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The blue distance, the mysterious Heavens, the example of birds and insects flying everywhere —

are always beckoning Humanity to rise into the air.
—— FEHTIE T SR ER/RBkHTE (Konstantin Tsiolkovsky) | kT 87k §r&E % | 1857 ~ 1935
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ax.plot wireframe () %H|%AER]
matplotlib.pyplot.contour () &% EEES %
matplotlib.pyplot.contourf ()%4#FEHERZZS%
numpy .meshgrid () =4 MNIELEIE

numpy.outer () THEIMR

plot parametric() ZHZ#H#SEHHE

plot3d parametric line() Z#I=#%SHH=E
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=HERASIRR

#£ D (Pierre de Fermat) NMEYRI X BB E H AALARER, ik xy FHEALFRA LiEE 2%, €
BT =HERALIRER,

= HE AAIRERE =B ERM—X M E (x-axis), y HE NG (y-axis) 1 z 3hER A (-
axis), RRFIMBHEEMEE x1. Xo. e KARFTAEW. HEFNE %,

B 1= EAMGRRE=NYmE: xy FE. vz Fm\E. xz Fm. x #F0y #iaa xy Fm, z
WMEET xyFE, YA WM yz FE, xMEET vz E, XAz WA xz FE, yIER
Fxe @, X=NMFEB=gE=E 0T /\NERD, FRAEME (octant),

—HEASPIRRALIRRTTIMER (a, b, ¢),

xz-plane
yz-plane

|
i e -

Xy-plane

B 1L = ERSREN=1FE

E2Preat =MAFEN, ARMEZLEALIRR X, yHzHETE. LREHRNZE 2
o ) X 8 P E U

X +z *y

+y +X +z

+7 +y +X

2 AFENFHE=LERLIRR x. y M zHIETTE
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ZEFEHE: =x—IR5E
SRERLERSR, FETUSHMTER:

ax+by+cz+d =0 (1)

He, x.y. zAZE, a. b, c. dA5H. Lhrlt, XINMNERAMERBETN=TT—KFRE.

MAEEFRE (1) TSR

X
[@a b c]y|+d=0 )
z
F—1FE@E
FEANPF, B3R FEN KB A
X+y-2=0 ©))

A3PMARENMEXNY 2 EE. 28X, BREREER, /), BEFELEER.

B3 X x+y-z=0 WG HEA

NztEARZE. x My ENBRENIA Q) FMTUTZTREC

z="f(xy)=x+y 4)
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FNER

4 PRI ST R AT TS
y-z=0 5)

EA4RMISEETT xH, EETyzEE. NFXLEXRE, AEXBYTEE, B4 FEmERR
SRy MzEHREY-2=0,

+X
452X y- =0 WML E
FENFRE
B 5 P A SE X N A FEAT R A
x—2=0 (6)

EsHMNEEFET Ty EET . A8 yBEIE BsFELNS Yz 9XREBH
EX—2=0,

+z

+X
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B 5 EX x-z=0 WA FE

EMAFE

6P FEXNEMNERA2-2=0, IMNFEBAFTTxy¥E, EE2H. NEBAE,
RN FETUERR—TEHEE, Sk y) =c.

z—-2=0

-4y

6. £} 7-2=0 WHMEHE

RE=1MIF

H7~EI=MBEFPIEE—NHERES, ENEHEET xyF@m. X=/FmE, zBUEER
FFEM xy FEHAENNE, =N TFEEES T, xyFEALEL—FEL Bz AREBEF. RiIkK
E, B7~-AI=—REDPFEEExy FERLAREA—FEL.

6
x+y—-2=0
4
y 2
4
0
, _, CHHHTN
] 4 -2 0 2 4
z 0 X
_2,
,461 . 4 .
4 2 g
2 0
y 0 - ‘_2 X +y +X
-2 4

E7. %X x+y-2=0 WNHTH
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+z

+X

274

9.5 y-2=0 WEHFE

Bk3_Ch6 0l.py &HIAT JLIE=4= (8@,

A

FA7E Bk3 Cch6 0l.py Efi L, F Streamlit FlETLHL2H =4 ENEH App, B
WIS, BARMERNBENET L. ESERBXY Streanlit Bk3 Ch6 01.py,
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MEAREE TR AW LM XA, THEHEX2RE.

EFEEALATR T, S (linearity) EHEEH5EZFW R AT UM —SF/REET, Winy=
ax+b, FE L, AUEBHN—REK, FTHERY—FHA.

ERE, PRV, wRUEEEPEMFTRMENFM4, RAERAEKELERRK.
EZRERERRT, “GE” AEUARREHE, SHEZTREH Lwy=bx+

box2 + boo

MTE T, AEATLAN Y =bixe+bXo + baXs + ... + boXn + boo £ L LT 8], Hf i E
% & B3 m (hyperplane).

Bl 10 % &t X R =AM

(C) (b)

El 10. & 1 % #

5 & M AE Xy ZAEERHE (nonlinearity). “FEL&MT HRHMEGIEEL. AR TE. EF
RHEFE. FEL, FEAEXZTURHE, L, BEETHASEERHR., IHTHASEE
R IE LS F ErAESEL (non-parametric). & 11 %4 HFE &M X R AT

@ (b) ©

1L FLREX A
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Mgz &, EIIHA L EEESS) (supervised learning). EIHA SRR L EME L &2
Ex%, HHEAHTN. H12%8H=KEEF#A, H12@) 2&EEEEE, H 12 (b) () N
R ETHR,

(@ (b) ©

B 12, AL % 3] o B VA A

BE¥3e, —pXEBARENL, WnfEH 13 FEemaeRELUEMHTXLTF, 28T
[ AT 25 45 4 5 Bl 14 4% v R ESIA SR (decision boundary). = 4 E# HAF A —# A 0 (ER). 1 (4
). F13() im AR 4 (—REL) ARUFH/EEE., LefiER, B 13 (b)(c) Arr Ak
SMERFLR,

@ (b) (©

M 13 g% . — K E A

iy & e
ZFAEH%: =5ww—IXGiEH
FT7=4=EYH, BE—FTHELVEEGREE—RNMFEEIERE—XZHE
%, Wi, ZHELT, BM=Za—RKAERE—F=Z4TEELL.

ZEAMEIF
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tban, THIGEHEAN=T—RITHE:

~2=0
{x+y z o

2x—y—-2=0
A, BOMTERR=Z4TEN—NFE. 0E 14 R, RN FEEERFE—XE4%.

MREBE, o XHFIERE (7), T RITEMNTTIRAR T AR, XLEMERE
4 FrrEREE%E.

2xX-y—-z=0
Xx+y—-z=0
4G /
5
z O
-5

-4~ 4

B 14 MM FERHE—FES

ENFERER—R

') EMLE BM—N=T—K7E JBEMNTHER:

X+y-2z=0
2x-y-2=0 (8)
—-X+2y-2+2=0
WE 15 R, E=ANFEERT—R. BHEil, @) RM=x—XA T EHEAEw—#%.
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. 2X—-y—-z=0
10
5
Xx+y—-z=0
z 0q
-5 —X+2y-z+2=0
/\/
+z

-4 4

15. =AM FEERF—=

EPERZ

(8) —MREMIN THEMEEL

1 1 -1jx| |O

2 -1 -1|y|=|0 9)
-1 2 -1||z -2
A X b

(9) X FhF T MU i tE 757248 (system of linear equations), —#& S Ax=b, TJIUAEN, ¥
MAREANHTREREEILE. LT, BEFSL, A= EXMEAERE, EETITE. B, Wi
B AFDIE4ERE [A D] XM EIAR, T IAHEL M T RABRNTS.

3
W KB HEELA “BREE FMB RIS AR,

=—IXB AR

16 TR A=TT—RITRABN N EULF TR .
A 16 (@) P, H=ANFEBERT—R, TEAFTAENXE—1E,

N 16 (b) s, SH=AFERRT &% HRAFLHAR. TEAREFHBER,
LR N TFEEEME=1FEBER, BLLO=THEHES.

16 (c). (d). () RHAIRN AL =MERL. E 16 (c)h, WNMFEFT, 2HFE
=NTPEER, BEIMFRLEBEETT. B16(d) F, =DMFEFT. B166) F, RMFEE
&, SE=ATEFT. TERAERFEMERNEL LN=1FTEARRER, [H=%XE,
=& X E 1T,
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(b)

©) (d) (e)
A
4 o 4

16. B =T —R T RARNNE

h_

BK3_Ch6_02.py HIE 14, BARETERRIBLHE 15.

0.4 Fes: pEE

e 7 fron, RER, F1U (equality) TTIMZWENE x=1). BEMNEL x+y=1). BE
MhZ 0C+y =1), BEMNTE (x+y-2+1=0)FF.

(@x=1 (byx+y=1 ©)x¥*+y*=1 (dyx+y—-z+1=0

A
N

B 17. FAMLEIREX

A, e 8 R, AFI (inequality) MJLEARXMEZEXE, thin x BEESEE (x<
1), B4aETFE EWENKE x+y<1), EAEFELNENRE +y*>1), FADE =4S
B (—x+y-z+1<0),

18 P AR ELN, BRENEXEABEEENT L.
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Dy g b FRmanR REXEERES G, 6T kFHEEF (gradient
vector) A%, KAFIAH (JEHHE) — ML TABHEDFMEAE.

(a)x<1 byx+y<1 ©x+y*>1 (dy—x+y-z+1<0

N

18. FERA LA X

tesh, mu7iE 18 XWERSFRN/VTAASERREAKEENTR. RBEHBED
#FETAN, MIBHARFRGEVFNA, DUEIMRIER, BARKIEE.

i, BIHE. K

ATEBAFR, ULRMNELERMBEHI M, 06 ENE— P& — X, H
FRISEMOBNES, RRIEMBECS RE,

EANEHHETTE (absolute value) 245, £t iZB5 R SMEEE. tba, |-51=5 (Efk the
absolute value of negative five equals five) o] 3R A5 BEEFERAVEEE A4 5 NEMNKE ., x f9483S
B2 x| (21 absolute value of X), B4R, SEEEXHE RIERE, B X =0,

la—b|

19. SEHUA L LR a # b Ku)

WRFANIHAEE, XRBRECTNUTEHE—=. SRNEEEN, SCTFEEANN
BN, WE 0P, K a/hTREDb, TINFRIEA a<b(EfEaislessthanb), BTN, 7
#5h - a 75 b 894 (a is to the left of b on the number line),

F1BEANTERFTS . XFAEFES (inequality sign) RixM R FHRRIEATER.

&L ANFERE S

| BF&ik | EXFRE | wERE |
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< less than INNF

> greater than XF

< less than or equal to INFETF
> greater than or equal to AFETF
« much less than m/hF
> much greater than mARF

& 2. FERNERMTERIE

4>3 Four ig greater than three.
Three is less than four.
y<9 Small y is less than or equal to nine.
x>-1 Small x is greater than or equal minus one.
-3<x<2 Small x is greater than minus three and less than two.
0<x<1 X is greater than or equal to zero and less than or equal to one.
a<b a is less than b.
a>b a is greater than b.

a is less than or equal to b.

ash a is not greater than b.

a is greater than or equal to b.
a>b .

a is not less than b.
akhb a is much less than b.
a»b a is much greater than b.
axb a is approximately equal to b.
a#h ais not equal to b.

X

wRFE, ENTENLETRIYNERKE., FEHEXRE, XiE (interval) 2i5E—EEE
MEBHES.

BANXEILSH, EESHRTHR, THESERTeRE .

& 20 (a) Pz, FFEXIE (open interval) REFEX B2 Fims, o PUCHE (@, b), Bk ETE
= (parentheses).,

M 20 (b) Fiow, AIXIE (closed interval) BFER ) Fimin R, T IEME [a b], FiHOHTHE
= (square brackets),

anE 20 (c) Frx, ZEFFAFIXIE (left-open and right-closed), BT IIZf (a, b], NEIEX 8 4%
B, BfEAms. WE0 (d) Frac, ZAGFFX(E (right-open and left-closed), o] UIZf#f [a, b), &
EXa ks, NEREaRS.
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(@) @ b) () [, b] © (@ b]
i | i
| | |
R | L R _ R | _
Ta b x a b x ' a b x
| | |
| | |
| | |
@ [2. b ©  (mn) ® [a, )
|
R l _ R _ R .
a T b X b X a X
|
|
|

20. NMX (8]

Aisx iz d, ERAMEEBT, R EETHBHAR, —MREERNRXE, T
IE| R A 5 EHAL, kA, |20 P (@), (b). (c). (d) %R ey w AN K R EHRAF A P54, an
BT (lower bound), b =4 EJ% (upper bound).

e, MERA R, —REFGEFAFRAFSEENNTETS, B,

3
& K85 WA 19 5 T HHRARAC R B A 2 R A

(X &) P i o] B 77 (bounded) 5 FCF (unbounded), that R XEEMTTaERFimm, BIAL
%5, 1IEF55 (infinity) T4 o 5 +oo, TAFEIR (negative infinity) 124 —oo,

20 (&) AT~ AETHRAGEFR (left-unbounded and right-bounded) X 8], Etban (—oo, b],
20 (f) Frr A AEBRATLR (left-bounded and right-unbounded) X 8], Eb4A [a, ),
ZHAPIFER (unbounded at both ends), R (oo, ), XFEIRITEEH,

% 3. RaEXHIFCRIA

ELE AN EXFRIE

The open interval from a to b.

(a, b) The interval from a to b, exclusive.

The values between a and b, but not including the endpoints.
X is greater than a and less than b.

The set of all x such that x is in between a and b, exclusive.

{xeR|a<x<b}

The closed interval from a to b.

[a, b:| The interval from a to b, inclusive.

The values between a and b, including the endpoints.

X is greater than or equal to a and less than or equal to b.
The set of all x such that x is in between a and b, inclusive.

{xeR|a<x<b}

(a, b] | The half-open interval from a to b, excluding a and including b.
The values between a and b, excluding a and including b.

xeRla<x<b .
{ <Rl } The set of all x such that x is greater than a but less than or equal to b.
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[a, b) | The half-open interval from a to b, including a and excluding b.

The values between a and b, including a and excluding b.
{xeR|a<x<b}

The set of all x such that x is greater than or equal to a but less than b.

SAEFSH: HHEEH
EENBAEFRNENERSMAEBKRE, KURBEHAFR BRI A=ZKE:

< 5 (lower and upper bounds), ttaa x> 2

< ZHEFEZE (linear inequalities), tbanx+y<1

<« JEEHEAF (nonlinear inequalities), tbaf x*+y? =1

HRE @G, XERERGHRALIE (constraint), BIFRHIEEMIVESEE. AP EEE
A=MT LT RERXRFRYENXE.

H

ETR

EANBIF, ABE xBUESEREA:
X, +1>0 (10)
HEB LR KRTFSHEELNFS, (10) HERK:

—x,-1<0 (11)

Dy, KHEHRERY <<,
RIE (11), 91BN T Z TR E (X1, X2):
f(x.%)=-x-1 (12)

21 () IR A= AAFREA T (X1, X2) IS ZE (contour plot), XF—4N =TTk EL f(xs,
X2), ERGARRIHERFHSERNL, BIFHRE f(x x) =c. REEFSLXVUMFEE SRS
EHESERML%. SEELTNAE=ZSZTEER, B UEYE 2%,

_
W5 THEBRAMRATT AR F R RN, ARE 10 THRANBEHL. WL, A
BB FHENHME N LSE, AFAEARS THE,

21 () ZHFSEXAURE 2L BERADEBFSLENTL (X, x2) >0, RIFRHE (11);
RERAFEBEFSENR f(x, x2) <0, HE (11). EFIRNZ, H2 () PFESLMBEEFT.
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x+1>0 x;+1>0

(a) f(x1, X2) . (

Xy

2L, + 1> 0 =A Tk =

Ria, BAME—N 2R iR, BE (11) AEFRMR (x, x) %A 1 (B True), RiHE
(11) B8 2 0 (BP False), XAFHAIIRGE 21 (b). ABHTIE f(xe, x2) THL—> 0-1 (False-True) 7
ER#E.

Bf—F, KE2 (@ FSERFTE e FE L, %EE21() FEFS%.

F21(c) PRELHISARILT, EFED e FEMDERIRE: —PMEE (11), —PF
WE (1), m2i(c) i, HEeRFXERE (11) AFRX, XEE 21 (b) PREA 1HXKE. HeEerH
FXEARABE (11) AFRX, WA 21 (b) FERIER 0 XK.

BENMT, xBUESERSEN:

—1<x <2 (13)
Her, -14TR, 28R,
FRENEEE, ¥ (13) BEA:
[, —05-15<0 (14)

TTUXALIMR (14), B £ 05 B5%/\T 15 i SES.
Azg, EXUTOARA—NERBRFR.
1RIE (14), MBI T ZTREK f(x, X):
f(x,%,)=|x —0.5/-1.5 (15)

22 (a) PR fxo, xo) RBA=SEALIRRATELR, B AUV FR., AR, Hes
SELHE (14), MABFSLLERHE (14).

22 (b) REUE 1 X EH R (14).
22(c) PESEEAKEREFHE (14). m2 () PRZBEL HREKNR, WEHEETLT,
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(@) 061 ) © s
-4 4 X1 —4 -2 0 2 4
X,
2. 1<% <2 EATIUL IR
BENMIF, SBE e WBUESEE:
X, <0 or x,>2 (16)
D, EXTOKRHAR ML
¥ (16) 32 A
—|x, -1+1<0 17)
JUEFEB LR, BHEELIEERT LNAERNES.
RIE (17) WA T TR f(x, X2):
f(x,%)=—%-1+1 (18)

23 () Fr7~ A ZICRR R f(xe, Xo) A= E AALIRR P E %K.
23 (b) B 1 R E (16), 0FRAHE (16),
23 (c) PEEERBXEHE (16).

(@) f(xa, X2)

23. %<0 T X, > 2 =N FTE
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MM ER T B MBS AFRE. tban, (13) 71 (16) &5zl

{—1<x1<2

(19)
X, <0 or x,>2

RAETE e FEL, BNRET il NEESEE. 54 ARNEE (19 RERE
XX, BARRBEATIORRE, BTLRHXRERR.

tesh, (16) MABLTFRAARFRAEM, BARBAALFASMBEBRDT (16).

b
O
1
2
) X2 0
4
-2
-4
—4 -2 0 2 4

24. ERHHRE-1<x <2F X <0 By xo > 2 X X 15

HHEASFH

ZUAFRARE—RAFR, RERNFATEMANTERLERSH 1R, LHARFRH
JUEEETARMNE. BERLTHOTNEMERELUEAFTX, BREWEMNLEEN, FNZER
BRERFRAD TTRE,

BT, BEMTEMEARAFR:

X — X, <—1 (20)
¥ (20) B3N
X —X, +1<0 (21)
HIELN T ZTT R &R (x4, X2):
F(X0%)=%—X,+1 (22)

25 (8) BT A f(xe, xo) E=HE AR ERANE.
25 (b) EUEX 1 R XEHE (21).
25 () PERRAPHARKERE 21), REELAYEFAx-x+1=0,
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(a) f(x, x2)

8 X17X2+1=0
4 \2

N

X1
25. %X — X < 1 =AML AR
BE-NMIT SENTEMEAEFR:
X, > 2X, (23)
+ (23) B3R!
—X +2X, <0 (24)
RYE (24), MBI T ZITEREL f(x1, X2):
f (% %,) ==X +2%, (25)
26 (a) PEBEFSLHE 23), MABFSLIHE (23).
26 (b) FRER{E S 1 #E 26 (¢) RIS E AR XEHE (23).
(a) f(x1, X2) (b) 0-1 . (©
2 e
i} . R X2 0 1
= -2 =
i 4
\/ R
0
4P a2 0 2 4
Xy

26. %1 > 2 =N L E

EARK (20) M (23) ANAFREMME—NAEFRXE, FabIRME 24 WE, TRALHK
ERX .
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JEEMFFR

BT EMAFRZI, EMEMERNAERETTNEALDELEREFR. TEFE=1HF

¥
HBEWNTENERENAFR:
%, + X%, <1
(26) #IEA4:
X, +%,|-1<0
MIEM T ZIT R B (X, X2):

f (X% ) =% +%|-1

(26)

(27)

(28)

27 (a) FioA (28) R =4 EH AARREERR. m27 (b) PEUEHD 1 SN XEFME 27 (c) Rk

BRZXERHE (26).

(a) f(xa, X2) (b) 0-1 (©)

27. %+ %, <1 =TT E

b5, (26) HEMNTF:

(% +%,)" <1
BARBITERH (29) XM =MEEK.
EZNMBF, LABHEMERFR:

x| +]%| < 2
B EREER:

|X,|+|x,|-2<0
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HMIE AT Z TR AL f(xa, X2):
f (%% ) = x|+ [x,[-2 (32)
m 28 (a) R f(x, Xo) B4, BRBHRESEN— MR S NEAK. ARESER
SREGHEBETLOE R, =28 (b) FEUEN 1 MEMXEME 28 (0) hEEREXEHE (30).

(a) f(xa, X2) (b) 0-1 A (©)

28. x| +[x,|<2 =TT E

BEMIT, BEDTELMERFR:

X2+ X2 <4 (33)
BB
X +Xx2—4<0 (34)
7 xoe FE L, WM ZITERE (i, x):
f(X,%)=X +X; -4 (35)

129 (a) Fiom 2 (35) - ERBYRMHE, HANSSEIROE. SHEOAESLE
SEABRREBI, EAREE. @20 (0) PREH 1 KM= 28 (0) PEERYKEH

2 (33),

(a) f(x1, %2) (b) 0-1 4 (c)
2
/ AN
[
X2 0 i
A
-4
-4 -2 0 2 4
X1

29. X2+ x2 <4 =AEHLTTE
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ks, (33) FNT:

X +x5 <2 (36)

BARBTRE (36) FEMN=1EE&. A5, 5% (26) 1 (33) MAMAFAEMMWEARFR

A, FatREXE,

Bk3_Ché6_03.py &HIATAEHITER.

SHER AR

=L (A R T UGS KT EAR AL PRV AR AR R L, 40 30 (a) Aron AYERAEARER (spherical
coordinate system) #0130 (b) Fr7=B9EIFF244RE (cylindrical coordinate system),

30. BRALFRR FIE AT LR R

ERATRER

30 (a) Frow, BRAAMAY THE NS FERLIRRGE.

BRAFRAEPEMS P AMNERALIR (r,0,0). HF, rEPS5RSO0ZEER, thiZEIES
(radial distance); 6 /& OP JEZH0 z HiIEFT kA, MR (polar angle); OP ELTE xy FHEEF
KA OH, o2 OHM x3MEFEFKA, MEIA (azimuth angle).
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BRAATRE| =4 H A AR R BRIV LR R A

X=rsiné-cose
OH
y=rsind-sing (37)
OH
z=rcosé
—
PH

3LF7RIE R BRARXS N fRAT =N
X +X+% =17 (38)

Hep, r=1, &4%HE 31 FX M ERKER, XA EIRELIR.

B 31 BRARAEE

D—

Bk3 Ché6 04.py Z2%lME 31,

EtEALIRER

30 (b) Fow, BEAEAARERAE S T ZEARAARAr A T E L RS ATHE—R 2 3.

HERBELIRRD, R PHLTA (e 2. XN, rEPRS2HMNEERS, ¢i£2 OP & xy
FEAE % OH SIEx M BAIKRA, t M=BEHBLIRRMN 5.
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MEAFRIRE =4 B HALIRRBIREU KRR N

X=Trcos¢
y=rsing (39)
z=1

F—ENBHNSEARTNY RE=HTIEZ%H, plot3d parametric line () BET
AREHSE RSN =% E.

R HEENS R EREX AR LR

X, = cos(t)
X, =sin(t) (40)
X, =t

20

X3
10

A 32. =S HHTRE%E

D—

Bk3 Ch6 05.py %@ 32, B32t T |MH plot3d parametric line () EELH, K
835 Bk3_Ch6_06.py.

SRRILRBRIVTRRE S, LHRRELASHK, IERETRL.
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BTRET, 8. 9=%, FNU—WRIT/LEAEXAR. BRAFKEINERES. HEAXHD
HETENNASE,

ARG - REE L THEE, LENEBE_ETFAN="4=EEHT. REELAD
£ 103 BEEAHBIRNA.
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