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A hypergraph is a compact data structure
to encode exponentially many trees.
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A hypergraph is a compact data structure
to encode exponentially many trees.
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First-order: | (gisner,2002)

¥ each member is &-tuple: !'p,r"

1P, " 1P, 12" | 1PaP2, Paf2 + Pary”
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Second-order
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First- and Second-order Expectation Semiring

First-order: | (gisner,2002)

¥ each member is &-tuple: !'p,r"

1P, " 1P, 12" | 1PaP2, Paf2 + Pary”
'P1, 1" " P2, r2" | Pt P2, 1t 1"

Second-order

¥ each member is &-tuple: !'p,r,s,t"

32

Wednesday, August 19, 2009



First- and Second-order Expectation Semiring

First-order: | (Eisner, 2002)

¥ each member is a-tuple: !'p,r"

1P, " 1P, 12" | 1PaP2, Paf2 + Pary”
P2, M " P2, r2" | Iprt P2, rat 12"

Second-order,

¥ each member is &-tuple: !'p,r,s,t"

'P1, M1, 81, 11" T Ip2, 12, S2, 12" 'D1P2, P1r2 + P2r1, P1S2 + P2Si,
Pito + pPots + r1So + 125"
'P1,r1,S1, 01" " P2, 2, S, 10" | 'P1+ P2, r1+ I, S+ Sy, 1 + 1"
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First- and Second-order Expectation Semiring
First-order:

¥ p.r
'P1, M"Y P2, r2" | 'p1pP2, Par2 + pari”
Pp1,r1" " P2, r2" | 'pp+ P2, 1+ 12"

Second-order

¥ p,r,s,

'P1,r1,S1, 61" ! P2, r2,So, 10" | 1'p1P2, Pif2 + Para, P1S2 + P2Sy,
P1to + pPoty + 1Sy + roSy”
IP1,r1,S1, 01" " 1p2,r2, S0, 00" [ 1P+ P2, r1+ 12, S1+ Sy, [1 + 1"
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First- and Second-order Expectation Semiring

What doesp,r,s, or t mean?
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First- and Second-order Expectation Semiring

First-order:

¥ p,r

P, 1"V Tpo, r2" | 'P1P2, Pif2 + pPori”
D4 Fa" " 1Ds FAa" D1+ + Do Fa+ 5"

! What doesp, 1, s, or t meanj

+ application-dependent

'P1,r1,S1, 01" ! P2, r2,So, 10" | 'p1P2, Pif2 + Para, P1S2 + P2Sy,
P1to + pPoty + 1Sy + roSy”
IP1,r1,S1, 01" " 1p2,F2, S0, 00" | 1P+ P2, r1+ 12, S1+ Sy, {1+ 1"
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Compute Quantities on a Hypergraph: a Recip

dianéd shang de maac
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Compute
First-order Expectations
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Compute the expected translation len
using an expectation semiring
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Compute Expected Translation Length
# choose a semiring

# specify a weight for each edge

# run the inside algorithm
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Compute Expected Translation Length

# choose a semiring
expectation semiring

# specify a weight for each edge
Ke = Pe, Pele

pe: transition probability or log-linear score at edg;

re: number of English words generated at edge|

# run the inside algorithm
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Expectations on Hypergraphs
¥ Expectation over a hypergraph

rEEplrl= ) p(d)r(d)

d! HG

¥ the distributionp(d) is debned by the hypergraph

¥ r(d) is a function over a derivatior
e.g., the length of the translation yieldeddy

¥ r(d) is additivelydecomposed

r(d) = ) re

el d
e.g., translation length &lditivelydecomposed!

40




Compute expectation using an expectation semiring
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Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe

def
Cross-entropy:] e = l0g G

41
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

41

Wednesday, August 19, 2009



Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
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def
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|

Why? | entropy is arexpectation
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Compute expectation using an expectation semiring
def

Ke = !Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

| def
Bayes rISkI e = loss at edgee (Tromble et al. 2008
Why? | entropy is arexpectation
H(p) = E,[! logp]="!  p(d)log p(d)

d! HG
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Compute expectation using an expectation semiring
def

Ke = !Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

| def
Bayes rISkI e = loss at edgee (Tromble et al. 2008
Why? | entropy is arexpectation
H(p) = E,[! logp]="!  p(d)log p(d)
d!' HG

log p(d) is additivelydecomposed!
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|
Why? |
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|

Why? |  cross-entropy is amxpectation
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Compute expectation using an expectation semiring
def

Ke = !Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

' r. = loss at edgee
Bayes rISkI e J (Tromble et al. 2008
Why? |  cross-entropy is aexpectation
H(p,d) = Ep(! logg)="!  p(d)logq(d)

d! HG
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Compute expectation using an expectation semiring
def

Ke = !Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

' r. £ loss at edgee
Bayes rISkI e J (Tromble et al. 2008
Why? |  cross-entropy is aexpectation
H(p,d = Ep(! logg)="!  p(d)logq(d)
d!l HG

log g(d) is additivelydecomposed!
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|
Why? |

43
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Compute expectation using an expectation semiring

def

Ke = !Pe, Pele"

De . transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| [e Z log G

Bayes risK re = loss at edgee

(Tromble et al. 200§|

Why? | Bayes risk is aexpectation

43

Wednesday, August 19, 2009



Compute expectation using an expectation semiring
def

Ke = !Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

. def
Bayes rISkI e = loss at edgee (Tromble et al. 2008
Why? | Bayes risk is aexpectation
Risk = Ep(L)=!  p(d) &L (Y (d))

d! HG
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Compute expectation using an expectation semiring

Ke = 1Pe, Pele"

De : transition probabllity or log-linear score at edge
[e?

def
Entropy: | e = 10g pe
Cross-entropy:| e Z log G

. def
Bayes rISkI e = loss at edgee (Tromble et al. 2008
Why? | Bayes risk is aaxpectation
Risk = Ep(L)=!  p(d) &L (Y (d))
dl HG

L(Y(d)) Is additivelydecomposed!

43
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Compute
Expectations oveProducts

44




S X, X of p:2/8 I p:3/8|

XI" Xo de X1,Xg X1# S Xo, Xot

/ X X de!( X o OX 1
X!I" dianzi shang,theh 0 1, A0 1
X!" mao,a cat? / \
I X!" dianzi shang ,the mat #

dianzi shang de: mao | XI" mao,a cat?

the mat a caf dianz shang  de; mao
the matOs a ¢

p:1/8| s x|o,xo¢ > XIO’Xoi p:2/8|

X' Xo de X 1.X1 0n X of X Xo de X 1,X; of X

X—><dianzish514he mo’a N X dianzisha{he mo’a o

dianzi shang de m&ll()g dianlzd shang de mIan
a cat on the ma . a cat of the mat
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expected translation length:

o xni p=2/8 | p=3/8|

XI" Xo de X1,Xg X1# S Xo, Xot

/ X X de!( X o OX 1
X!I" dianzi shang,theh 0 1, A0 1
X!" mao,a cat? / \
I X!" dianzi shang ,the mat #

dianzi shang de: mao | XI" mao,a cat?

the mat a caf dianz shang  de; mao
the matOs a ¢
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expected translation length;| 4.75

S X o, X ot p:2/8 I p:3/8l

XI" Xo de X1,Xg X1# S Xo, Xot

/ X X de!( X o O 14
X!I" dianzi shang,theh 0 1, A0 1
X!" mao,a cat? / \
I X!" dianzi shang ,the mat #

dianzi shang de: mao | XI" mao,a cat?

the mat a caf dianz shang  de; mao
the matOs a ¢

p:1/8| s xlo,xoaf > XIO’Xoi p:2/8|

X' Xo de X 1.X1 0n X of X Xo de X 1,X; of X

X—><dianzish514he mo’a N X dianmhe mo’a o

dianzi shang de mEIIQg dianlzd shang de mIan
a cat on the ma| . a cat of the maf|
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expected translation length] 4.75|

variance of translation lengtt

S X o, X ot p:2/8 I p:3/8l

XI" Xo de X1,Xg X1# S Xo, Xot

/ X X de!( X OX 4
X!I" dianzi shang,theh 0 1,720 1
X!" mao,a cat? / \
I X!" dianzi shang ,the mat #

dianzi shang de: mao | XI" mao,a cat?

the mat a caf dianzj shang  de: mao
the matOs a ¢

p:1/8| s xlo,xoaf > XIO’Xoi p:2/8|

X' Xo de X 1.X1 0n X of X Xo de X 1,X; of X

X—><dianzisha4he mo’a N X dianzisha{he mo’a o

dianzi shang de mEIIQg dianlzd shang de mlaag
a cat on the ma| . a cat of the maf|
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expected translation length;| 4.75

variance of translation lengtt
2/8%(4-4.75)"2+ 6/8x(5-5.75)"2% 0.56 |
S X, X o p:2/8 I p:3/8|

XI" Xo de X1,Xg X1# S Xo, Xot

/ X X de!( X OX 4
X!I" dianzi shang,theh 0 1,720 1
X!" mao,a cat? / \
I X!" dianzi shang ,the mat #

dianzi shang de: mao | XI" mao,a cat?

the mat a caf dianz shang  de; mao
the matOs a ¢

p:1/8| s xlo,xoaf > XIO’Xoi p:2/8|

X' Xo de X 1.X1 0n X of X Xo de X 1,X; of X

X—><dianzish514he mo’a N X dianmhe mo’a o

dianzi shang de mEIIQg dianlzd shang de mIan
a cat on the ma| . a cat of the maf|
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Compute the Variance In Translation Leng

# choose a semiring

# specify a weight for each edge

# run the inside algorithm
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Compute the Variance In Translation Leng

# choose a semiring
second-order expectation semiring

# specify a weight for each edge

# run the inside algorithm
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Compute the Variance In Translation Leng

# choose a semiring
second-order expectation semiring

# specify a weight for each edge

def

Ke = !Pe, Peles PeSe; Pel eSe”

pe: transition probability or log-linear score at edgt

re = Se: NUMber of English words generated at eégj

# run the inside algorithm
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Second-order Expectations on Hypergrap
¥ Expectation oproducts over a hypergraph

EZ Eplr-sl=  p(d)r(d)s(d)
deHG

¥ r ands are additively decomposed

r(d)= ) re

el d

s(d) € s
el d
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Second-order Expectations on Hypergrap
¥ Expectation oproducts over a hypergraph

EZ Eplr-sl=  p(d)r(d)s(d)
deHG

¥ r ands are additively decomposed

r(d) = > re

el d

s(d) € se
el d

r ands can be identical or different functions.

47




Applications of expectation semirings: a summs

First-order: |
Quantity Welight for edgee Value at root
Expectation | Pe, Pele" \Z, 7"
First-order gradient Pe, " Pe" \Z," Z"

Second-order|

Covariance matrix (Pes Pel ¢ PeSes Pel eSe) (Z,T,5,1)
Hessian matrix (Pe, VPe, VPe, VPe) (Z,NVZ,VZ,V?Z)
Gradient of expectation | (Pe, Pele, VPe, (VPe)le + Pe(VTe)) (Z,7,VZ,Vr)

# choose a semiring
# debPne a weight for each edge
# run inside algorithm (or inside-outside for speedup)
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Applications of expectation semirings: a summs

First-order: |
Quantity Welight for edgee Value at root
Expectation | Pe, Pele" \Z, 7"
First-order gradient Pe, " Pe" \Z," Z"

Second-order]

Covariance matrix (Pes Pel ¢ PeSes Pel eSe) (Z,T,5,1)
Hessian matrix (Pe, VPe, VPe, VPe) (Z,NVZ,VZ,V?Z)
Gradient of expectation | (Pe, Pele, VPe, (VPe)le + Pe(VTe)) (Z,7,VZ,Vr)

Entropy is an expectation!

# choose a semiring
# debPne a weight for each edge
# run inside algorithm (or inside-outside for speedup)
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Applications of expectation semirings: a summs

First-order: |
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Applications of expectation semirings: a summs

First-order: |
Quantity Welight for edgee Value at root
Expectation | Pe, Pele" \Z, 7"
First-order gradient Pe, " Pe" \Z," Z"

Second-order]

Covariance matrix (Pes Pel ¢ PeSes Pel eSe) (Z,T,5,1)
Hessian matrix (Pe, VPe, VPe, VPe) (Z,NVZ,VZ,V?Z)
Gradient of expectation | (Pe, Pele, VPe, (VPe)le + Pe(VTe)) (Z,7,VZ,Vr)

Bayes risk is an expectation!

# choose a semiring
# debPne a weight for each edge
# run inside algorithm (or inside-outside for speedup)
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Minimum RIsk Training

Finding optimal parameters]

' * =argminRiskP: ) — Temperaturex Entropyf )

¥ P is a probability distribution over trees,
parameterized by the parameters

58




Why Minimum RIsk Training?

Min-Risk| MERT | CRF | Perceptron| MIRA
Gradient
descent I I I ? ?
sew |1 (L[]
Latent | | | | |
variable : : . - .
Oracle | | | | |
translation " - " : !
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Experimental Results
¥ Data set: IWSLT CN-EN 2005

Training scheme test

(Och,2002) | MERT (Nbest, small) 47.7

(Smith and Eisner, 200 MR (Nbest, small) 47.7
new. MR (hypergraph, small) | 48.4

new. MR (hypergraph, large) | 48.7

Smallpve features as in regular MERT

Large two-stage forest-reranking witdlk additional
target-side ngram features
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Thank you!
HED
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