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HanomuHanue. MynbTumogansHaa ARTM: noctaHoBka 3agayn

Oano: W™ — cnosapb TepMoB m-ii MoganbHocTun, m € M,
—_ m
D — konnekuusi Tekctosbix gokymentos d C W = | W™,
Ngw — CKOMBKO pa3 TEPM W BCTPETUACSA B JOKYMeHTe d.
Haiitu: wmogens p(w|d) = > ¢duibig c napamerpamn &, n O:
teT wmxr - TxD
dwt =p(W|t) — BEpOATHOCTM TepMa W B KaXKJO Teme t,
0+ =p(t|d) — BeposTHOCTN TeMm t B KaXKAOM LJOKymeHTe d.

Kputepuii makcumyma perynsipmsosaHHoro log-npasgonogobus:

Z Tmz Z ndwlnz¢m9td+R(¢,@) — rg,an;

meM deD weWwm teT
Dor 20 ) Ge=1 Org =2 0; > by = 1.
weWwm teT

Ll
b = (q;~ ) — bnouHas W x T-maTpuua no BCEM MOAANLHOCTAM.
M

K.Vorontsov, O.Frei, M.Apishev, P.Romov, M.Suvorova, A.Yanina. Non-Bayesian
additive regularization for multimodal topic modeling of large collections. CIKM, 2015.



HanomuHanue. MynbTumogansHaa ARTM: EM-anroputm

Makcumusauus log npasgonogobus ¢ perynsipusatopom R:

Z Z ﬁdw In Z¢Wf0td -+ R((De) - rg’eg,

deD wed teT

rae figw = Tm(w)Ndw, M(W) — mMoganbHOCTL Tepma w.
EM-anropntm: mMeTon npocToii utepauun ANS CUCTEMbI ypaBHEHW
E-war: [ praw = p(t|d, w) = norm (Pwbid);

oR & .
M-war: $wt = norm <nwt (bwta@‘ )7 Nwt = § : Ndw Ptdw
weWwm s deD

OR = .
Otg = nOFm(”td + Ota g >, Mg = Y fcwPrdw:
teT td wed
I maX{vao} —
rae norm(x;) = S~ max{x0] — OMEPaLUNs HOPMUPOBKY BEKTOPA.
teT seT ’




Hanomunanue. OHnaiiHosbliii EM-anroputm gna ARTM

Konnekuus D pasbusaeTtca Ha naketsl Dy, b=1, ..., B, koTopble

MoryT obpabaTbiBaTbCsi napasnenbHo n/uam pacnpenenéHHo.

Bxop: konnekuusa gokymentos D,
napametpsbl 0 = decay_weight, « = apply_weight;
Bbixog: maTtpuya @;

WHNULMANN3NPOBaTb ¢y ansa Bcex we W, te T;
Nyt . =0, Apr ;=0 pnascex weW, teT;
ansa Bcex naketos Dy, b=1,.... B
(fiwe) = (fiwe) + ProcessBatch(Dp, ®);
ecnu nopa obHoeuTb MaTpuuy ¢ TO
Nt = 0Nyt + iy pna ecex we W, teT;
Ot ::J;g;rvnm(nwt + gbwt%) onsa scex meM, we W™, teT;

Awe =0 ons Bcex we W, te T,

Pyukuma ProcessBatch obpabaTbisaeT nakeT gokymeHtos Dy,
He MeHsist MaTpuuy P, 1 BbIJAET CHETHYMKN TEPMOB B TEMAX fyt.



Hanomunanue. OHnaiiHosbliii EM-anroputm gna ARTM

®yukuus ProcessBatch obpabaTbisaeT nakeT gokymeHtos Dy,
He MeHaa maTpuuy P, n BbIAAET CHETUMKN TEPMOB B TEMAX M.

Bxop: naket gokymentoB Dp, matpuua ® = (dur);
Boixog: matpuua cHétunkos (At )wx T;

At =0 pns Bcex we W, teT,;
ana scex d € Dy,
MHULMANN3NPOBaThb Oy 1= |—%‘ ansa ecex teT;

NnoBTOPSATL
Ptdw ‘= norm (gbwté?td) ons scex wed, teT;

Org = ntoerm< >~ Tm(w)Ndw Prdw + thgTi) ons scex te T,
wed

noka 04 He colipércs;
fiwt = fiwt + Tm(w)Ndw Ptdw AN Bcex we W, teT;




3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

Tematuyeckas mopgens knaccudukauum (kateropusauum)

Obyuatouwime paHHble: C — MHOXECTBO KNaccoB (KaTeropuii);
Cy € C — knaccel, K KOTOpbIM d OTHOCUTCS;
C(’j C C — knacchbl, K KOTOpbIM d HE OTHOCUTCS.

p(cld) = > ¢ty — nuneiinas Mopenb knaccudmkaumm
teT

Mpaeaonoaobne BEPOATHOCTHOW Moaenn BUHapHBLIX faHHbIX:

R(®,0)=171 Z Z In Z Pctlid +

deDceCy teT

+TZ Z In(l —Zqﬁcthd) — max

deD cec, teT

Mpu C,), = &, nge = [c€ Cy4] 370 npaBgonopobue mogansHoctn C.

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistical topic models for
multi-label document classification // Machine Learning, 2012, no. 88 (1-2).
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3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

AkcnepumeHT. Kateropusauyusa konnekuun EUR-Lex

@ EUR-Lex: |[D| = 19800 gokymeHToB — 3akoHbl EBpocotosa
@ [lse mopansHocTu: W1 cnosa (21K), W? kateropum (3 250)
@ Hert paHHbIX O HE-NPUHAANEXHOCTN LOKYMEHTOB KaTeropusiM

@ Karteropuu HecbanaHCMpOBaHHbIE U MEPECEKAOLLMECS:

T

10 10 10 10 0 5 10
@ cneBa: # kaTeropuii C 3ajaHHbIM F# [OKYMEHTOB B KaTeropum

@ cnpaBa: # [OKYMEHTOB C 3afjaHHbIM F# KaTeropwii

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistical topic models for
multi-label document classification // Machine Learning, 2012, no. 88 (1-2).
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3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

AkcnepumeHT. Kateropusauyusa konnekuun EUR-Lex

PerynspusaTtopbl:
@ PasHomepHoe crnaxusanune ©
@ PasHomepHoe crnaxmsanume matpuubl cnosa—tembl Pq

@ Label regularization pns maTpuusl kateropuu—temsl Po:

R(®2) =7 > peclnp(c) — max,
cew?

rae p(c) = > ¢eep(t) — pacnpenenenune Ha KaTeropusix c,
teT

p(t) = % — pacnpegeneHne Ha Temax,

DPc — [ONst AOKYMEHTOB KaTeropum ¢ B obyuatoweii Boibopke.

Mann G.S., McCallum A. Simple, robust, scalable semi-supervised learning via
expectation regularization // ICML 2007, Pp.593-600.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

AkcnepumeHT. Kateropusauyusa konnekuun EUR-Lex

DLDA (Dependency LDA) [Rubin 2012] — cpegu bailiecosckux
mogenein bavxaiiwnii ananor ARTM agns knaccudbukauum
Kputepun kavectsa [Rubin 2012]:

@ AUC-PR (%, }) — Area under precision-recall curve

@ AUC (%, f}) — Area under ROC curve

@ OneErr (%, ) — One error (most ranked label is not relevant)

@ IsErr (%, ) — Is error (no perfect classification)

AUC-PR{ AUC{+ OneErrl} IsErr]
BigARTM 52.9 98.0 27.1 94.2
DLDA [Rubin 2012] 49.2 98.2 32.0 97.2
SVM 435 97.5 31.6 98.1

Mypat Anuwes. MynbTUMOAaNbHbIE PErynsipu30BaHHbIE BEPOATHOCTHbIE
Tematudeckne mogenn. BKP 6akanaspa, BMK MTIYV, 2015.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

TemaTtuueckas mogenb perpeccuu

O6yuarowume gaHHble: vy € R ans scex gokymenTos d € D.

E(y|d) = 3 vif,y — nuneiinas mogens perpeccum, v € RI71.
teT

Perynsipusatop — cpegHeksagpatudnas ownbka (MHK):
R(©,v)=—71 Z (yd — Z Vﬂ%d) — max
deD teT

MoacTasnsiem, nonyyaem copmynsl M-wara:

0tq = norm <ntd + TviOrd <Yd — Z Vsesd));

seT

v=(00T)"toy.

Sokolov E., Bogolubsky L. Topic Models Regularization and Initialization for
Regression Problems // CIKM-2015 Workshop on Topic Models. ACM, pp. 21-27.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudmkaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

Mpumepbl 3apay perpeccun Ha TeKCTax

MovieReview [Pang, Lee, 2005]
d — TekcT 0T3bIBa Ha (bUNbM
yq — pelitunr counbma (1..5), noctaBneHHbIi aBTOPOM OT3bIBa

Salary (kaggle.com: Adzuna Job Salary Prediction)
d — onucaHune BakaHcuu, npegnaraemoit pabortogatenem
Y4 — ropoBas 3apniara

Yelp (kaggle.com: Yelp Recruiting Competition)
d — oT3bIB (Ha pecTopaH, OTenb, CEPBUC 1 T.M.)
Y4 — 4mncno ronocos «usefuly, kotopsie nony4nt oT3biB

MporHo3upoBaHue CkaykoB LieH Ha (PMHAHCOBbIX pPbIHKAX
d — TekcT HoBOCTM
Yd — U3MeHeHue ueHbl B nocnegytowne 10-60 munyT

B. Pang, L. Lee. Seeing stars: Exploiting class relationships for sentiment
categorization with respect to rating scales // ACL, 2005.
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Knaccudukaymns n perpeccus
Mogens CTM (Correlated Topic Model)
[unepccbinkn, unTuposaHne, BansiHe

3aBucumocTuy, KOppensaummn, ceasu
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David Blei, John Lafferty. A Correlated Topic Model of SCIENCE. 2007.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudukaumns n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn [unepccbinkn, uuTnposaHue, BAnsiHNE

MHoromepHoe nor-HopmasibHOe pacnpegesieHue

MoTusayuns. Tembl MOTyT KOPPENUPOBATL: «CTAaTbM MO apXeonoruu
yalle CBSA3aHbl C UCTOPUEN N reoNornei, 4em C reHeTuKol ».

Munotesa. BekTop-cTonbupl 0, nopoxgatorcsa | T |-mepHbim
NOr-HOPMasbHbIM pacnpeaeneHnemM C KoBapuaLMoHHOW MaTpuuei S:

p(ndlp, S) = exp(—3(na — 11)"S ™ (g — 1)),

(2m)3|S|3

rae Nd = (Med)teT, Ntd = InOg + C4 — BEKTOPBI [LOKYMEHTOB,
onpefenéHHble C TOYHOCTbIO A0 KOHCTaHTbl Cy, He 3aBucauleli oT t,

14, S — napameTpbl rayCCOBCKOrO pacrnpeaeneHus.

David Blei, John Lafferty. A Correlated Topic Model of SCIENCE //
Annals of Applied Statistics, 2007. Vol.1, Pp.17-35.
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Knaccudukaymns n perpeccus
Mogens CTM (Correlated Topic Model)
[unepccbinkn, unTuposaHne, BansiHe

3aBucumocTuy, KOppensaummn, ceasu
Bpems n npoctpaHcTBO
CouwnanbHble cetun

Perynsapusatop mogenu koppenupoBaHHbix Tem CTM

Makcumusauusi npaBaonofobust BbIGOpkM BEKTOPOB 7y = (7)td):
Z In p(na|p, S) — max.
deD

Perynsipusatop c napamerpamm u, S:

R(©) = —2 > (ng =)' (114 — 1) — max.
deD
®opmynsl M-wara (S, (@ MOXXHO OBHOBASTL B KOHLE MTEpaLnm):

Otg = norm (ntd — 73 St (nfsy — Ms)>;

seT
w 1 > Ind
= 1N ds
Dl deb
1
S=—= > (Infg—p)(Inbg — )"
Dl deb

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHBIE TemMaTu4eckme Mopenu
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3aBucumocTuy, KOppensaummn, ceasu

Knaccudukaymns n perpeccus
Mogens CTM (Correlated Topic Model)
[unepccbinkn, unTuposaHue, BANsHNE

Bpems n npoctpaHcTBO
CouwnanbHble cetun

MO}J,EHI/I, y4yuTbiBarwouwime ynTnpoBsaHnuda nUanm runepccoblisiku

@ V48T CCbINOK YTOYHSAET TEMAaTUYECKYO MOAENb

@ TemaTtuyeckas MOLENb BbIABAAET BAUATENbHbIE CCbhINTKN

Green et al.
Modelling heterogencity
with and without
the Dirichlet

Hofmann

Pickens

N 2"““‘5|°‘ oL Roweis A Comparison Buntine et al. e Hofmann Duygulu et al. Bacza-yates
A Generalization EM Algorithms | | of Language Multi-faceted Probabilistic Object Recognition etal
of Principal s . Latent Dirichlet
for PCA and Modeling and Learning for Latent Semantic | | as Machine Translation: | | Modern Information
Component Analysis pee e Allocation
" 5 SPCA Probabilistic | | Web Taxonomies Analysis Learning a Retrieval

Buntine Brochu et al.

Name That Song!
A Probabilistic
Approach to

Variational
Extensions to
EM and Multinomial

Jordan et al.
An Introduction
1o Variational

Methods for
Graphical

Ghahramani et
al

Propagation
Algorithms for
Variational
Bayesian Leaming

Laura Dietz, Steffen Bickel, Tobias Scheffer. Unsupervised prediction of citation
influences. ICML-2007.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudukaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn Funepccbinkn, unTnposaHmne, BaAnsiHNE

Perynsapusatop © pgnsa y4éra cesizeii Mexay AOKYMeHTaMu

Llenb: yny4ywunTb Tembl, NCNONB3YS CCbUIKMA UAN LUTUPOBAHUS
(ecnu BOKYMEHTbI CCbINAKOTCA APYr Ha Apyra, TO ux Tembl 6au3sku):

Nge — 4MCNo ccbinok ns d Ha c.

Makcumusnpyem koBapuaLmn TEMaTUHECKNX BEKTOPHbIX
NPeAcTaBAEHWI CBSA3aHHbIX OKYMEHTOB Oy, O.:

R©)=r Z Nye Z 040t — max.

d,ceD teT

MNMogcTasnsiem, nosyvyaem ewwé oguH BapuaHT CrAaXKUBaHUS:

Org = notrm (ntd + 70tg Z ndCHtc).
ceD

Laura Dietz, Steffen Bickel, Tobias Scheffer. Unsupervised prediction of citation
influences. ICML-2007.
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3aBucumocTuy, KOppensaummn, ceasu Knaccudukaums n perpeccus
Bpemsa n npoctpaHcTeo Mogens CTM (Correlated Topic Model)
CounanbHble ceTn Funepccbinkn, unTnposaHmne, BaAnsiHNE

Cesa3u kak moganbHOCTb. Perynapusartop ¢

Mpobnema yyéra cesaseil B naketHom EM-anroputme:
CBA3aHHbIE AOKYMEHTbI MOTYT OKa3aTbCA B Pa3HbIX MakeTax.

NokymenTel cogepxat Tepmbl w € W1 n cebinkn ¢ € W2 C D
W? — MOBansHOCTb JOKYMEHTOB, Ha KOTOpbIE €CTh CChIKMA

Perynsipusatop — log-npaesaonogobue mogansHoctu W?2:

R($,,0) =1 Z Z Nge In Z OctBrg — max.

deD cew? teT

[pyroii BapuaHT — CyMMa KOBapuaLMOHHBIX Peryasapu3aTopos:

R(92,0) =7 nac Y ¢ctbeg — max.

d,c teT

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 18 /43



3aBucuMoOCTU, KOppenaumnm, ceasu Perynapusatopbl BpemeHun
Bpems n npoctpaHcTeO DKCnepuMeHTbI Ha TEMMOPasbHbIX KOMMEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

Mogenb TOT (Topics over Time)

1. Kaxpgas Tema umeeT HenpepbiBHOE (-pacnpefeneHne BO BPEMEHN
2. Kaxxioe CNOBO MMeeT MeTKY BpeMeHU

probability, inference

5000 i
cells, cortex Mixture moejs

4000
4000 200
2000

2000
1000

o
1800 1850 1300 1950 2000 1800 1850 1900 1950 2000

50 100 150 200 250

0 5o 100 150 200 250

B neural network dynamics

15000

radient, convergence
10000 o *, L

boosting
s000 A &
analog circuit —

o
1990 1995 2000 1990 1995 2000

Xuerui Wang, Andrew McCallum. Topics over Time: A Non-Markov Continuous-Time
Model of Topical Trends. ACM SIGKDD-2006
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uun, Perynapusartopsl BpemeHun
Bpems n npoctpaHcTBO DKCNEepMMEHTbI Ha TEMMOPAsbHbIX KOMNEKLNAX
CouwnanbHble cetun [eo-npocTpaHcTBeHHbIE Mofenn

Temnopan bHble TeMaTun4eckme Mmoaenun

HeageksaTHocTs TOT oueBupHa AaXke no KapTUHKaM U3 cTaTbh!

Hawwu npeanonoxeHuns:
@ Bpewms guckpeTHo, i € | — nHTepBanbl BpeMeHU
@ Kak n 8 TOT, tembl p(w|t) He MeHsOTCS BO BpeMeHM
@ [lepmaHeHTHbIE TEMbI NMEOT MeaneHHo MeHsitowmecs p(i|t)
@ CobbiTuiibie Tembl umetot p(i|t) = 0 noutn Bcé Bpems
@ MeTkun BpemeHn NpunuUCLIBAtOTCS AOKYMEHTAM, a He CI0BaM
o [lapameTpuyeckne MOAEN HE UCMONB3YIOTCS

LUenu mopenupoBaHus:
@ Bbigenutb cobbiTuliHbie 1 NEpMaHEHTHbIE TEMBI.
o [lpocnegutb pasBuTne TEM BO BPEMEHN.

@ Boigennts Tpenabl (B HOBOCTAX, B HayuHbIX nybankaumusx).

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHBIE TemMaTu4eckme Mopenu
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3aeucumocTu, Koppensauuu, ceasn Perynapusatopbl BpemeHun
Bpems n npoctpaHcTeO DKCnepuMeHTbI Ha TEMMOPasbHbLIX KOMNEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

Perynapusatopbl © gna TemMnopanbHbIX TEMAaTUHECKUX Mopesne

| — uHTepBansl BpemeHn (Hanpumep, rogsl nybaukauywii),
D; C D — Bce [OKYMEHTbI, OTHOCALLMECS K WHTepBany i € /.

ni = Y. Ng — BONSA KONNEKLNUN, OTHOCALLAACS K UHTEpPBaNy i.
deD;
1. Paspexusanue p(t]i) =D ;72 B KOXAOM UHTEpBane i:
deD; !
Rpasp(@) = Tpasp Z KL(%HP(t‘I,)) — max.
iel

2. Crnaxusanue p(ilt) = ) 0iy7? B COCEAHMX MHTepBanax i, i—1:
deD;

Rern(©) = —7ern U Y |p(ilt) — p(i-1[t)| — max.

iel teT

Seung-Jean Kim, Kwangmoo Koh, Stephen Boyd, Dimitry Gorinevsky. L1 trend
filtering. SIAM review, 2009.
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A, Koppensauum, Perynapusartopsl BpemeHun
Bpems n npoctpaHcTBO DKCNepMMEHTbI Ha TEMMOPAsbHbIX KOMNEKLNSAX
CouwnanbHble cetun [eo-npocTpaHcTBeHHbIE Mofenn

Bpemsa kak moganbHocTb. Perynspusatopbl ¢

Mpobnema perynspuzatopa © B naketHom EM-anroputme:
COCeAHNE MO BPEeMEHU AOKYMEHTbI MOryT MOMACTb B Pa3Hble MaKEThI.

JokymenTel cogepxat cnosa w € W' un spems i € W2 =/
W? — mMopansHOCTL MHTEpBanoB BpeMeHn (time stamps)

1. Paspexusanue p(t|i) akBueaneHTHo paspexusanuto p(i|t) = ¢j:

Rpasp(P2) = —Tpasp Z Z In ¢y — max

iel teT

2. Crnaxnsatne p(i|t) = @i B coceaHnx mHTepsanax i, i—1:

Rcrn(d>2) = —Tcrn Z Z ‘¢it - ¢i—1,t| — max

iel teT
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3aeucumocTu, Koppensauuu, ceasn Perynapusatopbl BpemeHun
Bpems n npoctpaHcTeO DKCnepuMeHTbI Ha TEMMOPasbHbLIX KOMNEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

MynbTumopganbHas ARTM c cymmoii Li-perynsipusaTtopos

Makcumusauyusi cymmsl log-npasgononobuii ¢ perynspusauuneii:

Z 7_mndwlnz:(bwtetd"i_R(CI)7@ ZAJ}R (D e)‘ — rg:g(

m,d,w teT jed
EM-anroputm: MeTog npocToli utepauumu gasi CUCTEMbI YPaBHEH M
E-war: Ptdw = norm (¢wt9td)
teT
) e = norm (e + e 2B — ¢ > Ajsi n(R-)%
M-wwar: wt = Norm \ MTwt Wt 5B, WtjeJ j SI8N\F ) 58,

OR;
0y = norm (ntd + O:q ggR O:a Y Ajsign(R;) g )
teT td jeJ td

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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3aeucumocTu, Koppensauuu, ceasn Perynapusatopbl BpemeHun
Bpems n npoctpaHcTeO DKCnepuMeHTbI Ha TEMMOPasbHbLIX KOMNEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

CrnaxkuBawouwnii Li-perynsipusatop BpeMeHHOro psiga

MOAXOANT A/ MHTEPMNONSILNN PA3PbIBHBIX BPEMEHHbIX PSIAOB, T.K.
@ He wWTpadyeT MOAEeNb 3a pe3KNe CKauKH,
@ He crnaxusaet p(i[t) B MOMEHT i NOSIBNEHNSI HOBON TEMBI,

@ B OT/IM4ME OT CrAaXkmBatolero Ly-perynapusatopa

®opmyna M-wara gns mogansHocT Bpemenn € Rep(P):
Git = norm (nit — Tern @it (sign(die — di—1,¢) + sign(dje — ¢i+1,t))>

@ eCNn @i BbIE COCEAHNX Qi+l t, TO Pjr YMEHbLIAETCS
@ eCNM @jr HUXKE COCEAHUX Pj41 ¢, TO (jr YBENNYNBAETCS

@ ecnu ¢j nonajaeT MeXAy HUMU, TO @j HE N3MEHSeTCs

Seung-Jean Kim, Kwangmoo Koh, Stephen Boyd, Dimitry Gorinevsky.
L1 trend filtering. SIAM review, 2009.
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uun, Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
CouwnanbHble cetun [eo-npocTpaHcTBeHHbIE Mofenn

3apgaya aHanu3a NOTOKa Npecc-penn3os

Konnekumns odbuumnanbHbix Npecc-pean3os BHELUHENOANTUHECKNX
BEJOMCTB psfla CTPaH Ha aHMIUCKOM S3bIKE.
Bonee 20 tuic. coobwennin 3a 10 net, 180M6 TekcTa.
Uenn nccnepgoBaHus:
@ Kakue Tembl obline, Kakue cneunpnyHbl AN NCTOYHUKOB?
@ Kakume Tembl COBLITMIIHBIE, KAKNE NepMaHeHTHbIe?

@ KaKue TeMbl U KOFAa KOPPENUpYOT C 3afaHHONR Temoli?

MopganbHOCTU U perynsipu3aTopbl:
@ [Be MOAANBHOCTU: UCTOYHUKNA, NHTEPBAJIbl BPEMEHM
@ paspexuBaHue, CriaaXkKMBaHUE, LEKOPPENNpoBaHue

@ Crna>muBaHue TeM BO BpEMEHU

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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: ppensyy, cBA3 Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
o T [eo-npocTpaHcTBeHHbIE Mofenn

,D‘I/IHaMI/IKa TeM BO BpeMeHu

asitance Topics in time orogram
food " ‘ ‘ sudgent
humanitarian raq africa ;:f;sﬁy
relief iragi african cultural
aid baghdad entrepreneurship school
disaster sunni corporate educational
emergency saddam tanzania youth
provide hussein ghana study
fund agoa award
i hunger

coalition entrepreneur .
democracy sectarian continent russia
freedom russian
demaocratic federation
egypt lavrov
society moscow
religious sergey
free putin
egyptian mia
civil bogdanov
cuba sphere
iran syria
iranian syrian
sanction opposition
regime annan
enrichment ‘ I — sii
suspend assad
prossure 2004 2005 2006 2007 2008 =~ 2009 1 2010 2011 2012 |
tehran year I league
impose geneva
oil regime

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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: ppensyy, cBA3 Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
o T [eo-npocTpaHcTBeHHbIE Mofenn

,D‘I/IHaMI/IKa TeM BO BpeMeHu

VKpynHeHue macwtaba BpemeHn

2009

palestinian T T T T T T T T T afghanistan
israeli afghan
israel nato
saudi taliban
quartet kelly
gaza karzai
arabia kabul
abbas isaf
roadmap bonn
palestine lisbon
north economic
korea economy
korean growth
six investment
peninsula business
denuclearization global
kim market
northeast Feb Mar Apr May June July Aug Sept Oct Nov Dec technology
test xpan
verification months ;c‘?ia:e

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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3aBvcUMOCTM, KOppenaumun, ceasu Perynapusatopbl BpemeHn
Bpems n npoctpaHcTeO DKCnepMMeHTbI Ha TEMMOPasbHbIX KOMMEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

.D.I/IHaMI/IKa TeM BO BpeMeHu

Mpumep: COBBLITUIAHBIE TEMbBI 1 MOMEHT UX COBMECTHOrO BCMJecKa

0.2
0.18| sudan syrian russian 4
darfur syria russia
0.16} sudanese opposition federation i
khartoum annan lavrov
014 rebel assad sergey B
. kozak league moscow
cpa kofi mfa
0.121 frazer sri bogdanov B
= bashir damascus sphere
> 0.1 garang lanka putin -
a abuja brahimi mass
0.081 kiir sar interaction i
0.06 4
0.04 -
0.02 -

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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u Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
> [eo-npocTpaHcTBeHHbIE Mofenn

,D‘I/IHaMI/IKa TeM BO BpeMeHu

Mpumepsbl NepMaHEHTHbIX TeM (CrnaXxnBaHUe OTKAOHEHO)

0.025 T T T T
rice woman student
condoleezza qgirl cultural
stanford hiv university

0.021 piano pepfar educational B
football gender youth
jefferson health award
downer mother fulbright
music hiv/aids education
0.015 rumsfeld treatment alumnus
= chappell award study
=
[oX
0.01
0.005

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Hukura [oiikos. AAanTuBHAs perynsipu3aunsi BEPOSITHOCTHBIX TEMATUHECKNX
mogeneii // BKP 6akanaspa, 2015. BMK MTIV.
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Perynapusartopsl Bpemenun
DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX

[eo-npocTpaHcTBeHHbIE Mogenu

Bpems n npoctpaHcTBO

ou T

OduHamuka tem: asonouus npegmMeTHomn obnacrtu

®

3 < I S I S A LN S S OUC Ce &F e K $°
Feb. 10

NSA monitors calls of 35 world leaders Snowden nominated for Nobel
[]

considers amnesty for Snowden
Snowden declares: mission accomplished

nsA [ snowden \

Seontouns BoibpaHHbix Tem nepapxun. Janusie Prism (2013/06/03-2014/02/09)

Crpaterus Busyanusauyum B cucrtemax lextFlow u RoseRiver:
@ 3KCnepT 3a4aéT cedeHune uepapxun (Aepesa) Tem,
@ VHTEpaKTUBHO BbIBMPAET NOgMHOXECTBO TEM N COBLITWIA,

@ 1oAy4YaeT CreHepupoBaHHbIli OTYET C nHorpadnKoii.

Weiwei Cui, Shixia Liu, Zhuofeng Wu, Hao Wei. How hierarchical topics evolve in
large text corpora. 2014.
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3aBucumocTu, Koppens , CBA3 Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
CouwnanbHble cetun [eo-npocTpaHcTBeHHbIE Mofenn

Mpumep anHamuyeckoin mogenu

Jan26 Jan27 Jan28 Jan29 Jan30 Jan31 FebOl Feb02 Feb03 Feb04 Feb0S Feb06 Feb07 Feb08 Feb09 Feb 10

mubarak
B states
\ 2

Trans N\ e

Ea
Buissnsotca n oTobpaxatoTcs:

@ MOMEHTDbI pasaeneHna n CaInaHnAa 1em

] Kpntmn4eckne CO6I>|TVI$|; noaTeMbl NN HATW NMOBECTBOBAHUA

@ Koppenaynun mexay 4actotamMim Kjr4eBblX CNOB

Weiwei Cui, Shixia Liu, Li Tan, Conglei Shi, Yangqiu Song, Zekai J. Gao, Xin Tong,
Huamin Qu. TextFlow: Towards better understanding of evolving topics in text. 2011.
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Bpems n npoctpaHcTBO
Cou

Perynapusartopsl Bpemenun
DKCNepMMEHTbl Ha TEMMOPasbHbIX KOMNEKLMNSAX
[eo-npocTpaHcTBeHHbIE Mofenn

Ewé npumep anHamuyveckon mopenu

narios aweans o thread yoc  home veararoun ) :
% Bank . . .. 21 Mty 1 s ™ daytime back acod timeday Yoo fimeday time
Related Financial Crisis §| Sorw mlamarionl, daytmeack godimede
g time daytimeback " 5 ST
2 vear siot aig fed .
L Trade x o back people health vear state
g Market Flection <] o cardereditcar % pjjjion ;, people
. o market " aod
% Information bailoutipy  Mmarket .
g Barclays E et ;-he-dlt /
y illion
g . w  lehmanoi
lilf:;na'j"“ fremler - df";}" onine credicar  wallbillionvear " o
v billion ve# eague J credit insurance  government
N 8 et [ g 0PaMa ap Stemap 4, SCNOOI
3 g vear e i he go\v;eﬂrnmen! crackvideofree  Vid€O
g 2 illion T sl s movie
g . ... aamccain aimusc  opine MOVI€ pory
vear obamas  wall people < Movie 5
o state o ety h
credit  cad Sam—— 2 3 obama free video sex
: o TS ru:énr?;;;ltg L " 2 oom VideO gey = N0 itemap 5
= - o oil s percent oi v loOine videos som
o el OIPRICeNt ool o i PEICENtol ol Ol et marketrao _cosag mveros e vecanany e msic
2008-07 2008-08 2008-09 2008-10 2008-11 2008-12 2008-07 2008-08 2008-09 2008-10 2008-11 2008-12

Boisisasitotes n otobpaxatores:
@ [AMHaMWKa TeM MO HOBOCTHbIM NCTOYHUKAM

@ «obnaka CAOBY MO UX 3HAYMMOCTM B ANHAaMUnKe

Jianwen Zhang, Yangqiu Song, Changshui Zhang, Shixia Liu. Evolutionary hierarchical
Dirichlet processes for multiple correlated time-varying corpora. 2010.
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3aBUCUMOCTM, KOppenauum, ceasun Perynapusatopbl BpemeHn
Bpems n npoctpaHcTeO DKCnepuMeHTbI Ha TEMMOPasbHbIX KOMMEKLNSAX
CoumnanbHblie ceTn [eo-npocTpaHcTBeHHbIE Mogenu

eo-npocTpaHCTBeHHble Moaenu

Oauubie: g = (x4, yq) — reonokaums (GPS) gokymenTa d
Uenn nccnepgoBaHus:

@ Kakue Tembl 0bLiMe, Kakne cneunuyHbl s pernoHos?

@ eCTb /1M NOXOXXKNEe TEMbI B pa3HbIX pEFI/IOHaX?

Perynspusartop:

R(©) = 7% S W D (0rd — 0:c)® — max,
(¢,d) teT

Weg — Bec napsl (¢, d), 6ansoctb reonokauuii (xc, ye) u (x4, ¥d):

Wed = K(p(ﬁc,éd)), K(p) — ybbiBatowasi pyHKLMS paccTOsHUS

Zhijun Yin, Liangliang Cao, Jiawei Han, Chengxiang Zhai, Thomas Huang.
Geographical Topic Discovery and Comparison. WWW 2011.
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AICMMOCTW, KOPpPensaunn, ceasm

Perynapusartopsl Bpemenun
Bpems n npoctpaHcTBO DKCNepMMEHTbI Ha TEMMOPAsbHbIX KOMNEKLNSAX
CouwnanbHble cetun [eo-npocTpaHcTBeHHbIE Mofenn

Mpumep: Food dataset

lne n uto east nonbsosatenu Flickr?

French Food Spanish Food

Zhijun Yin, Liangliang Cao, Jiawei Han, Chengxiang Zhai, Thomas Huang.
Geographical Topic Discovery and Comparison. WWW 2011.
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3aBucumocTm, Koppenaunn, cessn TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHsie cBazn
CouwnanbHble cetn CounansHble ponn nonbsosaTenei

3ap,aqa BbiAABJ1IEHUA TEeMATU4YeCKUX COOGLI.I.ECTB

Mpach (V, E), BepwmHbl v — nogmHoxectBa D, C D, nanpumep:
D, — oTaenbHbIll JOKYMEHT v = d

D, — Bce cTaTbu ogHOro asTopa Vv

D, — BCe NocTbl U3 OAHOV reonoKauum v

TemaTunka BepLuNHbI:
1
p(tv) = Z p(tld)p(d|v) = Dy Z Ota
deD, Y1 deD,

Perynapusatop NetPLSA, npu 3aganHbix Becax peébep wy,:

R(©) = T Z Wy Z(p(t]v) - p(t\u))2 — max
2 ©

(u,v)EE teT

Qiaozhu Mei, Deng Cai, Duo Zhang, ChengXiang Zhai. Topic Modeling with Network
Regularization. WWW-2008.
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ACUMOCTU, KOppens TemaTtuueckmne coobujectsa
Bpems n npoctpa o HanpaenenHsie cBazn
CouwnanbHble cetn CounansHble ponn nonbsosaTenei

Mpumepbl TemaTnyecknx coobLLecTs

D, — Bce cTaTbu aBTOpa V Ha YeTbIPEX KOHbepeHLusix:

NetPLSA

D, — Bce nocTbl n3 wWTaTa v npo yparaH KatpuHa:

A

y

. | i

With PLSA With NetPLSA
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3aBucumocTm, Koppenaunn, cessn TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHsie cBazn

CoumnanbHblie ceTn CouynansHble ponu nonbsosaTenen

Ot NetPLSA k mogansHocTu BepiuunH rpada

Mpobnema perynspuzatopa © B naketHom EM-anroputme:
CBSI3aHHbIE JOKYMEHTbI MOFYT MOMNACTb B Pa3Hble MaKEThI.

W? = V — mopanbHocTb Bepimt rpacda (V, E).
B kaxabiii gokymeHT d € D, pobaensieTcs Tepm-BepLinHa V.

TemaTunka BepLUMHbI:

p(tlv) = p(v]t) 1)

p(v)

Perynapusatop NetPLSA, npu 3aganHbix Becax peébep wy,:

R(¢2):7% Z Wuvz 2<¢Vt @)2%max

ny )
(u,v)EE teT

= ¢vt

Buktop Bynatos. Vicnonb3oBaHune rpacboBOii CTPYKTYpbl B TEMAaTUHECKOM
mogenuposanun // Marucrepckas ancceptaunsi, PUUIBT MPTU, 2016.
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3aBucumocTm, Koppenaunn, cessn TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHbie cBazn
CouwnanbHble cetn CounansHble ponn nonbsosaTenei

HanpaBneHHble cBA3M

Mpobnema: keagpatuunelii perynsipnzatop NetPLSA urHopupyert
HanNpaBAEHHOCTb CBA3EA U —> V.

MpeanonoxeHune: HanpasneHne CBA3M U — V 03HAYaEeT, 4TO
pacnpegenenune p(t|v) «nogunusietcay pacnpegenexnio p(t|u),
T.€. TEMaTNKa BEPLUMHbI U LUMPE, YEM TEMATMKA BEPLUMHbI V.

Mopgens iTopicModel. BmecTo KBap,paTw-lHoro perynsapusaTtopa
munnmnsupyetcs guseprenuus KL(p(t|v) || p(tlu)):

R(© nnn &y) = Z Wuva (t|v)Inp(t|u) — max,

(u v)eE teT

npu4ém p(t|v) MOXHO BbIpa3uTb n yepes O, n yepes P,.

Yizhou Sun, Jiawei Han, Jing Gao, Yintao Yu. iTopicModel: Information
Network-Integrated Topic Modeling. 2009.
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uun, TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHsie cBazn
CouwnanbHble cetn CounanbHble ponn nonbsosaTenei

Co3pgatenb uamn pacnpocTpaHuTesib KOHTeHTa?

JokymeHT a € D — Bce TBUTbLI, CO3AaHHbIE NMONb30BATENEM 3
JokymeHT b € D — Bce peTBUTHI Nonb3oBaTens b

n, — 4Mcno coobuieHnii nons3oBaTens a

rp — YNCIO PeTBUTOB Nosib3oBaTens b

rab — CKONIbKO pa3 b caenan petsuT cooblyeHns nosb3osaTens a

0:2 = p(t|a) — TemaTuka a B ponn co3paTenss KOHTEHTA
9,, = p'(t|b) — TemaTuka b B ponu pPacNpOCTPaHUTENS KOHTEHTA

MpegnonoxeHus:
@ ecnu b peTBUTUT a, TO Tematukm Oy, n 0}, Ganskn
@ ecan ¢ peTBuTAT a n b, To Tematukn By, n Oy, 6AN3KN

@ ecnu a n b petBUTST ¢, To Tematukm Oy, n 0}, banskn

Wayne Xin Zhao, Jinpeng Wang, Yulan He, Jian-Yun Nie, Xiaoming Li. Originator or
Propagator? Incorporating Social Role Theory into Topic Models for Twitter Content
Analysis. CIKM 2013.
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3aBncuMocCTH, KOppensaumnmn, ceasu TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHsie cBazn

CoumnanbHblie ceTn CouynansHble ponu nonbsosaTenen

Co3pgatenb uamn pacnpocTpaHuTesib KOHTeHTa?

Mepbl 61n30cTu nap nons3oeaTeneii a u b:

simy(a, b) = #b‘:rab — KaK HenocpefCTBEHHO B3aUMOLEACTBYOLLNX
. Z rac I'bc ~
simo(a, b) = < — Kak co3gaTeneli KOHTeHTa
( ) ) (Zc rgc)l/z (Zc ,Ec)l/z
. Z rea I'ep ~
simz(a, b) = < — KaK pacnpocTpaHuTeneli KOHTEHTa
(8:0) = (5 )i (. gywe — @ PacTPOCTP
Perynspusatopbl:
2
Ri(©) = le simy(a, b) Z(0f3 —01)" — max;
(a,b) teT
2
Ry(©) = TQZ simy(a, b) Z(Hta — 0p)” — max;
(a,b) teT
2
R3(©) = ng sim3(a, b) Z( 1o — 0)" — max;
(a,b) teT
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3aBucumocTm, Koppenaunn, cessn TemaTtuueckmne coobujectsa
Bpems n npoctpaHcTBO HanpaenenHsie cBazn
CouwnanbHble cetn CounanbHble ponn nonbsosaTenei

Mepexopg k MOganbLHOCTAM co3gaTteneil U pacnpocTpaHuTenen

Mpobnema perynspuzatopa © B naketHom EM-anroputme:
CBSI3aHHbIE NOMbL30BATENN MOMYT MONACTb B Pa3HbIE MAKETHI.

JokymeHnt d € D — oTgenbHblii TBAT, COQEPKaLLMii:
ag € A — ogunH Tepm mogansHoctn P4 cosgartens,
b e By C B — tepmbl mogansHocTu ® g pacnpocTtpaHuTenei,
A = B — MHOXecCTBO BCEX NOsb30BaTeNel CoLManbHON CeTn.

Perynsapusatopel Hag p(t|a) = ¢4, 72 np(t|b) = ¢Et71_l::

2
= 712 simy(a, b) Z gbg‘t:’,—': — gbft',;—‘t’) — max;

(a,b) teT
A A 2
= TQZ sima(a, b) Z Por — gbbt:’,—‘t’) — max;
(a,b) teT
. B B 2
) = 7'32 sims(a, b) Z(%tz_‘: - ¢bt’,;_f) — max;
teT
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Teopetuueckoe 3agaHne Neh

1. Beisegute EM-anroputm ana tematuyeckoii mogenm butepmos
(Biterm Topic Model) n3 npegpigyweii nekunu.

2. Beieegute EM-anroputm ans tematu4deckoii MOAenun ¢ rnagkum
perynsipuzatopom R(P,©) n cymmoii Li-perynsipnsatopos

> awIn Y duelig + R(S,0) = Y Nj|Ri(®,0)].
d,w teT jed

Moackaska: BBECTV AONONHUTENbLHBIE HEOTPULATENbHBIE NEPEMEHHBIE,
4TObbI N36aBNUTLCS OT HErNAAKONR PYHKLMU MOAYNS,
3aTem npumenuTtsb ycnosust Kapywa—Kyna—Takkepa.

3. 3anuwnTe dopmynsl M-wara agna 4actHoro cinydas —
Li-crnaxusauus p(i|t) = ¢ B cocegHux nntepsanax i, i—1:

Reen(®) = =7 Y > |die — di1.e| — max.

iel teT



Pesome

@ PerynspusaTtopbl N03BOASIOT HALENUTb TEMATUYECKYIO MOAEIb
Ha knaccudpuKaLmio, perpeccmnio, BuIsiBJEHUE CBS3ell

@ CgsA3n MoryT bbITh pa3sNUUYHLIMK:
— Mexay Temamu
— MeXAy JOKYMEHTaMu
— MeXAy TOKEHaMU OAHOW MOJANbHOCTY
— MeXXAy TOKeHaMU pa3HbIX MOZA/IbHOCTEl
@ Knacchbl, kaTeropumn, Bpemsi, reoTerm MOXKHO NpPeaCTaBAsATb

MOAaNIbHOCTAMWN, a AdHHbIE O CBA3AX — 4aCTOTaMmn nan
NHONKATOPAMWN TOKEHOB 2TUX MO,D,aﬂbHOCTeﬁ

@ Perynapusatopbl ©, He ynobHble B NakeTHOM anropuTme,
MOXHO MpeBpalaTh B perynsipusatopsl ©
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