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If I have seen further than others, it is by standing upon the shoulders of giants.

—— XFE5E- 4R (Isaac Newton) | EEHFR. MIEFRK | 1643 ~ 1727

f_

numpy .meshgrid () 3KEMIGEIE

from sympy.abc import x EXFESEE x
sympy.diff () KEFSSENRSERR
sympy.evalf () KFFSETRPRMEBL IR D EGHE
sympy.lambdify () BFSFRIAREML AR
sympy.series () KXERHRARBFSR
sympy.symbols () EXFSEE

A A A A A A A

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
A AFE SRR F IR AT A, E2RA, FIREERAEAL.

% B PDF Ut T #: https://github.com/Visualize-ML

KA EEMIRENINIY L A # B sk——4 % DrGinger: https://space.bilibili.com/513194466

KMARMITIEH, AHLEIFH: jiang.visualize.ml@gmail.com



Page 2 | Chapter 17 4%} | Book 3 (B3 ER) | ZRLH: MIMARKRINZSS

EX

o JUET L F L M Ao

SRR MX B

ZIT R EE N

e N
IREES: %ﬁb:#i—+$%/+#w/+%»l

R HHRE

REEFHER
—MRYRFEIER ~ . 74

“HrESRTIEL

~ + +
=W RYPRTELR -

ZRMEF =

I\\§
~\\\\_ﬂﬁ§ﬁ

EIESV)

AR PDF X 1B 848, KA WA 7 B4 EAEan 4 ¥, LM 2 bl &K% B 400 i 0
MR VAFE R KR F BB, E2B A, 5IREEHE L.

A K PDF >0 # T #: https://github.com/Visualize-ML

KA EEMIRENINIY L A # B sk——4 % DrGinger: https://space.bilibili.com/513194466

KA RMITIEH, AHE B4 jiang.visualize.ml@gmail.com



Page3 | Chapter 17 4 | Book 3 (¥ BR) | BRE#ZHB: MINARKRENBSS

NIREERNS: HiEEll

5 (differential) 2 REMF/E U —FLMHR . M@ LR, WO T DUEIHEIR L&
HETERELIEE/ ) AXTAR, REETLAY.

f(a)
Ay = f(a + Ax) — f(a)

B L —TRECkE, MR

BRiIREE f(x) ERANMXEABEEX. BEZXEA—R a, HaRzxhzla+ Ax (BEIZK[ER)
B, ERESCERIEE N Ay:

Ay=f(a+Ax)-f(a) @)
e Ay 5] UEILA:
Ay =f(a+Ax)-f(a)~ f'(a)Ax 2)
Hep, f(a) WREAE x = ab— S8 ABE 155, R K) AR —RL—SEE
EREEIZ AL TENNERE.
B F5, fla+ Ax) BIEME R
f(a+Ax)~ f'(a)Ax+ f(a) (3)
S
X =a+ AX (4)
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f(x)~f'(a)(x—a)+f(a) (5)
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FENRE: SIMEREHENL

EEEFRAET 4 (Sir Brook Taylor) 78 1715 £k 3= 7 Z= 8124 24 (Taylor's theorem),, Z=&f

FEE—MERAMREEM TR,

&5 -RH (Brook Taylor)
FEHFR | 16854 ~ 17314F
MRS ARMEHREE B

4 EFF = (expansion point) 4y x = a B, —ICeRER f(x) =B FT (Taylor expansion) FZ = 24

'(a "(a , "(a , (6)
= f(a)+%(x—a)+%(x—a) +f—()(x—a) +oee
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fF(x)~ f(a)+%"")(x_a): f(a)+ 1'(a)(x-a) @
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F(x)= 1 + x (15)
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EBMERREI—REE, FHRIE—MZFERIT (first-order Taylor
polynomial/expansion/approximation sy first-degree Taylor polynomial), —[/Z=#E T ExT ANIE
HFER,

fi(x)

FEREMBFHZRRNEWREARTSRARNORM, BNRE:

R(x)=f(x)—f1(x)=f(x)—[ 1 + x) (16)

Constant  Linear
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ZIRERE
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2 X3 X4

X
f(x)=exp(x)=~ f4(x)—coitam+u;(ear+ > 4+ " 4+ a (19)

Quadratic ~ Cubic ~ Quartic

—RIR, RHEZMARTNTEES, BHRBHSZMATRNS, BEMREEF, BE,
KRN AT, SMEBEMREERANRA Z. N TREPHTABIIRNY, WTIREDTRZ
HMBHEZTUBTE,

fa(x)

Bk3 Chl7 02.py LHIATER, BAXMERA/RME, tbnx=1. x=-1, FUELLRK
EARIRE

A
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f (%)= f(ab)+f,(ab)(x-a)+f,(ab)(x-b)

Constant Plane

+%[ leXl(a'b)(Xl _a)2 +2 fxlxz (a’b)(x1 _a)(xz _b)"‘ fx2x2 (a’b)(xz _b)2]+---

Quadratic

(20)

Dy X PEEBHNRLSBFIAR, T @ b) = foa@ b).
% (20) SREMEER R

Rt Lo o oo o e ] R S

mE e s, MILEARE, “TREESETEYT, KFEE. fNE. ZRfhm. =Rh|E
SN BmEESN.

f(x) Constant Linear Quadratic Cubic

& 16. U B RSRITIRE

AT

HLEMT e iR

y=f(x%)=exp(=(x +x)) (22)
ZITEREL (X1, X2) —IMRS:
fu(xl,xz):;"*f—Xl(xl,xz):—leexp(—(xf+x§))

. 23)
fxz(Xi,X2)=g(Xl,X2)=—2X2 EXp(_(Xiz +X§))

2

VFITRARN—MMRSRENFTESSLE, B x ARFRMNE, KFEEAELHR (0.1,
-0.2),

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
A AFE SRR F IR AT A, E2RA, FIREERAEAL.

% B PDF Ut T #: https://github.com/Visualize-ML

KA EEMIRENINIY L A # B sk——4 % DrGinger: https://space.bilibili.com/513194466

KMARMITIEH, AHLEIFH: jiang.visualize.ml@gmail.com




Page 14 | Chapter 17 #(7)> | Book 3 (B ER) | BRI MINEKFREEREIVRES

1.0
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X1

17. - RSEHESS %
(22) F ZITERE f(x1, X2) ZMRS:

2

fa(506) = S 0n) = (26 )erp( (¢ )

2

fraxo (Xv Xz) = ﬁ(Xl’ X2) = (_2+ 4x§)exp(—(xf + XZZ))

a 2
. (24)
fars () = (3,3 = 3,250~ + )
x1x axlaxz
2
f
fx2x1(X1,X2)=M(X1,X2)=4X1X26Xp(—(xf+X22))
BR WMRERSHEE, B,
fxlxz (Xl’ XZ) = foxl (Xl' XZ) (25)
B 18 IR AW MR SR BN FEEFS4LE.
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E 18. —hMRSHHEES %
B S x(-0.1,-02) fRFE. —Br. ZMIRSHEEKEN:
f..(-0.1,-0.2)=-1.864
f(L01,02) =091 f1(~0.1,-0.2)=0.190 f*“l(( o1 02)) L 750 -
T T 1, (-04,-0.2)=0380" | e T U T

fa (—0.1,-0.2) = f,,,(~0.1,-0.2)=0.076
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EMAIX, BNATORBAEL . BEAZITERBECRET (x, x):
f(x.% )= f(ab) (27)

XY FHA—NETT e FHEBIKFEESRIEMLL f(X, X2)o
E 19 i ARBEREEIT St e R, FRERETR BT
f(x,%,)~ f(-0.1,-0.2)=0.951 (28)

(a, b, f(a, b))

fo(X1, X2)

1.4 1 f(x1, X2)
1.0
0.6

0.2

1. A BE B b= TR R

FA—REERIFAETT f(x1, X2):

f(x.%)~ f(ab)+f,(ab)(x—a)+f,(ab)(x,~b) (29)

BETKEE + N BRI (X, X2)o
WIATA—NMFEHRTETREE, T —RRBS N FATA:

f(%.%)~ f(-0.1,-0.2)+ f,(-0.1,-0.2)(x, —(-0.1)) + f,, (-0.1,-0.2)(x, - (-0.2))

g (30)
=0.951+0.190(x, +0.1) +0.380(x, +0.2)

(a, b, f(a, b))

f(Xl, Xz)
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E 20 A= t—RREMEIT — TS HT R

TIREE

RZRBHRITE (0, %)
f (X1vxz) = i (a'b)+ fxl(a’b)(xl _a)+ foo (a'b)(xz _b)

Constant Plane
1 2 2 (31)
+5[ Fraa (2.0)(% =)+ 2, (a,D) (%, =) (X, =b) + fp,5 (2,0) (x, ~b) |
Quadratic
BT KEE + S + ZKEE B INSRIL f(x, X2).
E2A R AN RBRAEITREE, T RRES AT A
f, (X, X,)=0.951+0.190(x, +0.1)+0.380(x, +0.2)
1 (32)

+§[—1.864(x1 +0.1)° +0.152(x, +0.1)(x, +0.2) ~1.750(x, + 0.2)' |

BEARAADTREETRAEE LR,

(a, b, f(a, b))

1.4 1 (X1, X2)

1.0 fa(x1, X2)

0.6

0.2

Xz

E 21 B R BfEi s iR

h_

Bk3 Chl7_03.py 4@ 19, 20, B2 =1EE. BINAKECH Streamlit 33X NMEDBUK
—~ App,
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WERS: HE—HSH

FARERBEESY SHENBAR, REXRBBEARETEZLOKRESE. BETE
F i i [V S

=&

APBNB=M—RSEOEEGEETTE: @mRTZES (forward difference). [5f5%4> (backward
difference). HulrxZ4%> (central difference), BE{&xIRE 22 Frx,

Forward difference Backward difference

Central difference

X — AX X X + AX \

B 22. =F— X SENBEGITTTE

—SHEEEESNREATLA:

tP)s———— (33)
—mMSHEEESHARANT:
f —f(x—-A
f’(x)zW (34)
—mSHNFOESTERAT:
F1(x)~ f (x+Ax)—f (x—Ax) (35)

2AX

AT
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f(x)=exp(-x) (36)

BT URESITEREEMN—MN SR ST A:
f(x)= —2xexp(—x2) (37)

BB ASHRENEN—MSBEER. RN, TIB=FRENEETTEE xBARE
mHEE (37).
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< e central
b » forward
backward
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H AR, FIOED BRI TEAE AAEESHNEE.

—e— central
~0.66 —» forward —

—« backward —
068 — analytical > "

' »>
»
»
-0.70 1 "
»
»
- »-

-0.724 >

f(x) "
-0.74%

AIV
1
t
’
'
P
*

<
—0.76 —~—

-0.78 T

+—

—0.80

0025 0050 0075 0100 0125 0150 0175 0.200
AX

B 25 $K AXREN, FubED. BRED. BEEDE

Bk3_Chl7_04.py B =MEMZE, Fahim24Mms,

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
A AFE SRR F IR AT A, E2RA, FIREERAEAL.

% B PDF Ut T #: https://github.com/Visualize-ML

KA EEMIRENINIY L A # B sk——4 % DrGinger: https://space.bilibili.com/513194466

KA RMITIEH, AHE B4 jiang.visualize.ml@gmail.com



Page 20 | Chapter 17 % | Book 3 (MZER) | ZRHAH: MNARKRINHSS

RER=AXRBR—ED. BERIT. EHD.

BRaEE, SHEREMEAER, MBI RBELEMEEMN. MLETRARE, #5B%E
(DEI352EEE 88

FYRAR—FRINEMAREEN, AREURENERRE, RAFANE—NRBREITN
Z B REIRIT.

FABFENRBAEREZRKESH, ITRSERNRE, FNTUXRREERDHTT
Eo. RENRT ZMAREMNTTE.

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
WAV FEERF BRAFE, EABA, I AEEAEL.

% B PDF Ut T #: https://github.com/Visualize-ML

KA EEMIRENINIY L A # B sk——4 % DrGinger: https://space.bilibili.com/513194466

KMARMITIEH, AHLEIFH: jiang.visualize.ml@gmail.com



