
[2•0ƒYµ¸⇠Y]
0ƒ Yµ L‡¨òD $ƒ\‰î –@ (1) ©�h⇠| �XX‡ (2) \�T )ïD  ›Xp (3) ��\

⌧¥ (‹⌧,®X@,Yµ`,H§ptÒ)0•Dî�Xîë≈.

2.1 ��⇠ (Linear Algebra)
1. °0@â, (vector and matrix)

• Irispt0†t§XìCÿ�@C�hX8t,C�hX�D,CéX8t,CéX�D|î “4
⌧X‰+✓”D�¿‡,� “150⌧Xÿ�”D⌧‹X‡àL.

• 0ƒYµ–⌧îÖ%⌧ÿ�Dπ’°0\ (D4–t∆<t “Ù°0”(column vector))\⌅\
‰. Irispt0†t§X 1⌧ÿ�D°0\\‹Xt,

x =

2

664

x1

x2

x3

x4

3

775 =

2

664

5.1
3.5
1.4
0.2

3

775 2 <4

• Irispt0†t§Xÿ�‰D⌧(�<\°0\\‹Xt

x1 =

2

664

5.1
3.5
1.4
0.2

3

775 x2 =

2

664

4.9
3.0
1.4
0.2

3

775 x3 =

2

664

4.7
3.2
1.3
0.2

3

775 · · · x150 =

2

664

5.9
3.0
5.1
1.8

3

775
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• â,@ÏÏ⌧X°0îÙD⇠à‰. Irispt0†t§|â,\\‹Xt

X =

2

66664

xT
1

xT
2

xT
3...

xT
150

3

77775
=

2

66664

5.1 3.5 1.4 0.2
4.9 3.0 1.4 0.2
4.7 3.2 1.3 0.2
... ... ... ...
5.9 3.0 5.1 1.8

3

77775
2 <150⇥4

Ï0⌧ xTîâ¸ÙDPX\�‹\ xX “⌅X”(transpose)|‡\‰.

• 0ƒYµ–⌧î»(—iDÙ@â,D “$ƒâ,”(design matrix)t|‡\‰.

• (�⌧ 2-1)

f(x) = f(x1, x2, x3)

= 2x21 � 4x1x2 + 3x1x3 + x2x1 + 2x22 + 6x2x3 � 2x3x1 + 3x3x2 + 2x23 + 2x1 + 3x2 � 4x3 + 5

=
⇥
x1 x2 x3

⇤
2

4
2 �4 3
1 2 6
�2 3 2

3

5

2

4
x1

x2

x3

3

5+
⇥
2 3 �4

⇤
2

4
x1

x2

x3

3

5+ 5

= xTAx+ bTx+ c

• π⇠\â,

a) �¨�â,(square matrix): âX⌧⇠@ÙX⌧⇠�⇡@â,
b) ��â,(diagonal matrix): ¸�� D⌧x\îå�®P 0xâ,
c) Ë⌅â,(identity matrix): ®‡ ¸�� îå� 1t‡, ò8¿ îå� ®P 0x �¨�â
,, I\\0

d) �mâ,(symmetric matrix): aij@ aji�⇡@�¨�â,, AT = Axâ,
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• â,∞ (matrix operation)

a) Pâ,XgH@t˘Xîîå|¨Th. A+B

b) â,–§|||Ò`Lî§||✓Dîåƒ\Òh. ↵A
c) â,XÒ

C = AB cij =
sX

k=1

aikbkj = ai1b1j + ai2b2j + · · ·+ aisbsj

d) â,ÒHXPXïY@1ΩX¿J¿Ã, “Ñ0ïY¸∞iïY@1Ω”h.

AB 6= BA A(B+C) = AB+AC A(BC) = (AB)C

e) P°0X “¥�” (dot product, inner product, scalar product)

a · b = aTb =
dX

k=1

akbk = a1b1 + a2b2 + · · ·+ adbd

f) (�⌧ 2-2)

A =


3 4 1
0 5 2

�
B =

2

4
2 0 1
1 0 5
4 5 1

3

5 a =

2

4
2
1
3

3

5 x1 =

2

664

5.1
3.5
1.4
0.2

3

775 x2 =

2

664

4.9
3.0
1.4
0.2

3

775

AB =


3 4 1
0 5 2

�2

4
2 0 1
1 0 5
4 5 1

3

5 =


14 5 24
13 10 27

�
Aa =


3 4 1
0 5 2

�2

4
2
1
3

3

5 =


13
11

�
xT
1 x2 = 37.49
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• P⌧ (tensor)

a) 0(–P⌧(0th-order tensor): §|| (scalar)
b) 1(–P⌧(1st-order tensor): °0 (vector)
c) 2(–P⌧(2nd-order tensor): â, (Q1t¯¿) (matrix)
d) 3(– P⌧(3rd-order tensor): 3(– +ê 0Ù (ÏÏ t¯¿ : RGB �¡D Ö%�î Ω∞

2(–â,t 3•àîH)
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2. à(norm)¸ ¨ƒ (similarity)

• 0ƒYµt¨©Xî⌘î\∞⌘XòîPÿ�X “ ¨ƒ”!�t‰.

• à : °0Xl0

a) p(à kxkp =
⇣Pd

i=1 |xi|p
⌘ 1

p , for p = 1, 2, · · · ,1

kxk1 =
 

dX

i=1

|xi|
!

= |x1|+ |x2|+ · · ·+ |xd|

kxk2 =
 

dX

i=1

|xi|2
! 1

2

=
p
|x1|2 + |x2|2 + · · ·+ |xd|2

...

kxk1 =

 
dX

i=1

|xi|1
! 1

1

= max{|x1|, |x2|, · · · , |xd|}

àÄÒ› (norm inequality)

kxk1  kxk2  kxk1

�|‰¥, x =
⇥
3 �4 1

⇤T

kxk1 = |3|+ |� 4|+ |1| = 8

kxk2 =
p

|3|2 + |� 4|2 + |1|2 =
p
26 = 5.099

kxk1 = max{|3|, |� 4|, |1|} = 4
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b) Ë⌅°0 (unit vector) : l0� 1x°0 x
kxk2

Ë⌅°0 :
x

kxk2
=

2

4
3

5.099�4
5.099
1

5.099

3

5

c) â,à (matrix norm) : ⌅\†»∞§à (Frobenius norm)

kAkF =

 
nX

i=1

mX

j=1

a
2
ij

! 1
2

=
q
a
2
11 + a

2
12 + · · ·+ a2nm

�|‰¥, A =


2 1
6 4

�

kAkF =

 
nX

i=1

mX

j=1

a
2
ij

! 1
2

=
p

22 + 12 + 62 + 42 = 7.55

•  ¨ƒ@p¨ (similarity and distance)

a) ¥�@ P °0� ⌘⇡D L �• p ✓t ⇠‡, P °0� ⇠¡| L 0t ⇠¥ �• ë@ ✓t
⌧‰.

b) ¥�@P°0X)•tÏ|»⇠]✓tëD¿¿\ ¨ƒ!�–¨©`⇠à‰.
c) X¿Ã °0X l0� lt  ¨ƒ� ù�Xî Ω•t à¥⌧ “Ë⌅°0\ ¿X”\ ‰L, Ë
⌅°0X “¥�D¨©”Xîp,t ¨ƒ!�)ïD “T¨x ¨ƒ”(cosine similarity)
|‡\‰.

cosine similarity(a,b) =
a

kak · b

kbk = cos(✓)
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�|‰¥,¯º 2-2(a)–⌧ xî x1¸ x2 ⌘ x1–T ¨X‰.

cos(✓1) =
x

kxk · x1

kx1k
=

"
2p
20
4p
20

#
·
"

3p
13
2p
13

#
= 0.8682

cos(✓2) =
x

kxk · x2

kx2k
=

"
2p
20
4p
20

#
·
"

5p
29
2p
29

#
= 0.7474

d) T¨x ¨ƒî�ÙÄ…Ñ|–⌧¸\P8⌧X ¨ƒ|ƒ∞Xîp¨©
e) P°0¨tXp¨î “ t¨∏p¨”(Euclidean distance)|¨©

dist(a,b) =
p
(a1 � b1)2 + (a2 � b2)2 + · · ·+ (ad � bd)2

f) t�p¨ (Hamming distance): 2ƒ°0xΩ∞⌧\‰x✓D�ƒîåX⌧⇠
g) p¨| ¨ƒ\¿XX$tDòX 3�¿⌘Xò| ›XÏ¨©`⇠àL.

�dist(a,b) or R� dist(a,b) or
1

dist(a,b)

Ï0⌧ R@⌧›�•\\�p¨✓t‰.
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3. |I∏`Xt�

• \ �t‡H\\�X|I∏` : d(–Xπ’°0 x|Ö%`⇠àƒ] d⌧XÖ%x‹�

à‡, o\ \‹⌧ 1⌧X ú%x‹� à<p, Ö%x‹@ ú%x‹î “–¿”\ ∞⇠¥ àîp,
–¿»‰ “�⌘X”�ÄÏ⇠¥àL.

• |I∏`Ÿë : w · xîÖ%x‹@t˘–¿X�⌘X|ÒXÏT\✓D “\1✓”t|‡X‡,
t|\1h⇠–#»DLú%⇠î✓t otp,tL\1h⇠îƒËh⇠t‰.

o = ⌧(w · x) = ⌧(w1x1 + w2x2 + · · ·+ wdxd) where ⌧(a) =

⇢
1 a � T

�1 a < T

• |I∏`tXî| : ⌅¥ı⌅D +1xÄÑı⌅¸ -1xÄÑı⌅<\lÑXî “∞�¡ ”(decision
line)D›1\‰. ∞�¡ @ w– “⇠¡”t‡–⇣<\Ä0 T

kwk2 Ã|®¥8à‰.

a) w · x = T : ∞�¡ –⌅X\⇣
b) w · x > T : ∞�¡ X “⌅Ω”
c) w · x < T : ∞�¡ X “DòΩ”
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• |I∏`@π’°0 x|PÄX⌘Xò\ÑXXî “ÑX0”(classifier)t‰.

a) 2(–π’°0 : ∞�¡ 
b) 3(–π’°0 : ∞�…t (decision plane)
c) 4(–t¡π’°0 : ∞��…t (decision hyperplane)

• (�⌧ 2-3)–¿X�⌘X°0w = [1.2, 0.7, 1.0]Tt‡Ñƒ✓ T = 1.0t|��Xt,|I∏`@
π’°0 x = [x1, x2, x3]T–�t⌧…tX)�›D�1\‰.

w · x = T ! 1.2x1 + 0.7x2 + 1.0x3 = 1.0

a) x = [1.0, 1.0, 1.0]Ttt +\ÑX
b) x = [�1.0, 1.0, 1.0]Ttt -\ÑX
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• ÏÏ⌧X|I∏`D6¥¯º 2-5ò¸U•tÙê

o1 = ⌧(w11x1 + w12x2 + · · ·+ w1dxd) o1 = ⌧(wT
1 x)

o2 = ⌧(w21x1 + w22x2 + · · ·+ w2dxd) o2 = ⌧(wT
2 x)

... ...
oc = ⌧(wc1x1 + wc2x2 + · · ·+ wcdxd) oc = ⌧(wT

c x)

⌅Ï⌧

o = ⌧

0

BB@

2

664

wT
1 x

wT
2 x...

wT
c x

3

775

1

CCA = ⌧(Wx)

Ï0⌧ o 2 <c, W 2 <c⇥d and x 2 <d.

• ¯º 2-5X ‡Ω›@ Ö%⌧ π’ °0 x– �t c⌧X ÄX@  ¨ƒ| ƒ∞\‰. ✓t �• p
ú%x‹|ÑX∞¸\Ë\‰t,t‡Ω›D “cÄXÑX0”\¨©`⇠à‰.
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• YµX�X

a) ÑX (o>îÉ) : π’°0 x@W|L‡àDL o|LD¥îÉ

b) Yµ (W >î É) : π’°0 x@ ÄX �Ù oX �t ¸¥LD L, ÿ�D ⌧�\ ÑXXî
W|lXî8⌧�\0ƒYµt‰.

o = ⌧(Wx)

D4¨ı°X‡J@‡Ω›t|ƒ|I∏`DÏÏ5U•\É–à¸X‰.
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4.  �∞i¸°0ı⌅ (linear combination and vector space)

• °0X0¯∞ : §||Ò (scalar multiplcation),gH (addition)

• °0ı⌅ (vector space) : P°0X �∞i<\Ã‰¥¿îı⌅

c = ↵1a+ ↵2b

Ï0⌧°0ı⌅DÃ‹î°0‰D0�°0(basis vector)|‡Xp,l0� 1t‡⌧\⇠¡x
0�°0|�‹¡P0�°0(orthonormal basis vector)|‡\‰.

• \0�°0|ò8¿0�°0(basis vector)‰X �∞i<\Ã‰⇠∆DL,P0�°0î
 �≈Ω(linearly independent)t|‡\‰.

• â,X ƒ⇠ (rank) : °0 ı⌅D ºXî  � ≈Ωx 0� °0X ⌧⇠. ƒ⇠� 1tt 1(–
¡ t‡, 2tt…tD, 3tt 3(–ı⌅Dnî‰. â,Xƒ⇠�°0X(–¸⇡<tâ,t
\�ƒ⇠(full rank)|�ƒ‰‡\‰.

• 0ƒYµXı⌅¿X : 0ƒYµ–⌧â,X�•⌘î\Ì`@ “ı⌅¿X”t‰.

a) ¯º 2-3X|I∏`@ d(–Xπ’ı⌅D 1(–<\¿X
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b) ¯º 2-5X‡Ω›@ d(–Xπ’ı⌅D c(–ÄXı⌅<\¿X

c) |I∏`@\ËƒX¿XÃ⇠âXî–‹�xlp
d) J@ ‡Ω›@ ÏÏ ËƒX @…5D pXt⌧ π’ı⌅D ⇣⇣ ©�– �i\ �‹\ ¿X.
tÏ\ı⌅¿X•%L8–í@1•DÙ•\‰.

5. Ìâ,

• Ìâ,X�X : AB = BA = I|ÃqXt Bî AXÌâ,t‰.

• πtâ, (singular matrix) : Ìâ,t∆îâ,

• â,› (determinant) : ƒ�X◆t⇣îÄ<|U�XîD(Dò¿∏‰.

det


a b

c d

�
= a · (�1)1+1 det(d) + b · (�1)1+2 det(c) = ad� bc

det

2

4
a b c

d e f

g h i

3

5 = a · (�1)1+1 det


e f

h i

�
+ b · (�1)1+2 det


d f

g i

�
+ c · (�1)1+3 det


d e

g h

�

= a(ei� fh)� b(di� fg) + c(dh� eg)

• Ìâ,

A
�1 =


a b

c d

��1

=
adj(A)

det(A)
=

1

det(A)


(�1)1+1 det(d) (�1)1+2 det(b)
(�1)2+1 det(c) (�1)2+2 det(a)

�
=

1

ad� bd


d �b

�c a

�

A
�1 =

2

4
a b c

d e f

g h i

3

5
�1

=
adj(A)

det(A)
=

1

det(A)

2

6666664

(�1)1+1 det


e f

h i

�
(�1)1+2 det


b c

h i

�
(�1)1+3 det


b c

e f

�

(�1)2+1 det


d f

g i

�
(�1)2+2 det


a c

g i

�
(�1)2+3 det


a c

d f

�

(�1)3+1 det


d e

g h

�
(�1)3+2 det


a b

g h

�
(�1)3+3 det


a b

d e

�

3

7777775
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• �Ä8â, (definite matrix) : §||ò¸â,–ÄÏXî “Ä8”

a) ëX�Ä8â, (positive definite matrix) : 0tDÃ®‡°0–�t⌧ xT
Ax > 0 (‡3

✓t®Pë⇠)
b) ëX��Ä8â, (positive semi-definite matrix) : 0tDÃ®‡°0–�t⌧ xT

Ax �
0 (‡3✓të⇠@ 0)

c) LX �Ä8 â, (negative definite matrix) : 0t DÃ ®‡ °0– �t⌧ xT
Ax < 0 (‡

3✓t®PL⇠)
d) LX��Ä8â, (negative semi-definite matrix) : 0tDÃ®‡°0–�t⌧ xT

Ax 
0 (‡3✓tL⇠@ 0)

e) Ä�Ä8â, (indefinite matrix) : ‡3✓të⇠ƒà‡,L⇠ƒàîâ,

6. â,Ñt (matrix decomposition)

• ‡3✓¸ ‡ °0 (eigenvalue and eigenvector) : A 2 <n⇥n â,– ¥§ °0 )•D Ò` L

⇡@ )•<\ ∞¸� �1⇠î Ω∞, ¯ a• °0| ‡ °0|‡ X‡, ‡ °0– �QXî
0⇠ �|‡3✓t|‡\‰.

Avi = �ivi i = 1, 2, 3, · · · , n
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• (�⌧ 2-5) A =


2 1
1 2

�

(A� �I)v =


2� � 1
1 2� �

�
v = 0

πtâ, det(A� �I) = (2� �)2 � 1 = �
2 � 4�+ 3 = (�� 3)(�� 1) = 0

�1 = 3 (A� �1I)v1 =


�1 1
1 �1

�
v1 = 0 ! v1 =

"
1p
2
1p
2

#

�2 = 1 (A� �2I)v2 =


1 1
1 1

�
v2 = 0 ! v2 =

"
1p
2

� 1p
2

#

• ‡ °0‰@m¡⌧\ “¡P”(orthogonal)\‰.

7. ‡3✓Ñt (eigenvalue decomposition)

A
⇥
v1 v2 · · · vn

⇤
=
⇥
v1 v2 · · · vn

⇤

2

664

�1 0 . . . 0
0 �2 . . . 0
... 0
0 0 . . . �n

3

775 ! AQ = Q⇤ ! A = Q⇤Q�1

�|‰¥,

A =


2 1
1 2

�
=

"
1p
2

1p
2

1p
2

� 1p
2

# 
3 0
0 1

� " 1p
2

1p
2

1p
2

� 1p
2

#�1

= Q⇤Q�1

‡3✓Ñtî�¨�â,(square matrix)tD»t�©`⇠∆‰.
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8. πt✓Ñt (singular value decomposition)

• �¨�â,tD»¥ƒ�©`⇠à‰. A 2 <n⇥m

A = U⌃V T

• |Ωπtâ, U 2 <n⇥n : AATX‡ °0|Ù–0X\â,

• $xΩπtâ, V 2 <m⇥m : AT
AX‡ °0|Ù–0X\â,

• πtâ, ⌃ 2 <n⇥m : AATX‡3✓X⌧Ò¸D�� –0X\��â,
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2.2\�T

0ƒ Yµ–⌧î pt0\ “¯Ñ”(differential)D ƒ∞Xt⌧ ©�h⇠ or D©h⇠(objective function
or cost function)X\�⇣D>D�î “§†�§ÒΩ¨X�ï”(stochastic gradient decent rule)D¨©
\‰.

1. ‰⌧¿⇠ı⌅X–…

• 0ƒ Yµ@ ��\ ®xD  ›X‡ ©�h⇠| �XXp, ®xX ‰⌧¿⇠ ı⌅D –…XÏ ©
�h⇠�\��⇠î\�⇣D>D�î⌅µD¨©

• ®xX‰⌧¿⇠ı⌅@π’ı⌅Ù‰⇠0⇠⇠Ã0◆‰.

• 0ƒYµL‡¨òtt|`|
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• 0ƒYµt¨©Xî⌅��xL‡¨ò

• L‡¨ò 2-3X|x 3–⌧î©�h⇠�ëD¿î)•D¸\ “¯Ñ”<\>Dƒ

2. ¯Ñ

• ¯Ñ–X\\�T

a) ©�h⇠X\�⇣D>D�î8°t : ¯Ñ
b) ƒh⇠ ✓t +tt -)•<\ �| \�⇣D Ãò‡, -tt +)•<\ �| \�⇣D Ãòå
⌧‰. �f

0(x))•<\�|\�⇣D>D⇠à‰. (Ω¨X�ïXuÏ–¨)
c) L‡¨ò 2-3¸ ⇡t d⇥ Ã| p�) tŸXî |D ⇠ıXÏ \�⇣D >î ⌘¸)ïD ⇠

X�)ït|‡\‰.
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• ∏¯Ñ (partial differential)

a) ∏¯Ñ : ÏÏ¿⇠Xh⇠|L,¿⇠��–�t≈Ω�<\Xî¯Ñ
b) ¯�t∏∏ (gradient) : ∏¯ÑttËî°0, rf = df

dx = f
0(x)

f(x) = f(x1, x2) = 5x21 + 2x1x2 + 7x22

rf =
df

dx
=

"
df
dx1
df
dx2

#
=


10x1 + 2x2
2x1 + 14x2

�

• ≈Ω¿⇠(independent variable)@ Öç¿⇠(dependent variable)X lÑ & ƒïY (chain
rule)

a) h⇠ y = f(x) = x
2 � 4x+ 3\ ��Xt, yî Öç¿⇠t‡, xî ≈Ω¿⇠t‰. tX ¯Ñ@

‰L¸⇡‰

y
0 = f

0(x) =
df

dx
= 2x� 4
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b) i1h⇠ y = g(h(x))\��Xt,¯ÑD�©Xîpà¥⌧ “ƒïY”D�©\‰.

y
0 = g

0(x) =
dg

dx
=

dg

dh

dh

dx

c) (�) y = 3(2x2 � 1)2 � 2(2x2 � 1) + 5tt, Ï0⌧ h(x) = 2x2 � 1\ ��Xt y = 3h2(x) �
2h(x) + 5\\‹`⇠à‰. tX¯Ñ@‰L¸⇡‰.

y
0 = g

0(x) =
dg

dx

=
dg

dh

dh

dx

= [6h(x)� 2][4x] = [6(2x2 � 1)� 2][4x]

= 48x3 � 32x

d) i1h⇠ y = g(h(i(x)))\��Xt,¯ÑD�©Xîpà¥⌧ç�<\ƒïYD�©
\‰.

y
0 = g

0(x) =
dg

dx
=

dg

dh

dh

di

di

dx

e) ‰5|I∏`lp–⌧ @o1
@u1

23
|ƒ∞`LƒïY¨©
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• êTDH (Jacobian)

a) d(–°0h⇠ f : <d ! <m|t,t|°0 x 2 <d\¯ÑXtâ,DªD⇠àîp,t|
êTDHt|\‰.

J(x) =
@f

@xT
=

2

6664

@f1
@x1

@f1
@x2

· · · @f1
@xd

@f2
@x1

@f2
@x2

· · · @f2
@xd...

@fm
@x1

@fm
@x2

· · · @fm
@xd

3

7775
when f =

2

664

f1(x)
f2(x)

...
fm(x)

3

775 and x =

2

664

x1

x2
...
xd

3

775

b) (�)

J(x) =
@f

@xT
=

2

4
2 2x2

�2x1 3
4x2 4x1

3

5 when f =

2

4
2x1 + x

2
2

�x
2
1 + 3x2
4x1x2

3

5 and x =


x1

x2

�

• ‰‹H (2ƒƒh⇠) (Hessian)

a) °0h⇠– �\ ‰‹H@ 3(– P⌧� ⇠p, §||h⇠– �\ ‰‹H@ 2(– P⌧x â
,t⌧‰.

H(x) =
@
2
f

@x2
=

@

@xT

✓
@f

@xT

◆T

=

2

66664

@2f
@x2

1

@2f
@x1@x2

· · · @2f
@x1@xn

@2f
@x2@x1

@2f
@x2

2
· · · @2f

@x2@xn...
@2f

@xn@x1

@2f
@xn@x2

· · · @2f
@2xn

3

77775
when f(x) 2 < and x =

2

664

x1

x2
...
xn

3

775
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b) (�) f(x) = x
2
1 + 2x1x2 + 3x22 and x =


x1

x2

�

J(x) =
@f

@xT
=
⇥
2x1 + 2x2 2x1 + 6x2

⇤
2 <1⇥2

H(x) =
@

@xT

✓
@f

@xT

◆T

=


2 2
2 6

�
2 <2⇥2

• L|Ï ⇠ (Taylor series)

a) ¥§⇣ x–⌧Xh⇠✓ f(x)@¯Ñ f
0(x)�¸¥¿‡,t√\⇣–⌧Xh⇠✓Dî�t|X

îΩ∞L|Ï ⇠|¨©`⇠à‰

f(x+�x) = f(x) + f
0(x)�x+

1

2!
f
00(x)�x

2 + · · ·

⇡ f(x) + f
0(x)�x

b) (�⌧ 2-11) f(x) = 1
2x

2| L, f(1.0) = 0.5@ f
0(1.0) = 1.0D L‡ àD L, f(1.5)| î�X

|?

f(1.0 + 0.5) ⇡ f(1.0) + f
0(1.0) · 0.5 = 1.0

‰⌧h⇠✓@ f(1.5) = 1
2 · 1.5

2 = 1.125\î�X 1.0¸ ¨X‰.
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3. Ω¨X�L‡¨ò (gradient decent rule)

• ¯Ñ<\ LD∏ ¯�t∏∏ g = @J
@⇥î $t… )•D �t¥. ⇠� )•<\ tŸXÏ| \å

✓DÃ†⇠àL.

⇥new = ⇥� ⇢g

Ï0⌧ ⇢î “Yµ`”(learning rate)DX¯\‰.

• 0X Ω¨ X� L‡¨ò (batch gradient decent) : ÿ�X ¯�t∏| …‡\ ƒ \ºà–
1‡

• §†ê§ÒΩ¨X�L‡¨ò (stochastic gradient decent) : \ÿ�X¯�t∏∏|ƒ∞\
ƒâ‹1‡
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