

1/2>3,.-V2 9 '�-c+�'�-¤&('*)�+V,.- ]⇔ ‖v‖ = 1�
	¥~.��¦§��z
|〈v, w〉| ≤ ‖v‖ · ‖w‖ 6J¨ 0�1 U F ^ ucf U F BC0�-V@ WVU F 'N©¥>R? : ' 9=U F 13>R? 7�
	¥~.��¦§��z
‖v + w‖

2
+ ‖v − w‖

2
= 2(‖v‖

2
+ ‖w‖

2
) 6el 0�-V0 :;: ' : ,.?�-�0�2_2_-V'*?.' :�7ª ����� H �

d(v, w) ]= ‖w − v‖	���«¬���� 9 >3)E' : cos 6 (v, w) ]= v

‖v‖

w

‖w‖
W/X '*@ 9 ' :;: v ⊥ w ]⇔ 〈v, w〉 = 0

,.-c+ F ,�?.,.>�0 :e®RW '�>3)�-/' U F +�
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‖v‖

2
+ ‖w‖

2
= ‖v + w‖

2
⇔ v ⊥ w 6 fR0�+�@ < ' W¯l°^ + F 0E?.,.-�0 W�7

b1, . . . bn
� ���!±k� I � ��$d"�²S�´³µ"3K H K ��¶;yR¶ >3,.-/2 9 '*-/+ ®�X 0.0�-/B' 9;W '�,.-c+ F ,.?�,.>�0 :

]⇔ 〈bi, bj〉 = δij· -�0E2autf U F 2 9;< + W/U F 'N¸ ���!±k� ¹ � I "�² H K H ����# I ¹-/'�)�13- WV9ZY 'µº»,.> W +�-V1R)�+ 9 ,�>¼' 9 >3'*-¥,�-/+ F ,.>3,.-/2½0 : '*>¼`C0 WV9;W8 1 W ?.0�>3? W/X 13>3)�+ ] v1, . . . , vn
`¾0 WV9;Wµ6 ���L���¿���g� :;9 >3'b0�-À13>30 5 F m�>R? 9 ? 7

6 k = 1 7 b1 ]= v1

‖v1‖6 k − 1 → k 7 b1, . . . , bk−1 W/9 > < ,.-c+ F ,.>R,.-V2N0 :
	����Á¢��

v′
k = vk −

k−1∑

i=1

〈v′
k, bi〉 bi

⇒ 〈v′
k, bi〉 = 0

Q 4 - i = 1, . . . , k − 1
r�¦Â	��

bk ]= v′
k

‖v′
k‖>R,.-V2 9 '�-/+V'�- 6 &('*)�+V,.-cu 7tv 0�132 V Ã ,�-V2 ‖·‖ : V → R2 9 + ‖v‖ ≥ 0

1R> < ‖v‖ = 0 ⇔ v = o

‖λv‖ = |λ| ‖v‖

‖v + w‖ ≤ |v| + |w| Ä -/' 9 ' U ) W 13>R? : ' 9=U F 13>R?2_'�+�- 9;WVU F '�- v 0�132 S Å '�+�- 9 ) d : S × S → RnJÆ �Á	���r��L¢�Ç�ÈkÉ¿Ê�	���r��j��	Swx�L�R���J�����.s
2 9 + d(v, w) ≥ 0

13> < d(v, w) = 0 ⇔ v = w

d(v, w) = d(w, v)
f ^ 2N2_'�+�- 9 '

d(v, w) ≤ d(v, u) + d(u, w) Ä -/' 9 ' U ) W 1R>3? : ' 9;U F 1R>3?' W ? 9=: + d(v, w)�q� ���e����� ��� �q�����������%�������;�/� �t�t� � ����� �c�/� �q�q�q�k�����  q��¡


