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OPTIMAL ALIGNMENT

Classical prob\e,m Gen S ard T,
Qm& one oPﬁv\dl a\\g\nmu\“' bé\'\iw S avu'.L T.
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WorstT case Jﬁw\e- Avexqse/ Time

O(n4) O(w)
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A GRAMMAR TOR ALIGNMENTS

Tor trees, an ambioyovs arammar can be
oerived om EJians / \Wans ) Z\\m\s‘k.

Our result:
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APPLILATION 4 : COUNTING .

Theorem : The 3emrdlimj—(un&ion AG&Q chee.
a[f'snmm'&s afickies

Ao = (35 3 - w3 \“—’_i:;‘bﬁ Bl
Where

7 1 1
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C(’b): *i? Ca.JYa\cm ge,r\u‘oeﬂnj function
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two fLixed trees S and T
- O-Se/ Aymmlc ?mﬁmmmlms_



APPLICATION 2. SAMPLING

o spee At

§ |

/)3

©

3

S

® (7)

® ()

3D

813

® £

®E



APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

8”« b

>

Fix two
tﬂ/[s\/sz] = sef of o\\'shmenJE bween S, and S,

3

® (v)

® (v)

:9.’0

$2 ok
® £

UNCES S| QV\A SL"



APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

8”~ b

>

Fix  two
LS, 5,0 = s of o\\'shmenJE bfueen S, and S, U

3

® (v)

® (v)

3D

$2 ok
® £

UNCES S| QV\A SL"



APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

@(,) N

:‘ﬂ—(ﬁ) e (;)[3] e ¢
Tixn two sequnces S, and S, -

@&

fLLS),S,] = s of digmeds bdueen S and S, 72

\‘C S\ = 6 Gl\d Sz=f/J
“hen

ﬁ:[ s\,SZ] &~ & 903 ES;,SJ(— >



APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

:9”« ( ¢>
i  +wo

3

VeNCLS S| QV\A SL"

®E

9(7) N

@(y) P e £

fLLS),S,] = s of digmeds bdueen S and S, 72

F S =€ ad S,:=YS],

‘hen
FtL S,,9,]« (§>

Fle s

R (s,5. )& (;>

e 5]




APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

3

S‘L ( ¢>
i  +wo

® (v)

® (v) N

N

® £

VeNCLS S| QV\A SL"

®E

fLLS),S,] = s of digmeds bdueen S and S, 72

\‘C S\ — XS/‘ G“d sz= 2/

“hen
7tLS,,5,] «

ALsie] (5 50 &



APPLICATION 2. SAMPLING

M (bor sequrce. algmerts

:9”« (¢> 3

® ()

® (V) N

£ S, =XS ad S,=YS,,

fhen

LS50« (V) RLs,sle

903 [,s\,sLje— (§)

ALl @ (3)

N

®E

® £

Fix two sequences S, and S, -
fLLS),S,] = s of digmeds bdueen S and S, 72

ALS;S,] (w

P?[s s Sl:]

rs,5]




APPLICATION 2. SAMPLING-

(-@r sequence. a\@m’\'&)

£S =Ead Sy=€,hen LS, 5]« €&, %[5, 5o £

F S = XS, ad S, = f‘,/

hen LS50« (NRse] & s, sde ¢

£ S, =€ ad S,=YS],

en f0S,,5,] « (?) lesll & [s,5.]« @ AL

£ S, = XS — and 57,=\/$;)
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COMPUTING: THE PARTITION FUNCTION (dyn. prooy)

FS =Ead Sp=2,hen2(5,,50« 1 | g (S5 )e |

£ S, =XY, wd Sy=E

Then ZL5,,5 )« 525 e z_'D (5,5, O

£ S =& ana 57,:75;)

hen 208,51t Ples] 205, 5e e/ 2TE ]

£ S, = XS — and 57,=\/$;)

Then 205,51 LyvZIS,8]+.%2055,] +=’-\T‘,z‘°tsl,s;]
205 sde Ay SIS0 +i2 2705,
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FINALLY 2 CLASSIC  ROLTZMANN  GENERATION

€S =Ead So=C,hendBLS,5,]¢ €, %[5, sde £

F S = XS, ad Sy = Z,

hen LS50« (NRse] & s, sde ¢

£ S, =€ ad S,=YS],

en f0S,,5,] « (?) lesll & [s,5.]« @ AL

£ S, = XS — and 57,=\/$;)
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AMPLING

Theorem Let S and T be. ‘\'MO'\_TPES OPSiZe, ) GN&’M-

Samp\'tng q\l nmmj\'s Be'wep,n S ond T under
Hhe Gibs-Botfzmann distibulion can be done.
widh, worst-cage. fime and space comp\e,ﬁ'rﬁes

O( N My (’Y\q +’Y\/1)1> and UUV\'\V\ dU?)fCISQ.-CdSE

Hme anal space comP\e,xﬂ‘ie,s O, my)-




AMPLING

Theorem Let S and T be dwo Trees oF size my andm,

Somp\'ms gianmens  beXween S and T under

Hhe. GiUos-.Bo‘\'zmar\n dis’l‘ribu‘hon cain Ee,onxe,

Wit wow$+—ca5e, fime and s?aoe, me\%iﬁes

O( My (,M +M/L\7'> and \su'r\%\ aue)rqse_-case

Hme and Spdce comF\e,xﬂ‘ie,s O(M «\b-
Upsides

- No  odditional c,oW\P\eﬁtty cosl™ (e.xcei\fo Azavfesm,

- Flexbilty of e samging alaordam.
- Pready X\MP\W‘\'&&' 3"
Downside

: Comp\iw‘\'eA DP scheme -
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