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csVv 771 IV DRI A H 9
B Csvo7 A LE5E#RH: csvread gy

BREOAR—IUhbears.csvaF O A—RL, BRUSHRAAD

>> d?ta=csvread ('cars.csv'); 406$$§(:F£¢%}§&1|E7_:—9
xcsvread T HIET—2LMED T,
CNIFEGLIEHA (ATEXTEELLY) X5 (F0EE NS

v

18.00000 8.00000 307.00000 130.00000 SJelvE: IR vAVAVAVAY) EArRvVAVAVAVAY) 70.00000
15.00000 8.00000 350.00000 165.00000 3693.00000 11.50000 70.00000

>> data =

2710 Nnnnnn T T AN ANN

ExcelFETRLV=15&

130 3504 12
165 3693
150 3436 11

- 19 an

1

ds f
* The file copied from https://perso.telecom-paristech.fr/eagan/class/igr204/datasets (pounds) ((Js—escgnm;ho(ro—w km/h))
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A EEHIBIRE £

';HE ﬁj\ﬁ& (Covariance)

u IE S (correlation)

Horsepower vs Weight® #1#f [ (scatter plot)

2ODNEHDEDRFEARDIEEEZRT UME

>> plot (data(3:408,5),data(3:408,6),'o")
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;Eﬁﬁﬂ( Covariance of two variables) é@
6

u T2 cov(X,Y) E[(X — B(X))(Y — E(Y)]

cov({x), v)) = njzoc _ B —) = 0~ y}i{alc - %)

negative covariance (nearly) zero positive

B cov  #£58ER0EAHEE
N 550k BEED RS EMSE

cov(X,X) = E[(X — E(X))?] = var(X) = 0*(X)
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*ﬂ EE%?&( Correlation coefficient) é{jﬁ?

- : ‘ R AR
= E7VU %%
u E =% ’/_/mﬁl%a{?ﬁ;ﬁz H(X.Y) cov(X,Y) - D
HOERERE CTHIEE o(X)o(Y) | )= e

_aTf,. _ =
r(ix}, ) = U ). ) f} «BF-HBON-DHFrILEN
v, = Vllllx; — x|l ERSZANELPAACE

B corr mEmEERD BMAHE

>> corr (data(3:408,5),data(3:408,6))
ans = 0.84081
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HHEICRET iERE %

-8
O R AR R (cH5T

Bl: J—RIJEEFIOAL—FDBEEZ(ICIEHEIEH > TERENH L EITE AL
» FIAL—MIBEFREDT, FaaL—rEBRONBIFETENTHAIMhELNLELY ]
» TEZFIaL—MIUYBZATE/—RILE T ZENTEL.

O &5z (ZHEEER LERShAE

P(AN B) = P(A)P(B) & P(B) = P(B | 4)

D 888 es T tme LMVRZ AL

NoNEEZRHEIE0 THD.
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$ 3 ELFT5 - 4HBIFTH £%
9
“car.csv” [ZIX 7T £ 406 FEEEDT—2hH 5

~ ¥ N ¥ B - ¥ S)
X = 1.1 1.2 17
X5 1 X2 X5 7
< @ . < s
Xa06,1] | %4062 X406,7 —_— _
\ Y 7 \ 7 Y JJ x' by : X' . T x'

FIRTNLIER Xy X, X7

HOMEBLUVHEEICELT, BREZED, TXTDITIZEEND.

(~ N ) - N )
X1 —X X1, — X X~ — X ~ o=
_ 1.1 1 1.2 2 1,7 7 (X) —_ XTX
X = 2,1 T X X220 = %2 X277 X7 } cov -
< > < . > < >
X406,1 — X1 X406,2 — X2 X406,7 — X7
\ - S \. S - S )
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HAETT - HEBITH £%
u L SIEICITIIE 5 A DL, )

COV € COLL KNI EERES DHIERITH, HETIEHET S

>> X=data(3:408,2:8);

>> size (X)

ans =
406 7
>> cov (X)
ans =
7.0590e+01 -1.0581e+01 -6.7374e+02 -2.4739%9e+02 -5.6042e+03 9.9981e+00 1.8464e+01
-1.0581e+01 2.9315e+00 1.7098e+02 5.7130e+01 1.2983e+03 -2.5077e+00 =-2.3155e+00
-6.7374e+02 1.7098e+02 1.1009e+04 3.7148e+03 8.2869e+04 -1.6412e+02 -1.5014e+02
-2.4739%e+02 5.7130e+01 3.7148e+03 1.6419%e+03 2.8858e+04 -7.7476e+01 -6.3788e+01
-5.6042e+03 1.2983e+03 8.2869%9e+04 2.8858e+04 7.1742e+05 -1.0212e+03 -1.0014e+03
9.9981e+00 -2.5077e+00 -1.6412e+02 -7.7476e+01 -1.0212e+03 7.8588e+00 3.1737e+00
1.8464e+01 -2.3155e+00 -1.5014e+02 -6.3788e+01 -1.0014e+03 3.1737e+00 1.4053e+01
>> corr (X) 5%(:% EﬁLJﬁi
ans = " horsepower-weight correlation
1.00000 -0.73556 -0.76428 -0.72667 -0.78751 0.422449 0.58623
-0.73556 1.00000 0.95179 0.82347 0.89522 -0452245 -0.36076
-0.76428 0.95179 1.00000 0.87376 0.93247 ,»-0.55798 -0.38171
-0.72667 0.82347 0.87376 1.00000 -0.68205 -0.41993
-0.78751 0.89522 0.93247 0.84081 1.00000 -0.43009 -0.31539
0.42449 -0.52245 -0.55798 -0.68205 -0.43009 1.00000 0.30199
0.58623 -0.36076 -0.38171 -0.41993 -0.31539 0.30199 1.00000

MPG Cylinders Displacement Horsepower Weight  Acceleration Model
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AMHAMTINOEEE-EEAIM £

F— By b DHE sd ptam DS

» ellfiles.zipz5o>0O—R
> FEERELU CTIEET 1 LI MJICEL ¢ cotumns:

>> load('3d ptdata.m' - x
> A 2147 B: name: X » & H1X

anslzooo . 3178 type: matrix » 752 K
447 B rows: 10000 » 1000017

>> plot3 (X(:,1),X(:,2),X(:,3),"."); 517H: columns: 3 » 35

>> axis equal; DT—RZTHIZENTND.

XYZZERBATEW=ARIZ
JayvkhEd
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AHHARTINOEEE-EEIM £%
DEAEDEATEH cov (X) ZEIBENEET S

>> [V,W]=eig (cov (X)) > COV(X) Jq-_l-ﬂ THI(A=AT)
v = E3XITH(AL=AT) T AL ATEE

0.867213 ||-0.208827||-0.452032
0.496518 0.431157

. . 753375
0.037571 ||-0.877778 0.477591

| W = VTXTXV
Diagonal Matrix FLUEE R

O.98420I 0 0 ) : —
0 9.05693 0 Y =XV

0 o |103.15470 CEELTSHE,

(@]

>> Y= (X-mean (X)) *V;
>> plot3(Y(:,1),Y(:,2),Y(:,3),".");
>> axis equal;

EH fE

> (X5 D<IE

> REVWFEF-AE D
(CoBITIEFRLL ZEA )

E 51T (PCA) v
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a9t (Exercises 11.10 %% ) ‘i@
(PCA: principal component analysis)

HAMITHOBFE-BERIVICE DB FEADOEA: ER~OEH
(1) EEGROE 5 O0—F:

» http://www.cl.cam.ac.uk/research/dtg/attarchive/facedatabase.html

An archive of

hosted in
conjunction
with

Cambridge University Computer Laboratory

The Database of Faces

Our Database of Faces, (formerly ‘The ORL Database of Faces’), contains a set of face images taken botwenn Apnl 1999 and April 1894 at the lab. The
database vas us-.-d in th- context ofa faue r-'-cognlt»on project carried out in collaboration with the S =h, Vis ] botics Group of the

- ngir

There are ten different images of each of 40 distinct subjects. For some subjects, the images were taken at different times, varying the lighting facial
expressions (open / closed eyes, smiling / not smiling) and facial details (glasses / no glasses). All the i |mag'=s were takcn against a dark homogeneous
background with the subjects in an upright, frontal position (with tolerance for some side movement). A | iew image of the Database of Faces is
available

The files are in PGM format, and can conveniently be viewed on UNIX (TM) systems using the xv program. The size of each image is 92x112 pixels, with
256 grey levels por DL-<‘>| The images are organised in 40 directories (one for each subject), which have names of the form sX, where X indicates the

40). In each of these directories, there are ten different images of that subject, which have names of the form Y.pzm,
or that subject (between 1 and 10)

from http://wwen =l cam ac.uk/Research/DTG/attarch [ data/att faces tar " as a 45Mbyte compressed tar file or
tt face Iasa ZIP ﬁb of similar size

romEnttn ) / W |cam ac uk/Research/D1G/attarchive put

A convenient reference to the work using the database is the paper Parameter stochast } face i
m thls ﬁ-H may also be interested in thw author's PhD thﬁs;(s Face Rccognmon Usmg Hdaen Markov Modc/s availabk- from htt
attarch ib/data/tsamaria_thesis.ps 1.7 MB)

fication. Researchers

When using these images, please give credit to AT&T Laboratories Cambridge

UNIX is a trademark of UNIX System Laboratories, Inc

Contact information
Copyright @ 2002 ATET Laboratories Cambridge

2
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http://www.cl.cam.ac.uk/research/dtg/attarchive/facedatabase.html

F 29 (Exercises 11.10 %) ‘i@
(2) zip77 A\ % [CESIRAVERD) (= T 7 %

FrA AT
|E:;"Users;’0ctavefclassl j = :'!‘

A [TRRESNTWAEHASIEXRLTULNSIGFR.
CCIZIHEWIFPAILIEETTELGWUNREZB T ELVSFEHLHN. )

» ‘att faces’ ELNSTAL IR TES.
28 };‘
AT7AIVT SO TIIZDESIZRREEND
BRBELE-ID7AILEEETALOR)IZRELTHLLY.

(3) ‘ellfiles.zip’ MDAV T+ T7AJL ‘load_faces.m’ZFZE1T
> att_facesD 400 EEE[{& (92x112 pixels) Z
X [ZH&H
400 X 10304 =92x112) matrix

|.’><I
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F k224 (Exercises 11.10:3¥E(ig) 5@

P00 B DEEDRTR:
mshowTEE B LS,
>> imshow (reshape (X (100, :), [112,92]) 1259~ fn_sgg;é%?%ﬁj
A A 7
imshow:EERTDEE reshape: THEEHRIEDEE
(0~1DfETHKS) ZDIFEXDI1005| HE112 X 9217512 R

L5 (20~ 255D ED T—2HIEHIN TN S.

1~112H%1%51 8B 11273 X 92mIZL

X 113~224H3258 ... imshow CERIR
(BREL TSN TLVD)

ZHYTRE: 1-100BEEILERS

load faces
for 1 = 1:10

subplot (2,5,1); imshow (reshape(X(i,:),[112,92])/255)
endfor
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Frk 224 (Exercises 11.103¥E(g ) ‘i@

16

HAOEITIXD R D20 D EFEZRKH K.

FEET—5 5 > £EE (92 % 112 = 10304) R T
BET —Z{E £ 40018 » cov (X) METE 4002x 103042EIDHMNTEZE T 5.
A A
—ERXD-HDIE 10304 x 10304475
FDEFE >> cov(X) LTIELFIELN ! | crimnotn, SEIRP®HES.

[ svds BELEEROBEREERIMLEREVAHNLRDD

BEED
E )L

X

>> [U,W,V]=svds (X-mean (X

sk X 751

,20) ;

EIEE(?)
2 AMSEHES =50 » B 1 - $5 187
EVOMEOEEREahs, BaE0TAR) K

T—A3IE
’ 1R IT D ER 47 ZE ]
hD4FEE /) I~
IERIREEY




SEHOFRED RO

400A X 10304 pixel U W VT
400 X400 400x10304 10304 x 10304
LN

Ak %E DEEZ —
Bty 5184 @75 EBAITS
Xt AR %
wl, w2, ... &9 %

& A EETTS

UD k FEEIRYIEL, W & VT ZIBRE T3
T+ T T
UWIVL  UgWoVy© T UgWs Vs

u: BADTEMIIIKET ZEH ElGEEVIZEEDEHFMTIT,
W RINLDEH (BEEELEZD) EAEAEREDES

v: Bl A TARE 1D A A—

BiHRMEFEEY




SHOERIESBROBRR %

TTDEEIZRA
B E SRS




Exercise11 |
1. BIRDEEERESEFRICEDE, 20D
2. V@Esm D LEMAEDNI—2FRTE L.

3. NEHDEEEZREESHEN LT
TERTL, TOERELLRE L.

ZZTN%

E1F400TEI>TzEEDHFEYET 5.
DFLl), FEEXEB6TB1357 #EE, N =357

>> gsvec=V(:,1);
>> imshow (reshape (svec, [112,92]),

=]

BlEETOvbE &

LN T=20{EDEHEEZ L

OEENDFEBESDODT=Z72NES, 4005 R 515

[min (svec) ,max (svec) ]|)

ABEDEEDRE
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