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Transition Configuration

( [0], [l [1,..., 8, ¥ )
SHIFT = ( [0,1], 1 [2,..., 8], )
RIGHT-ARCY,. = ( [0], [1], [2,...,8], A; = {(1, Atr,2)} )
SHIFT = ( [0,1,2], [], [3,...,8], A; )
No-ARC" = ( [0,1], 121, [3,...,8], A )
No-ARC" = ( [0], [1,2], [3,...,8], A )
RIGHT-ARC} . = ( [, [0,1,2], [3,..., 8], Ay = AU{(0,Pred,3)} )
SHIFT = ( [0,...,3], [] [4,...,8], A, )
SHIFT = ( [0,...,4], [] [5,...,8], A, )
LEFT-ARCY .z = ( [0,..., 3], [4], [5,...,8], Az =AU{(5,AuxZ,4)} )
RIGHT-ARCE, = ( [0,1,2], [3,4], [5,...,8], Ay = A3U{(3,5b,5)} )
No-ARC" = ( [0,1], [2,3,4], [5,....8] Ay )
LEFT-ARC)  » = ( [0], [1,...,4], [5,...,8], As =A,U{(5 AuxP,1)} )
SHIFT = ( [0,...,5], [] [6,7,8], A )
No-ARC" = ( [0,...,4], [5], [6,7,8], As )
No-ArRc" = ( [0,..., 3], [4,5], [6,7,8], As )
RIGHT-ARCY  p = ( [0,1,2], [3,45] [67,8], As=AsU{(3 AuxP,6)} )
SHIFT = ( [0,...,6], [], [7,8], Ag )
RIGHT-ARC} = ( [0,..., 5], [6], [7,8], A, = AUL(6,Adv,7)} )
SHIFT* = ( [0,...,7], [1 [8], Az )
NoO-ARC" = ( [0,...,6], [7], [8], A5 )
No-ARC" = ( [0,...,5], [6,7], [8], A, )
NO-ARC" = ( [0,...,4], [5,6,7], [8] A, )
No-ARC" = ( [0,..., 3], [4,...,7], [8] A, )
No-ARC" = ( [0,1,2], [3,...,7], [8] A; )
No-ARC" = ( [0,1], [2,....71, [8] A; )
No-ARC" = ( [0], 1,...,71, [8] A, )
RIGHT-ARCY . = ( [], [0,...,71, [8]. Ay = A-U{(0,AuxK, 8)} )
SHIFT* = ( [0,...,8], [], [, Ag )
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Transition Configuration

( [0], [1 [1,...,9], 0 )

SHIFT = ( [0,1], [ [2,...,9], 0 )
LEFT-ARClyop = ( [0], [l [2,...,9], A1 ={@2NmOD,1)} )
SHIFT = ( [0,2], [ [3,...,9], A, )
LEFT-ARCEy = ( [0], [l 3,...,9], Ay =A,U{(3,s8],2)} )
RIGHT-ARCY ., = ( [0,3], [, [4,...,9], A3y =A,U{(0,ROOT,3)} )
SHIFT = ( [0,3,4], [] [5,...,9], As )
LEFT-ARCE ,op = ( [0,3], [ [5,...,9], Ay = A3U{(5,NMOD,4)} )
RIGHT-ARChy = ( [0,3,5], [] [6,...,9], As =A,U{(3,08B],5)} )
RIGHT-ARCY ,op = ( [0,...,6], [], [7,8,9], Ag=AsU{(5NMOD,6)} )
SHIFT = ( [0,...,7), [] [8,9], Ag )
LEFT-ARCyyop = ( [0,...6], [] [8,9], A; = AgU{(8, NMOD,7)} )
RIGHT-ARChyop = ( [0,...,8], [], [9), Ag = A;U{(6,PMOD, 8)} )
NoO-ARCY = ( [0,...,6], [8], [9], Ag )
No-ArRcP = ( [0,3,5], [6,8], [9] Ag )
NO-Arc? = ( [0,3], [5,6,8], [9] Ag )
RIGHT-ARCh = ( [0,3,9], [], [, Ag = AgU{(3,P,9)} )
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Chu-Lin-Edmonds( G, \)
Graph G = (V. A)
Arc parameters Mwiwj) € A

1 A" ={(wi,w)) | wj € V, w; = argmax,, Afwg,wi)}
2 G =(v, A
h(S, T, A) - non-projective 3 If G’ has no cycles, then return G and quit
Sentence § = wow| ... wy 4 Find any arc set Ac that is a cycle in G’
Arc parameters }"[lt,';',l{,'j] €A 5 <« Gge,we, ep == contract(G', Ac, A)
1  Construct Gg = (Vg, Ag) 6 G =(A, V)= Chu-Liv-Edmonds(G ¢, A)
Vg = {wqg. wy, ..., wy} 7 For the arc (wy;, we) € A where ep(w;, we) = wj,
Ag = {(w;, w;) |forallw;, w; € Vg} identify the are (wy, w;) € C for some wy
2 return Chu-Liu-Edmonds(G g, X) 8  Find all arcs (we, wy) € A

9 A=AU{leplwe, wp), w ko all (we.uwp) €A
UAc U {(wi, wi)} — {(wg., wj)}
10 V=V
11 return G

contract(G = (V, A), C, A)
1 Let G¢ be the subgraph of G excluding nodes in C
2 Addanode we to G representing cycle C
3 Forw;eV—-C:3yclwwj)eA
Add arc (w,, wj) to G with
ep(ive, W) = argmax,, -~ ltwr',ij
wy = epl(we, u.-j)
Mwe.wj) = Awiwj)
4 ForwjeV-C 13y ec(wi, wj) €A
Add arc (w;, we) to G with
ep(wj, we) = argmaxy, ;ec |:3”(w;.wj) - l[a[w;}.wﬁ}
wj = eplw;, we)
Mg awe) = I:;\'{T-Ua\wj) — Matwjp.wj) score(C)}
where a(w) is the predecessor of w in C

and score(C) = 3y e Ma(w).w)
5  return = Ge, we, ep =
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Eisner(S,T,0)
Sentence S=wowy ...wy,

Arc weight Parameters A(wi,w]-) EA

1  Instantiate E[n][n][2][2] € R

2 Initialization E[s][s][d][c] = 0.0 foralls,d,c

3  form=Il:n

4 fors=I:n

5 t=s+m;

6 if t>n then break;
% Create subgraphs with ¢=1 by adding arcs

7 E[s][t][0][1] = maxs<q<: (E[s][q][1][0] + E[q + 11[¢][01[0] + Aqw,,w.))

8 E[s][t][1][1] = maxs<q<: (Els1[q1[11[0] + Elq + 11[¢1[01[0] + Aqw,w,))
% Add corresponding left/right subgraphs

9 E[s][t][0][0] = maxs<q<:(E[s][q][0][0] + E[q + 1][¢][0][1])

10 E[s][t][1][0] = maxs<q< (E[s][q][1][1] + E[q + 1][¢][1][0])
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