R Fo\rt—m[—s?eecl« To\gg'mg With CRFs

W.hmt_as_%d’_—ﬂ_-qzaxh:l%@.

Rssign eodn word i o0 Sewence o Ol OF theR grammatioal  Coregoris
— Noun, Verb, AOSjec-ﬁw. , Adverb . Deteriminer, etc.
% The swplesc structued  predictin in NP Coguowly)

EWMEIQ, N —n‘Q_ bo ’ eats r.OZS‘b‘I = > T"‘gs — 4-‘
BL’CUM‘W\W No\w\ Verbs Noun, (o,N,V) 3 =8l PG
wordl Seq hence.

SCMQ., 0{— 1) F(xﬂ/\ \ S(ore (‘: D) N; \// M >‘) p “ 'hz& Seq(mce'b (IQ(A‘J/D SQI/[{’EMQQ) D.E [ensn_

Correct Path

N

/A'

«&° X V“VV \
RO
o .
w boy eats rosti W The boy eats rosty

(onditianal Rondom TFielde (Log—(meor Models ou Gtructwes)
The conditional Yondom €ied (CRF) is o ComodliHomnl Probebilistic wodel  for
sequence. lobeling , buile on +a logistic 1egresion  clossigier.
{ score (6 W3
Iw)=—2 soore (4, W)= “Qoaduess” ,
PiEIW Ty 2 SR EW)= uadess” o)
where t is o partof-¢ g, Wis oM input setemce , N<IW| sudenre enyth
*Hi\ghzr score Means ¥ 15 & better iy for W.
* Stve () Can be (wy function \ I\Jorw\o\\izar) O(ITIU)
— Lmear: swve W) = 0 flow) Q()[MFm-vrh‘OVlO‘l Cx)wyf;{ex;.t.j[ f[
— Now- |ineor: Swre (W) = l\)NG (7, w) N eed OLSQLMFWMS«Q olgorrthwms .

Aololitivq,(j decomposable sore Functiow

) = Scove -1, b >,
$coreT(-(7 w) ni':l (<tu ;; n?, W)
Shvre ‘Ful( '(Tg + +0V _hj b@"ﬂ

word sequme. W
Exomgle. (cantinued)
score (<0, N, U, N>, W) = sore («BD>, w) +Scre (< D, N>, w) + Sore (KN, 1/>, w)

+sore <V N>, W)
= o frasition (<O,N>) + ewnisSion (boy, N) +~~
Haw mdll_j N Follows D How [ileely 'b(y’ is en oo
New equation with structwed score  function

LY USQ Qpac.‘ox( Sfart sgwbol when heo




opf Z’# ( soove (et Tu >,W)} _ Tr @? { Skve <th—|/ tn?) WJE
Yy'eTh P § Tnr( sare (Ctacr, tho W)}
Effciontly compute the norwelicenr
1,2-,- exp { % sare((t,,,tn>, W)} + expoeutial nuwber of terms |l
€

= 2 Tlexp {sare(ct,, t.>, W)
w"ﬂ { » ]

PHw) =

= TI-QXF {sore((t,,, 4>, W) K Hodwt drstribnres over sum
t =
'eINleTN- WET n= *I/MM nuw\bgr e l

- t.z..i.eT“" Eex‘: {sare((E, 4>, W) X Zi exr{smmum_\,tm,w}
= 7 (er{gmre((to/t,),w)j SRS SPIN (QXP {SGVQ((‘(:N.,,TN_\ZN)}X‘ZXT{SC"‘Q((‘W-»'(TN-O,W)})W
tEeT tu-6T
Algorithn_Wwith Dyrownic Ragmm‘g
Bw,t)<! +* ASSLAML \ar &T
for ne=N=1, <, *Z:(}(w)—to)

sove((t hftuﬂ); w )} X B (wl .t-hH)

B(w, ) e-

The Padeward  Algorithw

Algorithm 5.1

def Backwarp ALGoriTHM(W, T, N ):
fortn 1 €T:
B(w,tn—1, N — 1) « exp(score ({t N—1,E0s) ,W)) P Handles the scor

node Eos
end for

Jorne N—2, ..., IS

fort, €T:
B(wW,tn,n) < 3,  crexp(score ({tn, tni1)\, W)) X B (W, tn41,n +1)

end for

end for

3 (w,Bos,0) < 0

fort, €T: Handles thd scores over the outgoing edges of the Bos noc
3 (w, Bos,0) < 3 (w, Bos, 0) + exp(score ((Bos, t1) \W)) x 3 (w,t1,1)

end for

return 3(w, Bos, )
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def Vitersi ALGoritam(w, T, N):
fortn_1 €T:
v(w,tny—1, N — 1) < exp(score({t N_1, Eos), W))
end for
forne N-2,..., iLs
fort, €T:
v (W, t,,n) ¢ maxy, 7 exp(score ({tn, tnt1) , W)) X v (W, tp41,n+ 1)
b(tn,n) « argmax, -7 exp(score ({tn,tns1),W)) X v (W, tns1,n+1) Keeps track of
the best tags
end for
end for
v (W, Bos, 0) < max¢, 7 (v (W, Bos, 0) , exp(score ((Bos, t1) ,w)) x v(w,t1,1))

b(Bos,0) < argmax, (v (W, Bos,0) , exp(score ({Bos,t1) ,w)) X v (W, 1,1))

fornel,. .. ] N :
th & b(f,,_l. n— 1) Recovers the best tagging sequence using backpointers
end for

return ty., v(w, Bos,0)
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- (A.®.1) is o Wohoid. * (Cserintive
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Some__ Sermivings

Semiring Set ® |®| 0 |1] intuition/application

Boolean {0,1} V. | A| 0 |1] logical deduction, recognition

Viterbi [0,1] max | X | 0 | 1| prob. of the best derivation

Inside RtU{+o0} | + | x| 0 |1 prob. of a string

Real RU {400} | min | + | +o0 | 0 | shortest-distance

Tropical | R* U{+o0} | min | + | +00 | 0 with non-negative weights

Counting N + | x 0 | 1 | number of paths
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