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Introduction
Overview
Dynamic Programming Algebraic Dynamic Programming
Recursive equations Grammars + evaluation algebra

Let's try something new:
use automata
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Finite Automata

Example 1: Needleman-Wunsch
Alignment of ATC and GAC

Alignment 1
A T C
G A C Score: —1—-1+1=-1 match =1

mismatch = -1
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Finite Automata

Example 1: Needleman-Wunsch
Alignment of ATC and GAC

Alignment 1

A T C
G A C Score: —1—-1+1=-1 match =1

mismatch = -1

= A T C
G A - C Score: +1 +1=0
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Finite Automata

Example 1: Needleman-Wunsch
Alignment of ATC and GAC

0
G -1
A -2
C -3

Sven Dziadek
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Dynamic Programming and Automata

match =1
mismatch = -1



Finite Automata
Example 1: Alignment Automaton

Grammar:

X= @x [ @Xx 1OXTEX ] e

match mismatch ins del end
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Finite Automata
Example 1: Alignment Automaton

Grammar:
Weight: 1 -1 0
X=X 1 OX [ OX 1 GX | e
match mismatch ins del end

Automaton A:

Sven Dziadek Dynamic Programming and Automata



Finite Automata
Example 1: Alignment Automaton

Grammar:
Weight: 1 -1 0
X—= (X | X | (X | ()X | e
match mismatch ins del end
Automaton A:
5 For experts:
a 1
u 1 Weight structure:
Z B (ZU{_OC}vmaX7+~,_OC-,O)
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Example 1: Automaton for u = ATC and v = GAC

ANAyy: ) (7) ()

Q Q Q O
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(5% (2) @ (4) @ (a) @ (4)
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Finite Automata

Example 1: Automaton for u = ATC and v = GAC

ANAyy: ) (7) ()

Q Q Q O
. @ O B U PR IR
B IO RSN GRS GG
(5% (2) @ (4) @ (a) @’ (4)
E%gl SO NG O N @ N
V © © 7 N9 N9 g




Finite Automata

Example 1: Alignment for u = ATC and

® O O ®
—1 —1 —1
® O O ®
—1 —1
® O O ®
—1 —1
O O O ®

Sven Dziadek Dynamic Programming and Automata 9/11



Finite Automata

Example 1: Alignment for u = ATC and

Q Q Q @)
Apply Dijsktral! N N N
Q Q Q O
—1 —1
Q Q Q O
—1 —1
O O O O
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Finite Automata

Example 1: Alignment for u = ATC and

Q Q Q O

Apply Dijsktral! N N N
Q Q Q O

—1 =1

acyclic
~_ 0 e 0 o
—1 =1

O O O O
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Finite Automata

Example 1: Alignment for u = ATC and

Q Q Q o
Apply Dijsktral! 1 o .
R Q Q O
. o
acyclic \/ > ! ! !
. B

Complexity O(|ul|v|)

@)
N
J
N
J
N
J
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Context-Free
Context-Free: Example Nussinov

%
1
g';:i Works as well!
Ld
'_
d_{e
c’{fp‘/ d\d different algorithm
1N\
;C\
A
A
A
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Context-Free
Conclusion

DP works with automatal
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Context-Free
Conclusion

DP works with automatal

Thank you for your attention!
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Additional Material

Backup
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Example 2: Folding of AATT

Folding 1

A ,(A T )T Score: 1 pair
bracket =1
dot =0
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Context-Free

Example 2: Folding of AATT

- )
A A T T Score: 1 pair
bracket =1
dot =0
Folding 2
C C ) ) S 5l oai
A AT T Score: 2 pairs
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Context-Free

Example 2: Folding Automaton

Grammar:

X = ()X T (ODX(g)X | € Ne{AT,C, G}

dot bracket end N¢ complement of N
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Context-Free

Example 2: Folding Automaton

Grammar:
Weight: 0 1 0
X = (X (X ()X | e
dot bracket end N¢ complement of N

Ne{AT,C, G}
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Context-Free

Example 2: Folding Automaton

Grammar:
Weight: 0 1 0
X = (W)X (DX (g)X | e
dot bracket end
Automaton A:
(w)
(y) LN
(2) TN

Ne{AT,C, G}

N¢ complement of N
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Context-Free

Example 2: Folding Automaton

Grammar:
Weight: 0 1 0
X = (W)X (DX (g)X | e
dot bracket end
Automaton A:
(w)/0
(4) /0
(%) TN/1

Ne{AT,C, G}

N¢ complement of N
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Context-Free

Example 2: Automaton for u = AATT

O
I~ N
o202

O
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Example 2: Automaton for u = AATT

Ay

© (4) © (a) © () © (+) ©
(5 (5 €9, (4)
() () () ()
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Example 2: Automaton for u = AATT

AN A,
© (4) © (a) © () © (+) ©
(5 (5 €9, (4)
() () () ()
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Example 2: Automaton for u = AATT

AN A,
O P Con Con ©
(D470 (D470 (D IA0 (L) LA/
(WAL (DAL ()T () 1T

~N
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Context-Free

Example 2: Folding of u = AATT (Overview)

ANA,:
—0 O O O Oo—

(a)/0 (4)/0 (v)/0 (+)/0
(im0 (DiT0 (Hian  (§) LA/
(WAL ()AL (P1TL (1T

Find highest weighted (annotated) input word:

@ Convert to CF grammar (O(n?) non-terminals)

Sven Dziadek Dynamic Programming and Automata 16/11



Context-Free

Example 2: Folding of u = AATT (Overview)

ANA,:
—0 O O O Oo—

(a)/0 (4)/0 (v)/0 (+)/0
(im0 (DiT0 (Hian  (§) LA/
(WAL ()AL (P1TL (1T

Find highest weighted (annotated) input word:
@ Convert to CF grammar (O(n?) non-terminals)

@ Mark for every non-terminal the maximal score
(O(n) per non-terminal)

Complexity: O(n%)
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Context-Free

Example 2: Folding of u = AATT (Details)

L =) D
O O O Oe Oaz®
170 (Q4T0 (91an (9 1A/
WAL Q)AL (P1TA ()17
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Context-Free

Example 2: Folding of u = AATT (Details)

() N

—(0 3

O(A)/O ) /0 (r)/O NA5)/0 \UETZ/O@
(D10 (D410 (Y LA0 (§) LA/
(A Q)ran (D11 ()1TA
Grammar:

S— Zo5
ZOS — 0(')215 | (E‘) T12Z25 | (/E\) T13235 ‘ 0(2) T14Z45
Zys — (4) Zos | () TasZas | °({) TaaZus

)
Zos — () Zss | ( )AsaZss
Zss — A7) Zus

Z45*> €
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Context-Free

Example 2: Folding of u = AATT (Details)

@(A)/O =30 (r)/O Q/('T)/o \UETZ/()@
Q1m0 (Dm0 (Hian (L) 1A/
Wran Q)tan ()t ()1
Grammar:
S — Zo5
Zos — U(a) Z1s | (f\) T122Z55 | (/S) T13Z35 | 0(/(4) T1aZus
Zis — ( )225| (E\) Tx3Z35 | (/E\) ToaZas
Zos = ( )235 ( )A34Z45
Z35—> ( )245
Z45 — E

T1> — no path available
Ti3 = %(4) Tos

Tia — %(4) Toa | ( ) T23 Tas
T ()

Tos — O(f) T34

T ()

As4 — no path available
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Context-Free

Example 2: Folding of u = AATT (Details)

— O O O O Oz ®
(1o (im0 (iAo (§) 1A/
Q) ran Q)AL (1T (1T
Grammar:
S— Zo5 _T15 — no path available
Zos — %) Z1s | () FraZss | °($) TasZas | () TraZas  Taz — %(a) Tos
Zi5 — ( ) Zos | °($) Tas Zas | °($) ToaZas Tia — %(a) Taa | °(§) T23 T34
Zos = (1) Zas | (Y AsaZas Tos = (1)
Z3s — (1) Zss Tos = %(7) Taa
Zys — % Tau — ()

Asi — no path available
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Context-Free

Example 2: Folding of u = AATT (Details)

— O O O O Oz ®
(1o (im0 (iAo (§) 1A/
Q) ran Q)AL (1T (1T
Grammar:
S — Zo5 _T15 — no path available
Zos — %) Z1s | () FraZss | °($) TasZas | () TraZas 'Taz — %(a) Tos
Zi5 — ( ) Zos | °($) Tas Zas | °(§) ToaZas Tia — %(a) Toa | °(§) T23 T34
Zos = (1) Zas | (Y AsaZas Tos = (1)
Zss — (1) Zss Tos = %(7) Taa
Zss — % Tau — ()

Asi — no path available
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