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3a4a4m 0by4YeHUsa C yunutesnem

* Knaccndpukauyma:

— noaobop napameTpoB PyHKUMM R™ — {cy, 60, ..., cr}
* Perpeccus (ynopsisio4eHHbIN BbIXoA,):

— noabop napameTpoB PyHKUMN R™ — R

* CTpyKTYypHas Knaccndurkauma/perpeccus
(CTPYKTYpPHbIN BbIXOA):
— noabop napameTpos GyHKUUM R™ — R
* MHOTOMEPHbIN

* KOPPENNPOBAHHDbIN
* OFPaHNYEHHbIN



Pacno3HaBaHMe pyKOMNMUCHOIO TEKCTa
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[lpyrme npumeHeHUA

ObyuyeHne MRF (3peHue)
MawmnHHbIN nepesoa, napcuHr (NLP)

BblpaBHMBaAHUE HYKNEOTUAHbIX
nocnepoBatenbHocTen (buonHPopmaTmnKa)

PaHXunpoBaHMe pe3ynbratoB rnomcka (IR)
TpaHcKkpmnbuposBaHue peun (0b6paboTKa peun)
[MnaHnpoBaHue aencrenm (poboTmka)



JIoKanbHOe npeacKkasaHue

brace

KnaccuduKkauma noKkanbHON MHPOPMaLM
= rHopupytoTca Koppenaunum n orpaHmyeHmns!



CTPYKTYpHOEe npeacKasaHue

HEGEE
. B

brace

* Mlcnonb3yeTcs NOKabHaa nHdopmauma

* Acnonb3yloTcAa Koppenaumm



Outline

* CTpyKTypHOE 0by4yeHue
* CTpPYKTYpHbIN SVM

* OnTMmmn3aumna:

— cutting-plane ontmummnsauyumsa



Max-margin estimation

e Heobxoammo:

arg max, WT‘P[, t) = “brace”

* JKBUBANEHTHO:
WT(P: ’ ”brace” ) > WT(P[ : ”aaaaan \

WT‘Pi , “brace” ) > WTSU( , “aaaab” )
> MHOro!

w VR, brace” ) > w VR, ‘)



Structured Loss

OFrRrMNDN

[1] B. Taskar, V. Chatalbashev, and D. Koller, "Learning associative Markov networks," International
Conference on Machine Learning, Banff, Alberta, Canada: 2004, pp. 102-109.



Cutting-plane training

1: Input: S = ((x1,y1),.... (xn.vn)). C, €

2: Wi —0,5,—0foralli=1,...,n

3: repeat

4:  fori1=1,...ndo

5: Yy argmax;c 5 { A (yi,y) —w [¥(xi,05) — ¥ (x:,9)] }

6: if A(y;.7) —w! [W(x;,0:) — W(xi,9)] > & + € then

7. Wi — W; |y}

3 (w.£) — argnin, g-o 2w w+ S 37 &

s.1. “F}_] € ﬁfl . WT [IIU(II -J"l) — l]U(Xl .}Tl )] ::_ ﬂ(J-’l }_1) — Lgl
Vom €W o W W (xnavm) — W (x0.90)] = Ay yn) — &

9: end if
10: end for

11: until no %#; has changed during iteration
12: return(w,&)

* T. Joachims, T. Finley, and C. Yu, "Cutting-plane training of structural SVMs,"
Machine Learning, vol. 77, 2009, pp. 27-59.



Cutting-plane training: aHanus

* YyutbiBaeT oowmmn sBna GyHKLMM NOTEPD

* TepaunoHHbIN meToq, Bpema paboTbl

NPONOPLMOHANbHO YNCSTY PACCMOTPEHHbIX
OrpaHNYEeHUM

* [ToAMHOMMANbHOE YNUC/I0 OFPaAHUYEHUN

NOMNKHO BbITb PAaCCMOTPEHO, YTODbI AOCTUYL
Hanepén 3a4aHHON TOYHOCTU



[lpyrne metoabl

[epexos K ABOMCTBEHHOM NoA3adaye

B. Taskar, V. Chatalbashev, and D. Koller, "Learning associative Markov networks," International
Conference on Machine Learning, Banff, Alberta, Canada: 2004, pp. 102-109.

CybrpagmneHTHbIN meToa,
N. Ratliff, J. Bagnell, and M. Zinkevich, "(Online) Subgradient Methods for Structured Prediction,"
International Conference on Artificial Intelligence and Statistics, 2007.
http://www.ri.cmu.edu/pub files/pub4/ratliff nathan 2007 3/ratliff nathan 2007 3.pdf

PYHKUMOHANbHbBIN TPaANEHTHBIN OYCTUHT

D. Munoz, J. Bagnell, N. Vandapel, and M. Hebert, "Contextual classification with functional Max-
Margin Markov Networks," IEEE Conference on Computer Vision and Pattern Recognition, Miami,
FL: 2009, pp. 975-982.

N. Ratliff, J. Bagnell, and S. Srinivasa. Imitation learning for loco- motion and manipulation. In
Humanoids, 2007.

CTPYKTYPHbIN 3KCTparpagneHT
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http://www.ri.cmu.edu/pub_files/pub4/ratliff_nathan_2007_3/ratliff_nathan_2007_3.pdf
http://www.uclouvain.be/cps/ucl/doc/core/documents/coredp2007_76.pdf

Cnacmbo 3a BHUMaHuel

Ben Taskar. NIPS 2007 Tutorial on Structured

Prediction (cnacnbo 3a matepunan! :).
http://media.nips.cc/Conferences/2007/Tutorials/Videos/Taskar/viewer.html

Chris Lampert. Machine learning of structured
outputs. Computer Vision Winter Workshop

20 1 1 . http://pub.ist.ac.at/~chl/talks/lampert-cvww?2011.pdf

SVMstict library by Thorsten Joachims.

http://www.cs.cornell.edu/People/tj/svm light/svm struct.html

Oby4yeHne npn HETOYHOM BbIBOAE
O. Meshi, D. Sontag, T. Jaakkola, and A. Globerson, "Learning Efficiently with

Approximate Inference via Dual Losses," International Conference on Machine
Learning, 2010.
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OueHKa npasgonoaobus
[1, exp (chp(xp,yp))
Zy’EY Hp €Xp (WT@(xp! ypr))

— IMdX
w

Pw(y|x) —

* OYHKLUMA BbINyKNaA No Becam, HO
3HaMeHaTe/lb He cYUTaeTcA



[lpyrne metoabl.
CTPYKTYPHbIN SKCTparpagueHT

min-w’w + CZ &
w,é 2 :

L
wi®(x;,y,) + & = max(w P (x;,y) + A(y;, y)]

yeyY

* [TouCK ceanoBon TOUYKU: IMHENHAA CXOOUMOCTb

Prediction:

wP = Tyy(W — BVwL(w,2))
Correction:
we = My(w — BVwL(WP,zP))

Z

p

~.

T z,(2i + BVz,L(W,2))

T z,(2i + BV 7, L(WP, 2P))

Kopnenesuu M. SKcTparpaiMeHTHbIM MeTo, /18 OTbICKaHWA CeA/0BbIX TOYEK U ApYyrux 3aaad //

DKOHOM. 1 maT. metoabl. 1976. T.12, N4. C.747-756.

Y Nesterov. Gradient methods for minimizing composite objective function. 2007.
http://www.uclouvain.be/cps/ucl/doc/core/documents/coredp2007 76.pdf

B. Taskar, S. Lacoste-Julien, and M. Jordan. Structured prediction, dual extragradient and Bregman

projections. JMLR, pages 1627-1653, 2006.



http://www.uclouvain.be/cps/ucl/doc/core/documents/coredp2007_76.pdf

[pyrue metodbl: cybrpaaneHT

e CybrpagmeHTHbIN meTos,

N. Ratliff, J. Bagnell, and M. Zinkevich, "(Online) Subgradient Methods for Structured
Prediction," International Conference on Artificial Intelligence and Statistics, 2007.
http://www.ri.cmu.edu/pub files/pub4/ratliff nathan 2007 3/ratliff nathan 2007 3.pdf

Algorithm 1 MMSC subgradient calculation Algorithm 3 Subgradient algorithm

1: procedure SUBGRADMMSC( (z;,y:,v:i). Li(y). 1: procedure SUBGRAD( h = E:L hi, wog €W )

fi:X =RE,weW) 2 Wo +— 0, as«0

2: y* = arg maxyey wT fi(y) + Li(y) 3 fort=1,....,T —1do

3 g — g+ fily") — filyi) 4: Compute g¢ < Vh(w;)

4: return g 5 Update w1 «— Pwlws — arge]

5: end procedure 6 end for

7 return arg ming h(w;)

8: end procedure

* PYHKUMOHANbHbIW FPAagMeHTHbIN OYCTUHT

D. Munogz, J. Bagnell, N. Vandapel, and M. Hebert, "Contextual classification with
functional Max-Margin Markov Networks," IEEE Conference on Computer Vision and
Pattern Recognition, Miami, FL: 2009, pp. 975-982.

N. Ratliff, J. Bagnell, and S. Srinivasa. Imitation learning for loco- motion and
manipulation. In Humanoids, 2007.



http://www.ri.cmu.edu/pub_files/pub4/ratliff_nathan_2007_3/ratliff_nathan_2007_3.pdf

YTo mbl 0by4yaem?

e Structured prediction:
h:X -Y
* BbiBOA;:

h(x) = argmax f (x, y)

yeY



JInHenHaa moaenb

e Structured prediction:

h: X -Y

* BbiBOA;:

h(x) = argmax f (x, y)

yeY
* [lpeanonoxkeHne NTMHENHOCTHU:

f(x,y) =logPR,(ylx) = w'¥(x,y)
= ZWT@(xc,yc)



OueHKa BecosB

Llenb: pe3ynbraT Ha oby4yatoLlen BbiIbopKe
NONKeH bbITb XOpOoLKUM

JIOKanbHO (He y4YuTbIBaET CTPYKTYPY)

MaKkcnmym npasaonogobus (4acto
intractable)

Max-margin



CBA3b ABOUCTBEHHbIX




dopmynmposKa CTpyKTypHoro SVM

l (_‘* H
min —wlw+— Z Si
wE>0 2 n 4

st. VYV X w _'1”(.1‘1.}-‘1) — WY (x1.01)] = A(1.01) — &
— — Y - L | - A
s.z1. \?(}-’” ~ {2?/ . W _IP(AH-}’H) o l]U(')‘-H'J'H)] ’:} A( Vs 1}3) gn

* OrpaHMYyeHna MOXKHO NnepedopmMy/IMPOBaTD:

wiW(x;,y;) + & = %1 }f{[ wiW(x,y) + A(y;, ¥)]



