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7.1 HE|ZZte| Heolot on)

#E]-g7H(vector space) 2 oJH HE S o th57t 22 T /9] A4to] AojH Fhe Lttt
1. T 719] Y4of gt B5}7] (addition, +) AAHe] A o]=]of it
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:R-S — S (7.2)
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ste=e+s=s de Vse& S

o o] 245t} (Inverse element).
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ERF oA 2 Adtol AFoH o Atk ofnlE thEoll Foi7l 2] 4|

rok

ot

I
lo
i)
o
°

o 2Zbehy dAte] Fuli 2lo] Aottt (Distributivity).

r1(81 + Sg) =118 + 7389, (r{+79)s =118+ 138 Vsy,8, €S, Vry,ryinR
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=
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1-s=s5 VseS§

o] Aol M= AZdets A4t ARgstal gl e g MEF7HE AW E (real vector space) 2t 2T,

f:R-S—=8, = f(rs)=r-s=rs

HE 7oA Fod M2 F HE Y Fo17] 7F Aow o] gleke Zo] ofyzt shito] Adetel shito] HWH
off o 2z} Fsh717F A oj= o lrhs Aolth
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= H9E 9] F3517] & Y=o WA (inner product) & 0|20 2 upz Z olghc},
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e F 7ol &t WE v, v, v, O] AT (T AP AT, linear combination) o|& 7} W E]of] Azke}
£ &ote] g Asolth. & that 22 e A2 HE vy, vy, ... v, 2 AT (linear combination)©|
2kal {hrh

Uy + roUy + -+ 10, T1,Te, .., T, €R 8.1

9] 8.1 (A E 9] A=} Yap5). HElF1tol] &3 HWE v, vy, ... ,v, 7} UThL 5pAF §FeF oh2 4]

o] groF B 091 n 7N AZ et xy, xy, ..., x, ol HAHATE AHSHE n7 ¥ vy, v,, ... ,v, 52 42A=H
(linearly independent) 23l g},

x1v1+x202+'“+xn’vn:0 <:>J}1 :$2::l‘n20 (82)

EHH v, vy, ... ,v, 7t @AEH] ofYH dAFEE (linear dependent) 22l Soh WE vy, v,, ... v,

7} QAF 40l BE 00] obd 1), 3y, .., 3, ©] EAFSI] THo] AieheHs Zoltt

21,29, ..., 2, € Rs.t. (1,29,....,2,) F0, v +2505+ - +2z,v,=0 (8.3)

1 1 3
’Ul = |2 ) 'U2 = |0 P 'Ug = (2 (84)
3 1 S
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1 1 3
'Ul = 2 5 ’U2 == O 5 'U3 == 2 (85)
3 1 4

oA A 8.5 9] 37e] HHE ZF 2 T3 3 x 3-2¢ PHof PA4HS AH-goto] mFo] 121 A ES wEo]
A=t

1 1 3
{2 0 2| (—2)(1st row) + (2nd row)
3 1 4] (—=3)(1st row) + (3rd row)
1 1 3
— {0 —2 4]
0 —2 —5] (—1)(2nd row) + (3rd row)
1 1 3
— {0 -2 4] (—1/2)(2nd row)
0 0 -1 (—1)(3rd row)

1 3| (—1)(2nd row) + (1st row)
(—2)(3rd row) + (2nd row)

=N

0 1| (—=1)(3rd row) + (1st row)

10
— (0 1
0 0

285 9] 3749] ME 2 THH GFol 192 2AWE HESHH §19} o] BE Fo] WRE X
o}, webd 3709 WEl M2 QAEYoltt,

ol ] &t 2ol FoiAl 4749] -3¢ ME S AxESolet.

o
<
18
I
i
h
i

1 1 3 0
v, = (2|, vy,= 10|, v3= (2| wv,=10 (8.6)
3 1 4 1
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8 el g7ke] 7]} 144

A 8.6 o LR 470 9] M7} AAEE5UE ofFA & 5= Q&7 ol Ao mEITRAIR A 8.6 ff Sl= 4719 )
HEol 42 14H 3 x 4-FFef| 7H9-247

1 30
=12 0 2 0| (—2)(Ist row) + (2nd row)
1 4 1] (=3)(1st row) + (3rd row)

10 —2 —5 1] (—1)(2nd row) + (3rd row)

1 3 0] (1/2)(2nd row) + (1st row)

— -2 —4 0
0 0 —1 1]
1 0 1 0]
— 10 —2 —4 0| (—1/2)(2nd row)
0o 0 -1 1]
10
—10 1 2 0
00 —1 1
flet Zol 7heaaAHS AEote] 2 A mRe Zaet A2 1,24, WA dolal ZetehA] of2 2 31
A EAS G 5 Ut A7A FoAH HEHER PE-S TS off 7|k PA & FEH7E HEHES s Ests &
Aol et gefAl= AL & 4 Utk F, 3 x 4-FES FAAD o A E vl T2 Zol vy, v,,v,,v5] = Y
Aot o33 2 7| eFgAtte| & 9] FEj7F Aojxich
1 10 3 1 00
[’Ul 'U2 ’04 'U3j| = |2 0 O 2 —>7]'—?-ii7%ﬂ1;]_> 0 1 0 2
31 1 4 00 1 —1

9} o] mio] 191 F|okYATE B A 8.6 ©] W v, 7} 1}elA] 37]e] viE o] AgxFton RAH 4 9
ths ofujolet, mebA 4 8.6 o] HElE AAFLoln FlokaAtetal B o] nhAuh Aol vt 27 (1,2, —1)L
7} tre 3} o] 2 e ] QAT 2 et AL HolzT)

-
—~
—_
|
—_
~—

26



8 el g7ke] 7]} 144

48.6 2 2ol 37H¢ WEl7} 47491 A5 e 9] gholl BARle] AFE0 2 ekt olefd AL RS n+ 1
Ae) HEl P AxFSolehe Fel (Getol= eulolA)9) Fel 2x) 9] Avolet. Z, Rhel A njn T o B
MEEL G AAFSolct

9] 8.2 (ARG 714). HEFAV 9 A v,,0,,...,v,, O AHAGL BF B AT

W = span{v,,v,,...,v,,} = {rv; +rovy + -+ 1,0, : 71,79, ..., 7, € R}

m 2 287 (span) ol2tal st W o] A4 X 3 (generating set, spanning set) ©]2tal hct,

EG o]l MEFIHEL BETTD o] AR 43 WESo] ARSI o] o] AAALL 714 (basis) 2
gt
]

o R" O BEIIAEne das e
o Aofo HEFE Vol tishA Vo] 7
At
- VeoRE E
— Vo] B2 n HEH g2 WE S Xshd o] BRde] ME 52 dAg Sl

— VAEGEIA C = {ey,...,¢,,} 7FATHAM = n o]},

A% B = {b,,...b,} 7} Vol & 7| Hetw 51w thg2 B 5

o HE-FZHV 9] 2t (dimension) = 712 9] /42 HOIEH dim/(V) = FA|QITE

27



9

o2t

o] A4

9.1 As=2| He

2] 9.1 (Al5=2] o). FFO] AL(ank) T FH O] A} ZHQ FEO] Y 4+ &= A=A E Y 4
2 Aoldrt

rank(A) = rk(A) = dim(Col(A)) = dim(Row(A))

|

I 71sloF & AL YL A= D5 ol85to] ot Aset S-S ol85te] 7ot At Ak Aol &,
B2 A 29 Aot 2 Ag T st el Froks Aol

9.2 2234

o rank(A) = rank(AT)

o PF A c R 7F ALFE ol A7t n ol Ga-Ho] At efH o] EAIsHH 2 3¥E (non-sigular

matrix) ©]2tal gt
o T Yoprt thgof o= 242 n T =3](equaivalent) 0]t}

HE A e R o diste

& Az = 0 3= FuE}

mO
ol
—
o

o skl m < n °]il rank(A) = melH A = Hdl FAFE et ol W AE H

P& (full row rank matrix) ©o]2Fa1 g},

o
)
4 =

28



9 AEel A%

— Ac RV™ o gistd m < n o3 m > nolil rank(A) = n °|H A= ol A5 A=t A=
| A FBolrhetar gty o] wf AE o AP E ((full column rank matrix) ©]2kal kot

— A7 HY A FE B HY A FEA - A = HY A-E A=t = A = FHY As
P& (full rank matrix) o2t o},

9.3 oA
9.3.1 Enxj

o Example 2.18 (Rank)

9.3.2 d&5241

CFeTH 2L 3 x 4 B BAALS A-g5to] WAITHIE WY WS B,

1 21 5
A=12 5 1 14 (9.1)
4 9 3 24

[\)

1 5
1 14
3 24

IS NGRS
ot

(—2)(1st row) + (2nd row)

Ne)

4 9 3 24] (—4)(1st row) + (3rd row)

$

1 —1 4] (—1)(2nd row) + (3rd row)

)
@)
)
o

2 Slulotol(rank(A) — 2). A%e] Al Slstel AU 6] A2} 2010k

utebA mpajep P2 ohE 2709] P Agxetelal FAite] 2z RE A7t 00] HE Ae & 5 3k

29



ZAA]

d A9

3

=Y =0l 2717F 2717 4 9.1 9]

O

il

bl 4

5

A

o
T

EOEER ]

Jo= vhy 7Y

2

450

4
9
3

10

TN N/~
2
= =
= T g
g =5
N n <t
o ~— —
+ + +
P e N
2 % ¢
mrr
%2 % %
-_— =
~_ — ~—
—~ N
N — 10
RN
1
<t

”m o
— o N3

(change 2nd row and 3rd row)

ENE)
o O
=S
< =
]
o <A
S~— ~—
+ +
ERE)
o O
=05
< T
g &
aa
~—~~
— ™
L

Mmoo mHm o mH o o

— MmN — O

_1000_

— o~ M O

_1000_

— - O O

_1000_

1

4

1

o
o
Hr

919} 2ol 47fe] A= HohE A=

3

w4

30



10 MEARY

10.1 M3EAA

VAW IZEHEZNHL W &+ T: V — W 7 o2 F 714 24-& vHEsHE A gAY (inear mapping, linear

transformation, homomorphism) ©|2}al gt

(1) Voy,v, €V, T(vy +vy) =T(vy) + T (vy)
(2) VreR, T(rvy)=rT(vy)

o Injective(&FAFE<=, one-to-one)
o Surjective(FAFE, onto)

o Bijective(ATAFS, one-to-one correspondence)

e Isomorphism (F@AH): T : V — W linear and bijective
o Automorphism (R7]5@AM: T : V — V linear and bijective

42 10.1 (FIAMY). & HEHFZHV 7F oA dim(V) = n old SIS f: V — R? o3+

31



i LE

SEEEV 9] Aol dim(V) = n o|a FoI7 714E B = (by,by, ...,b,) |21 512} F1= 7|4 B =

A7F 9= At (oerdered set)©]th.

M

HEZHV o Yaz e V & o33 Eo] 714 B o Ag2go 2 vepdty,

HIR 2T A 111 37 o] bl 4 9 ay, e @, O 2R S5

Aol 11.1 (FHE (coordinator)). HEFHV o A x € V 7} 714 B o tisle] 4 11.1 & T HGH

aq, ..., a,, 5 x 9] FHE(coordinator) 2Fil FET,

—

T HEZIHV o E 4o tiote] HRE tf-SollF= FEAMS (coordinator map) 2l F231 o33 2
|3 f:V - R* 2 yepd 5= 9]

[¢]

32


https://www.geogebra.org/m/pDU4peV5
https://bossmaths.com/matrices-4/#4a
https://bossmaths.com/matrices-8/

11 AgApge] sstayd
11.1.1 ojjx| (% 22§ Example 2.20)

ozt WE| 27 V = R2 o)A th&a} 22 shito] wlE 2 Azteiat,
o|A th-3 1} 2 EFE 7] A (standard basis) B = (ey,e,) & A 25k}
x = [2] =2e, +3ey,=2 [1] +3 [0] = [1 0] [2] = Bag (11.2)
3 0 1 0 1 3
w2bA 714 B of diate] ¢ o] #3 o o7} 2ot
olA 714 = &} Zo| B & upgre] B},

2
Tr =
3

w2t 714 B o] tiste] x o] 2% o theT} 2k,

— (~1/2)b, + (5/2b, = (~3) [ IJ +(5)

o] [-2] s
1] V[ e

33



ol AAeNA & A" 7147} Haehd 5L

St
o,
B
2
Kul
:oll:
>
}_ﬂ
B
EEl
N
i)
v
)
Ku)

gHoF 7] 27} WA S o FA] MsH=AE Lolof Gk, of
o} B of tiislel 4 11.2 3} 4] 11.3 ©] P15 olgai oh8 7} 28 4

t

1]

T BT [—1 1] %5
2 -2

- 73—[1/2 1/2] B

wpeba] 7|47k AshE ZHEE Slok 2 Ao W,
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11 AGAAe] Hskagd

\_\_

11.2 H#

riot

sH
Hd

11.2.1 Ao

oAl F A MEFZE V oF W o tisto] AFAME @ 71 A el =o 2L

oV ->W

HEFEV 2k W oo thigt 7147 242 B = (by, b, ..., b,,) & C = (¢,¢9, -, ¢,,) ©12F2L 5FAL.

ol A] BlEBZE V o] 7| Aol Tk MgAATS] 47t HE B W o] 7|4tk o] H@H 54,

D(by) = ajiey +agey + -+ ay, ¢y,

D(by) = ajpey + ageCy + -+ ay0e,,

(11.4)
(I)(bn) = A1,C1 + AgpCo + ot F Gy Gy
A 114 oA et A a,; & m x n-BE Agp = o3 go] 23T & Sl
a1y G2 o Oy
P 115
Am1 Am2 Amn
A1 11.4 of yehd 3E Ay £ AP E (transformation matrix)o]etil F=20] o] HelAL 71 w1t
o] 714 B 9 Cof wret Aol w = Aol fofskAt.
11.2.2 zjHEQ} HatsA
qrok & 7} WIE1EZH V ollA] 714 B o] tist 94 g 9] Fmo| 1
x =Bz
y 7S W oA 714 C ol "iet AZA M y = O(x) ©f el
y=Cy
< 213 3 9} § Atole] BAE ke Pt
y=Apx (11.6)
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—~
—~
o
ot
>
o
10
rE
rl
o2
e

HRE R" A R™ 02 AGAY & RY - R™ & 2ska 7} 33
TSk WA Ay £ BTy = B(z) S Lehls m x n Folt

y=Azz

11.2.3 ofjx|

F w7 Example 2.21 (Transformation Matrix) 3=
B A Example 2.22 (Linear Transformations of Vectors) &=

36

to] 714 & #E 7] A (standard basis) &

(11.7)



1 E

7o) Setol = 129 7|4 eT} At
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ek
w

>
ol
r&
o
10
1
H
0F

13.1 s} Aol Mo

749 13.1 (H@gHete] 4. M F V, W Aol AGAS T : V. — WE AL AFAS T o
ZH(null space) N(T) = Tt 2ol Fojert:

g
=

@,
=
Q

=
=
A
rr
ol
ot
;

ker(T)=N(T)={veV | T(v) =0}

TS AGAS T 9] A (range) = 9 (image) Im(T') & th2 2ol Aoldt:
Im(T)=T(V)={T(v) |e V}
Figure 2.2 Kernel
and image of a
linear mapping
P:V =W,
13.1.1 o

o B 1A Example 2.25 (Image and Kernel of a Linear Mapping)

38



14 oju
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=B 2I0lAe] Ly

To| A AZHE5A] (triangle inequality) =

efo] SollA] 34]-frrt2 2 BE AL o] Wizt opgue
(G}

gt ol sfstar

=14

o

Wata] oot Huth

40



16 HE| S 2{0fjA2] LA

i LE

o 16% S2to|=oflA fiziete o] 8¢t
. 168 ol =0l 4 2] =gt
(Theorem) < 732] H7} obdytt.

AR S ATl 234 Aol
FYL o83 A &2l 6

2
i

o 9917t obd ek,
ol )l et 2]

16.1 23 L1 o

o —|

. HEZ7RNA 0] Ho]
— Zatol= 15¥0)Aq f2elE E3H

. =2 Norm)®| Aole} 4
S EEE LR

o4 WlE o] 2 A A4 weE7t

ol

41

Frofl A W2 o] Aoyt




17 27|12

o
0

K
o

NI

A 77 2] Holet 47
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18 2|do=9| YA

18.1 2Mo=29| AIY

A A Figure 3.2
T Examples of
A" . .
. projections onto
\ one-dimensional
\
\ subspaces.
\
\
‘ xr
Ty ()
w sinw
w cosw
(a) Projection of € R? onto a subspace U (b) Projection of a two-dimensional vector
with basis vector b. x with ||| = 1 onto a one-dimensional

subspace spanned by b.
17 18.1: AR ] AbY

1. HlE] b o] Whakat 2 WE S Fof| WE] g 9o 71 717k WE S 1y, (x) 22 51 o] WEL g oA H A
b o W& AF (projection) o] th-&-& wkEsfof §h},

(® —my(x),b) =0 (18.1)

2. MG mp(z) = W b o] Yol Er ofd 272} \ 7F A5t tha& WHESfof e

3. A1 18.1 oA AAHE Awshs AJES thA] 28 213 gt

(z,b) (b,x)

(b,0)  Ib]* "

(2,B) — Alb,b) = 0 <= \ =

43



18 A0z HAY
webq g ) = ot g

bz bz
R
5. o|A el b o] WFozo] ¥ g o] A mp,(x) = T3 ATh

@b, bz
12 b2

Ty(x) = \b =

6. 4118.2 ol bTa = ~ztato] B2 th3} 20| & 4 9lor] kB (norm) 9] Ho)o} FAo] AGH S ol &
st ket 2t

b'x
Ty (x) = Wb

7. ¥l b ] WY

lo
il
>
of
oSlJ.
FIF
&
i)
my
.V‘_“

bb"

= W (18.3)

418.3 o4 bbT = POl b= 22kl frelsiAt

! AgeEe) 4

o] At H 7, (z) ol Tl AFFHE P, & Fol & ol el Wishr) gich o] #lE] ¢ 2 oln| Bl g b o] Wk
o2 AGH7] BEe] thA] AT WE} glke AL .

= Pory(x) = my(z) otk A4 E P 7} RE W g of 8} P2z = P o & WEFTH= 212 n|
ot

b N

44



18 AR Pt

ZetolE 18 9] 5] z]of] L2 AP ol T gt oA
HwA Example 3.10
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o] EO] Y g2 B 100-105%2] U-&-S Qo5 Aot

FAA 7} h2Hehe A E (square matrix) of] thof AR A oot

A E (square matrix) A ©] FH4 (determinant) & det(A) 2 E7]gtct,

A€ R¥2 o YU AL theat o] At

= Q11029 — A12Q27-

19.2.1 9si&Eq Rank
e Theorm 4.1. ¥} Theorem 4.3
d A7F$n xn $§ LA (square matrix) 1 7-¢ th& 370 2] £4 0] 52| (equivalent) ¥= HojEo}.

o det(A) #0
o rank(A) =n
. AL o] ZAT)

46



B2

T
Zt 4 (diagonal element) 2] 3t 7T},

|71 o2

det(T') = HT”-

n
1=1

19.2.3 Laplace Expansion

det(AB) = det(A) det(B)

det(A”) = det(A)

det(4™) = detl(A)

det(AA) = A" det(A)

o tr(A+ B) =tr(A) + tr(B) for A, B € R™*"
o tr(ad) =atr(A),a € R for A € R™"
o tr (In) =n

o tr(AB) = tr(BA) for A € R"** B € R

47

A
=

i

ot

7} 7342 (upper triangular matrix) & 5HYZFE (lower triangular matrix) ©]H Y

ct.



N
ol
o
4
ol

ol
L

tr(KLA)

tr(y'z)=y'zeRr

tr(AKL)

tr (zy")

ﬂ._.mo

(19.1)

Fed

9

T} Zro] A o=t (B A definition 4.5)
48

¢ = det(A)
Cp = (=1)"tr(A)

o

f=

[e]

1

tr(STTAS) = tr (ASST) = tr(A)

det(A — \I)
Cot A+ A%+ ey AT (=)

(square matrix) A € R™*" o if
pa(A) :

=
o =

O]

Sl

]_

(Characteristic polynomial)
o

G4
)\ € R 2} AH

o
_{l\_

3

E
=

A
=



o O] LEO YL By 105-110%2] 8-S QoFst Ao|t}.

o WA Example 4.5 ¥IEA] FHSHA Q.

20.1 g9

o eigenvalue : 7%k

o eigenvector : 114

S 9

147 149 = Al (square matrix) of] gl AT A o] H ),

9 ATBE A o) Q2 v, T A2 WEIH A ok WE o7 ZASH A 2 DY 4 © 162 elgenvalue),

n gl
z S PF A 9 1I-59H (eigenvector) 2FL Stet (LAY definition 4.6)

Ax = )z

A(cx) = cAz = c\x = \(cx)

49



20 DH3T DHHE o] A o]

20.2.2 AAt

%o}

o
ol
_:AO
sl

3700 B

O
=]

o}

7Htt(nontrivial solution)

=
=

sf

golgle]

(20.1)

0

det(A — )

— M 9] rank7} n Ko} 2T},

e Theorem 4.8 ©f ¢]

e

20.2.3 2259 192

T 1A 9] Definition 4.9, 4.10, 4.11 o] thgt W-8A Tk

Al Al
=1 =

¢

42 FE T (algebraic multiplicity) & £t}

A

f2 Uer

S

Zrol S (multiple root) 2]

EECE

H
zill

5t S5 It (geometric multiplicity)

07]

ct.

T

__01_

o 42 o]

7t (eigenspace)

Ho

Ze

9 A7) e

g

2

a4 20.1. 3%}

= (A—1)(A—2)

—1

-1 A—-2

det(A — A)

50



20 153 2-gulE o] o
M —-A)z=0

)
Hi
o

—1

—1
132 - .:U3

14 F2EE 10, of

—1

o

:L‘l - _2.173,
10]a1 7]

L\

(I— Az =

FRE

=
]

(I — A)z
A = 1ole g5

o

1

A A58k

e

o O O

2§

2
—1
-1

2 0
-1 0
-1 0

= (2 — A)z =

I — Az

;Ul = _:L‘g
51



AAE Sof=AL.

20 153 2-gulE o] o

A, =2 0]m o
g A7} et

]

-

O
[e]

Y

20|t}

i

&

-

=
an

1

—

14 S5

©

oA FHA 55k

7]
oA

oA 20.2. 3z

50

— (A—1)2(A—2)

-3

det(M — A)

(AT —A)z =0

ol
Hi
o
‘_.,_mo
HO

o
oF

52



20 Mgkt g E 2] Ao

ZBELL jo|t} o]

3

20]A]%t 7]

FREL

I — Az

.’Bl — —2$3,

lolth &

TEHEE

2\, = 20l gh4A

ol Al T 353k

7]

+ 10|t

14 S5

5]

93



o] LEO Y& BwA 110-119 2] Y& QoFst ZAo|t},
o H WA 4.3 Cholesky Decomposition < A dH ol A At
o H 1WA Definition 4.13 2] defective matrix &= A|FH oA A<yt

o FUA 4482 5 AL ZFEYUH. 53] Example 4.11 $25H % F75HA 2

21.1 £23t 44

o Aol FH 2| B (symmetrix positive definite) S FA Fo] A4 I-/3HS 2=t
o Y A o] If{Fro] BEF T2 IFHEHES AP =Holrt,
o B 1A Theorem 4.15, Example 4.8

o H WA Theorem 4.16, Theorem 4.17

21.2 {3k Zoliet chztst

o IFFHES)]: Eigendecomposition
o TZ+3} : Diagonalization

54



o A HYE BwA 119-129 AUt (4.53)
o H 1A 4.3 Example 4.13 5254 & FHSIAQ

. ARE A 3 At §AE BAE YT

. 4.67E AFENA Aol Bt

95



23 | 0]

i LE

o O] Zo B A 139-159Zf thgt A dyct.
e 5.4 Gradients of Matrices + A& ol ZgHE 2] &5yt
e 5.6.2 Automatic Differentiation & Exaample 5.14 & & ¢lojEA| Q.

23.1 89

vector differential: g n]&

partial derivative: ®o]&
gradient: 1A E

o Jacobian: oFFH|St Z}FHH|<L

23.2 HIE| 0|22 H7|H

oA th¥ e (multivariate function), f : R™ — R™ o] T3t 0|2 A Z}Hsl 2 2},

Wt oA meje) Mk = AU z = (21,25)" € Ry y = (41, Yo )’ € R3S 2SI T 0} 7} 22
% g o] A7} Aejrta oA,

y1 =27+, Yo = exp(xy) + 324, Y3 =sin(z;) + 23 (23.1)

o] PAE T A f: R? - R® 2 Yt EdA

fi(x) x% + Zy
f@)=|folx)| = |exp(z,) + 3z,
f3(x) sin(z;) + x%

= (n xm)—matrix or (m X n)— matrix?

o6




23 W m|E

olck Zhzko] Wu) k. gJ: E TFollof 5l o] = scalar U]RE 2 A Lo Xt
% — 2$1a % = exp<$1)7 % = COS<$1>
O, Oz, O, (23.2)
% =1 % =3 % = 32
81‘2 ’ axl ’ axl 2

olA oAl HulZgtsS FL o FHE AAEA} Holde PO wiAE o ohz 22 HAHe AHEE A

. YA P £ A4 m 3} 2t
<o) de 3] A9 n 3} Lk,

Ol

et Zo] Hul2-2 vjx|ot= HEl v]2 27|H-S B2 271H (Numerator layout) ©]=2Fal gt

1 22 271 (Numerator layout)

of, of
— _ |of, @
J=Ve=g =55 = o g = |ewe) 3
ofs 0
aﬁ a—g cos(x;) 3z3

J = oF3H|et P& (Jacobian matrix)©|2tal F-E2r},

[ R* = R 9 F¢ Hefn] 2 A5 2 A E (gradient) 21 F20 th2at Zo] 27] gt

V-G-8 # - #]

af1
oz

0
of _ | %2
Ox :
Ofm

ox

Hig A 23.1 oA GOt g BAE F HH x ot y§ o AMITAR HH

fiz=y

o7



23 ¥g |2

Oy, Oy,
oz, Oz,
af _ ay — | %y Oy,
ox ox Ox; Oz,
Oys Oy
oz, Oz,

23.3 uEs

1o

0|24

Ao

L

o|A| g &9] ulEH (chain rule) o] tisto] Yropr L,

O

= o] g4

g:R"5R™, f:R™ 5 RP

7} ole w, £t 9o AR his Tha T} o] HolHt

AN

h:R" > R™ i RP

o
o
o
gl
o,
]
HY
1o,
=)
A
rlo
i)
o
i)
my

o] Al4tddt.

oh_ofg_0f g
oxr Oz  0gox

(23.3)

4 23.3 4 L= p x m Jacovian WEje] 1

of of ... Ofi
wom
gJ2 ZJ2 2
of |55 3as %m | = (p x m)
g | : P
ofy, 0fp . Ofp
991  Og 0.,
%—‘:— n x m Jacovian HE o]t
99, 991 ... Og1
Oxq Oy oz,
995 092 ... 99y
@ — | Oxy O0xq oz, | — (TL % m)
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