BEXFMTHINRZIZEGFIEFISEIC12 - Nonlinear

Transformation
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multiclass classification[a]&l, ANTIRFEENMBIELLMERIERISKRR S KA,
—. Quadratic Hypothesis

ZRINBRNEMIRE |, fE2DFHE LR—5KEE , A3DTEHE— " FHE. #F L, KiIA%
HEDFEsKER - s = wla, Hoh, xS HEAE  whE , sE&MHH.

up to now: linear hypotheses
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boundary

» mathematically: linear
scores s = w’'x
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but limited . . .
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» theoretically:

 practically: on some D,
for every line

AT RRE MRS |, BT LAERIEEMRESRH T2, BINEIRED AR5
B9, MEREFTSH , BFEAERRIES , MNERHE. RIRERIhypothesesT]LASHY :
hsgp(z) = sign(—z2 — 22 + 0.6)

HFXFIEERM R |, F(11ZNITICHIPLA, RegressionalfiEBa] LA IESMAIA/ TR
fiZ,

Circular Separable

X L I
- X

» D not linear separable

» but by a circle of
radius /0.6 centered at origin:

hsep(X) = sign (—x;? — X5+ D.B)

re-derive -PLA, -Regression,
blahblah ... all over again? J
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NEW0=0.6 , wi=-1, w2=-1 , {BEh(x)IHHERREMERN(1, 21, z2) , TIR(1, 22, 22)
. BlilS20 =1, 20 =22, 20 =22, PB4, h(x)ZAY :

h(z) = sign(wg - 2o + Wy - 21 +Wa - 22) = sign(0.6-29 —1-21 —1-29) = sign('&')Tz)

Xz, — z, NEEAT BN EXT BN RS RzEH L |, mEddgF , ILBE—&BELH
9%, RN ENER TS eIz BN 5. AR BE SIS N TFxig+HaE
F. B, BBz, — 2, XNNIEFRZ HFEEEHR ( Feature Transform ) . 1EIXFSHIE
i, AT LUS ARG R BN N S — MR PRI MR EL,

2~ ® {(Xn,yn)} circular separable ; x
= {(zn, ¥n)} linear separable *

’q] 0.5

e XcX+—2zcZ: '
(nonlinear) feature
transform & -

1 o L5 1

circular separable in X = linear separable in Z I

vice versa?

ERXEPEF A Sz P REM AT o8 | BPARIER , REZGFEMEAT S | REEIHF
—ERRASHE ? ERREEN. HTNEREWEBEARR , xiEg+HJhypothesisFIRERR
o, HEE. WHZSESSHER.

(2(1._21_._22) =Z= m(X) - (11X$1X22)

h(x) = h(z) = sign (W tb(x)) — sign (',i-i-f-_; + W x2 + u,:.i..r:x‘;)

0.6, —1,—1): circle (o inside)
—0.6, +1, +1): circle (o outside)

0.6, —1,+2): hyperbola
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(0.6, —1,—-2): ellipse

(

e (0.6,+1,42): constant o :-)
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BenTeadEFHEARRE OERRE , MTROATRRE—RER | ¢, — 2,5
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Py () = (1,x1,$2,$%,$1$2,$§)
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Heo, = {h(x): h(x) = /(®(x)) for some linear /1 on z}

—. Nonlinear Transform

F—ERBATEN T 4T ZiRhypothesis , ABAXEBD R MBI —NFHIZIR
hypothesisSRIAZIRIFAIDRIR. A BIRMEEZEPIRIT— M RIEN DKL,

Z-space X-space
perceptrons = quadratic hypotheses
good perceptron = good quadratic hypothesis
separating perceptron <= separating quadratic hypothesis

» want: get good perceptron in Z-space
» known: get good perceptron in X'-space with data {(x,, y»)}

todo: get good perceptron in Z-space with data {(z, = ®2(Xn), ¥n)}
Hsr, fARESR |, FIFMEITHRAEAR |, BYBEER | BT HEEM RS
g —RAE , thRiEMquardratic hypothesisi&ipk 7 perceptronsialill, Fz{EEx
ZIR, , HPEEzR9MNEXIEPxZ IR M (BEEEH ) . XEHATLAEZRHF
FRZE M ZEBIHITH )15, ISRFNEMRERY G, BEBExiISmealy. 2
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The Nonlinear Transform Steps
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AN ARG R B — e SOfRAconcreteH1iE |, LLINEE. WRMEEE , XBEZ

Tfeature transformfy B8,
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not new, not just polynomial:
raw (pixels) —

=. Price of Nonlinear Transform
EXNFHEERAER |, RS SIMFLE , A TIRZINHANNE |, BIZifFHEER -

. d(d+3
d=1+C;+Ci+d= (;)+1

SNERXSATLEB R 24ERY |, BD(21, 22) , BBACHTRSTHAAN(L, 21, T2, 22, T122, 22) , 556
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e, RMEES | RIRMEQ |, BRANTIFEEERJAHER , SRIZERHELERD
d =Cg,4=Cfa=0(Q")

A ENALEY | HEZEHEER N ASRERQRAXT |, BBEQIIJRIEX , TEE
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Q-th order polynomial transform: ®5(x) = ( 1,

X1.Xo,.... X4
X2, X1 X, ..., X5
x8, x ‘xg._.,,.xf)

1 + d dimensions
—— O~

wo  others
= # ways of < Q-combination from d kinds with repetitions

= (%) = (%) =

= efforts needed for computing/storing z = ®o(x) and w

Q large = |

S—AHE , %P EFEEQFNAIGINIEEAERX , RRNEWESIEX , BIEHEEN , VC
Dimensioniik, SZGRIMHMILER] + d , WIEESEF | HTd + 289 NERFEEH
shattered ; FIEE , TExIgi , (HAd + 2098\ tERESHshattered, d + 12VC Dimensionfiy
L8R n8d + 1EARIRHE , #ERAYVC DimensionFifRA. HRIEZBIEHHER0TE |
VC Dimensionid X , HRERVZILEENSLLRE,

1 + d dimensions =

~——
Wo others
« number of free parameters W; = d + 1
. , why?

any d + 2 inputs not shattered in Z
= any d + 2 inputs not shattered in X

Q large — J

TEES— M FRAFEREAH4VC Dimensionid K , SIERRATFAIS SR ¢



which one do you prefer? :-)
» &, ‘visually’ preferred * x
* @4 Ei(g) = 0 but overkill

&, (original x) b,

can we make sure that E,1(g) is close enough to Ei(g)?
can we make Ej,(g) small enough?
d@ | (1] (2
trade-off: higher | -( | :-D
lower | =D |

LES , FORABESHTEIESSE  BES EOLEIE | GLEAIURISHTIES S

%, FTERERDEIER |, BRAB— NS EMERFIR ? SN FE_ LX) | 4E0RRE | TORAS
HDEHREY |, (BRINRHSERARRSHRSISHNITN , BRCHE, L/, Nzt
B bkl |, MEMNNIS KEBEIT—L, tHHEIHVC Dimensionid AL H AR

d + 1FBERKT.

BAMTEFESENQ , KREASHINTUSER | FEEANZEERE ? —RIBERT |,
ATREFMHIEHE , FNSRBIGFERNSHIER | AJtEd, Si—2m, 8
2 XA ISR BRI | EIRXNGEAD IR | B2
BREAIMIFER , A—EXEREF. Frld , —RRERT , ERBEREMENSIZUHE | ##RXd
YIGREARRIA 9IRS,

Visualize X = R?

full ®,: z = (1, xq, X2, X2, X1 X2, X3), Gyc = 6
orz = (1,x%, x5), dvyc = 3, after visualizing?
or better z = (1, x2 + x%) , dvc = 2?

or even better z = (sign(0.6 — x? — x3))?

—careful about your brain’s ‘model complexity’

for VC-safety, ® shall be
decided without ‘peeking’ data }



. Structured Hypothesis Sets

TE , RS —TAERIZRAIZ IR, B NRHEEER B 14018 |, APAZKS
ZIMNREHET

®o(z) = (1)

IIRFHEEERRERN  THREMXE ST NP ()

®1(z) = (®o(z), z1,T2,...,%q)
IIRFHEEER =N, THEMXE ST ZHEN®, (z)

®y(z) = (B1(x), 23, z122, ... ,23)
PALESEHE | SNSRISEEER QR , BBATIIERSINA ¢

Bo(z) = (Bg1(2), 22,29 2, -, 29)

AL TFARERMERAIhypothesis BT T KR :

Hy, C Hs, C Hp, C --- C Hg,

B X Fhas Nl Structured Hypothesis Sets :

'qun C Hm1 _ 'Hq:z _ ng C ... C 'Hmﬂ
I I | I |
Ho H 1 Ho Ha e Ho

@ H) Ha M

BB AT FiXFpStructured Hypothesis Sets , 'B{iJA9VC DimensioniiE FFIXKE :
dvc(Ho) < dyo(Hy) < dyo(Hz) <--- < dyc(Hp)
ENE;, #E FIIXER :

Ein(90) > Ein(91) > Ein(g2) = -+ > Ein(99)



@ H) Ha H3

Let g; = argminj ., Ein(h):

Ho Z H 1 _ Ho C Ha C
dvc(HD) E: dvc(H1) E: dw::(?'fz) = dvu::(?'fs) =
En(g@) = En(lg1) = En(g) = Enlgs) 2=

out-of-sample error

model complexity

Error

use H1126 won't be good!

in=sample error
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e VO dimension, dye

N EEFHAILIEE , ERREMIAINEIEX , 2AE;, ZiR/)\ , {(E2model
complexity ZIFEMEKX , &R Epu RA . FTLAMEIAEERS.

BB, SNRIEERINEIRK | HRSCREE E;, A T0 , (BRIZUWRENBEERE | FAHEXFER
Nlf&tempting sin, FrLl , —RESIEGERITMEMNTTIE | 205EE—TFhypothesis , BF
Eyn REBRN MR E;y BH/NANEFEZE— , MRE;, KRS , BEHIEINMEL , B2i%
BEXRALE, i , REEEENBhypothes , XiF A BESRIIERRTZLEEN.

» tempting sin: use H1126, loW Ej1(g1126) to fool your boss
» safe route: H; first

« if Ein(g1) good enough,
» otherwise, move right of the curve

linear model first:
simple, efficient, safe, J
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PR |, BRHTERMD R, ATIRTENA T IR BIRRE | US43 R
AJRERTHRAT—ERE | MESREMTESREREN. RENMETEERGHANEIER
T ERIFMERNRLTERME | RUREERERIEE , MARRESERET,
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