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Classification 43%BRE

Example: Handwritten digit recognition
Support vector machines (SVMs)
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o NHEHDARD MILxERXNDS—dOEMNEZ5NTZET D,

{xp}t(n=1,...,N) {dp}(n=1,...

« FTUWATIXICXT I DdZ2TFERLUIZL,

o X (FHITEHEF(EN, WREFRITDEHICEDNSD.
o d [JEBEHREMEN., FRRTHD.

¢ RDKXDIPEBZERD.

y(Xn) ~ dn
« Y(X)ZEEh I BEH(CTIEEDEEZFIHRIEE LT B,

d 4




ZIATLIN
« NEOBERCEBAEER B, (WHEEHMORDDIC)

Y= ag+ a1z + asx® + - - anz”

N
S llys — (a0 + a1 + aza? + - ayzl)||? — min
1=1

« polyfit performs this
o Bl pinv (HTTHE KD HHEEE) DD D IR OB THRIZIEEI T %,
>> p=polyfit(x,y,1);

>> p=pinv (X) *y;

« Bl ; 3EDZIATNIC KD

>> p=polyfit(x,vy,3)
ans =
-2.2455 3.8778 -1.3517 0.4603

as az aj ao



218

10

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

ERawly WOES

x=rand (10,1) ; here for the purpose of
p0=[(1.0,2.0,3.0,4.01; explanation

y=p0 (1) *x."3+p0(2) *x."2+p0 (3) *x+p0(4)+0.2*randn (10,1) ;

plot(x,y,'0") & (0) 74’\‘/7_1’_()/7“73—7\
MNeD)\SDEZEXKIR

hold on

xx=0:0.01:1;

yy=p0 (1) *xx."34+p0 (2) *xx."2+p0 (3) *xx+p0 (4) ;
plot (xx,yy) € (1)

p=polyfit(x,y,3);
plot (xx,polyval (p, xx)) é-(Z)
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1st order (a line)
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« NFHDOAT x E1WLTHIET DNFEINIL d MEXSNIEERET B

{x,}(n=1,...,N) {d,}(n=1,...,N)
FTUWAT X (C3 U TODFEZHER LTz,



B FESXF(EF)Dsanl

- FESXFHEANDT—FIZY FUTKLLFSNTLND MNIST & ZDiE
= CIFRALS,

ZZURL http://yann.lecun.com/exdb/mnist/

« BEROR—INSUTOI7AI)LZ2SFTo>0—-RF3D,

mnist-data.zip

- SHIFUTDOI 7A)LZ2ERT D,
t10k-images-idx3-ubyte & t1l0k-labels-idxl-ubyte

« DHE(C(Esupport vector machines (SVMs) RS,

« REB T3 iblinear EWDSYI RITTFSAT SV ZANTSYMZE
TU. XFHR1Z1T5,



liblinear 41 >~ A b—JL

 liblinear
-National Taiwan University D2)L—T (CX > THESNIZL KHSNDH
WEZDIESHDSA TS IUD—D,

« IFOURLNBA >0~ RT3,
« https://www.csie.ntu.edu.tw/~cjlin/liblinear

€ ®a wn
1 v17tran

time 1ib.

tw) J

cy fast for document classification, it may be slow in other situations. See Appendix C of our SVM guide about using other solvers in LIBLINEAR

‘Warning:If you are a beginner and your data sets are not large, you should consider LIBSVM first.
I Download LIBLINEAR 1
I The current release (Version 2.11, March 2017) of LIBLINEAR can be obtained by downloading the zip file or tar gz file. You can also check this github directory. Please e-mail us if you have problems to download the file I

The package includes the source code in C/C++. A README file with detailed explanation is provided. For MS Windows users, there is a subdirectory in the zip file containing binary executable files. I

I Please read the COPYRIGHT notice before using LIBLINEAR
S DI DR D DR NN N B N B B B B B S B S B B S B B S .

Documentation and Codes used for experiments in our papers

« J7AIVEEEST L O NUTHERRB)L. fERSNZEIAILTAD
liblinear-x.xx/matlab [CTEE)T B,

« >> cd ./liblinear-2.30/matlab (BEITDLEHODOINYR)
« Run make.m

* >> make
NIEAICK->TZERY £9,
« Add the folder to search paths FETF LS R DNZRERERL TS,


https://www.csie.ntu.edu.tw/%7Ecjlin/liblinear

Support vector machines (SVMs) (1/2)*
« RD2DDBFFENANZD dy =1 or —1
;k@;_gd)ﬁ‘ﬂj&%ié . (wla d1)7 (%2, d2)7 R (wNa dN)

UTNDEETHDFZITD. -

y(X):{ 1 ifu(x) >0

—1 otherwise

where u(x,w) = wo +wiz1 + - +wrr; = wo+w'x

W (FEH(RE) EF(EN. DIEREDIZHDI S A -4,
BIRELRDEFTWZEIRET Do

Minimize ||w]|| subject to dp(wo+w'x)>1



Support vector machines (SVMs) (2/2)*

o T—HNA2 NZIEWEIC 2 DDUSAICHEET D 2 DOFIT/RFHZER D,
DEEOIREIR 2 DOFATIRER (IBLZEZSNDN . FHREDIERNZEATHD
HDZZIESN,

« FRIBEDEMILDIEH(C. T—HMRA> e (HECT<) FETOEIDEMNT
=2EDETD. (EREDEERIEE EMHS)

c WEWOTEKRIZEMNTEDID 2 DOFTHFHEDEIDFEE ZEIRLUET,

« RECOLIBFIRZHED? > KSRV —222ED THHET DIEH,

\!

w0+WTX:1

T

wo+w x=0

//\ T 1

Wy +W X=—

&

Minimize |[w|| subject to dy,(wo+w'x)>1

SVMAREE T2 L) (AT SRS (U DB TR R T
et SEAST S SERS EE(C 2L C B e R A D BRI LD S 4R
DRI 2852 L LADCEMTEBESICRD., Ml B OA SRR
Bhofz.
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Xthr%82s (one-versus-the-rest classifier)

BctEd, (Uij(;DL\_CODﬁiﬁ%’E%H“é’E*ZD )

2. TNENOEFTILICH U TR IS ADODMEERZEALU T, b AER
AA7 2B UIEDRFERERO IS A (CHFETE B,

argmax ¥y (x)
k
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MNIST J7 ’I/) I/O)u}baj'Laj'

« OctavelCA A—>Z0O— Fc=tE5:
. ‘test-images-idx3-ubyte’ (C(E28x28 pixels-f X—=5F—4H'10,000{E& =N

LD,
* %*ﬂ@41@@¥§&(32b|t5)%ﬂ%(1th\ D DEFT—FZEE data’ ([CFHRMAD,

s WHQDAXDTYVILICERZ LT, 'imshow (matrix, [brightness min,
brightness max])’ ZAWVWTCEERZRRT D.

>> fid=fopen (‘tl0k-images-idx3-ubyte?', ‘r', ‘b');
>> fread(fid, 4, ‘int32")

>> data=fread(fid, [28*28,10000], ‘uint8?') ;

>> fclose (fid);

>> img=reshape (data, 28,28,10000) ;

>> imshow (img(:,:,1) ', [0,255])

>> imshow (img(:, :,100) ', [0,255])

o SN ZFTZIHAD:
« ‘test-labels-idx1-ubyte’ (Z(EM’X—D@E/\‘)bb“#%%ﬂéﬂ‘cméo
o EVIDMEDEE &(32b|t5)7& REL T, EDDEF T 1abel [CEdH AT,
>> fid=fopen(‘tl0k-labels-idxl-ubyte?', ‘r', ‘b');

>> fread(fid, 2, Yint32?')
>> label=fread(fid, 10000, ‘uint8'); ., — Check the contents of this variable



sex 0l DF B & i
 5,000BlDEIRD > TI)IL AN TEFEEE B,
« Train a model (SVM) using samples with indices 1,---,5000:

>> tr label = label(1:5000);
>> tr data = data(:,1:5000);
>> model = train(tr label, sparse(tr data)');

égﬁective value = -0.081903 Status of training, which you can
nsSv = 910 «—— Ignore (as long as the training
went well)

- DB > T )L AW TCEBERZHMN T B,
« Test the model using samples with indices 5001,---,6000:

>> te label = label (5001:6000);

>> te data = data(:,5001:6000);

>> pred label = predict(te label, sparse(te data) ‘,model)
Accuracy = 84.6% (846/1000)

pred label = \ Classification accuracy for the input
2 1,000 samples is shown
3

Predicted labels for the 1,000 samples; note that the numbers do
not correspond to the true digits; these numbers correspond to
the indices of model.Label, which stores the true labels of digits

14



EAHMREDBIRAL

>> te_label(4)

« predict performs the following computation ans = 6
>> model.Label
>> for i=1:10,model.w(i,:)*reshape(te_data(:,4),28*28,1)+model.bias,end e
ans = -5.3081 5
0
4
ans = -17.245 1
ans = 2.5717 g
3
6
7
8

* Visualize the trained weights as images
. %1%“*1@4 A=W ETTENENDEFZDFEUTCVLDINRIATEE
V?

>> figure
>> for i=1:10,subplot(2,5,i),imshow(reshape(model.w(i,:),28,28),[min(model.w(i,:)),max(model.w(i,:))]),end

The order of weights is specified
by model.Label

15




Exercise 12.1 (Make the model recognize your handwritten digit)
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Exercise 12.1 (Make the model recognize your handwritten digit)
o« SEFEDFTHMSGE ERR(ICEGZFiFPAA TEHMIE L T IZE0Y,
« BELU. DFELLLDWRTNIEZE, BFZE ETANSBERUTHTLSIZE0,

>> sample
>> sample

imread(‘a number I wrote.png?');

mean (sample, 3) ; Convert your image into grayscale if it is a color image
True label

>> predict ([2], sparse(reshape (sample‘',1,28%*28)), model)

Accuracy = 100% (1/1)

ans = 2

Predicted label; this is correct!
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