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N V END
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V -1 -3 -2
START -1 -2
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V -10 -1 -3

0 they can fish
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N
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V
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N V N
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Now let’s add a tag M for modal verbs.



Viterbi example

Transition
N V M END

N -3 -1 -2 -2
V -1 -2 -5 -2
M -10 0 -3 -10
Start -1 -2 -3

Emission
they can fish

N -2 -3 -3
V -10 -2 -3
M -10 -1 -10

0 they can fish

-11

N

-3 -9 -10

V

-12 -6 -9

M

-13 -6 -19

N M V
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’Twas brillig, and the slithy toves
Did gyre and gimble in the wabe:
All mimsy were the borogoves,
And the mome raths outgrabe.



Example: forward algorithm
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Example: backward algorithm

Transitions
N V END

N -3 -1 -2
V -1 -3 -2
START -1 -2

Emissions
they can fish

N -2 -3 -3
V -10 -1 -3

-10.85 they can fish 0

N -7.9 -5.9 -2

V -9.2 -5.9 -2



Example: backward algorithm

Transitions
N V END
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they can fish

N -2 -3 -3
V -10 -1 -3
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Example: marginal probabilities

N V END
N -3 -1 -2
V -1 -3 -2
START -1 -2

Emissions
they can fish

N -2 -3 -3
V -10 -1 -3

-10.85 they can fish -10.85

N -10.9 -14.9 -11.0

V -21.2 -10.9 -12.9



Example: marginal probabilities

N V END
N -3 -1 -2
V -1 -3 -2
START -1 -2

Emissions
they can fish

N -2 -3 -3
V -10 -1 -3

1 they can fish 1

N 1 0 .87

V 0 1 .13



Example: marginal probabilities

Transition weights
(log-probabilities)

N V END

N -2 -1 -2
V -2 -3 -2
START -1 -2

Emission weights
(log-probabilities)

they can fish

N -2 -3 -3
V -6 -1 -2

log P(they/N can/V fish/V ) =− 1− 2− 1− 1− 3− 2− 2 = −12

log P(they/N can/V fish/N) =− 1− 2− 1− 1− 2− 3− 2 = −12

log P(they/V ...) ≈−∞

log
∑
y

exp P(y1, y2 = V , y3, x1:3) = log(e−12 + e−12 + e−∞ + e−∞)

=− 11.3 = f2(V ) + b2(V )


