SEXEMTHINRZIZGFIEFISEIC2 -- Learning to

Answer Yes-No

EHR BNEZERTVSEINENREEEN , FAREENA N E 7=
FIRIEBNIIE | IRIBREH |, (FREEEA | IS ARD L TIZ: |, BEIRTFRY
h , EXNAoMER(IREEZINEFZIRMRELRL , —iRoITBRREf. &
TIRERELRNIRT V2R ZE AR |, NMBRFIPerceptront®EY | FHESIFERISE—
MMNEEZESE L : Perceptron Learning Algorithm ( PLA ) ,

—. Perceptron Hypothesis Set

SINZEFE—MIF : FIRTERIERFIER. 5. FRANFERFFIESSZ
RAFP&RERFR. MEBIIZEAD , BZREIBFPIERMESRX T EAF. X

HAVAIHERF AR |, FRAIZEARIED , BgA |, EHPIEERIFAh , 52lg , BOREBTR
BERERS , R TRIESCIANRE BRERAFREAFIEER, IRITAX MRS
RF#AT7IRr « RIEAF (+1) , FRERF (1),

EXMNBRFEINENRER , B E0IEEEE | MEtEEERE |, BlHypothesis
Set, IEFHAHIMRE | RAERE LSEHEEZIANKENRI. FTENEB—NE
Ep = FBAYHypothesis Set : XEI#, ( Perceptron ) ,

EENAIRITRRERAFRERARNGIF  HIHEAPN T AGRIENFIIREX , <
BHEENMFIE , 8MHEIBEFARBNNEW , TRZIFEIEE (R2aRERF) B
FMEZ K. BMERHERNIIMAFNINES —MEERE EthresholdHTHEER : KFIX
NERE  wmEHAH, BARERR  NFIXNEE | BHA-1, IRRERR. BRI
RE, EIRHEIIRANSEHENEXRTEHETO0 , Winth(x)=1 ; SFEFEIMFISE
BENE/NTFO0 , WEHh(x)=-1 , MEMNENHEITELREREWEE

threshold,



» Forx=(x1,x2, -+, Xq) ', compute a
weighted ‘score’ and

- d
approve credit if Z,_1 w;x; > threshold

_ d
deny credit if ZH w;x; < threshold

oV , 0 ignored—linear formula h € H are

h(x) = sign ((i w,-x,-) - threshold)

i=1

RTIHERE , BEREG S Ethreshold2fwy , BIN—"1 20 = 1HES5w 183k |
X BthresholdB4E A TiBEwW , B TITE. h(x)BIRA AN T ¢

//d
h(x) = sign (Z wj-x,-) —threshnld)
ll". i=1
[/ d
= sign w,-x,-) + (—threshold) - (+1)
/ d
= sign Zw,-x,-)
ll\f:ﬂ'
= sign (wrx)

Y EEME B RRIEEY |, FefiMRiRPerceptronsfE 4 HE L |, B

h(z) = sign(wo + wiz1 + wax2). HF , wy + wi1z1 + wezy = 0RFE L
—RNDEKEL , BEMNRESE (+1) , BEEE—MNERE (1) . NEWAR , X7
R FFH EAENELE.



Perceptrons in R?

h(x) = sign (W + Wi X1 + WaXo) J
o ol e
Q =}
O s ]
\ ) o
o [#]

 customer features x:  points on the plane (or points in RY)

« labels y: o (+1), x (-1)

« hypothesis h: lines (or hyperplanes in RY)
—positive on one side of a line, negative on the other side

« different line classifies customers differently

ABA , FAIFmstRYPerceptron , FEIXMRE LR —5KELZ , #RZ Alinear(binary)
classifiers, FE—T , BRISSEMEDEANREE—H=EF , 7E3DF |, L&itHEHA
FHER , EESEET , SO EPBRTERT , DREEMNwT chOZKEEER;
#B/E T linear(binary) classifiers,

RAY , FEERAIR , XERTRAlinear(binary) classifiers/ 2 & ERAVAN R
HY | ZetEn SRR AT LA logistic regressionsRiFR | JSEIG RS T4,

—. Perceptron Learning Algorithm(PLA)

IR E—3BRINE | FABLEXE T hypothesis setlIIFZKESHMM, E K,
MNHBNMENEARIT—NERZA | FEFE— I RFNES |, S5 FELAERIE
KMRRTEDTT  EMEXEIRFNg | Fg =~ f.

IMAIHEIXEF—FRRIFRIELNE ? F( T LUMERAZR/IZIERNEE , B FE LER
B—%B% , BEPERDEER. RFFENE—MERRTIELE | BIEZRES%
RINE |, EXMERRENDRIERIR. S, BUEN. B=1SHERNEIR
PRFRYPITELMUE , BEEMBNIRETEDRIERT , B8 TRFNVES. X
M ESEIE , MEPLABIEFTE.



Fort=0,1,...
© find a mistake of w; called (X, ¥n(r))

sign (W/Xn(n)) # Yn(r

@ (try to) correct the mistake by

Wit < Wi+ Vo) Xn(n)

... until no more mistakes
return last w (called weia) as g

TENE—TFPLAREAMI. SoMEE—SKEEHTrE. REKREE—D
KEIRIS |, RN ERTRES |, R AR, Bw] 2,y < 0, BBRTWHIXE
AATIE , EFwRELNiEAE. L, xRS EELN ™ (BT EEE
ERERARBIAEREN—M ) |, BIENSEREFEWIXER/NT0E. BEM
ERW — w+yz, y =1, WBG LA, —IXREZIXEFENw 4 yr5xTH
INFOOEE |, BERIEXRIFELZAI LM , NRHRS AR ERIEIR M5O © B4&IEIE.

FEE , SNRBRDANERNIAR , Bw] Ty > 0, BRFAWAHDCRA/NFO0EE , Hrhw
SELEAE. AL, XBEIRDEELM LN , BENTEREEWIIEAAT0
E. BEMERY « w+tyr, y = -1, NEETEFRT  —RRSREHEN
W+ yTSxRAATIOE , BRI TELN TN , MIHRS AERAIRSAETS
ag=r N

ZIRXAEE , BEMMERAFBITEIE , AL, EFE—  8XBIEEL
A REEZ RO RIS ERR , XEAREAERN. BRIFXR , FNE &
WHEIE , RS BB AREIERSZE ( PLABRESAMTISR ) . IXFMSERIEAE
SRR, BAEATE  “A fault confessed is half redressed.”

SRR, JUA— P R— P RtER | KD SSERIISRHETIZE , BRIMER
L EPORIEM, XFRAR/ICyclic PLA,



Cyclic PLA

Fort=20.1,...
© find the next mistake of w; called (Xs), ¥Yn())

sign (W] Xn)) # Yn(t)
@ correct the mistake by
Wit < Wi+ Vo Xn(n

... until a full cycle of not encountering mistakes
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update: 2

update: 4




" update: 5




" finally

XIPLA | FAIFZEZ BTN



o PLAER—ESETREG ? NREEART D EAT ?
o PLAETRARHRE , EREERILES ~ g ? IRIZBETXR , BEEf~g?

=. Guarantee of PLA

PLAHARMREE TR ? iRIEPLARIENX , 2 —FKE% , seBFAFE LR
#RIER , BBAPLARELETY . BARIXNMRIERG | B RIEDRS MR 7
(linear separable ) . SNRZIELMATTHY , BBA , PLARIARIFLE,

(linear separable) (not linear separable (not linear separable

TR DRIER , INREIXHF—FRELZ , BEBKIENRETED T |, SIXAHER
REMNEAw; , UNETR , BRBREY, = sz’gn(w}"wn) , BIRHE—m

yn[:r:]w;-x”“] Em}"!n fnw;-x” -

PLASTHERESIRAISHHTIETE , EFEw, 1 BB , AR wy 1 Sw MRS |
HHEE FRENTEA | Bidrw, ) BESEENEY, | TAPLARES TN
S, FRLL , BRI W, Sw PR ;

T _ T
Wi Wy = Wp (Wit Yo Xng)
> w,':rw; - minynw}rxn
n

- W,T w; + 0.

WESTIEY | wer1 5w HORIRERW, SwMNEHEHEXT . LFSETwen
EiEhwy , BEAREKX , TRENERKEEXT , F—EEREEAEE/N. M
LL, 2, BAIEFBERw 1 Sw HERKERNXA !



& sign (W] Xnn)) # Yo € Yoy W] Xnn <0

il

« mistake ‘limits’ |w¢|> growth, even when updating with ‘longest’ x,,

Wz + YigeyXnge 12
= [|Wl[2 + 2¥nyW{ Xpty + ¥ty Xn(ey 12
||"""'r||2 +0+ ||}’n(f}xn{rj||2

>
Wil

<
< llwil? + max | x|

wy RETES FERNIE R FEF , RGN ||w?, | | [fBtk||w? | Mg EERE

. BEIEWR , wHNEKBIRET |, wi SwRIERKERRERLK !

ANERSHIERBwW = 0 , BARITXERELE )R . B TS

wl o,
_J YT > /T - constant
|lwg || wr

TEMHFRZECHIEFRESITRE

maz||z3



GGiven 3 conditions
1 wy perfectly fitting those data means:

Un(t)Wf Tuge) > min YnW}ay >0 (1)
2 wy changed only when making mistakes means:
sign(wi Tury) # Yn() € Yn() Wi Tu(r) < 0 (2)
3 we make corrections by:
Wy = W1 + Yn(t)Tn(t) (3)
We want to prove after t mistake corrections starting from 0, we will get:

gD
u_rj. wy

—4 ' > /T constant
(g | Jlee |

it means 2 things:

1 Because the above equation is less equal than 1, we also prove the T will
have upper boundary, thus the algorithm will stop at some time;

2 the left part the above equation means the angle of wy and w,, and their
angle is decreasing, in other words w, is approaching wy, thus we are on the
right way to get the solution

Here is the prove:

the primary principle is to replace all the variables which in above equations
are wy and ||uy

for wy we have:

T T ' : .
wywe = wy (we—y + ny(I—l]a‘rL(I—l]J using (3)
> w?wt_l + min ynw}":rn using (1)
"
Z wy+T-min ynw?xn applyving T times
n
=

T min ynw:{xn
T

for |[w:| we have:

“wt“2 I|wt—l + ?,’n(z—l)-'rn(t—l}n||2 using (3)

‘ 2
“'wt—'l || ¢ + zyn(f—l.]u’rxﬂft—l}l + ||ynl't—1]$nl,'!.—1}||

2 2 .
< we—q]"+ 0+ ||'.i.¢'u[u—1}-'fu[u—1}|| using (2)
2 2
= ”wI—IH +7'”f'$ ”3":3”
<

2 2
”wﬂ‘” +T- Tﬂ:il"lﬂ‘,' ||Tn|| =T- T”';]'I ”In“



applying above 2 conclusions to the left part of the equation we finally get:

u:j,; w 1 - m;*:'f'u Une 'u-'}":r:”
lwgll ] || - llwel
T -ni':i-n, y”w'],rﬂ;t“u
=
‘ w? AT - maz ||z,
* T
VT - min y”w}’_r,,
= = = v 1" - constant
‘w.-.ﬂ -max |z ||

T
Because the "if— < 1, we finally have:

i
wy || ||wr|l

VT -min Un w}":r”
n

||u"}_ || TN el —

2
mazx ||aq | ||u'}- ||
"

Rz
=T < min? T = o7
lin "-'Jr En £

FAFREXNOOELRwr SweRANRZE | BETIEX , ZRAEWGHEL1
Blwr SwidsEsiEn, @i, SETENE , VT - constant < 1, 2%,
EROREMTEE LR, HRIEU LI , FIISRLERINELRE | w SwlIEEE
ERUREUEIN , TR, MH , PLARZSETR (EATELR ) |, LU
Ao RIEIRESETE DR,

4. Non-Separable Data

89, RIBERTESETSMERT , PLARTLUETRHFERDERN , BXF
LM DRIIER | LR EHAFE | BBAZRIRIESFHANKIL , PLARN—ERE
T3k, FrlA, PLARSASLHIER , (BthEHRE :

simple to implement, fast, works in any dimension d \

Cons

e ‘assumes’ linear separable D to halt
—property unknown in advance (no need for PLA if we know wy)

« not fully sure how long halting takes (p depends on wy)
—though practically fast




STFAEL M o RYER |, BAIrT LR E AR EREDFIEA T — Fnoise , BBL I,
REZEUE R TEANBZEINID |, &S/ et Tnoise, XAY , HB8F I RIERIXFE
A9 :

e
|

training examples
D (X1 ¥1)s o (XN, Y

learning
algorithm
A

final hypothesis
g==

4 oy o = Ta i
S LR L g I Sy

MBI T | FATTLUBEMAL | BIRE kBN REDKER , MESTAE
xR, BUEIRRR SR ITRINEW

« assume ‘little’ noise:
s ifso,g=fonD <
+« how about

N
Wg arg‘:nin Z |[yn #* sign(wrxn)]l
n=1

—NP-hard to solve, unfortunately

ESCUERR |, _EEAIAEENP-hardBldl |, MELUOKRR, PAT0 , BT LARIEZ T 538,
FRERIRIFARIPLAIMEDL | BN AR 23RBS | SRISEU&IFRIg.

(ESURRIPLATR9Packet Algorithm, BRIEIERIESPLARAREI , B5#ntE
wo , ITEHEXFRUNEZST , DRERFAIINEE. AR EIRR[RBITIELE B
#iw , BEI—FFRESZ: | EITEENNAIDERNRINE , ASZEREIRRT
R, BB NNESEABISmIEENDRES. 25, BEINRE S, &
B SRI D SSBIRA MRS AR IERR M TR | SRERI\WIERE. BE
IECREGERE | IR S DR EL AW |, BDABA IREEESEIRINEE.



Fort=0.1.---
© find a (random) mistake of w; called (X ), ¥n(1))
@ (try to) correct the mistake by

Wiq < Wi+ Vo) Xn(n

13/

...until
return
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AMETHRTEUREDE AR E MRS ? W T —4EEuEki |, BEAREY
WY, —ARER T , Pocket AlgorithmZELYPLAIEEIE—LL,
Es lE\gE

ATPREBENB T ELMERANUER | DR ARRIXSERAIN 2SS a AN SR &L
PLA, F(TEMIER T T &MERI a8 , PLARTLUSE FRHASLIFZEIERDS S, X
FAREMToRYAE , SJLAFERPLARMEIEE LPocket Algorithm3EfEiR,

8B :
NEHENERISRESEAFEMETH (VmF2IER) §iE.



