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1. BBeoeHume

1.1. Llenun Kypca:

- OaTb npeacrtasneHmne o6 obuinx 3agadvyax aHa/n3a TEKCTOB
(= CMMBOJIbHbIX MOCJZIegoBaTesSIbHOCTEN), BO3HMKAKLWMX B
Pa3/INYHbIX NMpegMeTHbIX 061acTax n cnocobax nx pelleHuns;

- paTb obwmnin B3rngag Ha YXKe N3BeCTHble aJIFTOPNTMBbI ,
CBA3aHHbIE C METOOOM OANHAMNYECKOIo nNporpaMmMmmMpoBaHnNA,
N NpeagcrtaBnUTb HEKOTOPbLIE HOBbLIE aJIFTOPUTMBbI,

- JaTb HaBblK (dOPMaJZIbHON MOCTAHOBKM 3a4a4 aHa/n3a
TEKCTOB:

- OaTb ONbIT aHa/IM3a KavyecTBa pe3y/ibTaToB aJIrTOPUTMOB
aHa/M3a TEKCTOB Ha NpumMepe 3adayn BOCCTAaHOB/IEHUS
CKPbITbIX cocToAHUN HMM;

- MO3HAKOMWUTb C NpUMepaMmn 3a4a4 aHaM3a TEeKCTOB,
cneyndunyeckumMun onas oTaesbHbIX NMpegmMeTHbIX obnacten (B
OCHOBHOM, Ha npumepe BUonHMoOPMaTUKN)
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- COTIOCTaBJIEHHE B 11e710M (TIapHOe, MHOXXECTBEHHOE);

U oripeesieHyie Ko/iMueCTBEHHOM MephI CXOICTBA I10C/IeI0BATE /b~
HOCTEH B L1eJI0M;

Umowuck o0111x MOTHBOB (B ABYX M HECKOJILKHX I10C/I€I0BATeIbHO-
CTSIX); TIOUCK B 0a3ax JAaHHBIX;

U moumck u BeigeneHye (GyHKIMOHAILHO 3HAUMMBIX YUACTKOB
(3aIaHHBIX «I1ATTEPHOBY);

I pa3buenue nocenoBaTe/IbHOCTH Ha «OAHOPOAHBIE» YUACTKY;

I oripejesieHue CTaTHCTHUUYECKOU 3HAUMMOCTH pe3y/iIbTdTOB
CPpdBHEHHA U ITOHNCKA.



[lpn aHann3e faHHbIX
TpebyeTca:

1. YMETb NMPUNAOYMbBIBATb He TonbKoO
anropnTtmbl, HO 1 POPMAJIbHbIE
[TOCTAHOBKW 3ALAN.

2. [NPOBEPATb, HacKo/1bKO
®OPMAJIbHAA MOCTAHOBKA 3AOAHN
cootBeTcTBYeT COOEPXATEJIbHOW
[MTOCTAHOBKE.



1.

1. BBegeHune

2. ICTOYHUKMN CUMBOJIbHbIX

nocisenoBaTesZibHOCTEeMn:

TEeKCTbl HAQ eCTeCTBEeHHbIX A3blKaX (XyO0o>XeCTBeHHas
nnTepaTypa, OenoBas nepenncka, MHTepHeT u T.M.);

TEKCTbl Ha POPMaJibHbIX SA3blKax (MPOrpaMmmbl 1 T.M.);
CTpYKTYpbl buononmnmepos (OHK, PHK, 6enkn);

LMNpOoBLIE AaHHblIe (Hanpumep, NoJly4eHHbIe Npw
pacrno3HaBaHUKM peyn).



1. BBenoeHue

1.3. OdOwimMe Ansa passIMyYHbIX NPeaMeTHbIX
obsnacrtem 3apadum aHanmsa
nocJsienoBaTesZibHOCTeM:

- COTIOCTaBJIeHHE B 11e710M (TTapHOe, MHOXKe CTBEHHOE);

U oripeesienre KoyMueCTBEHHOM Mephl CXOACTBA IT0C/IeI0BATE b~
HOCTEH B L1eJIOM;

Umowmck o0111ix MOTHBOB (B ABYX U HECKOJILKUX ITOC/IeI0BATe/IbHO-
CT$IX); TIOUCK B 0a3ax JaHHBIX;

U mounck u BeigeneHre GyHKI[HOHAJIBHO 3HAUMMBIX YUaCTKOB
(3aIaHHBIX «I1AaTTEPHOBY);

| pa3buenue roceoBaTe/IbHOCTH Ha «OTHOPOAHBIE» YUACTKY;

I oripejesieHue CTaTUCTHUUYECKOU 3HAUUMOCTHU pe3yJ/ibTdTOB
CpaBHEHHA U ITONCKA.



2. dnHammyeckoe nporpamMmMmmnpoBaHumne
Ha rpadgax

«3anava bensimaHa»: MOUCK MUHUMAJIbHOrO NMyTU B
OPUEHTUPOBAHHOM aUMKINYECKOM rpade c BecamMm Ha pebpax
(OABI'). Beca - npenctBuTesibHblE YKCa. YpaBHeHMe bensiMaHa.
BpeMsa paboTbl ~ Npesep - MaMaTb ~ Neepunn-

BblyncneHue nosHon o606LEeHHON CTaTUCTUYECKOWN CYMMb

(OCC) onsa npaHHoro OABI («3apava bonbyuMaHa»). CBA3b C

3aga4ven bennmaHa. YactHble OCC gna oTaoesibHbIX BEPLLUWH.
BbiyncnenHne scex YHOCC

OABI c Becamun B nonykonbue. “CoegunHutenbHasa” onepaumns
(YMHOXeHue) un “ueneBaqa” onepauns (cnoxxeHue). BoluncneHmne
OCC ona OABI npu nssecTtHoOM TOMOJIOFMYECKOM NMopaaKe Ha
BeplUnHaX. HEKOMMYTaTUBHOCTb YMHOXEHNS "
KOMMYTAaTUBHOCTb CJioXXeHus. [lpumepsil.

HakonneHune pe3ynbTaToB. CBA3b MeXay aJiroputMamMmm
bennmaHa v enkcTpsbl. Anropnutm A*. OnTuMucTu4eckum
[MOUCK.

BekTopHblie Beca v [lapeTo-MHOXKeCTBa.




2. Dynamic programming on graphs.
— Search for minimal path in the weighted directed acyclic

graph (WDAG). Bellman equation.

— Calculation of partition function. Relation to minimal path
problem.

— WDAGs with weights in a semiring. “Joining” operation
(multiplication) and “target” operation (addition).
Calculation of partition function for a WDAG with known
topological ordering of vertexes. (Non)commutativity of
addition and multiplication.

— Special partition functions and their calculation.

— Algorithm with accumulation of results. Comparison with
Bellman’s and Dijkstra’s algorithms. *Optimistic search.

— Complexities.
* *Vector weights



3a. [nobanbHOEe BbipaBHMBAHME

3.1.HeopmanbHaa noctaHoBKa 3aaadn. CBA3b C 3BOJIIOLIMEN.

3.2. Bec BblpaBHUBaHNA. MaTpuLa BeCcoB 3aMeH. IHOenbl 1 nx Beca
(wTpadsbl).
3.3. AIropnT™M OJi19 NOCUMBOJIbHbIX LWUTpadoB 3a nHaenol. CeegeHune

K 3apa4e bennmaHa. ['pad BbipaBHMBaHUA. MaTpuLa
BblpaBHMBaHUA. CJIOXKHOCTb aJiropuTMa.

3.4. lpyrne noCTaHOBKW 3a4a4 U airOPUTMBlI.

- apPuHHBIE WITPpadbl 3a HOENbI; WTPadbl 3a nHAEeNbl obuwero
BUAOA;

- BblpaBHNBaHWE B MNOJIOCE,

- 3Ha4YMMOCTb OTAEJIbHbIX CONOCTaB/IEHNN, CBA3b C HaCTUYHbIMU
OCC;

- 0cobble (HyneBble) WTPpadbl 32 KOHLEBLIE UHOEbI;
- WTPagbl 3a pa3pessbl,;
- OMTUMUNCTUYECKNN aJIFrOPUTM 715 CJ1yYas ANaroHasibHou

MaTpuLbl 3aMeH (COBraJsi - He CoBras) v rnoCUMBOJIbHbIX LLUTPAGOB
3a WHAEJIbI.



3. Global pairwise sequence alignment

3.1. Informal problem statement. Role of evolution hypothesis.

3.2. Alignment weight. Match weight. Indels (gaps) and indel
penalty.

3.3. Algorithm for 1-symbol indel penalty. Reduction to graph
problem.

3.4. Other problem statements: affine gap penalties; general
gap penalty function;

matching significance based on special partition fubction.
Reduction to graph

problems. Role of gap penalties for ending fragments.

3.5. Role of etalon (“golden standard”) alignments. Quality of
algorithmic alignment (accuracy and confidence). Verification of
problem statement. Recourses for improvement of alignment
quality, usage of extra-sequential information.



36. TnobanbHOEe BbipaBHMBAHMUE

3.5. Ka4yeCcTBO aropuTMnN4YeCcKoro BbipaBHUBaHUA.
To4YHOCTbL (accuracy) n npoctoBepHoOCTb (confidence). Ponb
3TaJIOHHbIX BblpaBHUBaHUN (“golden standard”).
NCTOYHNKWM 3TaJIOHHbIX BblpaBHNUBAaHWUW: BbipaBHUBAHUS
peasibHbIX AAaHHbIX, MOJly4YeHHble C MOMOLLLIO 3KCNEepPTU3bl
N/Mnn OONONHUTESIbHbIX AaHHbIX, N MOOesibHble
BbipaBHMBaHNA. Bannoayunsa noCTaHOBKW 3a4a4yu.

3.6. Pecypchbl 0na ynydylleHNsa KavyecTBa BblPaBHUBAHUS:
NCMNOoJib30BaHWE O0MOJIHNTENbHON NHMoOPMaLnn.



4. Dynamic programming on hypergraphs

— Examples of algorithmic problems that cannot be
reduced to graphs.

— Hypergrahs, hyperedges and hyperpathes.
Weighted directed hypergraphs. Acyclic
hypergraphs.

— Semirings. Bellman’s algorithm for calculation of
partition function of a given weighted directed
acyclic hypergraph (WDAHG) with known
topological ordering of vertexes. Complexity.

— Calculation of special partition functions.
Additional restrictions: commutativity of
multiplication; strong aciclicity. Complexity.

— Analogs of algorithm with accumulation of results
and Dijkstra’s algorithms.



4. InHaMmn4eckoe NporpamMMmpoBaHne Ha runeprpadgax..

4.1. ArropuTtMmyeckme 3agadum, HeCcsognMbie K 3agave
noncka MmmHmmMmanbHoro nytum B OABI.

4.2. OpneHTUpoBaHHbIe runperpadbl. NTnneppebpa,
rmnepnyTun, Beca runeprpadbl. Aunknmndeckme (CTporo
aunknnyeckune) runeprpadsol. Beca n3s nponssosibHOro
MNoNyKONbLA.

4.3. BblyncneHune nonHon OCC ona opneHTUpPOBaAHHOIO
aLMKINYeCKoro rmneprpada ¢ Becamu Ha rmneppedbpax
(OABIT) npn n3BeCcTHOM TOMOJIOrMYECKOM rnopsgkKe Ha
BepwnHax runeprpada. Bpema paboTbl ~ CcyMMapoHOe K-BO
KOHUOB runeppebep. NamMaTb ~ K-BO BEPLUUH.

4.4. YacTHble OCC onda otaesbHbIX BEPLUUH. BblyncneHue
YyacTHbIX OCC ona Bcex BepLWWH Npy gon. orpaHn4YeHnsax:
CTporad aunkJN4YHOCTb, KOMMYTAaTUBHOCTb YMHOXXEHWA.
CNOXXHOCTb anropmtma.

4.5. AHanoer anropMTma C HaKoMJeHneMm pesynbTaTa U

L S [ = T o . D



5. Dynamic programming on hypergraphs

— Examples of algorithmic problems that cannot be
reduced to graphs.

— Hypergrahs, hyperedges and hyperpathes.
Weighted directed hypergraphs. Acyclic
hypergraphs.

— Semirings. Bellman’s algorithm for calculation of
partition function of a given weighted directed
acyclic hypergraph (WDAHG) with known
topological ordering of vertexes. Complexity.

— Calculation of special partition functions.
Additional restrictions: commutativity of
multiplication; strong aciclicity. Complexity.

— Analogs of algorithm with accumulation of results
and Dijkstra’s algorithms.



Examples of probability models: Bernoulli model, Markov
model, Hidden Markov model (HMM).

HMMs and graphs. Involute of HMM graph. Trajectory graph
of an HMM.

Sequence of states corresponding to a given sequence.
Viterbi algorithm and forward-backward algorithm.

HMMs and dynamic programming. Viterbi algorithm and
optimal path in trajectory graph. Forward-backward
algorithm and special partition function on trajectory graph.

How to estimate quality of state assignment made by an
algorithm?

Estimation of parameters of a probability model. Problem
statement.

EM-algorithm.

Baum-Welch algorithm.



— HMMs and finite automata. Computation of
probability of set of sequences. General
construction and examples.

— Seed sensitivity.

— Statistical significance of cluster of pattern
entries.

— Sequence segmentation. Example: finding
coding regions in DNA sequences. Types of
HMMs describing procariotic genome.
Problem of boundaries.



8. Multiple sequence comparison

— Multiple sequence alignment. Dynamic
programming without and with restriction
on gap size.

— Profiles (Position Specific Weight Matrixes,
PSWMs) . Alignment of a sequence and a
profile; alignment of profiles. Progressive
alignment.

— Pattern recognition. Description of patterns
with PSWMs and consensus words.



7. CerMeHTaumsa nocsenoBaTelbHOCTEN.

7.1. Sequence segmentation. Example: finding
coding regions in DNA sequences. Types of
HMMs describing procariotic genome. Problem
of boundaries.

CLEJIATD:

7.2. 3apa4ya o pa3nagke -
cCTaTUCTUYeCKUue noaxonabl.
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— Statistical significance of cluster of pattern
entries.

« CAEJIATD:

>k TeopuaKAPJIMHA-AJNIBTLUYJIA, MoTtTa M
BLAST.
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10. 3a npepenamn monenn bennmaHa

10.1. CTtaTuctnydeckasa 3Ha4MMOCTb KJlacTepa
canToB. ['padbl NepeKkpbITUN.

10.2. lnHaMmmnyeckoe nporpaMmmMmmpoBaHme Ha
peweTKke. icnonb3oBaHNe aepeBbEB NMOUCKA.
Ma)kopupoBaHMe N «xo3seBa obsacten».
CrincCKu KaHanaaToB.



