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Motivation

» Calculation of the corpus likelihood.
> Inside weight is needed in the E-step of the EM-algorithm

» Normalization, transformation of pCFGs [2]
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Task

» Calculation of Inside and Outside weights in weighted
hypergraphs
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Task

» Calculation of Inside and Outside weights in weighted
hypergraphs

» by Newton’s method
> embedded in Vanda
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Hypergraphs
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» weighted X-hypergraph H = (V, E, 1)
> vertices V

> edgess EC V* x YL xV

> weights p1: E — R>q

5/19



Hypergraphs
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hyperpath tree of edges, connected according to the
hypergraph, leaves have a rank of 0
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Hypergraphs
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context tree of edges and one vertex, connected according
to the hypergraph, leaves have a rank of 0, exactly
one leave is a vertex
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Hypergraphs
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context tree of edges and one vertex, connected according
to the hypergraph, leaves have a rank of 0, exactly
one leave is a vertex
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Inside and outside weights

inside weight for a vertex v: sum of the weights of all hyperpaths
in H leading to v

inside(v) = Z wt(t)

teHP(H,v)
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Inside and outside weights

inside weight for a vertex v: sum of the weights of all hyperpaths
in H leading to v

inside(v) = Z wt(t)

teHP(H,v)

outside weight for a vertex v/ and a target vertex v: sum of the
weights of all v-rooted v'-contexts in H

outside”(v') = Z wt(c)

ceC(Hv')
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Fixed-point iteration

> Recursive system

inner(v) = Z w(e) - H inner(w;)
i,



Fixed-point iteration

> Recursive system

inner(v) = Z u(e) - H inner(w;)

ecE i€[lw]]
e=(w,o,v)
outer” (v) = s(v) + g outer” (V) - u(e) - H inner(w;)
ecE JE[lwl]
e=(w,0,7) A
ieN: wi=v

0 otherwise

s(v) = {1 ifv=1v
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Newton's method

> inside and outside weights as root

Oo=—i+ > pule) ] iw

ecE i€liwl
e=(w,o,v)

» uses multivariate Newton's method
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Newton's method

> inside and outside weights as root

Oo=—i+ > pule) ] iw

€E ic[lw
CE [Iwl]
0=—o, +s(v)+ g oy - pfe) - H inner(w;)
ccE Jelwll
e=(w,0,0) i
ieEN: wj=v

» uses multivariate Newton's method
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Univariate Newton's method (1 unknown)

Input a function f: R — R, a starting value xp € R
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Univariate Newton's method (1 unknown)

Input a function f: R — R, a starting value xp € R
Output a root of f
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Univariate Newton's method (1 unknown)
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Univariate Newton's method (1 unknown)

Input a function f: R — R, a starting value xp € R
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1. Construct a tangent t at x, to f.
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Univariate Newton's method (1 unknown)

Input a function f: R — R, a starting value xp € R
Output a root of f
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Univariate Newton's method (1 unknown)

Input a function f: R — R, a starting value xp € R
Output a root of f
For every n € {0,1,...}

1. Construct a tangent t at x, to f.
2. Calculate the root of t.

f(xn)
X =

3. If xp41 = Xp, output x,.
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Multivariate Newton's method (m unknowns) [1]

Input a function f: R™ — R™, a starting value xp € R™
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Multivariate Newton's method (m unknowns) [1]
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Output a root of f

» Jacobian matrix corresponds to the derivative
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Multivariate Newton's method (m unknowns) [1]

Input a function f: R™ — R™, a starting value xp € R™
Output a root of f

» Jacobian matrix corresponds to the derivative

» multiplication with inverse Jacobian matrix replaces division

Xp+l = Xp — (Ji"(x,,))_1 - f(xn)
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Inside weights as root of a function
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Inside weights as root of a function
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Inside weights as root of a function
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Decomposed Newton's method

Idea Decompose hypergraph into strongly connected
components, then apply Newton’s method to each
component, memorize and reuse already computed
inside weights.
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Decomposed Newton's method

Idea Decompose hypergraph into strongly connected
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Decomposed Newton's method

Idea Decompose hypergraph into strongly connected
components, then apply Newton’s method to each
component, memorize and reuse already computed
inside weights.

Steps
1. Find SCCs of the hypergraph.

2. Sort them topologically.
3. Intersect the hypergraph with the SCCs.
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Decomposed Newton's method

Idea

Steps

Decompose hypergraph into strongly connected
components, then apply Newton’s method to each
component, memorize and reuse already computed
inside weights.

. Find SCCs of the hypergraph.

. Sort them topologically.

. Intersect the hypergraph with the SCCs.
. (Compute polynomials.)

A W N =
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Decomposed Newton's method

Idea

Steps

Decompose hypergraph into strongly connected
components, then apply Newton’s method to each
component, memorize and reuse already computed
inside weights.

Find SCCs of the hypergraph.

Sort them topologically.

Intersect the hypergraph with the SCCs.
(Compute polynomials.)

Substitute known inside weights in the
polynomials with values.

O wnN e
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Decomposed Newton's method

Idea

Steps

Decompose hypergraph into strongly connected
components, then apply Newton’s method to each
component, memorize and reuse already computed
inside weights.

Find SCCs of the hypergraph.

Sort them topologically.

Intersect the hypergraph with the SCCs.
(Compute polynomials.)

Substitute known inside weights in the
polynomials with values.

6. (Apply Newton's method.)

O wnN e
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Decomposed Newton's method

1. Find SCCs of the hypergraph H.
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Decomposed Newton's method
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Decomposed Newton's method
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» Collapse the SCCs [3]
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Decomposed Newton's method

1. Find SCCs of the hypergraph H.
» Construct a graph G s.t. SCCs(G) = SCCs(H)
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» Collapse the SCCs [3]
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Decomposed Newton's method
2. Sort the SCCs topologically.
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Decomposed Newton's method
2. Sort the SCCs topologically.
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Decomposed Newton's method

2. Sort the SCCs topologically.
SCCs = ({B}, {D}, {A, C})
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Decomposed Newton's method

2. Sort the SCCs topologically.
SCCs = ({B},{D},{A, C})
3. Intersect H with SCCs.
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Decomposed Newton's method

2. Sort the SCCs topologically.
SCCs = ({B},{D},{A, C})
3. Intersect H with SCCs.

Hisy : e1
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Decomposed Newton's method

2. Sort the SCCs topologically.
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Decomposed Newton's method

2. Sort the SCCs topologically.
SCCs = ({B},{D},{A, C})
3. Intersect H with SCCs.

Higy : ey[al—-(B)
o1 ©——{
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Decomposed Newton's method

4. (Compute polynomials.)

5. Substitute known inside weights in the polynomials with
values.

6. (Apply Newton's method.)

For the hypergraph H g, we get

inf{B} = (—ig + p(e1))
(- ie)
(Jinggy) ™t = (1)
Then by Newton's method in:

ig=1.
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Decomposed Newton's method

4. (Compute polynomials.)

5. Substitute known inside weights in the polynomials with
values.

6. (Apply Newton's method.)

For the hypergraph H;py we get

in’{D} = (—ip + p(es))
= (1—1ip)
(Jinfpy) ™t = (-1).

Then by Newton's method:

I
=

ID
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Decomposed Newton's method

4. (Compute polynomials.)

5. Substitute known inside weights in the polynomials with
values.

6. (Apply Newton's method.)

For the hypergraph Hia cy we get

il _ <_iA + p(eo) + p(es) - ic - iB)
{Ac —ic + p(e2) + p(es) - ip - i
_ (—ia+025+0.25-ic
“\ic 40254025 04

a4 (41
(Jinigy) =~ \1 4/

Then by Newton's method:

1. 1

=, ic==.
’ 3

=3
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Performance
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Performance
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Decomposed fixed-point
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The End

Thank you for your attention!
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