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Overview

read binary cfg from file

G L
read word from stdin

G,w L
weighted CKY parsing or deductive parsing

L—» print best derivation tree
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Weighted CKY parsing [CS70; Kas66; You67]
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requires cfg in Chomsky normal form
fill chart from bottom to top
each cell corresponds to span in word to parse

add nonterminal to cell if partial derivation
yields span

store best weight along with nonterminals
close each cell with chain rules

store backtrace (rule, reference to predecessor
cells)
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VP - eats
PP > PNP
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She eats a fish with a fork

Trougnouf, “CYK algorithm: animation showing
every step of a sentence parsing”, 15 January

2018, via wikimedia.org
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The CKY parsing algorithm

Require: cfg G = (N, X, P, S) in Cnf, word ¢,...t,, where t,,...,t, € ¥

Ensure: family of sets (¢, ; C N |0 <i<j<n)suchthat Acc, , ; < Dg&(t,..t;) #0
1: function ckY(P, t;...t,,)

2: for1 <7< ndo

¢y ={A|A—t, P}

3 i-1,i

4. for2<r<ndo

5: for0<i<n-—rdo

6: ji=i+r

7: c;,; ={Ali<m<j,A—-BCeP:Bec,,,,Ccc, ;}
8:

return (c, ;|0 <i<j<n)



The CKY parsing algorithm

Require: cfg G = (N, X, P, S) in Cnf, word ¢,...t,, where t,,...,t, € X

Ensure: family of sets (¢, ; € N |0<i<j<n)suchthat Acc, ,; < D&(t,.t;) #0
1: function ckY(P, t;...t,)

2: for1 <7<ndo

¥

3: Ci1 =0

4: for A—t, € Pdo

5: Ciq,4 U= {A}

6: for 2 <r<ndo

7 for0<i<n-—rdo

8: ji=1+r

9: C; =0

10: for A € N do

11: forme{l+1,l+2,..,7r—1} do
12: for A— BC € R do

13: if Bec,,, and C € ¢, ; then
14: Cy 5 U= {A}

15: return (c, ;|0 <i<j<n)



The CKY parsing algorithm + weights

Require: weighted cfg G = (N, X, P, S, i) in Cnf, word t,...t,, where t,,...,t,, € ¥
Ensure: family of mappings (c; ;+ N — R |0 <i < j <n) such that
ci,lyj(A) = max{u(d) | d € Dé(ti...tj)} u {0}
function cky(P, p, ty...t,,)
for 1 <i<ndo

c = A max{u(A—t,)| A—=t, € PLU{0}

1:

2

3 i—1,i

4 for 2 <r <ndo

5: for0<i<n-—rdo
6: ji=i+r

7 c;; =Ar max{u(A — BC)-c; ,,(B)-c, ;(C)|i<m<j,A— BC e P}u{0}
8 return (¢, ; |0 <i<j<n)



The CKY parsing algorithm + weights

Require: weighted cfg (N, X, P, S, u) in Cnf, word ¢,...t,, where t,,...,t, € X
Ensure: family of mappings (c; ;: N = R |0 <4 < j<mn) such that
¢;1,;(A) =max{u(d) | d € Dé(ti"'tj)} u {0}

1: function ckY(P, u, ty...t,,)

2 (c;;,a=0]0<i<j<n,A€N)

3 for 1 <i<ndo

4 for A—t, € Pdo

5: Ci1,i,A = maX{ci—l,i,/h n(A—t;)}

6 for2<r <ndo

7 for0<i<n-—rdo

8

: Jji=14+r
9: for A € N do
10: forme{i+1,i+2,...,5—1} do
11: for A— BC € R do
12: ¢ joa=max{c, ; o, (A= BC)-¢; .. " Cpn jc}

13: return (¢, ;== A c; ;4 10<i<j<n)



The CKY parsing algorithm + weights + chain rules

Require: weighted binary cfg (N, X, P, S, i), word t,...t,, where t,,...,t, € ¥
Ensure: family of mappings (c; ;+ N — R |0 <i < j <n) such that
¢, j(A) =max{u(d) | d € D&(t,...t;)} U{0}

1: function ckY(P, u, ty...t,,)
2 (c;j,a=0]0<i<j<n,Ae€N)
3 for1 <i<ndo
4 for A —t, € Pdo
5: Ci 15,4 = maX{ci—l,i,Aa (A —t;)}
6 ¢/ = UNARY_ CLOSURE(P, i1, (¢; 1 ;.4 | A€ N))
7 (Ci—l,i,A = qu ‘AEN)
8: for 2 <r <ndo
9: for0<i<n—rdo
10: Jji=14+r
11: for A€ N do
12: forme{i+1,i+2,..,7—1} do
13: for A— BC € R do
14: Cij A= max{cid’A, uw(A— BC) - Cim,B" Cm,j,C}
15: ¢/ = UNARY__CLOSURE(P, 1, (¢; ; 4 | A€ N))
16: (Cija=ch|AEN)
17: return (c, ;== A c; ;4 10<i<j<n)



The CKY parsing algorithm + weights + chain rules

18: function UNARY CLOSURE(P, u, (c, € R| A € N))
19: queue :== {(A,cy) E NXR| A€ N,c, #0}
20: (cy :=0|A€eN)

21: while queue # 0 do

22: (B,w) := ArgmAX oo, W

23: queve \= {(B,w)}

24: if cg < w then

25: queue U= {(A, u(A - B)-w) | A— B e P}
26: Cp i =w

27: return (c, | A € N)



About backtraces

P only best derivation:

P> store at most one backtrace per span and nonterminal
P update when weight is updated

P recursively read trees from backtraces:
Require: family of backtraces (b; ; 4 |0<i<j<n,A¢c N), eachotf. I, or A=t or
(A— B,i,j) or (A— BC,i,m,m,j)
1: function FIRST TREE(b, i, j, A)
2 if b, ; 4 otf. A —tthenreturn A —¢
3 else if b, ; 4 otf. (A — B, i,j) then return (A — B)(FIRST_TREE(b, 1, j, B))
4 elseif b, ; , otf. (A — BC,i,m,m,j) then
5 return (A — BC)(FIRST_TREE(b, ¢, m, B), FIRST _TREE(b, m, j, C))



Let’s talk about data structures

P access to grammar rules depends on loops:

P> access by first nonterminal on rhs Map<Nt, Set<(Rule, Wt)>>

P for some, that be no concern Set<(Rule, Wt)>
P weights for each nonterminal and span:

P usually in a (% - |N|)-dimensional vector (dense) Vec<Wt>

P or hashmap (sparse) Map<(Int, Nt, Int), Wt>

P storing backtraces:
P> each backtrace: applied rule and references to cells
Bt = Bin(Rule, [Int; 4])+ Chain(Rule, [Int; 2])+ Term(Rule)
P backtraces for each chart cell and nonterminal Vec<Set<Bt>>
P or do not store them at all



Outline

Deductive parsing



Deduction systems [Ned03]

P rule-based system
P derive consequence (c) from antecedents

(aq,...,a;) for some k € N Qg Wy @ W
c: f(w17"'7wk)

P> compute weight of consequence using weight of
antecedents (wy, ..., wy,)

P side condition b



Deduction system for parsing weighted cfg [Ned03]

P item (i, A, j) for each nonterminal A spanning tit;

P predict initial items 0 3 A=t e P Nw=t..t..1

1—1,A,4): p(A—t; n

1 i (iO’Blzil): w17(i17327i2): w27'--7(ik—lsz7ik>: W
P combine items P TR TP P Py e A— B,..B,€eP

P goal item: (0,5, |wl|)

P deduction system -+ weighted hypergraph NP — She VP AJ/PPP
v
P edge from antecedents to consequence
P can be explored with respect weight (0,NP,1) (1,VP,7)
P hyperpaths to goal item correspond to parse ;Npé

trees i

(0,S,7)



Weighted deductive parsing algorithm

Require: weighted binary cfg (N, X, P, S, i), word t,...t,, where t,,...,t, € ¥
Ensure: family of mappings (c; ;+ N — R |0 <4 < j < n) such that

1
2
3
4:
5:
6
7
8

9:
10:
11:

12:

r¥n

¢; 1 ;(A) =max{u(d) | d € D&(t,...t;)} U{0}
: function DEDUCE(P, pu, t,...t,)

queue :={(i — 1, A, i, u(A—t,))|1<i<n,A—t, € P}
(c;j,a=0]0<i<j<n,A€N)
while queue # 0 do

(i, A, j,w) := argmax, .

(i,A,j,w)Equeue

queve \= {(i, A, j, w)}

if ¢; ; 4 =0 then
Cij,A =W
queve U= {(i, A", j', (A" = AC)-w-c; y o) | A” = AC € P}
queue U= {(i’, A”, j,u(A” = BA)-cy ; g-w)| A" = BAc P}
queve U= {(i, A", j, u(A" — A) - )\A'%AGP}

return (c, ;== At c; ;4 10<i<j<n)



Let’s talk about data structures ... again

P access of grammar from each rhs nonterminal Map<Nt, Set<(Rule, Wt)>>
P> each item may need to sotre a backtrace (Int, Nt, Int, Wt, Bt)
P storing the found items and their weights:
P access from left Map<(Int, Nt), Set<(Int, Nt, Int, Wt)>>
P access from right Map<(Nt, Int), Set<(Int, Nt, Int, Wt)>>

P> storing backtraces:

P store applied rule and antecedent items

Bt = Bin(Rule, [Int; 4])+ Chain(Rule, [Int; 2])+ Term(Rule)
P set of backtraces for item Map<(UInt, Nt, UInt), Set<Bt>>
P or do not store them at all
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General Comments and Tips

P order of loops in CKY algorithm doesn’t matter that much, but!:
P may be used to cache-optimize,
P may lead to other optimizations
P deductive parsers may not need to expand the whole search space
P try to think about efficient access in your data structures

P don't search in lists

P> indexed access: maps

P check if you really need sets/maps

P> flat data structures are faster than stacked heap allocations

P try not to over-engineer it

1Bodenstab [Bod09] discusses this in detail.
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