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Vector and More
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Every great advance in science has issued from a new audacity of imagination.
—— 298 HEL (John Dewey) | EEZEZTEER. HEXR. (LEFER | 1859 ~ 1952
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1] sy, wams
AEFTABRAZME (vector), EEXANFXEMEBMIHRZLMIEN (matrix) i,

Rk, EMEREETIIETITEASIGEMNEAE @ray), EFERNTETNES
. REEL EEZEAHL.

NEGRERERE, EERERE!

V) za i =|

=,

SERHIESE

HIERZ. VS2IEAMERERZHEREE"., REEE, TEINEEEIAE, SRS
BMEENE LD . RABEASHRENE EZEFAFTEENTOERE, kx, Wk, 1
i (Garbage in, garbage out, GIGO),

ABEAFRESNBERERENEES. JEENERILZEHRSEL/ RS

(Anderson's Iris data set), 2EH¥ RIEEN-ZEFF (Edgar Anderson) 7E & kB4t S ANETIA Y &

EMRENEREHALIE. AL AEREHIERITDEIE.
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Index Sepal length Sepal width Petal length Petal width Species
xl Xz X3 X4 C
1 5l 3.5
2 4.9 8 1.4
: a1 32 L3 Setosa
49 5.3 37 15 G
50 5 33 1.4
51 3.2 4.7 1.4
52 | 64 | 32 45 15
53 31 4.9 15 _
Versicolor
99 5.1 25 3 11 C
100 oY 2.8 4.1 1.3
101 6.3 383 6 2.5
102 5.8 2.7 5.1 1.9
EEECEN 59 S
149 6.2 3.4 5.4 23 G
150 5.9 3 5l 1.8

1L BEREHIE BUEBIRBAINEXK (cm)

H1AHNXEHALITELTEEETHN=1IE, 232LUZEE (setosa), TEERE
(versicolor) FnEZBILEE (virginica), §—XERILINET 50 £REAIDFE, it 150 %,
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SEEMNMSIERBERRNEEDH, ©MN9H2ESIE (sepal length), EZZEE (sepal
width) . TEIH<E (petal length) FITEIEEERE (petal width),

Dy, KPAKRE. Mk, BERFFRALE, Lo X, A, 2. A, #HAk, KA XK
FARHIEREE, B X R EF £ £4 % (variance covariance matrix), A AN E | Ak, 4
HFFRERE, e x, xi. XD v,

tE 2 froc, ABEBHRE (heatmap) TJMILIERE, REEBEREDENE, SEHEIREM
XE 150 7. 4%, Eitb X hEICH Xiso x40

TEE. JaE

BISCIRE], BRI —RIIFTEE. FEEMETAL,

REXRE, HEYZL. MATUEETEE. JEE, WE 2R XE—fTEE xO,
X@ L xO) RE—FERUHAREKE. BERE. LRKEMNERZEENELR, X
E—EE (X1, Xo. Xs. Xa) AEREEMFIERIEREIE.

X
& xO
150 x 4
X
150 x 4
150 x 4
v
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BB HL AR,

BENMIT, RXEEEFHERORAXEFELEREEIERERE. B30 EEREBN—KERER
RhR. BXKBABREALER, ©LHTRIKA 2990 x 2714 9558, BD 2990 17, 271431,

3K BRAEZRERE . FHHA, RNSEARA NG EFERMAEN, RN
R, BMERAXKEBARREH-RIREDEMR. BiE—F, EREFEANINERSR,
WL 4R, BAEE—1 2 x 2 SLBUERK.

NTREMAVEEFAINA, LCMIRFIAIE. HEESYS, FTRERRALERA, RERA
MEBIREMRSRNEREBH.

)
O K5 A (EAE ) H5 R A 2R %4 (Principal Component Analysis, PCA) 4k 4: i
ASHTE 3 X G ERILZORA,

7

o O o

2000

0.6692 0.6364
0.6165 0.5476

2990 x 2714

& 3. BA th2EIEHERM

1.2 sEmmws, sans

B, X TUEMER—FFIITEE (row vector) ETEINTA.

WE4FR, EEXHNEITTUERTEE XY, LHRRESTNIiRKFS, ITEREHK
EE, i=1~150,

EMGF, XHE LT i, AEh:

x¥=[51 35 14 02], @)
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TEEXYRREREBEERSH LKA, TAE XD HEITRRIRFESKE
(sepal length), LZEE (sepal width), FEHIHSE (petal length) FTEIEEE (petal width), 4. F&
AL AHEXK em,

frie & xO A I 147, 4 5UR94ERE, BIFIRA 1 x4,

R Python 22 TF 0 475 (zero-based indexing), ABXIEMEFT. FIR/SH, ERELSEL MR
it XPET 1485 (one-based indexing).

X
[t Sepal length | Sepal width Petal length Petal width

5.1 3.5 1.4 x®
4.9 3 14 x®@
4.7 3.2 13 x®
4.6 3.1 15 x4
5 3.6 1.4 x®

&> x®

150 x 4

E 4. BRELSE TRERFHASES

SmE

460E X T UM E— E FIFI[EE (column vector) ZZ A HEFFI K

meE 2 s, EEXHEJFTUERIIEE X, TRjRERIFS, STEREREES, F
EENEFRENIE, j=1~4,

tban, X% 1FEEiCH x, Rk

X =| . )

5.9

150x1

FiE 8 xu RRE R 150 MEALIRH S KELHE. FIEE x 7 L 150 7. 15IA9%E
B, BOFZAR0 150 x 1, BANEIRIER X TIAS I NFIEE, BI X = [X1, Xz, X3, Xa]o

D ggmin, hTRYSRBEEROTOERINAE, ERHTH, KB PITEERA ik
W5, e xO, @5l AFHE LA T, e X,

&\
O K2R, TERKETHA 150 4 X1\ Xo. Xa. Xe XA G B REREH L7 Hik
AL Ik T AT F 7 EABILENZINGEE? ZEA0EAD S 1258,
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Bb4h, ARBEM=EEIEET (RGB color mode) e Lfr Fth o USR5 EE, W
FrrEsi 7 e, EABE7TEF, B(VEH RGB BERESBEHRS.

0 5 N [ =

0.8 1 0.6 0 1 1 0
0.8 0.8 0.8 0.8 0.3 0
0.8 0 0.3 1 0.3 0

0.7
E 5. 7T EEX K RGB B e &

0.9
AEFEE. FEEXEZENE, EBERE—NFRE, MXPNRETUISRETT. &F
3, efaalfTEE. JEE,

1.3 snswies, wanm

HiER. ’%

BRUEREIA ML —REKE. BEHE AR E T
FEAEALIRR (CMR?) F, FNESEFERSE. !Iﬂ@ﬁﬁﬁT i’FFE%SI,'f—:T\!@tl:ﬁZK“%ﬁTE

Zo

6
RZ
5 X
° X1 X2
°
= 4 " o
E/ ° .‘- .: b ° oo
< oo’ oe@
E ..,'. [ ] =' oN) @
s 34 @780 o2 em, 06 o, ®
z . .oxs .:cgp o %o
(% , <:' o % £ ..: ¢ < ;:I
T // (5.0, 2.0)
/ ~
0 -
0 1 2 3 4 5 6 7 8

Sepal length (cm)
B 6. R R A MHEEIER S E

B 6 FARIRA (5.0,2.0) NS AT [5.0,20]. (5.0,2.0) £FS 4 61 fhakAS, MRHFT
8T BB B X6,

MILERFRE, [5.0,2.0] FEEHAIIEZZIZS (orthogonal projection) £55R 5.0, R&FIZAH
B8 HRA 5.0, [5.0, 2.0] AN EIRFERA 2.0, RKRAH LIRA 2.0,
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IE3Z (orthogonality) 24 MR EMEE, REEMMS . EXRIREER, BEREIESH
LY RELKEETRE /RIERELSCEE, 17T, KMIE ETRIEEMEE TR Ehm,
MmEAXALGERE THE. FHHRFANE ABNKPIEERRE.

MNELMARE, (50,20) BFFER®, B1(50, 20)eR’, mehERAMEZHET R,

BE wmEcf= NEERAKXE, TEEI50 20] Atk LRFAEEN[5.0,0], EHHLE
‘EHEEA [0,2.0], M [5.0,0]F0 [0, 2.0] W EEEMELEZ [5.0,2.0] = [5.0, 0] + [0, 2.0],

Bit—F, BEe BAKEZeMEXRTEEM FR7. @7F x ORNBIELIR L
EERMHEEE VRS KELIE. A7 h&EMAS TP —4=0E, AEHR,

6
5 X
) X1

_ 1 °®
s G
= 05 om . °
S oo ‘:’-’ [l |lo [Ya» ’o-)L
= 34 @ % oca on‘ 98:% o, <o
E hd ‘ ° :o:x'a :('igin"n % o
s s‘o Ex“' ‘“‘o ° *
8 o |8 |5]]| oa®

24 °

1 -

0 : \ \ \

0 1 2 3 4 5 6 7 8

Sepal length (cm)
7. R R R R

BT U ERARE RTINS, F2me, BhN < SERREIEE IS HE
k.

6
5 X
X2

€ 4
e
=]
o
g 3
T
3

2
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0 T T T T T T T

0 1 2 3 4 5 6 7 8

Sepal length (cm)

B 8. THEBUR IE 34 Bl
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R

FojgesiE, REUTMNEETPRERREE—FNE LY
BERZHEN.

ME R, SREEEBEEE—ERNEE IXNLBIFESMEHIH 15°, NEE 9,
BMNEERIEE S MTE e EMAES., WEEU, X8 X2 2 BITTHR vixa F vaxe, FFAY
DB Vixs + VX BLRIR T M AR KR, vaxs + VoXo B IU G 14H4HE (linear combination),

6
5 X
° X1 X2
°
— i [ ]
E’, ! ° o o ® ee
S o023 e® 0@ o
'—g 34 (; L IR @ :.)'_),_‘:.1_32 "o, o
= LR A AR
o eoviet lellle
3 5 % BRI D Lo G
\ ViX1 + VoXo
14 S |
6=15° \
0 '~
o 1 2 3 4 5 6 7 8 e I
Sepal length (cm)
B9 “#HH R EXHRTE &R
)

W X R TR, E4HEE 9 PP AR IAIUTERAIMTAR? XEAESH 9.
10 FZ w269 19 4,

ZHERE. S IEESE

BEEREHM=ZMHE (CBKE. HERE. LHKE) SEHEE HEZSZER L
HERE, FEmo, MAEHSTE0AKTYE (REEER) EXRTER.

R? X

X1 X2 X3

Petal length (cm)
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& 10. ERIER = MHEBIES <A
BRARFIAS (HEER) —MNAIAAIFERRE, BEMNE 1T, BRI
RENMETRAERELE ML (REKE. RERE. BRKETNLREE), BIMcAeRr
JURTERE=A"XH (LERE. REERE. 4ERIER). AU TNE—RBH~AEES T
f=EPIRERRTE LAREER,

Species 0, Setosa e 1, Versicolor e 2, Virginica

€
ch i i
=
=)
g , |
(_B .“ I”
o °
[<F) .;
(2] g g %fo
é%
..
1 e 7 °
_ % o
g 7 '._.. g :'3
~ ° ° e
£ | % | %
B < d’
— 4 @ 1 eee
< ° °
o
[<5)
3 i i
L] L]
=R
C2
=
=)
s
=
[<5)
o
€
<
=
b}
2
=
6 L[] L]
o Soe 7 %% @ o
90 & L] o €0 o
L QT %0
Sepal length (cm) Sepal width (cm) Petal length (cm) Petal width (cm)

B 11 BERELEANEFIRRE, FEIETE, BRAXE (BMFER)

SZitdlf: BamEktEa

mELFE, ATHXARENESHLRS, NBRE0. HFER X "HEEE
TR 150 M.
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Sepal width (cm)

0 1 2 3 4 5 6 7 8
Sepal length (cm)

B 12 mEkmARR

BE, GitAT, RENERBETEIERD (centroid). PIIBEIEFRUHELES—H
B EMB A E &

R—RmAMIER, KREE-T, RNEUHESE. JHTE. WHE. BXURESHIT
EErN, #2EXHE. NRESEXRE, XBLTEIREES,

WEBHR, BEENERBHEIRLGE, BENKE. EXHE (tbn, FLRREHX
). EXBE (MERMZEEkA) MEET BELL.

Sepal width (cm)

0 1 2 3 4 5 6 7 8
Sepal length (cm)
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BE B EASERROCIBERR, XMEERREELE, SRMNE U=, BIRER
X ZEASHHEBREEICH X, BR X AR TERER 0. EHEHAZWERNEM, &
1415, A BAREEEX,

_\

I Em 11, BRI, Rt BHRATENE, F—RERAHARBRT AT RS,
By ETS, BRARF 22 F Rk eiEM, b, APREZF—HBE=ZF —~2 e
V. B, . BESM. SR, R, SR FHRIRER R,

X, demeaned (cm)
o

—4 -3 -2 -1 0 1 2 3 4
X; demeaned (cm)

E 14 HREEL

1.4 snmwies, wa=m

NS RARE

MBI FAXE, HEIEFRE (matrix multiplication) X FRZ4HMRET (linear mapping). tban, 7
AmxnXnx1 = mel EP%EBZE Amxn ?ﬁ;ﬁ E’\]ﬁ@?ﬁ%?‘ﬁﬂi X—b é%’lﬁﬁ%%?}o §]J I'ﬂ% Xnx1 T’IE R" EP , §IJ I'ﬂ%
mel E Rm ':F' o

AmxnXnx1 = bt t I 251 75 F24E (system of linear equations), ZEARZFIM B (HFER) I8
REZE=H R, RMNBLUIREARRIEEEERR. TEEEARR—T.

(IFEZ) IHSIHBREEDR: SHEERRE, LH=1+hX TEALTEE %
REILE?

KX EES M TTiEE
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{1-x1+1-x2=35 - {1 1}[&}{35} @)
2-% +4-x, =94 2 4| x| |94
A X b
BN
Ax=b 4

ARHMEEMAIFEE x T AFI AT KR

. {1 1}1{35} {2 —0.5}{35} {23}
2 4| (94| |-1 05 (9] |12
WEERE AL USERL b — X LR ET .

)
7 (5) 73] 7 46145k % (matrix multiplication), 4EFi#% (matrix inverse), A% % 4. 5. 6 =
FEANBIEEIRIZE, ETHCHEE S RTESERE,

RGN

MILEARAERE, (3) FEEME A S22 Le1EE5H2 (linear transformation), 4N 15 fi7R, 6%
ABFHFIEENTE, TRFTRILENE, SEAOTER:

i EXERGIFZIERE A = [ay, ] FIRDHIEE a1 &

8 -
6 4
a
4 =
2 -
a

€
Otk ‘ ‘ ‘ ‘

0 e 2 4 6 8

15. 5BF% A SERLAIZ M iR

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
WA VTFE R F R FE, EABA, FIAEEAHEL.
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MEE 15 EE, BANEALIRREN T HIEIENMAEH [e1, e2] 3k, BEFLE o e B EFiHEIX
Mg ENBE . BEE AR, [a, 2] KA TENERLIRR, TRNEMEHFT
AT, [es, 2] 0 [as, a2] EBAUfLZS 6] R? B9EIE (base).

B ASH [a, a2, B (4) FBE:
[ai az]{:l:|=xia1+xza2=b (7)

EHARERE [0, a2] FANEREENLMEAS.

3
W ABBAEE T ENHBER, ARASERTTABA,

MIEEZRhEETEE

RiEihze, ®EMHE, EARARIMABMRERAE, X—VEHETEZTSHAHREREE
RE. MEMTRAMMRENE TLTENEKR.

e 6 o, EIRFA Q) hIEME A, BT RIE—PBEMREREARERRE. mwed, £&
EEXxERARR ARERERNEL Zd ANEMHTHRENRY =AX

16 e R A F MK E L0 4.67, FIRHICELN 043, FIGHMELLE B 24
16.85°, BRBXLMEAFE L, RMNBE—NE M REFIF—AIFEESTFZ (eigen
decomposition),

ay

16. 5B/ A s BATEFe (L AT

FHIHED B
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ABEEWNFESBHARE. WE 17 R, BRNERRIAL (BERR) BEREZE=
IR ER PR HEEN R AREREET, BWER—T.

0.3

-
o”=s

0.7

- .
- .
.........

17. BREE=MME T BCREE" EARBLARIIAY (BHEER) £255

RIE—T, ERIEHIEEN X ASHRETIFEED B, B28 210 haEhiBiER G =
XX T ATERAFEED B, A RZEME 8. BAKEERR 18 FAYERE V. IEME15H
A =[ay, a2] KB T —NFE, FEFEV = [v, vz, Vs, va] UBKAL T —4> 4 4= (8] R* !

18. JEFF X BUAR U ABHE S FORFAE{E 7 1R

S\
W A5 13, 14 5 VR, ob, RBHAES 20, 21 TH R EBRH T A
TR A W K A ok &

BRESHE

EIEMES R (matrix decomposition) XN T EER, RN TEMSZRED R (Singular Value
Decomposition, SVD), FEARNERARIE], FIKLEFEEE T IUZTHT FED &,

B 19 IR AN EREAEBIRERA SVD 2%, XIEEHA UMV EBEBKMARZE,

o\
O K45 15, 16 T N HMT AL M, % 23 FNA A SVD 23] hwa A,
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X1 Xz X3 X4 = U @

19. X3 %B6FF X #47 SVD 4> fig

1.5 sxmams, =amt

BSRE|, oM TRERRSEE—FREREELN—MSE, LLUHEKE (B 175, FiE
Ex). HERE (F 2%, FEEX). ZRKE (FE 3%, FEE ) MERTE (F 475, FE
B X)), XEFEET]INEME Xi. Xoo Xz Xa MBI T ENHEAEES.

MG AERE, BNTPUTEREAREIBES M ENE (), HTERESTE EHEAREIEDN
¥ ZE (0). B 20 PIU0EF E il 2 RS MFEREARSER I BERZE E (1T (probability density
estimation) g%, BLEMNIE, HMNETIUERDPFRE Y. Wto. W20 NHEAE,

X
e Wy = 5.843 W = 3.057 Hs = 3.758 W = 1.199
X X Xs X 01 =0.825 0,=0.434 03=1.759 04=0.759

=
=

Sepal length, x;
Sepal width, x,
Petal Ie’ngth X3

Petal width, X,

|

y
|
\\

E 20. ERELHIEES NN B ARG ITHER

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
BATFERZ B FTE, EBA, FIREEREAL.

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

KA EEMIBENINIY L A f B 3k——4 Z DrGinger: https://space.bilibili.com/513194466
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SRR RS, FATES X RIAEIEHITAIE, B RABEEEEIE (demean). RN

(standardization) £,

NFEMFHEZBIAXER, BT R ABAIEER (Gram matrix). 75 Z%EM (covariance

matrix). HE3EMEZREERE (correlation matrix) ZE4E 4 SRR .

APFTRARBREERINERLLIREN X TTABRI ML, IR, m2M@21iE

B X #hE SR AR A A
3 ‘
W K55 25K

F4E £ 4 f% (matrix decomposition) Z 8] A A& % £

BARRI P ML

IRRIHBAERE G

P TTRE
FILARUERERE C

L E(X
nxD Tl E(X)

Gt
L EE X

PR Zx

nxD

I TR AFE 2L T X A, R 24 TR E 21 2R A K

L || Ikl

N o~D

1xD

N E=

EESEFS el Ay

E 2l EREHESTESINIANERE, BAREALE 2UE

Dx1

K PDF X A f % %45, KA HU AT B EBNLRFE, ERNETE R AE B RAL SR R 4k

BATFERZ B FTE, EBA, FIREEREAL.

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

KA EEMIBENINIY L A f B 3k——4 Z DrGinger: https://space.bilibili.com/513194466
KA RMITIEH, AHE B4 jiang.visualize. ml@gmail.com
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AERRE—REXM, Streamlit_Bk4_Chl_0Llpy. XEAEH, FA1A Streamlit 71 Plotly
DAGH T EREHIEENAE. FTHHRE. 48R E. B ES~E. XHUiEEERZ

ZEER.

AENEMEATE, EHT (BFEER) BCREZE=FHNERERNET, WMETABOE
B, BRIAHEREARERAZRIMARNE, REBAFICENTILEIE:

HEAENTT, DHERE!
HREENLT, EREE!
HEENHTT, MBI
HIUEAMHTT, EH=ME!
HEAENRTT, BRI

S

WM REMSREERNESE, HHFEKRNKEE 3BluelBrown FIFERIIIM, 1R IMuL_E
EROT ISR EIRFISM . 40T 24 3BluelBrown £ M AEERSMTTALD:

https://www.3bluelbrown.com/topics/linear-algebra

A PDF XA EHEM, RHEWATERF EBNLRFET, KABMAEUELAFEH AT SR A &,
WA VTFE R F R FE, EABA, FIAEEAHEL.

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