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Temarndeckoe MOIETUPOBAHUE SIBJSIETCH BAKHBIM UHCTPYMEHTOM CTATUCTUIECKOI'O aHAJIU-
3a TEeKCTOBBIX Kojeknnit. Harnsgmmoe mpeacraB/ienne TeMaTHYIeCKONR MOJIENN MO3BOJISET JIYU-
1€ U3y4YuTh KJIACTEPHYIO CTPYKTYPY KOJIIEKIMU U OIEHUTH Ka9eCTBO TEMATUIECKON MOJIEIN.
CpejicTBa BU3ya/IU3alluN SIBJIAIOTCA HEOTHEMJIEMOI YaCTbIO rpaduyuecKux M0b30BATE/HLCKIX
naTEPdECcoB, 00/IerYaroNuUx TeMATUIECKUl IONCK ¥ HABUTALUIO 110 KoJuteknuu. B 0630pe oru-
CBHIBAIOTCH CPEJICTBA BU3Ya/IU3AlNN HA OCHOBE BeO-mHTEP(ENcoB /i nepapXudecKux, TUHAMUI-
YeCKUX M MYJIBTUMOJAJIbHBIX TeMarTudecKkux Mmogeseit. [IpuBoggrcs npumepsl Buzyasu3amuu
rpadoB u cerell, mpejiaraeTcd CUCTEMATU3AMUSA CPEJCTB BU3YaIU3ANMU TEMATUYECKUX MOJIe-
Jieit 10 uX PYHKIMOHAJIBHBIM BO3MOXKHOCTSIM.

KirroueBbie CJI0Ba: aHAAU3 MEKCMOB; MEMATMUYECKOE MOOEAUPOBIHUE, KAGCTNEPUSAUUA; Ha-
YUHAA BUSYAAUSAUUA; UEPAPLTUA; 2pad; cemb

Survey of visualization tools for topic models of text corpora-
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Lomonosov Moscow State University, GSP-1, Leninskie Gory, Moscow 119991, Russian Federation

Topic modeling is an important tool for statistical analysis of text collections. A visual repre-
sentation of a topic model enables researchers to study cluster structure of the collection and
estimate quality of the topic model. Visualization tools are especially important for graphi-
cal user interfaces as they facilitate search and navigation across documents of the collection.
In this survey, web-based visualization tools for topic models, including hierarchical, tempo-
ral and multimodal models, are described. Examples of graph and network visualization are
presented and visualization tools are categorized according to their functionality.

Keywords: text mining; topic modeling; clustering; scientific visualization; hierarchy; graph;
network

1 BsepeHue

Temarudeckoe mojenupoBanue (topic modeling) — OJHO U3 HAIPABJIEHUH CTATHCTUIECKO-
ro aHaJIM3a TEKCTOB, aKTHBHO paspuBatolieecs ¢ Koura 1990-x rr. [1]. Temarnueckas momennb
KOJUIEKIIIH TeKCTOBBIX JOKYMEHTOB OIIPE/IEJISIeT, KAKIe TePMUHBI (KJII0UEBbIe CJI0BA WIH CJIOBO-
coderanusi) 00pa3y0OT KaxK/Iylo TeMy M KaKue TeMbl 00Pa3yloT TeMATUKY KazKJIO0r0 JTOKYMEHTA.
TeMaTI/I‘{eCKI/Ie MOAEJIN TPUMEHAIOTCA JAJId BbIABJICHUA TPEHAO0B B HAay4YHbIX Hy6J’[I/IKaL[I/IHX n HO-
BOCTHBIX IIOTOKaX, JIJId K.J'[aCCI/I(i)I/IKaI_[I/II/I " KaTeropusaluun JOKYMEHTOB, I/I306pa)KeHl/Iﬁ u BU/IEO,
B HH(MOPMAIMOHHOM IOUCKE, B PEKOMEHIATEIbHbIX CHCTEMAaX U B JIPYTUX HPUIOKEHHIX.

Pa6ora Bbinosinena npu noizep:xkke Poccuiickoro mayunoro dgouma (npoexr Ne15-18-00091).

MamuaHOE 00y4yeHne u aHaJu3 gaHHBIX, 2015. T.1, Ne11.
Machine Learning and Data Analysis, 2015. Vol. 1(11).
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Paspaboranbl cOTHEH clenuaaIn3upOBAHHBIX MOJIE/Ieil, YIUTHIBAIONINX PA3JTHIHbIE OCOOEH-
HOCTH TEKCTOB €CTeCTBEHHOIO $3bIKA M PA3JIMIHBIE BUJBI JOMOJHUTETbHON uHbOpManun [2].
MuoromomaibHbIe MOJIE/TH YIUTHIBAIOT METaJaHHbIe JOKYMEHTOB U MO3BOJISIOT OIIPEIe/ISITh Te-
MATHUKY HE TOJIbKO CAMUX JOKYMEHTOB, HO U CBA3AHHBIX C HUMH 003€KMO6 PA3JIUIHBIX MOOAAb-
Hocmeti — aBTOPOB, MOJIB30BATENEH, TITOB, UCTOYHUKOB, KATErOpuil, K/J1aCCOB, MMEHOBAHHBIX
CYIIHOCTEH, n300parkenuit u 1. 7. JluHaMudeckue MOIe/Jn YIUTHIBAIOT BpeMsi IIyOJIMKAIMH J10-
KYMEHTOB U IIO3BOJIAIOT OTC/I€KMBATH U3MEHEHHS TeMaTHUKHU JJOKYMEHTOB M JPYIUX OOBHEKTOB
BO BpeMeHH. llepapxudeckue MOJEIN CTPOAT HEPAPXUUECKYIO TEeMaTUIECKYIO CTPYKTYPY, pe-
KyPCUBHO pa3jie/isgsd TeMbl Ha mnogreMbl. CereBble MOJEIN YUYUTBIBAIOT B3aUMOCBSI3H MEZKLY
JIOKYMEHTaMU IIOCPEACTBOM TI'HIIEPCCHLIOK, HATHPOBAHUS, aBTOPCTBA WM KOMMEHTHPOBAHHUS.
Temarndyeckoe MOJE/IMPOBAHKEE BCE Yalle HPUMEHSIETCs JIj1sl BBISIBJIEHUS TEMATUIECKUX CO00-
IIECTB B CONUAIbHBIX CETSIX.

[Tpu Takom GorarcTBe MOJE/IEN U IIPUJIOKEHNI BO3HUKAET HOTPEOHOCTh B CPEJICTBAX BU3ya-
Jmsanuu. 9em 60Jibie 00beM KOJLJIEKIMI, TeM OCTPee CTOUT HPod/ieMa HAT IS THOTO HIPeICTaB e~
HUs KaK UCXOJ/IHBIX JIAHHBIX, TAK U Pe3yJIbTATOB TeMaTUIeCKOTO MOJeTupoBanus. Busyam3anus
OOBIYHO Ipec/elyeT HeCKOJbKO Iejieil 0JHOBpeMeHHO. Kak MUHUMYM, IOJIb30BaTE/IAM IHPEI0-
CTaBJISIETCS BO3MOXKHOCTH TEMATHYECKOT'O MOUCKA U TeMAaTHIeCKOil HABUTAIMH 10 KOJIJIEKITUHU.

Temamuueckuti nouck — 3TO BO3MOZKHOCTD 110 JIOKYMEHTY, CJI0OBY, OObEKTY WJIA TeMe HANTH
JIOKYMEHTBI, CJIOBA, OOBEKTHI TOM Ke MJIM CXOXKeil TeMaTuKu. B TeMaTudecKoM ITOUCKe, B OT/IHU-
qpe oT 00Jiee IPUBBITHOTO ITOJTHOTEKCTOBOI'O ITOUCKA, 3alIPOCOM MOYKET OBITH He TOJIBKO KOPOT-
Kasg TEeKCTOBasd CTPOKA, HO M JOKYMEHT IIPOU3BOJILHOII JyTnHBI. CUcTeMa TeMAaTHIeCKOrO IMOUCKA
OIIpEJIE/ISIeT TeMATUKY JIOKYMeHTa u (hOPMUPYeT Pe3y/IbTAaThl MOUCKA JIMOO B BUJIE PAHKUPO-
BAHHOI'O CIIUCKA, JIMOO B BHUJIE CTPYKTYPUPOBAHHOTO IPapudeckoro npejacraBieHus.

Temamuueckas HABU2AUUA — FITO BOBMOZKHOCTD JIETKOTO (110 OJJHOMY KJIHKY ) MEPeX0/Ia MOJTb-
30BaTe sl OT JIIOOOT0 BU3YaJIbHOI'O 3JIEMEHTA, IPEJICTAB/ISIONEr0 J0KYMEHT, TeMy, 00beKT, Tep-
MHH H JP., K TEMATHIECKU CBA3aHHBIM C HUM 3JI€MEHTaM, B YaCTHOCTH IIEPEX0/ OT JOKYMEHTA
K CHUCKY (MJIM HHOMY BH3YaJIbHOMY HPEJICTABJICHUIO) €r0 TeM, OT TeMbl — K CIHCKY DEJIeBaAHT-
HBIX eif JIOKyMEHTOB, 0ObeKTOB, TEPMHUHOB H T. .

[Ipocreitinmue cpejacrBa Bu3yaju3alnuu HEIOCPEJACTBEHHO O0TOOPAKAIOT PE3Y/IbTAThl TeMaTH-
YECKOTO MOJICJIMPOBAHUST — PACHPEJIEICHUS TeM JIIsi KayKJIOTO JOKYMEHTa M PaCIPe/ie/IeHusI
TEPMUHOB JIjIsi KaxKa0# TeMbl. OHE MOIYyT OTOOpazKaThbCd B BUJIE PAHXKHPOBAHHBIX CIIHCKOB
060 € MOMOIIBI0 rpadUIeCKHX CPeICTB.

Bosee pyuknuonajibHO Oorarbie CpeiCcTBa BU3YAJIU3AMUE IIPEIOCTABIAIOT PA3/JIUIHbIE CIIO-
coObl 0TOOparKeHUsl KJIACTEPHON TeMaTHIeCKOW CTPYKTYpPbl Kojuiekinuu. s 91oro Moryr uc-
OJIb30BAThCs I'Padbl, JHArpaMMbl, MATPHILBL, ceTH. Llein Busyain3anun HOHUMAOTCS PA3HbIME
UCCJIeI0BATEIbCKIMU TPYIIIAMH U Pa3pabOTIMKaMU MO-pa3HOMY. DTO IPUBOIUT K OOJIBIIOMY
Pa3sHOOOpAa3MUIO HJiell BU3yaJM3allUd: OT BBIOOpa OTOOparKaeMbIX CTPYKTYPHBIX OCOOEHHOCTEN
TeMATUIECKON MOJIe/IU 10 BHIOOPA 3/IeMEeHTOB rpaduaeckoro jau3aiiHa.

HexkoTopbie cpejicTBa BU3yam3aliuy HAIeIeHbI HA YIPOIIEHHE SKCIePTHON OIEHKU KavueCcTBa
(MHTePIPEeTHPYEMOCTH) TeMATHIECKONH MOJIEIN U JazKe MO3BOJISIOT BMEIIUBATHCS B IPOTIECC MO~
CTPOEHUs MOJIEJIN, U3MEHA, YA UAn 100aBIdd TeMbl B JOKYMEHTaX UM TEPMHHBI B T€MaX.

B nannom 00630pe omnucanbl OCHOBHBIE U/ BU3YaIU3AIUN TEMATHIECKUX MOJe/Ieil Ha OCHO-
Be BeO-uHTepdeiicoB. PaccMorpensl Busyanuns3aropbl s Iwtockux mogeneit (Topic Model
Visualization Engine, Termite System u TopicNets), nis uepapxudeckux mogesneii (Hiérarchie,
iVisClustering), nas munamudeckux mogeneil (TertFlow), nig mepapXuvaecKuX THHAMEIIE-
ckux mozeseii (HierarchicalTopics w RoseRiver). B 3akii04eHny IPUBOIUTCS CHCTEMATU3AIMS
CPeACTB BU3yaJIU3aIUU 110 UX (DYHKIUMOHAIBHBIM BO3MOXKHOCTSM.
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2 BeposiTHOCTHOE TemMaTnyeckoe mMogesimpoBaHne

[Tycre D — mHOXKeCTBO (K0AM€KUUA) TEKCTOBBIX JIOKYMEHTOB, W — MHOXKeCTBO (€408apb)
BCEX ymoTpebJIseMbIX B HUX TEPMUHOB (CJI0B Wi cjoBocoderTanmii). Kaxapiii qokyment d € D
IIPE/ICTABIISCT CODOM MOCIEOBATEILHOCTD 1y TEPMUHOB Wy, . . . , Wy, U3 caoBapa W.

Bepoammnocmmuas memamuyeckan modeasv (BTM) onmebiBaer KaxK/apiii jgokyment d juc-
KperHbiM pacupejenenneM p(t|d) na muoxecrse tem T', KaxKyto temy t € T — JUCKpPeTHbIM
pacupejesnenuem p(w |t) va muoxkecrse repmuroB W. MoxkKHO TakzKe roBOPUTb O COBMECTHOI
«MAKOT» KAACMEPU3ALUY, MHOKECTBA JOKYMEHTOB U MHOXKECTBA, CJIOB II0 MHOXKECTBY KJIaCTe-
poB-TeM. «Mdarkag» KJacTepu3alnus O3HAYAeT, ITO KarK/Ablil JOKYMEHT WJIM TePMHH HEezKeCTKO
IPUIKMCHIBACTCH KAKONW-TO OJHOIT TeMe, a pacupeeasercd 110 HECKOJbKIM TeMaM.

MuoxkecTBo Tem T gallme BCEro 3aJaercd Kak KOHEYHOe MHOXKECTBO 3aJaHHOH MOLIHOCTH.
Mogenb caMa ompese/isger, KaKue CJI0Ba ¢ KAKMMI BePOATHOCTAME BOMIYT B KAXKIYIO TeMy. DTO
co3maer npobaemy unmepnpemupyemocmu mem. Temarndeckasg MoOJeJb HE FapaHTHPYET, ITO
KazK/1ad TeMa OyleT UMeThb COJAepKATeJbHYI0 MHTEPIPeTAIMIO ¢ TOYKH 3PEHHUs JIIOAeiH-3KCIep-
TOB, IIOHUMAIOIUX TEMATUKY JaHHON KosuleKiuu. Tema cumTaercs MHTepPIpPeTHPYeMOil, ec/iu
110 PAHZKUPOBAHHOMY CIUCKY HauboJIee PEJIEBAHTHBIX CJIOB JAHHON TE€Mbl 9KCIIEPT B COCTOSHUM
IIOHATB, O YeM JTa Tema, u Jarb eii nazsauue [3|. [Ipu Busyajmsanum reMarnueckux Mo/eJieii,
IIOCTPOEHHBIX ABTOMATHICCKH 6€3 y4acTus SKCIEePTOB, BOSHUKAET Ipob/IeMa aBTOMATHIECKOIO
UMEHOBAHMA TeM. B mpocreiiniemM caydae oHa pelaeTcs IyTeM KOHKATeHAIUN HeCKOJIbKHX Hau-
boJiee pelpe3eHTaTUBHBIX CJI0B TeMbl [4]. JIpyrue noaxosapl K aBTOMATHYECKOMY MMEHOBAHUIO
TeM MOYKHO HaiiTu B [5-7|.

JI1g1 IOCTpOEHUs pacupeIe/eHuii TeM B JOKYMEHTaX M CJIOB B TeMaX HCIIOJIb3YIOTC pa3/Ind-
Hble MoJen 1 MeToabl. CaMBIMK IPOCTBIMEA ABJISIOTCS MOJEIN 6EPOAMHOCITIHOZ0 AUTMEHITHOZ0
cemanmuueckozo ananusza PLSA (Probabilistic Latent Semantic Analysis) [8] u samernmmnozo
pasmewernus Jupuzae LDA (Latent Dirichlet Allocation) [9]. ITogasisioniee 60/bITHHCTBO Te-
MaTHYECKUX MOJIeJIell, pa3paboTaHHbIX 3a ocjeanue 15 Jier, sBisiorcest ux Mogudukanusimu |2].
Hecmorps Ha pa3iauuHble YCIOKHEHHUS, B OOJBIIMHCTBE MOJENed Ha BbIXOJEe (hOpMHUPYIOTCH
Te K€ CTPYKTYPBI JAaHHBIX — PacIpeaeIeHus TepMUHOB B TeMax U TeM B JOKyMeHTax. I1osromy
6a30BbIe CPEJACTBA BU3YAIUM3AINA STUX PACIPEIEJCHINE MOrYT OBITh HPUMEHEHDI K OOJILITHHCTBY
MOJIEJEH.

Ha Bbixome 6osiee CIOKHBIX MoOjeseil MOryT (bOpPMUPOBATLCA MEMAMUYECKUE NPOPUNU
p(t | ) 0OBEKTOB T PA3TUIHBIX MOJATBLHOCTEH — ABTOPOB, MOMEHTOB BDEMEHHU, KATErOPHii 1 T. /I
Nuorma ux mepecuurbiBator mo dbopmyse Baiieca B pacupenerenus p(x|t) = p(t|z)p(x)/p(t),
4T00BI MOKA3BIBATH HAMOOJIEe peJleBAaHTHBIE 00beKTHI B TeMax t. Pacmnpeenenus p(x) u p(t) jger-
KO OILICHMBAIOTCS B HPOILECCe HOCTPOCHUA MoJeau. g oToOparKeHust TaKMX JAHHBIX M MX B3a-
MMOCBs3€il pa3pabaTblBAIOTCs CHENUAJIN3HMPOBAHHBIC CPEJACTBA BU3YAJIM3AIMH.

3 Cucrema TMVE

Cucrema Topic Model Visualization Engine (TMVE) [4] — 910 HaBHraToOp MmO KOJIIEKIHH,
MMEIONIHI JiBa OCHOBHBIX THUIIA CTPAHMUIL; CTPAHUIA TEMbl U CTPAHUIA JOKYMeHTa. EcTh TakzKe
0030pHBIE CTPAHUIBI, 0TOOpazKAIOIMue O0IYI0 CTPYKTYPY Kosutekmuu. OHU SBJISIOTCS CTAPTO-
BBIMH, ¢ HUX HaunHaeTCs pabora ¢ HaBuraropom (puc. 1).

Cmpanuya memo, pas3jeseda Ha Tpu KoJoHKU. ClieBa HAXOMUTCA CIUCOK CJIOB W, YIOPS-
JOYEHHBIX 10 yObIBaHUIO BeposTHOCTH p(w |t) B manHoil Teme t. I1o 910l moce10BaTe IbHOCTH
110JIb30BaTeIb OOBIYHO MOXKeT ObICTPO HOHATDH, 0 YeM TeMa. Haspanus TeM (opMHDYIOTCH aB-
TOMATUYECKU KAK TPOIKU HauboJjiee 1PejiCTaBUTE/IbHBIX CJIOB. B IEHTPe HaXOAUTCsI CIIUCOK JI0-
KYMEHTOB, YIOPsIoUeHHbIX 110 yObiBanuto Bepositaoctu p(d | t). Cupasa pacio/iaraercst CIiucoK
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M'Pedla TOPIG {film, series, show} Stanley Kubrick
Relative
Stanley Kubrick (uly
e 158 7,1559
The X-Files. American film dire
producer, and phm(ﬁphe o
Orson Welles lived In England during most of the
| ek Sanley Kubrick A i o i s
B i Kubrick was noted for the
L enpenden movie scrupulos carewith whichhe
| penemeam) o atainian
e compm) i
Doctor Who
_ 3 about his films and personal life. He
Sam Peckinpah worked far beyond the confines of
_ Married... with Children the Hollywood system. maintaining
trol
 fgame, eam, plarer} Hseryeffim
{theory, work, human} Existentialism

Intelligent design
Immanuel Kant
Philosophy of mathematics
History of science

Free will

Truth

Psychoanalysis

Charles Peirce

g |

Existentialism is a term applicd
to the work of a number of 5th
and 20th-century philosophers
‘who, despite profound doctrinal
differences,[' 1] generally held that

the focus of philosophical thought
should be to deal with the

losopher
Kierkegaard, posthumously
regarded 1s the father of

existentialism, *J¢] mainained that
the individual i solely responsible
for giving his or her own life

Puc. 1 Cucrema TMVE. Hasurauus 1o Bukunenun (¢ paspemienust asropos [4])

Battle of Waterloo

{war, force, army}

Prussians: 1,200 killed; 4,400 wounded; 1,400
missing'®l.

Major engagements in st caps
QuaTee Bass = Liowr = Wareaio0 - Wave

Coordinates: 50°40145"N 4%2425°E / S067917'N
420694°€ The Battle of Waterloo was fought
on Sunday 18 June 1815 near Waterloo in
present-day Belgium, then part of the United
Kingdom of the Netherlands. An Imperial
French army under the command of Emperor
Napoleon was defeated by combined armies
of the Seventh Coalition, an Anglo-Allied army
under the command of the Duke of
Wellington combined with a Prussian army
under the command of Gebhard von Blicher.
It was the culminating battle of the Waterloo
Campaign and Napoleon's last. The defeat at

Second Boer War
Erwin Rommel
Axis powers
Vietnam War
Guerrilla warfare
Franco-Prussian War

Six-Day War

Yom Kippur War

War of the Austrian Succession
Battle of Waterloo

1948 Arab-lsraeli War

Continuation War

Puc. 2 Cucrema TMVE. Crpanuna nokymenra (ciaesa) u crpanuna rembl (cupasa) (¢ paspemenus
aBTopoB [4])

CXOXKHUX TeM, HMeIuX HauboJiee OJHU3KHE pacipejesieHns cjaoB. [lsg oneHHMBaHUSA CXOICTBA
TeM S M t UCHOJIb3yeTcsd (DYHKIUSA PACCTOSHUSA

R(s,t) =Y [p(w]s) > 0] [p(w|t) > 0] |log p(w | t) — log p(w| )|
weW

Dra dynkuusa noaxoaut s mogean LDA [9], B koropoit BepositHocTH p(w | 1), KaK IpPaBUIIO,
OTIMYHBI OT Hysid. OJHAKO JIsd CPABHEHUS TEM B PA3PEKEHHBIX MOJIE/IAX JIyYIle HCII0JIb30BATh
paccrognue XeJUIMHrepa Wik KOCUHYCHOE PACCTOdHUEe, He CopepzKaliue JorapudMoB.

Cmpanuya dokymenma. B nenrpe orobpazkaercst TeKCT JT0KYyMEeHTa, CJ1eBa 0T Hero — TeMbl,
K KOTOPBIM OTHOCHTCsI JIOKYMEHT, U CeKTOPHAs JinarpaMma, loka3bisatomiast Beposraoctu p(t | d)
TeM B JlaHHOM JoKyMeHTe. CiieBa HaXOAUTCH CHMCOK JOKYMEHTOB, UMEIOIIUX Ty K€ TeMaTHKY,
9TO M JAHHBI JOKYyMeHT (puc. 2).

Ob3opHvie cmpanuyb, ABISIOTCA «TOYKAME BXOJa» Jjis HABUIAIUKU 10 KoJuleKnuu. Ha Hux
IIPEJICTABIEHBI TEMbI, YIOPSI0YeHHbIE COMIACHO BEPOSTHOCTAM p(t), mpudeM pasmep I0Jist PO-
IOPIUOHAJIEH BEPOATHOCTH (pHC. 3).

PaccMmoTpuM B3auMo/IeficTBIe 10JIb30BaTe I ¢ CUCTEMON Ha HPUMEpPEe BU3yaU3alun CTareil
Bukunennu. Bruauase moapb3oBaresib BUJAUT HAOOP TEM, COCTABJSIONIMX KOJLIEKIHIO. BuiOpas
remy {film, series, show}, nosp3oBaresib HONAJAET HA CTPAHUILY JOKYMEHTOB 9TOH TeMbl. 3a-
TeM, BbIOpaB jlokymeHT «Stanley Kubricks, MOXKHO POCMOTPETH CaMy CTATHIO U T€MbI, K KOTO-
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Wikipedia Tq'Pics New York Times Topics US Federal Cases Topics
Documents al Documents

Relative Presence of Topics in Relative Presence of Topics in all Documents Relative Presence of Topics in all

{household, population, female} {company, percent, market} et ey 8]
{film, series, show} {political, member, vote} {company, bank, contract}
{theory, work, human) {military, government, american} {are, have, would}
{son, year, death} {game, team, play} {defendant, his, were}
{war, force, army} fease, charge, lawyer} fand, s, tite}
{system, computer, user} {child, family, life} {jurisdiction, upon, order}
{album, band, music) {thing, start, wear} {commission, commerce, Interstate}

Puc. 3 Cucrema TMVE. O630puas crpanura (¢ paspeirenns aBTopos |4])

pbiM oHa oTHOCHTCs. [Ipu BbiGOpe cxoxeit Tembl {theory, work, human} nonap3oBaTesb mepexo-
JIAT HA CTPAHUIBI JOKYMEHTOB YK€ 3TOH TeMbl, I/ie OH, HAIIPUMED, MOKET MPOYUTATL CTATHIO
«Existentialisms.

ocTroumHcTBa: y00HbIT uHTEpdEEHC JIJ1s HABUTAIUN 110 KOJIJIEKIIUN; UMEIOTCH CIIMCKU CXO-
JKUX JIOKYMEHTOB U CXOKHUX TE€M; BO3MOKHOCTH IIPOCMOTPA JII0O0I0 JIOKYMEHTA; aBTOMATHIECKOe
NMEHOBaHUE TeM; OTKPBITBI MCXOJHBII KOJI; BO3MOXKHOCTDb aJIAllTAIlUU KO J/isi KOHKDPETHOMI
3a/a9u (BO3MOXKHO CO3/IAHEE II0JIb30BATEIbCKIX PEKUMOB, H3MEeHEeHHe BUJIa BXOTHBIX JAHHBIX,
M3MEHEHHE aJIrOPUTMa IIOCTPOCHHsT TEeMATHIECKON Mosiesin). Pa3spaborauku npuiaraior Tpu jie-
MOHCTPAIHOHHbBIE BEPCUU HA PA3IMYHBIX KOJLIEKIMsX (BK/IIOYas BUKHUIIEIUIO) ¢ HCXOMHBIM KO-
JIOM, Ha OCHOBE KOTOPOT'O MOXKHO CO3/[aBaTh CBOU Opay3epbl.

HenocraTku: Ha3BaHUs TeM U3 TPeX CJIOB He BCeryia aIeKBATHDI; HET BU3YAIU3AIIHI IPYTHX
MOJIAJIHOCTEil, KpOMe CJIOB; HeT BO3MOYKHOCTH U3MEHHTb MOJIE/Ib.

CchLiku:
https://code.google.com/p/tmve — caiiT IPOEKTa;
http://www.princeton.edu/~achaney/tmve/wikil00k/browse/topic-presence.html —
HpUMep BU3YaIU3AIMH.

4 Cwuctema Termite

Cucrema Termite [10] nosBosisier BusyasuusupoBars Marpuily TepMuHoB TeM p(w |t) u cpas-
HUBATh TEMbI JPYD C JAPYrOM. 3HAYEHUs B MATPUIE OTOOPAkKAIOTCH B BUJIE KPYI'OB, PAJHyChl
KOTOPbIX LPOHOPIMOHAJIBbHBI BEPOSTHOCTSIM TepMUHOB B Temax p(w | t). Kpyru moryT nakJjia/ipi-
BaTbCA JAPYr Ha jpyra. [lob3oBareib MOXKET II€peiiTH K TeMe, HazkKaB Ha KpyI' WM Ha Ha3Ba-
HEe TeMbl B Marpure. [Ipu 5TOM pacKpbIBAIOTCS JiBa JIONOJHUTEIbHBIX [PEICTABJICHUs TEMBI.
[TepBoe — BEPOSITHOCTH CJIOB TE€MbI OTHOCUTEJIBHO BCEH KOJLJIEKIMH, BTOPOE — JIOKYMEHTbI, IPU-
HaJJIeKalme 9ot reme (puc. 4).

Termite moxker puiibTpOBaTH TEPMHUHBI, YTOObI OKa3aTh HanbOJ/Iee BEPOSITHbIE WJIM 3HAUM-
mble (salient) Tepmunnt (puc. 5). [loap3oBaTensb 3aqaer Iucg0 0TOOPAKAEMbIX TePMUHOB 0T 10
710 250. CoucoK caMbIX BepOSITHBIX CJIOB COepKuT oburue cioBa (based, paper, approach), B T0
BpeMsl KaK CIHMCOK 3HAYMMBbIX CJIOB, HOJIyYaeMblil ¢ [OMOIIbIO TaK HA3bIBAEMOIl Mepbl 3HAUU-
moctu (saliency measure), COJAEPKHUT CJIOBA, KOTOPbIE XapAaKTE€PHbI JUIsl JAHHON Tembl (tree,
context, task).

I onpejesieHust Mepbl 3HAYMMOCTH TEPMHHA W BBIYHC/ISETCS YCJIOBHAsS BEPOSTHOCTH
p(t| w) u BepogrrOCTD p(t). OTIHaHTeNbHOCTD (distinctiveness) TepPMUHA W OUPE/IEISCTCS [TH-
seprennueit Kynpbaka—/Ieitbrepa mexay p(t|w) u p(t):

t
distinctiveness(w) = Zp(t | w) log p(t|w) .

0

BuauumMocthb (saliency) TepmuHa w onpeesercs ciaepyoneil hbopmyioii:

saliency(w) = p(w) - distinctiveness(w) .
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Puc. 4 Cucrema Termite. Korga tema BeiOpana B Marpure (ceBa), cucreMa OTOOparKaeT pPacIpe-
JIeJIeHME TEPMHMHOB B TE€Me U BO BCell KoJuteknuu (B CepejinHe) M MOKa3bIBaeT JIOKYMEHTbI, HauboJee
coorBercrByolme BpibpanHoii Teme (cupasa) (¢ pasperienust asropos [10])
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Puc. 5 Cucrema Termite. [Tepsbie 30 uacrbix (csieBa) u CymecTBeHHbIX (CHpaBa) TEPMUHOB (C paspe-
mennst aBTopos [10])

Eciiu renepupoBath 6osiee pa3speKeHHYIO MATPHILY, TO OIeHKA 3HAYUMOCTH TEPMUHOB 00ec-
neduBaeT OoJiee ObICTPYIO JuddepeHnuanuio TeM U BbIABICHNE OTEHIIUAIbHBIX «HEHYZKHBIX»
TeM, B KOTOPbIX MaJIi0 3HAUMMbIX TEPMHHOB.

Termite Takzke mpejaraeT TPH OIIIH /IJI PAHKHPOBAHIS TEPMHUHOB: 10 aJI(DABUTY, 110 TaC-
TOTE H II0 COBMECTHOI BCTPEYaeMOCTH MeXK/Iy IIapaMu COCEIHUX CJIOB. /i paH:KHpPOBAHMSA IIO
COBMECTHOI BCTPEYAEMOCTH ONEHUBALTCA BEPOATHOCTH TOrO, YTO JIBA CJIOBA HECTYIailHO 4acTO
nosBJigoTcss Bmecre. Hanpuwmep, «social network» — 0Oosiee BepositHast bpasa, dem «network
social» (puc. 6). Takoe paHzkupoBaHue yJIydniaer uHTeprperupyemocts teM. Hapumep, B re-
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Puc. 6 Cucrema Termite. Tepmunbl MOryT paHKupOBaThCA 10 dacTore (caesa) jgubO 110 COBMECTHO
BCTpedaeMocTu (crmpasa) (¢ pasperenus: aBTopos [10])

Me 6 CyIecTBEeHHBIMU CJIOBaMU sABJISAIOTCS focus u context (cm. puc. 6, ciesa), B TO BpeMsi Kak
CaMbIMHU YaCThIMU CJIOBAMH sIBJILIIOTCs 00Iue cjioBa technique u method. B reme 2 xapakrep-
HBIMU SIBJISIOTCS CJIOBOcOUeTanus aspect ratio u parallel coordinates (puc. 6, cupasa).

JlocTomHCTBA: HECKOJIBKO CIOCOOOB OTEHUTH MHTEPIPETUPYEMOCTD TeM; PDA3JIHIHbIE BUIbI
HpeJICTAB/ICHUI Jijist TeM; yJI00HbI uHTepdeic; OTKPbIThIIT UCXO/HbIA KOJI, aJlallTUPYyeMbIil 110/1
KOHKPETHYIO 3aJia4dy.

Hepocrarku: HeT BH3yaau3allud paclpeiejeHus TeM B JOKYMEHTaX; HeT BO3MOXKHOCTU
BHECEHWS WCIPABJIEHUN B MOJETb MpU OOHAPYZKEHUN MJI0XOIl MHTEePHPETUPYEMOCTH; HET aBTO-
MaTHYEeCKOI'O UMEHOBAHUS Te€M; HeT BO3MOZKHOCTH MCIIOJIb30BaTh T€PMUHbI-CJIOBOCOYETAHUSI.

Ccouiknu:
https://github.com/uwdata/termite-visualizations.git — caiiT mpoekra;
http://vis.stanford.edu/topic-diagnostics — mpumep BU3yaau3amum.

5 Cucrtema TopicNets

Cucrema TopicNets [11] npennasuadena st BEH3yaJU3alUd U HHTEDAKTHBHOIO AHAJM3A
6OJIbIIKMX KOJUIEKIUHI JOKyMeHTOB Yepe3 Beb-unrepdeiic. TopicNets npejcrapiisier JOKYyMeHTbI
u TeMbl BepmnHaMu rpada. [staBabiM gocrouncrBoM TopicNets sBisercsa mogaepKKa HHTEp-
AKTHUBHOTO TEeMAaTHYECKOTO MOjeaupoBaHus. Mogerb mepecTpanBaeTcs B PeXKHMe DeaJbHOTO
BpeMeHH, MPIMO BO BpeMs BH3yaJIU3allud, IS JYYIIero IpejcTaBJeHus MOJIMHOXKECTB TeM
U JOKYMEHTOB. Jljis1 9TOro mcnoJib3yercs pacupeje/ieHHast Pean3aliis aJrOPUTMa CBEPHYTOM
BapualonHoii baitecoBekoii annpokcumanuun CVBO (Collapsed Variational Bayes) [12]. Ho-
KYMEHTBl PacHpeessioTcs Ha HeCKOJBKO IIPOIECCOPOB, M Ha KayKIOM H3 HUX BBIIOJHAIOTCSI
marn CVB0, KoTopble TOTOM CHHXPOHU3HPYIOTCS MKy CODOIi.

Cosdanue epagpa «dokymernmoi-memot». [lepBbIM 1marom co3zganus rpada saBigercsd TeMaTh-
9eCKOe MO/JIJIMPOBAHUE JIOKYMEHTOB d, B Pe3y/braTe KOTOPOI'O BBIYHCJISIIOTCS PACIIPE/Ie/IeHUsI
teM B Jokymentax p(t|d). Ecan p(t|d) upesbiiaer ycraHOBICHHBIH 110/1b30BaTEIEM HOPOTL, TO
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Puc. 7 Cucrema TopicNets. Kosuteknust rparros NSF. Beibpatbl Bepiusbl, CBA3aHHbIE C YHUBEPCHU-
Teramu. BeprmmHb-TeMbl 0003HaUeHBI OYKBOM «T'» W pacKpallleHbl COTJIACHO CBA3AHHBIM C HUMU JO-
KyMeHTaM: (a) rpanTel mo Temaruke Computer Science, monydennbie B yauBepcuterax Kanudopuuu,
(b) To ke camoe mocsie TOro, KaK NoJb30Bare b BoiOpas dpparment rpada u OJUH OTJEJbHBINA TDAHT;
(c) Bu3yasm3anus OFZHOTO JOKYMEHTa. Beprimibl, 0003HAUAMONNE CEKIUN JTOKYMEHTa, HAXOIATCS IO
[epuMeTpy, BepiuHbl TeM — BHyTpu burypnsl. Ha pucyHke BbizesieHa OHA TeMa U BCE CBABAHHBIE
c Heil BepuHbl (¢ paspermienus aBTopos [11])

B rpade TOKyMeHT d U TeMa ! COCIUHAIOTCA peOpOM, TOJIIHHA KOTOPOIrO IPONOPIUOHAILHA,
p(t|d). dajee BepIIMHBI-TEMBI UMEHYIOTCS HMEPBBIME 1 HAKOO0JIEe BEPOATHBIME CJIOBAMU TEMbI
(4HCIIO N TAKKe YCTAHABJIUBAETCS IOJIb30BATE]EM), PA3Mep BepPIIUHBI-TeMbI MPOIOPIHOHATEH
BepositHOCTH P(t) HosiBIeHust TeMbl B KoJuteKiuu (puc. 7). Pasmep BepuimHbl-0KyMeHTa 11PO-
HOPUUOHAJICH JIJIMHE JTIOKYMEHTA.

Packpacka sepuwun u pebep epaga. 1IBeT BepUIMH-I0KYMEHTOB OLpeaeIdeTca HabopoM IiBe-
TOB, KOTOPBIIi 3a12€TCA M0JIb30BaTe1eM Wil (POPMUPYETCS Ha OCHOBE METAJaHHBIX KOJLICKIHU
(upu ux Hasmauu). LlBera MOKHO OIPEIEJIUTH JIJIsl KazK/I0I0 aBTOPa, (ABTOMATUYECKH U BPY Y-
HYI0), TOIJIa BEPHIMHBI JOKYMEHTOB OyjyT HAC/IEJ0BATH IBETA CBOMX aBTOPOB. Ilpn Hagmanm
HECKOJIBKHUX MOJAJIbHOCTEH, HAIIPEUMEP aBTOPOB, BPEMEHH CO3/IaHNsd, OPraHu3alyii U T. JI., BeTa,
cMemmBaloTcd. L{Bera MHTEPIONMMPYIOTCS MEXK1y MOCIeI0BATEIbHBIMA BEPIIHHAMYA HA BPEMEH-
Holi mkase (puc. 8b). Nnarepnossinus npoucxoaut B RGB mpocTpancTBe, 9TO HE JaeT Hiealb-
HOrO pesyJsbraTa Jjls KazKJA0H IBETOBOM Hapbl, OJHAKO HOJb30BATE/]b MOXKET BbIOPATH, KAKHE
JIBa IBeTa CMEIINBATH, YTOOLI KOPPEKTHO OTOOPA3UTh BPEMEHHYIO IIKAJIY.
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Puc. 8 Cucrema TopicNets: (a) mpumep cMernrenus 1BeToB Jyisi pacKpacku Bepurra-TeM; (b) mpumep
MHTEPIIOJIMPOBAHUS BETA /11 M300PaKeHNs BPEMEHHOMN 1KaJIbL; (C) M0Ib30BATEIBCKOE 3a/laHue 1Be-
TOB JIjIsl PACKPACKU BEPIIHH-TeM (C pas3perierns aBTopos [11])
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Puc. 9 Cucrema TopicNets: (a) smneitnas crpykrypa oguoro jokymenta; (b) pacupeenenne BblieeH-
HOIi TeMBI 110 JIOKYMEHTY; (C) pa3Mep U PACIIOJIOKEHNEe OTHOCUTE/IBLHO [EHTPA OKPYZKHOCTH [OKA3bIBAIOT
6/1M30CTh KazK/I0H CeKLMU U TeMbl K IVIABHOI Teme JoKyMeHTa (¢ pasperienus aropos [11])

Pebpa rpada Hac/ieayoT 1BeT BepHIMHBI-JIOKYMEHTa, M3 KOTOPOW OHM ucxojdar. L[lser
BEPIIUHBI-TeMbl (DOPMUPYETCs Iy TeM CMEIIeHHUs [BETOB pebep, BXOJSAIUX B 9Ty BEePHIMHY (CM.
puc. 8). [Tosp30Baresib TakzKe HMeEeT BOSMOKHOCTD 3a/1aTh CBOH HAOOD 1BETOB /it TeM (puc. 9).

Pacnonootcenue croocur mem. Ina onpenenenns cxoactBa TeM B TopicNets mcmoab3yer-
csl cuMMeTpu3oBaHHast jguBeprennust Kysabbaka—/leitbiepa mMexk iy Kaxki0i napoit pacupe/eie-
Huit ¢jioB 10 TeMaMm p(w | t). Pesyibrupyomias Marpuiia HECXOACTBA TEM SBJISIETCH BXO/HbIME
JAHHBIME JIJIsl JITOPUTMa MHOTOMEDHOTO miKajupoBanus (multidimensional scaling), KoTopbrii
OIIpeJIesIseT MO3UITUIO /I KazK0# BePIIHHBI-TEMbI. DTH BEPIINHBI 3aTeM (DUKCUPYIOTCS B COOT-
BETCTBYIOIIEil TO3UITIH, U IIPHMEHSIeTCs CTAHIAPTHBIA CUIOBO# asroputym [13| mis paccranoBKu
BEPIIUH-J0KYMEHTOB B IPOCTPAHCTBE COOTBETCTBYIOMIEHT BEPITUHBI-TEMbI (IIPU 9TOM B KA4eCTBE
PACCTOSHUS MEXKJIy TeMOU U JIOKYMEHTOM HCIIOJIb3YeTCs BEPOSATHOCTD 1OSBJIEHUS JJAHHOM TeMbl
B JJAHHOM JIOKYMEHTE).

Panotcuposanue doxymenmos. Ecim JTOKYyMEHTBHl pPaHKHUPOBAHBI IO JlaTe IIyOJIMKAINH,
TopicNets paccrasiisier UX BepiiuHbl 10 OKpyzKHOCTH (puc. 10). D10 nmeer onpe/iejeHHble Hpe-
UMYIIECTBA 11epe/i 00Jiee HIPUBLIYHBIM 0TOOpAaKEHUEM BPEMEHHOM MIKAJIbl B BUJIE IPIMOMN JINHUMU.
Bepimaa-Tema MoxKeT COeTUHATHCA ¢ OOJIBIIAM YUCIOM JIOKYMEHTOB, PACIIOIOZKEHHBIX JTaJIEKO
JIPYT OT Jipyra Ha npgmoii. Eciun Tem MHOro, n3obparkeHue CTAHOBHTCA 3alyTaHHBIM. OKpyK-
HOCTb CJIeJIaHa CJIerKa BUHTOOOPA3HOU, YTOObI BEPIIUHBI IEPBOTO U IOCJIEJHETrO JOKYMEHTa He
BCTPETUJIUCH B OJIHON TOYKe.

KpoMme coxpaneHHss XPOHOJOTHYECKOT'O IOPSIKA AJTOPUTM CTapaeTcd PACIOJIOKUTH CXO-
JKHe 110 TeMaTHKe BepIINHbI OJIM3KO JIPYT K Apyry. B pe3yibrare TeMbl, KOTOPbIE HOSABJISINCD
B KOHKDETHBII [IepHOJ] BDEMEHH, OKA3bIBAIOTCS OJINZKe K OKPYZKHOCTH (B CEKTOPE, COOTBETCTBY-
IOLIEM 9TOMY IEPHO/LY), B TO BPeMsi KaK TeMbl, KOTODPbIE MOSIBJISIINCH MOCTOSHHO, PACIOJIara-
forcs OJinzke K 1eHTpy. Ec/in TeMa 1ogBIisieTcs B JJOKYMEHTaX, PACIOJIOKEHHbIX JIHaMeTPaJIbHO
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Puc. 10 Cucrema TopicNets. [Ipumep rpada B TopicNets, nokazeisaroriero rembl HoBocteit NY Times
3a HOst0pb 2004 (c paspemienus: apropos [11])

Ha OKPY2KHOCTH, TO OHa TaKzKe OyJIeT HaXOIUThCA B IEHTPE, YTO MOYKET BBECTHU II0JIb30BaTe-
Jist B 3201y aenne. OHAKO €C/IM 9Ta TeMa MOsIBJIS/IACh PEJKO, TO Pa3Mep ee BePIIMHbI Oy/1eT
MaJjieHbKuM. Takum oOpa3oMm, BepiirmHa-TeMa OOJILIIOIO pa3mepa U OJin3Kast K HEHTPY MOXKeT
CYUTATbCd HaumboJIee peieBaAaHTHOM /s BCell KOJLIEKITHH.

Quivmpavyus 2pagpa. B GONBIITHCTBE CIydaeB M0JIb30BaTe/s HHTEpecyeT He Bech rpad re-
MaTHYeCKO#l MoJie/id, a TOJAbKO ero ¢pparment. TopicNets mo3Bosisger 3a1aBaTh HYzKHbBI (par-
MEHT € IIOMOIIBIO MOUCKOBOTO 3AIIPOCA O HA3BAHUSIM BEPIIUH UJIH 110 HAnOOJIee BEPOSITHBIM CJ10-
BaM TeM. 3aTeM MOKHO BbIOpPATh HYKHbIE U3 HAilJIEHHBIX BEPIINH U BU3YAJIU3UPOBATH TOJIHKO
CBsI3aHHbIE C HUMHU BEPIIUHBL, CKPBIB (II0 JKeJTaHu0) ocTaabHoii rpad. [Ipu sToMm cucrema mias-
HO TpaHchopMupyer crapblii rpad B HOBBIH. [IleT9KOM MBIIIH O/JIB30BATEIb MOZXKET IepeiiTu
B JIPYI'VIO 4acTb rpacda min BepHYThCA K Ipeablayineil Busyaauzanuu. [losb3oBaTesib MoxKeT
BBIOpATh HYKHbBIE BEPIIMHBLI B I'Pade u CKPHITh JIPYrUe BEPIIUHBI, HE CBA3AHHbBIE C JIAHHBIMH.

TopicNets mo3BoJisier 100aB/IATh PA3/JNIHbIE TUIBI METAAHHBIX W BU3yaJIU3UPOBATH UX HA
ucxojHom rpade. Hanpumep, eciin B kosuiekiun umeercs uadopmalus 00 aBropax JOKYMeH-
TOB, TO BO3MOXKHO CBEDPTBHIBAHUE BEPIINH-IOKYMEHTOB B HOBBIE BEPIIHHBLI aBTOPOB, MPH 3TOM
CTPOUTCS HOBBIil rpad, COeMHAIONINII aBTOPOB U TE€MbI, U BCE NPHUHIUILI, OMUCAHHBIE BBIIIIE,
COXPAHLAIOTCS U JijIst 3TOro rpada.

Busyaauzayus odnozo doxymenma. Bcee mnepedmciieHHbie CIIOCOObI BU3YAJIU3AMMH MOLYT
ObITH HPUMEHEHBI HE TOJIBKO K PAHXKHPOBAHHOMY MHOXKECTBY JIOKYMEHTOB, HO M HX COIEp-
KHUMOMY OJIHOI'O OTJEJIbHOIO JIOKYMEHTA.

Beb-aprumexmypa. MHOrIe mpuaozKeHus /s BU3yaJIU3aIUd TeMaTHIeCKUX MOJIe/Ieil, cIo-
COOHbBIE CIeHEPUPOBATH MHTEPAKTUBHBIN I'Pad ¢ BBHICOKON CTEIEHBI0 MACIITaOUPYEMOCTH, YCTa-
HABJIMBAIOTCSA KAaK OT/E/IbHOE MPUJIOZKEHUE WU ILUIAruH Jijis BeO-Opaysepa, 9TO MOKeT ObITh
pecypcoeMkuM Jijist KymenTckoit mammabl. TopicNets nocrpoen na apxurektype WiGis, paspa-
oorannoii apropamu TopicNets mis Busyanusanuu rpadgos Ha ocose AJAX!. DTo mosposger
zammyckarb TopicNets u3 BeO-Opaysepa u MacmTadbupoBaTh I'pad, COCTOANUNR U3 COTEH THICAYT

LAJAX (Asynchronous Javascript and X ML) — TexHoI0rus MOCTPOCHUS HHTEPAKTUBHDBIX OJIb30BATEIbCKIX
nHTEPGEICOB /11 BEO-NPUI0KEHNH, IO/ AePKUBAONIasd (DOHOBBII OOMEH JAHHBIMU MEXK/Iy Opay3epoM u BeO-cep-
BEPOM U MOCTENEHHYIO 3arpy3Ky BeO-CTPAHUII.
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Puc. 11 Cucrema TopicNets. Kosuiekuust rpanros NSF (¢ paspeuenus: apropos [11])

JIokyMeHToB. Bee Bbrunciienust 1 (popMupoBaHue HOBbIX U300parkeHuit jijist rpada Hpoucxos T
Ha YJIAJIEHHOM CepBepe.

PacemoTpuM npumep paboThl moab30BaTeNs ¢ Kouteknueit rpanros NSF? (puc. 11). Cua-
qaJia [0JIb30BATe/Ib BHIOUPAET TPU TeMbl, COOTBETCTBYOIUE nporpammam donga (puc. 1la),
3arem J100aBJIsIeT aBTOPOB — pyKoBojuTe el rpanros (puc. 11b) u 3amyckaer HoBTOpHOE MO-
JIeJIMPOBaHKe JJIst moArpada, CBA3aHHOTO TOJIBKO ¢ aBropamu Fisher, Korelsky, Glinert, Olken.
3aTeM OH yJIa/seT TeMbl, He CBsi3aHHbIe ¢ BBIOPAHHBIM moArpadoM (processor memory), u 10-
6aBiger HoBble (language natural) (puc. 11c¢). Janee ou Boibupaer apropos Fisher u Korelsky,
TaK KaK UX BEPIIUHBI OJIM3KO PacIo/iozkeHbr Apyr K gapyry. Ha puc. 11d cranoBurcst BuHO, 9TO
9TH PYKOBOJMTE/M 3aHUMAIOTCA 1mporpammoit Robust Intelligence, upu sroMm Temaruka padoT
Fisher takzxke nepecekaercs ¢ Human-Centered Computing, Tak KaK ero BepIIMHA COEIMHEHA,
C BEpIINHAMU 3€JIeHOrO I[BeTA.

JdocTomHCcTBAa: Gorarhiil JApyKeCcTBeHHbI nHTEP(EIC; THTePAKUBHOCTh; BO3MOXKHOCTD yUe-
Ta MOJAJIBHOCTEH; €/InHbIe CIIOCOObl BU3YAJIU3ANUE KOJIJIEKIIMH U OTJEIbHOIO JIOKYMEHTA; BO3-
MOZKHOCTb MACIITaOUPOBAHUS BU3YAJIU3ANUN M YTOYHEHUS] TEMATHIECKON MOJEIN B PEKUME
peaJibHOT'O BpeMeHH; 3allyCK HeIoCPeJICTBEHHO U3 Beb-Opay3epa.

HepocraTrku: npu G0/IbIIOM 9UC/IE TeM U JIOKyMEHTOB KPYroBas BU3ya U3alusi BPEMEH-
HOM IIKAJIbI CTAHOBUTCS HEAI€KBATHOI; CJI0KHOCTH YCTAHOBKHU; HEOOXOIUMOCTD YCTAHAB/IUBATH
CTOPOHHUE TPUJIOKEHUSI; CJIOKHO aIAITUDPYEMbIN KO/,

CchLiku:
https://code.google.com/p/topicnets — crpanuna npoekrta TopicNets;

?Konneknus nocTymHa Ha http://www.nsf. gov/awardsearch/.
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https://code.google.com/p/wigis — crpanuna npoexta WiGis;
http://youtu.be/-Sgq-msjd-Y — npumep Busyanusanuu TopicNets.

6 Cwucrtema iVisClustering

Cucrema 1VisClustering [14] mo3BoJisleT mOJTHOCTHIO KOHTPOJIUPOBATH MPOLECC KJIACTePH3a-
U KOJTEKINH TOKYMeHTOB. [lo/1b30BaTeIb MOXKET CO3/1aBaTh U YIAIITh KJIACTEPhI, Pa3/Ie/IaTh
KJacTepbl Ha Hojiee MeJIKue, MPOU3BOIUTH HOBTOPHYIO KJIACTEPU3AIMIO.

CucreMa uMeeT HeCKOJIBKO MOJIYJ/Iel 11 BU3ya/In3aIui KJIaCTePHOIl CTPYKTYPbI KOJLICKITUH.

Monaynb Cluster Relation View mpeactaBiseT pe3yabTaTbl KJacTepu3aluu B Buje rpada,
BEPIIUHBI KOTOPOIO COOTBETCTBYIOT JOKyMeHTaM (puc. 12A). /Iig mIocKoro pa3MeIneHus Bep-
e rpada MCIo/Ib3yercst CHJIOBOI aJITOPUTM MHOTOMEPHOIO ImKajnpoBanus. Karxkgas Bepiim-
Ha-JIOKYMEHT H300parKaeTcst IBETHBIM KPYIOM, JOKYMEHTBHI OJMHAKOBOI'O LBETA IIPUHAIJIEZKAT
onHoMy KJjacrepy. [lymmaa pedpa Mexk /1y JByMsl BEPIIMHAMUI HPOIOPIUOHAIBHA OIEHKE CXOJACTBA
JI0KyMeHTOB. Ilosib30BaTeib MOXKeT 3a/aTh IIOPOrOBOe 3HAYEHHE CXOACTBA JIJIA OTOOPAYKEHUSI
pebep: pedpa, JUIMHA KOTOPBIX MEHBIIIEe 3TOr0 3Ha4YeHHs, He Oy/1yT 0TOOpazKaThCs.

KiroueBble cioBa KJacTepa H300pakaloTCsd B «ODIIeil BepIImHe», KOTOpas IIPeICTaB/IsaerT
co0O0il MPSIMOYTOJIbHUK C IBETHOH rpaHurneil. Eciau npu 60bIIOM YHCIe KJIacTepoB 3TOT BH/I
OKa3aJICsl [IePerpyKeHHbIM, TO JIOCTYIHO elne OnHO0 mpejacrasaenue — Cluster Summary View,
rjie «obiiue BepiuHbly» orobpazkatorcst B Buje Tadbuunpt (puc. 12C).

Mouysb Parallel Coordinates View. B srom npeacraBiiennn Kazk/1asi BepTUKAJIbHAs OCb CO-
OTBETCTBYeT TeMe, a KaK/as JuHus obosHadaer jgokymentT (puc. 12D). IBer smuun coorser-
CTBYeT IBETY KJlacTepa, KOTOPOMY IPHHAIE)KUT JOKYyMeHT. [0 BepTukaJbHONl OCH OTKJIAIbi-
BatoTca 3uavenus p(t | d) nis kaxmoro nokymenta d. Eciu TuHAS JOKYMEHTA IMEET HECKOTIbKO

Puc. 12 Cucrema iVisClustering: (A) Cluster Relation View — npeacraBjienue KjacTepoB B BUJIE IDa-
da; (B) Cluster Tree View — npencrasienne uepapxuu B Buje aepesa; (C) Cluster Summary View —
npe/ICTaB/IeHre KaacTepoB 0e3 JoKyMeHToB u cBs3eil mex iy numu; (D) Parallel Coordinates View —
0TOOpaYKaeT TeMbI, 13 KOTOPBIX cocTodT nokyMeHTsl; (E) Term-Weight View — Busyanusanus pacmpe-
nenennit p(w | t) mua kaxaoit remsr; (F) Document Tracer View — rennosas kapra, 1OKa3bIBAIOIIAS,
KaKue JOKYMEHTBI IePeIn U3 OJHOr0 Kjaacrepa B Apyroii; (G) Document View mo3BosisieT mpocMar-
pUBaTH OT/e/bHbIE JIOKYMEHTHI (C pasperienust aBropos [14])
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Cluster Summary View

Puc. 13 X-ray peotcum: (A) uzobparkenue Tabiuipl JOKYMEHTOB, 110J] TaO/uell HaXOAUTCA [BETO-
BOIl CIEKTD, MOKA3BIBAOIIMIL, M3 Kakux Tem coctout nokyment; (B) Parallel Coordinates View mis
kiacrepa; (C) Parallel Coordinates View nnst 0nHOro n0KyMeHTa, OH n300pazkeH TOJICTON 4epHOit Jiu-
uueii (¢ paspemienus aBTopos [14])

«IIHKOB», TO 9TO 3HAYHT, YTO OH HPHHAJIC’KHT HECKOJLKHM TemaM. [lolb30Bareb MOKeT 3a-
JIATh TOPOTOBOE 3HAUYEHHE BeposaTHOCTH P(t | d), HUZKe KOTOPOTrO JTMHUH HE OTOOPAZKAIOTCS.

Pexxum orobparkenus X-ray akruBupyercs 1py HaBeJIEHUM KyPCOPa HA «ODIILYIO BEPIIUHY »
Kiacrepa (puc. 13A), npu 91oM JOKYMeHTBI Kiracrepa Boliesaiorcs B Parallel Coordinates View
(puc. 13B). Pexkum X-ray upejcrapiser JOKYMEHTBI KIacTepa B BUJIE TaDJIUIbI, KazK/[asl saefi-
Ka KOTOPOH COOTBETCTBYeT JOKyMeHTy. em Bbiie BeposTHOCTH p(t|d), Tem TeMHee sdeiika.
Eciu Kypcop HaBejeH Ha d4YeiiKy, TO COOTBETCTBYIONIMI JOKYyMeHT oToOparkaercsa B Parallel
Coordinates View B Buje tosicroii yepuoit sunuu (puc. 13C). B pexume X-ray nox tabiu-
neil JIOKYMEHTOB HaXO/IUTCs IBETHOM CIIEKTP: KayK/IbIil I[BET CIEKTPa COOTBETCTBYET KJIACTEPY,
TaK 9TO MPUHAJJIE?KHOCTH BBLIOPAHHOIO JIOKYMEHTA, TOMY WJIM MHOMY KJACT€Py MOZKET ObIThb
olpeJieJieHa BU3YaJIbHO IO JI0JIe IBETHOW 00JIaCTH B CHEKTPE.

Monysb Term-Weight View orobpazkaer pacupenesnenue p(w | t) Bcex TEpMUHOB B TeMe (CM.
puc. 12E). [Tosb3oBaresb MoxKer u3MeHsTh 3HadeHust p(w | t), 10oc/Ie 9ero HoBasi TeMaTHIeCKast
MOJIe/Ib Oy/IeT 1II0CTPOEHA ¢ y4eToM TuX u3MeHenuii. Hanpumep, ecin jist TepMuHA W yKa3aH-
HOE 3HAYEHHUEe YBEJIMYU/IOCh, TO CUCTEMa HAdHeT 4alle OTHOCHTH JOKYMEHTBI, COJepzKaliue w,
K TeMe t. JJOKyMeHTbI, KOTOpbIe B pe3yJbTaTe IepeMeCTUINCh U3 OJHOIO KJIacTepa B JpYTOi,
orobpazkaiorca B Document Tracer View.

Mouyab Document Tracer View oroOpazkaer TEILIOBYIO KapTy, HOKA3bIBAIOILYIO HIEpeMele-
HUS JIOKYMEHTOB MEXK/ly KJacTepaMH B IIPOIECCe B3aUMOJIEHCTBHS 110JIb30BATE/s C CUCTEMOit
(em. puc. 12F). Temwnosas kapra umeer pasmep T'xXT, rme T — konuvectBo Kiaacrepos. Kaxk-
JBIIT ee ssieMeHT (i, j) orobpazkaeT, KaK MHOIO JIOKYMEHTOB MepPeli U3 KJIacTepa i B KJIacTep J.
[Ipu HazKaTUU HA JEMEHT KapThl OTKPBIBAIOTCS COOTBETCTBYIOIIME 3TOMY JIEMEHTY JOKYMEH-
el B Document View.

Mounysb Document View nokasbiBaer orjeabhblii JokymenT (em. puc. 12G). [Ipu npocmorpe
JIOKYMEHTa TEPMUHBI OKPAIIUBAIOTCI B I[BETA CBOUX TeM. IDTO IPEJCTABICHUE JIOCTYIHO W3
Ja0boro Moyt Busyanusanuu, kpome Term- Weight View.

Mouyaws Cluster Tree View. Oanoit u3 neneit co3panus iVisClustering Obijia BO3MOXKHOCTD
YJYULIEHUsl TeMaTHu4eCKOl Moziesd. B 9ToM upejcraBjeHud [0/1b30BaTe/b B HPOLECCe B3aM-
MOJIEHCTBUS C CUCTEMOI MOXKET M3MEHHATh UEePAPXUIECKYI0 CTPYKTYpy Mojesun. [Lis sroro mc-
HOJIBb3YIOTCA IATh OIlepAIlUil: pasbeJMHEeHNe U COeINHEHNEe KIAaCTEPOB, IIepeMeIleHIe U yIaleHue
KJIacTepa, IOBTOPHAs KJIacTepu3anus. Pe3yIbraTel 3THX JeHCTBUI HEMeJIEHHO 0TOOParKarTCs
B siepese uepapxuu (cM. puc. 12B). JToKyMeHTBI yIaJeHHOTO KJIACTepa COXPAHSIOTCSI, TaK KaK
OHHN MOFyT HOHa,,ZLO6I/ITbCH HpI/I OTBbICKAHHMU HOBBIX TEM B KOJIJIeKL[I/II/I, N X MOZKHO BKJIIOUUTH
00parTHO B KOJLIEKIMIO B JIFOOOH MOMEHT.
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Puc. 14 Cucrema Hiérarchie. Cxema anropurma HLDA (c paspeuienust asropos [16])

[loBTOopHas KIacTepusalus HCHOAb3YeTCd HPH U3MeHeHHH dvuciaa KiaacTepos. [locie nee
C LHOMOIIBIO BeH2EPCKO20 aA20pumma |15| HaxoxsITCs HAMIIydIIne APHBIE COOTBETCTBUS MEK /LY
HUCXOJHbIMU U HOBBIMU KJIaCT€paMUu. HBeTa HOBBIX KJIaCTE€POB U3MEHAIOTCA TakK, LITO6I)I CXO2KHe
KJlaCTepbl 10 U I10CJI€ USMEHCHUA UMEJIN O,ZLI/IHaKOBbeI OBET.

JlocTomHCTBA: HHTEPAKTHBHOE B3aUMO/IEfICTBHE C [OJIb30BATEEM C IEIbI0 Yy dlIeHIs BH-
3yaJIbHOTO IIPe/ICTaBIeHns U yIydlleHns TeMaTHIecKoi MOJe/n; HaJIndnue HeCKOJIbKIX Pa3iInd-
HBIX IIPe/ICTaBJIeHuil /71 0TOOpazkKeHHus KOJIIeKINN; BO3MOKHOCTb aBTOMATHIECKOT'O U PYTHOTO
NMEHOBaHUA TEM.

Hepmocrarkm: Her aBroMaTHyYecKOro MOCTPOEHUS MEePAPXUYECKONH CTPYKTYDbI ([0JIb30Ba-
TeJb JIOJIZKEH caM pa3OUBATh TeMbI HA MOJTeMbI); HET BO3MOXKHOCTH TEMATUIECKOTO MOUCKA.

IIpumep Bm3yasmn3ammm:
ftp://temp:tempOmimi.cc.gt.atl.ga.us/resource/2012_eurovis_ivisclustering.mp4

7 Cuctema Hiérarchie

Cucrema Hiérarchie [16] — 310 BeG-mpuiiozKeHue Jjis OCTPOCHHsI HEPAPXUIECKAX TEMATHU-
YeCKHX Mojiesieil U UX BU3YyaJIu3alii B BUJE /TepeBa.

st noctpoenust remaruydeckoit mojiesin B Hiérarchie ucnosib3yercs mepapxuueckuii ajro-
purm HLDA (Hierarchical Latent Dirichlet Allocation), KOTOpbIH PEKYPCUBHO PA3jessier TeMbl
Ha noareMbl. Vcnonb3ys pacupenenenus p(t | d), HLDA pasaenser KaxKapiii JOKyMeHT d Ha uc-
Kycemeenroie noddokymernmo, Mo Kazkaoi Teme t. [loqmoKyMeHTHI cofepzKaT TOJIBKO Te CJIOBA,
KOTODPBIe OTHOCATCS K JaHHOI TeMe. Takum oOpa3om, /s KazKI0i TeMbl ¢ TeHepupyeTcs HOBas
UCKYCCMBEHHAA NOOKOANEKUUSA, U JIJIS HEEe CTPOUTCS TEMATUIECKAs MOJIEJb CJIEIYIONero ypoB-
Hsl, pas3jessiionas JanHyio Temy Ha nogrembsl (puc. 14). [Tponece npomgoszkaercs: 1o Tex mop,
MOKa MOIKOJUIEKIIHH He CTAHYT CJUIIKOM MaJIeHbKUMU A1 MoJennpoBanusd. [loap3oBaTens mo-
JKeT 33J[aBaTh KPUTEPUH OCTAHOBKU PEKYPCUBHOI'O MPOIECCA.

B kauectBe ocroBHoilT Bu3yasm3anuu B Hiérarchie nucnosib3yercs kpyroas guarpaMma ¢ Uc-
XozsiuMu u3 Hee jgydamu (sunburst chart). Ona nososisier 0ToOpazkaTh Kak MaJeHbKHE, TaK
u OoJibliine vepapxuu 0e3 UHTEePAKTUBHOW HPOKPYTKH, HPHUCIIOCADIUBAACH K Pa3sMepy KpaHa
0€e3 MCKazKeHUsi CTPYKTYPbl HEPAPXUH.

Pucynok 15 moka3bpiBaeT BepXHUil yPOBEHD /IS KOJIJIEKITUU TBUTOB M HOBOCTEH, KACAIOTIIXCS
npomasiiero camosiera Mastasmitckux aBuagnanii. KaKaplit ypoBeHb mepapXuu n300pazKaercs
B BUJIE KOJIbIIa, pa3bUTOro Ha Jiyru, ndobdpazkaiiue TeMbl. dT00bl n36ezKaTh 3arPOMOK ICHU S
JIMarpaMMbl, TEMbI HE IO/IIUCHIBAIOTCS, BMECTO ITOI0 MX Ha3BaHUs W300PazKAIOTCA CBEPXY IIPH
HaBeJleHnu Ha HUX Kypcopa. Takum obpaszom, Hiérarchie npujepzkuBaercs npuHIMIa «CHAYAIA
o0Immii B, 3aTeM MaclITabupoBaHue W UIbTpanusd, AeTaan Ho 3ampocys. [Ipum nHaBegeHnn
MBIIIA HA TEMY B Cepe/iiHe CXeMbl OTOOPAKAITCd CI0BA TEMBI, YTO IKOHOMUT HPOCTPAHCTBO
9KpaHa U TpebyeT MUHUMAJIbHBIX MepeMeleHnil B3I a.

Korya nosib3oBare/ib BoiOupaeT TeMy, JiuarpamMmma nepecTrpauBaercs /i OTOOPazKeHU s TOJIb-
KO BBIOpaHHOIT TeMbl 1 ee noareM (cMm. puc. 15). CBepxy cTpouTcs IyTh OT KODHs BCell nepap-
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Puc. 15 Cucrema Hiérarchie. Busyanusanus nepapxuu ¢ noMOmbio Kpyrosoi juarpammbl (¢ paspe-
mennst aBTopos [16])

XUU JI0 KOpHS TeKyinero yposHs. CipaBa Bcerjia HaxXOJUTCS <«SIKOPb», KOTOPBIil 0TOOpakaer
BCIO HEPapXUIO C BLIOpAHHBLIMH TeMaMH U IIOJATeMaMH. TakuM o0pa3oM, IOJIb30BATEIb BCEA
BUJIUT, HA KAKOM YPOBHE HMEPAPXUU OH HAXOUTCH.

Paccmorpum B3anmoieiicTBre 10/1b30BaTEIsI C CHCTEMO Ha IpUMepe BU3yan3alui TBUTOB
1 HOBOCTelT 0 nponasieM mMasasuiickom 6ourre MH-370 (em. puc. 15). LHenbio siBisiercs ananns
TEOpuii, COIVIACHO KOTOPBIM IPOIaJ caMoJieT. Bulia mocrpoena mMojieb u3 10 TeM s KazKI0ro
ypoBusd. [Ipu Boibope TeMbl «plane, people, pilot, think, know», KoTopas ocBemaeT pasJTHIHbIE
TEOPHH, 110/Ib30BATE/Ib MEPEXOJUT Ha CAeAyIomuil ypoBenb uepapxuu. [lob3ysich napuranueit
0 YPOBHSIM, OH HaXOJAUT Haubo/iee 00CYZK/IAeMble TEOPHUH: CAMOJIET MPU3EMJINJICH, CAMOJIET
pas3dmics, camoJieT ObLI 3aXBa4€H TEPPOPUCTAMHE, MAJIOT Pa3bU/I CAMOJIET B MOIBITKE CYUIIH/IA.
Ecyiu BBIOpaTh TEMy O KpyIIeHHH, TO Ha 3TOM YPOBHE TaKzKe eCTb IIOJITeMbI: CaMOJIET Pa30UICs
B OKeaHe, Ha CyIIle, U3-3a TeXHUIECKHX HEeI0/I1aI0K.

JocTouHCcTBA: XOPOIIas HHTEPIPETHPYEMOCTb, HHTYUTHBHO MOHATHBII HHTEpdeiic; BbICO-
Kasl JieTaJu3allusl TeM ¥ IIOJTeM; HET OIpaHUYeHUs I YHC/Ia YPOBHEH mepapxuu; ya00Has
HABUTAIWS 110 UEPAPXUHU.

HenocTraTku: HeBO3MOXKHOCTD 33JIaTh YUCJ0 TEM JIJIs KarK/IOI'0 YPOBHS; YHCJIO TEPMUHOB
TeMbI TaK2Ke (PUKCHPOBAHO M HE MOXKET ObITh U3MEHEHO IM0JIb30BaTe/IeM; IPOCMOTP JIOKYMEHTOB
[IOKa HEeBO3MOKEH; Me/IJIEHHAs PeaKIisd CUCTeMbl Ha JeHCTBUS MOJTb30BATE/I.

Cchrakm:
https://github.com/mlvl/Hierarchie — caiir cucremsr Hiérarchie;
http://mlvl.github.io/Hierarchie — mpumMep BU3yaau3aIim.

8 Cwucrtema TextFlow

Cucrema TextFlow [17| npennasnadena i Busyaiausanuu dunamuseckur (temporal) re-
MATHYCCKUX MOJe/Iell TAKMX KOJLIeKIHil, B KOTOPBIX KazK/Iblil TOKYMEHT HMeeT OTMETKY BpeMe-
HE co3anmusd min myoaukamun. TextFlow mo3Bosger HAXOIUTL U AHATH3UPOBATD IIEPEIOMHBIE
COOBITHA B TeMaX — UX HOgBJICHHe U UCUYC3HOBEHUe, pas3JiesleHie H CJUdHHe.

Cucrema cocTouT M3 TPEX OCHOBHBIX KOMIOHEHT (puc. 16, ciesa). IIpenpoueccop usbiekaer
OCHOBHOH TeKCT JOKyMeHTOB. Temamuueckutll anaiu3amop CIPOUT JIMHAMUYECKYIO TeMaTude-
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Puc. 16 Cucrema TextFlow. Apxurekrypa cucremsl (C1eBa) u npuMep susyaausaiyun (cupasa): 4 mo-
TOKa TeM, 4 MepeIOMHBIX U3MEHEHUs 1 D HUTeil KII0UeBBIX CJIOB (C pa3pelneHns: aBTopos [17])

CKYIO MOJIEJIb, BBIAB/ISIET MOMEHTBI CJIUSHUS U PA3/Ie/ICHUSA T€M, & TaKzKe IepeOMHbIe COOBITHS
U B3aUMOCBSI3H MEK/Iy TePMUHAMHU TeM. 1emamuveckudl 6u3yaisu3amop oTodpazKaeT pe3yibTa-
Tl B TPEX KOMIIOHEHTAX BU3YAJIU3AIIMH.

Usmenenue mem kax nomok. B TextFlow m3amenenuss reMm ¢ TeuenneM BpeMeHH H300pazKa-
forcst B Bujie rpada norokos (puc. 16, cupasa). Bpemst oTK/IaapBaeTCst B0Ib TOPH30HTAIBHON
ocu. VI3MeHSIOmAsICs BBICOTA MOTOKA BJIOJIb BEPTUKAJIBHON OCH HPOIHOPIUOHAIBHA KOJHIECTBY
JIOKYMEHTOB, KOTOPbIe OTHOCATCS K JAHHOW TeMe B JIAHHBIH MOMeHT Bpemenu. [loroku moryrt
pa3eIaAThCsl U CUBATHCs. [Ipu pas3iesenun (CIUsTHUM) NIABHOI BETKON CYMTAETCS Ta, TEMATHU-
Ka KOTOpOii Hanbosiee GJM3KA K TeMaTHKe MOTOKA [0 pasjesenus (moce ciusuus). [lpu coenn-
HEHUHU [TOTOKOB IBET IIOJIYYUBIIEHCs BETBHU IOJIYYAeTCsS CMEIIEHHEM [BETOB COOTBETCTBYIOMINX
n0TOKOB. [Iponopuun cMemuBaHus ONPEIEJAIOTCS BICOTAMI HCXOJAHBIX BETOK. AHAJOIMYHbIN
MEXAHU3M IIPUMEHSIETCS IPU PA3JIeJIeHHH TOTOKOB.

leperomnvie usmernenua xar aaugor. s orodpazKeHus MOSIBICHNS, HCU€3HOBEHUS, COE/IH-
HEHUsl U pa3/ieJieHus] MOTOKOB ObLIN BbIOpaHbl derThipe rnda (puc. 17, ciaesa). OHu Hak/Ia-
JIBIBAIOTCS MOBEPX M300parkKeHus MOTOKOB B MOMEHTBI COOBITHl, 0OHAPYZKEHHBIX TeMAaTUIECKUM
aHasimzaTopom. Hem Oouibiie riind, TeM BazkKHee 0003HaYaeMoe UM COObITHE.

Koppeaauuu karouesox croe kax numu. s n300pazkeHus: B3auMOCBS3H OLPEJIEJIeHHOIO
TepMHHA (KJIIOYEBOrO CJI0BA) TEMbl C JAPYTHMHU €€ TePMHHAME HCIOJIb3YeTCsl BU3YaJbHBI 1pH-
MUTHUB, HA3bIBAEMBIH Humbio (cM. puc. 16). MoOMeHTbI BpeMeHH, KOr/ia IOsIBJISIeTCs KII0UeBoe
CJIOBO U KOTJIa OHO MCY€3aeT, COINHSIIOTCSI KPUBOH JIMHUEH ¢ BOMHOBBIM 3dekTom (cM. puc. 17,
ciupasa). Ecin HECKOJILKO HUTEl B3aUMOJIEHCTBYIOT JAPYT C JAPYIOM, TO Jijis U300PaKeHUsT CO-
BMECTHOT'O MOSBJIEHUS ITUX KJIOUYEBBIX CJIOB UCIIOJIb3YeTCs BOJTHOBOHI IIYUYOK B TOM HHTEpPBAJE
BPEMEHH, KOIJIa KJIIOYEBBIE CJIOBA YaCTO COBMECTHO MOSIBJISINCH B JOKyMeHTaX. AMILIUTY/1a
Iy4YKa [POHOPIMOHAJBHA YACTOTEe IMOSBJIECHUS BCEX KJIFOUEBbIX CJIOB Te€Mbl: 4eM OHa 0OJIblile,
TeM Yallle MOSBJSIIOTCS COOTBETCTBYIOIINE CJIOBA B JIAHHBI MOMEHT BpEMEeHH.

1
«— wave bundle E—

amplitude primary

keyword

source sink split merge

Puc. 17 Cucrema TextFlow. Tindwr (ciesa) orobpazkaior mepeaoMHble MOMEHTbBI: MCTOK, CTOK, Pa3-
nesienne, causaue. Busyanbabie aTpubyThL (CIpaBa) 0TOOPArKAOT B3ANMOICHCTBIS HUTEN: aMILIATYIa
1 BOJIHOBOIT 11y40K (¢ paspeiienust aBropos [17])
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Puc. 18 Cucrema TextFlow Ha npumepe Busyajmszaliuyd KOJJIEKIMU CTaTell HaydIHbIX KOHMepeHuit
Vis u InfoVis. Ocuosnoii rpaduyeckuit unrepdeiic TextFlow u nonoinuTe/ibHbIe KOMIOHEHTBI: 00/1aKO
TeroB (cjieBa BHHU3Y) U BpeMeHHas mIKasa (cipasa BHu3Y) (¢ paspemenus aBTopos [17])

onoarnumenvroe cpedemea: obaarxo mezoe u epemennan ukane. OIMUCAHHBIE BBIIIE TPU
KOMIIOHEHTa, OTOOPazKaloT TOJIbKO JUHAMHUKY M3MEHEHHI TeM, HO CKPBIBAIOT JIETAJIbHYIO TeK-
croByio undopmanuio. [Tosromy B TextFlow Obliu ji00aB/ieHbl JiBa JIONOJHUTEJILHBIX KOMIIO-
Herra (puc. 18, BHH3Y): 00JAKO TErOB W BPEMEHHAs IKaJa, KOTOPbIE€ IIPH BbIICJIEHHH TEMb
oToOpazkaloT HauboJiee 3HAYUMbIE TEPMUHBI U HPE/JIO?KEHHS TOW TeMBI.

B cucreme TextFlow ecTb jiBe ocHOBHBIE (DYHKITUHU OTH30BATEILCKOIO HHTeP(deiica: HaBee-
HHUe Kypcopa Ha 3JeMeHT u ero Beioop. [Ipu HaBegennn moab3oBaTesb BUIUT arperupoBAHHYIO
undopMalmio, 4ro objerdaer emy BbIOOp djiemenTa. Hatpumep, 1ipu HaBejieHuu Ha TeMy Oy/1yT
0oTOOpakaThcs ee HauboJ/Iee CYIECTBEHHbIE TEPMUHBI U BETKH, UCXO/siue u3 nee. [Ipu Beidope
10JIb30BaTe/b BUAUT Oosiee jieTajbhyio uHdopMaiuio 06 sjiemente (Hanpumep, 00JAKO TEros
Jtst TeMbl). [Tocsieinee HyZKHO JIJIS TOTO, 9TOOBI CHCTEMA MOLJIA PEKOMEHI0BATH MOJIb30BATEIIO
MIAry JasbHedilieii HaBUraIUd [0 KOJUIEKITHH (HAIPUMED, CXOKHe 0 COCTABY TeMbl WIH CJIOBA,
KOTODBIE YACTO MOSBJISIIOTCSI BMECTe C BHIOPAHHBIM KJIIOYEBBIM CJIOBOM).

Paccmorpum B3aumMojieiictBre 1o/1b30Barelis ¢ CUCTEMOI Ha ITPUMepe BU3YaJIM3allui KOJLIeK-
nuu crareii Hayanbix koudepennuit IEEE Visualization (Vis) u IEEE Information Visualization
(InfoVis) ¢ 2001 mo 2010 rr. Ha puc. 18 nokasan pe3yibrar BU3yaJU3aluu, [Je CPa3y BHIHO
HECKOJIbKO ocobennocreii. Tembr A—D, orHocamuecs K KoHdepeHmun Vis, CIUBAINChL U pa3-
nesguchk 10 2006 1., HO 3aTeM pa3BHBAJUCH HE3ABUCUMO JIPYT OT Jpyra. TeMbl KoHpepeHIuH
InfoVis E-G, Ha060poT, aKTHBHO B3aUMOJIEHCTBOBAJIN JAPYT C IPYIOM HA BCEM HHTEPBAJIE BpeMe-
uu. [Ipu stom rema F «uccregoBanne /ananurukay sBJIsleTCsl <IJIABHBIMS IIOTOKOM, OPOZK A0~
muM 60JIbIIOe KOJIm4ecTBO orBerBiennii. [pu neranbaom anasmse remsl F (puc. 19) orderimbo
BIJIHO, 9TO B CepejiiHe MOTOKA ecTh ucTok (a). IIpu anaqm3e OTHOCSIUXCS K HEMY JIOKYMEHTOB
BBISICHIJIOCH, 9TO OOJIBIIMHCTBO U3 CTaTell OTHOCUTCA K TeMe <«aHAJUTHKa»., DTO He Caydaii-
HOe coBIajenne, Tak Kak B 2006 r. Buepsbie ObL1 mposenen cummo3uym IEEE VAST. Takum
o0pa3oM, 1pH JieTaJIbHOM HJIM ODIIEM aHaJ/Iu3e BU3yaJIU3alUu 110/1b30BaTe/Ib MOXKET HAUTH MH-
TepecHble OCOOEHHOCTH B KOJLJIEKIIHH.
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Puc. 19 Cucrema TextFlow ma npumepe Busyausaiuu KoJLUIEKIIUN cTaTeil HAyIHBIX KOHpepenuii Vis
u InfoVis. deranuzanus rembr F kondepenunu InfoVis (¢ paspemenust asropos [17])

JocTomHcTBa: Gorarbiii u yj00HbII uHTEpPdEc JIjis UCC/Ie/IOBAHUS TEM BO BPEMEHU; BU3Y-
AJIN3AIMS IEPEJIOMHBIX U3MEHEHU U KJIIOYEeBBbIX CJIOB.

HepocraTrku: HEMOHATHO, KaK BBIOMPATH TTITABHOE KJIOUEBOE CIOBO s OTOOparKeHus HU-
Teil; BO BPEeMEHHOH IIKaJie OTOOPAayKaloTCs TOJIBKO OTPBIBKHM JIOKYMEHTOB, IIPHYEeM He BCeX;
HeyI00HO CpaBHHBATBH TeMbl B HHTepdeiice; paboTaeT Ha KOJUIEKIUAM MAJIOro o0beMa.

IIpumep Bm3yasm3anmum:
http://cgcad.thss.tsinghua.edu.cn/shixia/publications/textflow/video.avi

9 Cwucrtema HierarchicalTopics

Cucrema HierarchicalTopics [18| coBmemiaer B cebe nocrpoeHne u MHTEPAKTHBHYIO BH3ya-
JIM3AIMIO HEPAPXUYECKUX TeMATHIeCKUX MOJeIel B UX JuHAMUIecKoM pasputun (puc. 20).

Cucrema peasusyer derbipe crajun 00paboTKi MCXOAHbIX JaHHbIX (puc. 21): (A) Hakorie-
uue Jaunblx; (B) npexsapuresbaas 06paboTKa, MapaieJbHOe TEMATHYECKOe MOJIEJTUPOBAHIE
M CyMMapu3alis TeKCTOBbIX JOKyMeHToB; (C) mocrpoenne nepapxudeckoro JepeBa [myTeM CJu-
sAHUg TemMaTHdecKux Kiaacrepos; (D) Busyasnusanus. [lepBbie aBe cTajuu peaqu3yloTCs B pe-
xKume o draiiH, MOCIeHAE JIBE — B PEKUMe HHTePAKTUBHOTO B3aUMOJICHCTBHUS MOIb30BATE I
C CUCTEMOil.

Busyanmuzanusa Hierarchical Topics coctont u3 JBYyX CHHXpPOHU3UPOBAHHBIX ITPeICTaBICHUIL:
orobpazkenne uepapxuu (Hierarchical Topic view) n orobpazkenue motokos tem (Hierarchical
ThemeRiver).

Hierarchical Topic view. B 3TOM 1pecTaB/lIeHHI I0JIb30BaTeIb MOXKET aKTUBHO B3aHMO/Ieii-
crBoBaTh ¢ cucreMoil (puc. 22). IloMuMO CTAHIAPTHONO MACIITAOUPOBAHUS M MPOKPYTKH, OH
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Puc. 20 Cucrema HierarchicalTopics. OcHoBHBIE 371eMeHTHI TIOIB30BATEILCKOT0 nHTEpdeiica (¢ paspe-
mienust aBropos [18])
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Puc. 21 Cucrema HierarchicalTopics. Apxurekrypa (¢ paspeuienusi aropos [18])
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Puc. 22 Cucrema HierarchicalTopics. OcHoBHble nelicTBUS TIOJB30BATEIb MOXKET COBEPIIATDH
B Hierarchical Topic view: (A) syna; (B) Boigeurens; (C) csopaunsanue Bepmun (ipu 3rom (opma
BEPIIUHBI CTAHOBUTCS MPAMOYrosbHHKOM); (D) aHHOTAIWS, KOTOPYIO MOIB30BATE/b MOXKET J00ABUTH
K 000§ Beprure (¢ pasperrenus: aBTopos [18])

Topic 04 interfaces  interfface  interaction
Topic 47  creativity creative  interactive

@ Topic 04 interfaces interface  interaction

Collapse

']
10§ Topio30. broader inellectual  knowledige

i
1 1 Topic undergraduate raduate ucational
1@ Topic30  undergraduate ~ grad educational
i

i
H 1Topic31  graduate school undergraduate

~~ @ Topic 47 creativity  creative interactive Topic 25 teams voting  competition

Absorb

@ Topic 10 quantum classical  computers

@/ © Topic05 simulation numerical equations
@ Topic 11 optimization  optimal constraints
@ Topic29 complexity theoretical  graph

@ Topic10 quantum classical  computef
@~ 0 Topic 05 simulation  numerical  equd}
@ Topic 50 workshop nsf community

i

- e 1 it it ti | traints N
IU ® Topic1 optimization  optimal - constraints ® Topic15 doctoral  consortium  conference !
1 © Topic29 complexity theoretical  graph ® Topic 27 el i

L

1]

@ Topic 50 workshop nsf community

@ Topic15 doctoral consertium  conference
°]

Topic 27 conference  international held

@ Topic39 broader intellectual  knowledge
@ Topic30 undergraduate  graduate ~educational
@ Topic31 graduate scheol undergraduate

@ Topic25 teams voting  competition

=2

W

Q,
<L

Puc. 23 Cucrema Hierarchical Topics. Tpu onepaiiuu, ¢ mOMOIIBIO KOTOPBIX [T0JI30BATE/ b MOXKET U3Me-
HUTH HEPAPXUI0 TeM: coenuuenue (join), mortormenne (absorb) u cBeproiBanume (collapse) (¢ paspemrenns
asTopos [18])

MOZKET HCIOJIH30BaTh JYIY (J/I yBeJnveHust pa3Mepa mpudTa cI0B TeMbl) U BBLICJIUTETb (/15
BbIJIeJIeHHsI CJIOB TeMbl). TakzKe 10/1b30BaTesIb MOKET U3MEHSTh CTPYKTYDY HePAPXHUU: IPYIIIIU-
pOBaTh HECKOJIBKO BEPIIUH JI€PEBa B OJHY, HOIVIONATH BEPIIMHBI U CBOPAYMBATH UX (puC. 23).
Nmeercst BO3MOXKHOCTD HOJIUCATD KAXK/IyI0 BEPIIUHY I'PYIIIbI TEM.

Hierarchical ThemeRiver. [ljisi orobpazkenusi JIMHAMUYECKUX U3MEHEHUI B I'PYIIIaxX TeM HC-
10JIb3Y€eTCst MOy Ib Bu3yausanuu T hemeRiver [19]. Pabora nosbp3oBaresist HadnHaeTcst ¢ riaB-
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Puc. 24 Cucrema HierarchicalTopics. Ocuosnoit uarepdeiic Hierarchical ThemeRiver (¢ pa3spermenns
asropos [18])

HOI ITaHeJIH, 11 0TOOPAZKAIOTCS U3MEHEHUsI CAMBIX BePXHUX TeM uepapxun (puc. 24A). Boicora
KazKJI0M JieHThl (T.e. 9acTh rpaduka, COOTBETCTBYIONIEH KOHKPETHONH TeMe) BbIYUC/ISETCS KaK
CyMMa, BBICOT JIMCTbEB COOTBETCTBYIONIEH Bepiiunbl. [Ipn HaBejeHun Kypcopa Ha JIEHTY Ha lia-
HEJIM IPEeJIBAPUTEILHOIO IIPOCMOTPa OTOOPAKAIOTCA U3MEHEHHS, ITPOU3OIIE e B JOYePHUX
y3nax (puc. 24B). s cpaBHenusi HeckobKux rpynm tem B Hierarchical Topics ucmosb3yer-
cd rubkasi CTpyKTypa naHejei. Yrobbl CpaBHUTH Pa3J/IMYHbIE I'PYIIIIbI, HOJb30BATE/]b MOXKET
BHIOpATH HYKHYIO eMy JIeHTY Ha rpaduke, s KOTopoii mocrpourcs noananens (puc. 24C),
HOKa3bIBAIONIAs CJIEYIONUN yPOBEHb UePpAPXUU JIJIsi BHIOPDAHHON TEMbI.

I{semosas cxrema. st JIaBHOTO HEPEXo/ia MezKJ1y MaHeJIsIMU UCIOJIb3YIOTCH 12 cuenualib-
HO 110JI00OPAHHBIX KOI'€PEHTHBIX [BETOB, KOTOPbIE PUCBAMBAIOTCS JieHTaM Ha rpaduke. JleHTb
JIOUYEPHUX y3JI0B OKPAIIUBAIOTCI B TOT K€ OTTEHOK, HO JIPYroil APKOCTU U HACBIIIEHHOCTH.

Jlemaausayus TeKCTOBBIX JIOKYMEHTOB BO3MOZKHA 110CJI€ Bbljle/ieHus: TeMbl. B upejicrasiie-
nuu Hierarchical ThemeRiver 1oJib30BaTe/ib MOKET BKJIIOYUTH PEXKUM «BPEMEHHOHN 10//1ePrK-
KI» M IPOCMATPUBAThL MHOXKECTBA JIOKYMEHTOB, KOTOpPbIe ObLIN OIIyOJIMKOBAHBI B KaKOM-THOO
KOHKDETHBI mepros Bpemenu (puc. 24E).

JocTouHCcTBA: COE/IMHEHNE B OJITHOM HMPUJIOKEHUN BU3YaIU3AIUN KaK HepPapXuIecKoi, Tak
U JIMHAMHYECKOIl MOJe/IN; MHTYUTUBHO HMOHATHBINA HHTepdeiic; BO3MOKHOCTD HHTEPAKTHBHOI'O
POCMOTPA U U3MEHEHUsI UEPAPXUU TeM; BO3MOKHOCTDH JIETAJIU3AIMU TEKCTOB JOKYMEHTOB 3a
JIIOOOI#1 11epHo/| BpeMeHHU.

HenocTaTku: omnpeje/ieHre BBICOTBHI JIEHTHI HA BPeMEHHOM I'paduke depe3 CyMMY BBICOT
JILCTHEB HE SIBJISETCS 110JI€3HOM XapaKTePUCTUKOM JIjIs UCCJIe/IOBAHUS KOJJIEKIUU; IPU OOJIBIIIOM
KOJInYecTBe TeM rpaduk mnepecraer ObITh BU3YaJbHO MOHSTHBIM.

Cchrakm:
http://youtu.be/VilFP5kAbOU — mpumep BU3yaIU3alUN.

10 Cwuctema RoseRiver

Cucrema RoseRiver [20] paspaborana ua ocuoBe cucrembl TextFlow u npenHasHaueHA JisI
aHaJ/JIn3a JUHAMUKNA U3MEHeHUl B HEepaApXuIeCKUuXx TeMaTu1eCKUuX MO/ICJ/IdX. OHa IIO3BOJIdEeT CJIn-
BaTh U pa3/e/isdTh TeMbl, BbIOUPATh YPOBEHb JleTa/JIU3allMi UePAPXUM IIyTeM 3aJ/laHus pa3pe3a
JdepeBa U 1IPOCJ/IE2KUBATb U3MEHEHU A BbI6paHHOFO MHO2KEeCTBa TeéM BO BpeMeEHH.

CravaJia 10 KOJJIEKIUU JOKYMEHTOB CTPOUTC MOC/IEA0BATEIbHOCTh TaK HA3bIBAEMbIX IBO-
JIIOMUMOHHBIX JIepeBbeB TeM, KOTOPbIC IPEACTaBJIAIOT HEPAapPpXHUI0 TEeM B KOJUJIEKIUUA B Pa3JIA4-
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Puc. 25 Cucrema RoseRiver coctout 3 Tpex KOMIOHEHTOB: MOJY/Ib 00pabOTKU JAHHBIX U TeMaTu4e-
CKOTO MO/IeJIMPOBAHUS, MOJLYJ/Ib IOCTPOEHUs PA3PE30B M MOJY/Ib Budyasm3anuu (C paspeiieHus asTo-

pos [20])

Puc. 26 Cucrema RoseRiver. Co3manue paspesa u ero mogudukarus: (a) BbIIEJT€HbI BEPIIUHBL Pa3pe-
3a; (b) rema nepecrasia 6biTh POKYCOM, CreHepUpOBaH HOBbIN paspe3 (¢ pasperienust asropos [20])

HbIe MOMEHTBI BpeMenu (puc. 25). Kpome mocsie1oBaTeIbHOCTH JEPEBLEB HA ITOM IIAre TaKKe
(bOpMI/IpyeTCS{ MHOZKECTBO IIap CXO02KHUX BEPIIUH-TEM B JIEPEBbAX, COOTBETCTBYIOIUX CME2KHbIM
MOMEHTaM BpEMEHHU. CI/ICTeMa Y4YUTbIBa€T UHTEPECHI 11OJIb30BaTe/1d, HaKallJINBad I/IH(bOpMa]_H/HO
O TOM, 32 U3MEHEHHeM KaKUX TeM OH CJeauT. [[jisi 9Toro mpuMeHsiercsi TeXHUKA [HOCTPOEHHsI
JIePEBBEB ¢ yueToM crernenu unrepeca (degree-of-interest, DOI) [21].

B ocnose Busyasmzanuu RoseRiver jiexkut unkpemenmuoil aa20pumm nocmpoerus paspe-
3a 6 asoaoyuonnom depese (incremental evolutionary tree cut algorithm). Paspesom depesa
(tree cul) Ha3bIBaeTCs TaKoe MHOYKECTBO BEDIIMH, YTO JIOOON MyTh U3 KODHS JepeBa K ero
JIMCTY COJEPZKUT TOJBKO OJIHY BepIIHHY U3 pa3pesa (puc. 26). Vmes anaropuTva 3aKI09aeTCs
B TOM, YTOOBI pa3pe3bl JIEPEBbEB B IOCJEI0BATEIbHbIE MOMEHTHI BPEMEHH COCTOSLIM U3 CXO-
kux BepmmH. [y 97010 1mosb3oBaTesib (DUKCUPYET MOMEHT BPEMEHH U BbIOMPAET OJHY WJIn
60J1ee OCHOBHbBIX BepIlMH, Ha3biBaeMbiX (POKycHbIMU TeMamu. Ha ocHoBe (POKYCHBIX TeM CTpO-
UTCs pa3pe3 jJepeBa, Ha3bIBaeMblil K0ueBbIM. [10 KiTtoueBOMy pa3pe3y CTPOHUTCS IPOU3BOIHOE
MHOKECTBO Pa3pe30B JIEPEBbEB B CMEKHbIE MOMEHTHI BPEMEHH, HPOXOJISAIIUX Yepe3 BepIIUHbI-
TEeMbI, CXOKHe C TeMaMU KJII0YeBOro paspe3a. [lob30oBaTe b MOKeT HCIIPABUTh AaBTOMATHIECKH
Hali/[eHHbIE PA3Pe3bl B HHTEPAKTUBHOM PEXKUME, 9TO0bI y/IydIINTh HHTEPIPETUPYEMOCTD TEM.

Busyanusanus noroka teM B RoseRiver monmocrnio ocnosana ma TextFlow (cm. Bbime),
O3TOMY JaJjiee OyIyT ONHCAHBl TOJBLKO JOIOJHUTEIbHBIE 31eMeHTHl, nogpusinnecd B RoseRiver.

Bepwunve paspesa. Kaxkiasd BepiinHa u3 paspesa HPEACTABISETCH IPIMOYIOJbHUKOM CO
CKPYIVIEHHbIMHA YyIJIaMU, IIPpU 9TOM YPOBHHU HEPAPXUU HPEACTABJIAIOTCA He60ﬂbLHI/IMI/I CABUTI'aMH
BIIPABO BJIOJIb OCH BpemeHu (puc. 27).

Loxymernmo,. 1IBerHast 1moJiocKa MeXKJLy JBYMsI Wil OoJjiee IMOTOKAMHU TeM, pas3/le/IeHHbI-
MM BEPIIMHOW U3 pa3pe3a, 0003HAYaeT YUCJIO Hap JOKYMEHTOB, OTHOCHIIMXCS K TUM TeMaMm
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Puc. 27 Cucrema RoseRiver. Bepumnbl paspesa (a) u ux npejcrasjienue ¢ HeGOJbIIUME CABUTAME
ypoBHeii Bzosib ocu Bpemenn (b) (¢ pasperrenust aBropos [20])

(a) (b) (c) (d

Puc. 28 Cucrema RoseRiver. Herbipe npumepa wHTEPHIPETAIMU TOTOKOB ¥ IOJOCKHA MEXKJIy HUMU:
(a) BosuukHoBenue Temsl; (b) Tema Mano m3mensercs; (c) Tema cuibHO m3Mensercs; (d) Tema OpICTPO
BOBHHUKAET U HCIe3aeT (¢ paspemenus aBropos [20])

(puc. 28). TemHast yacTb TOI MOJOCKH 0GO3HAYAET JOKYMEHTBI, KOTOPbIe IPUHAJJIEKAT 0OenM
TeMaM CJIeBa W CIOpaBa OT MOJOCKH (T.e. JIBYM COCEJIHUM JepeBbsiM). Bbicora TeMHOl dacTu
HPONOPHHUOHAJIbHA JI0JI€ TAKUX JIOKYMEHTOB.

I[semosas crema. PokycHble TeMbl UMEIOT IIOJIHOCTHIO HACBIIIEHHbIA YHUKAJbHBIA IBET
(puc. 29, 30), B TO BpeMsi KaK HPOU3BO/IHbIE TeMbl (HALPUMED, [IOJLYYEHHbIE B PE3YJIbTATE CJIUSsI-
HUsI) OTJTMYAIOTCS OTTEHKAMH, T. €. COXpaHsaercs 1peroBas crparerust TextFlow. Ilpu sToMm nper
IOCTEIeHHO CBOJUTCS K CEPOMY, €CJIH TeMa MepPecTaeT OBbITh MOXOXKell Ha TeMbl-(DOKYCHI U yZKe
He YJI0BJIEeTBOPsAeT HHTEPecaM I0JIb30BaTes.

Hemasu. Ilpn HaBe/leHnN Kypcopa Ha BEPIIMHY-TEMY M3 pa3pe3a I0JIOCKA BHYTPH Hee pac-
HIUPSIETCs], TOKA3bIBAs XaPAKTEPHbIE JJIsi TEMbI CJIOBA BHYTPH paciiuperHoii obsractu (puc. 31).
Yro0bl coxpanuTb MHGMOPMALUIO O IVIyOMHE TaKOW BEPIIMHBI, PACIIMPAETCH TOJBKO CPeJIHsIs
9aCTh MOJOCKU, KOHIBI IIPH 9TOM OCTAIOTCS HEM3MEHHBIMH.

Bsaumodeticmeue ¢ cucmemot. 1lonp30BaTens MOKET H3MEHATH IIOTOKH TeM, CJAHBAS IJIH
paziesas TeMbl. s 9TOro mpu BEIOOPE MOJOCKH BEPIIHHBI-TEMbl OHA ABTOMATHIECKH Dac-
NATACTCH HA <IOIOJIOCKH», KOTOPble 0003HAYAIOT TEMBI, COIEPKAIINECS B OTOKE CJIeBA HJIH
cupasa. IIpu BeIGOpe HECKOIBKUX TAKHX <IOJIIOJOCOK» MOMKHO C/INTH BOECAUHO UJIU PA3bEIU-
HUTH HECKOJIbKO IOTOKOB TeM (puc. 32).

) A B & oV D Va2 0 O P S \J N
® & & & & ® IOAACS IR RS R AR &

Jun. 3 Feb. 10
NSP; monitors calls of 35 world leaders Snowden nominated for Nobel peace prize

R TR IR U Y o > o .-} o i\ S
RSO o RO SN G KU Y

Puc. 29 Cucrema RoseRiver. Konneknusa nosocreit u TBuros o PRISM ¢ utosig 2013 r. mo depaib
2014 r. (c paspemenusi apropos [20])
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Puc. 30 Cucrema RoseRiver. (a) Hosoctu o PRISM ¢ mronst mo asrycr 2013 r.; (b) cpaBuenme kiode-
BbIX CJI0B u3 TBuTTEpa M HOBOCTEH, JymHa Jyr B 00JIAKE COOTBETCTBYET 4MC/y COOOIIEHUit u crarei;
(¢) mocste pas/esienns ABYX MOTOKOB CrEHEPUPOBAHO HOBOE Ipe/cTaB/ieHue (C pa3pererns aBTopos [20])

-) K'ey_word
- -

Puc. 31 Cucrema RoseRiver. Pacimpenne mosocku TeMbI ¢ COXpAHEHIEM ee MOJIOYKeHHsT (C paspere-

Hust asropos [20])
@ o
< > -). > '
(@) (b) ()

Puc. 32 Cucrema RoseRiver. [Ipumep pasienenns moTokos tem (¢ pasperierus: aBTopos [20])

Takzke 1M0Ib30BATEb MOKET U3MEHATH (DOKYCHBIE TEMBI B IIPOIECCe pabOThl. ITO BO3ZMONKHO
¢ IOMOIIBIO IPOCTOTO BBIACICHHAS WHTEPECYIONEed TeMbl UIX ¢ IIOMOIIBIO ITONCKA, €CJIN IOJIb30-
BaTEJb He BUOUT HYZKHYIO €My TeMy Ha JKpaHe.

Paccmorpum pabory mosib3oBaTesid ¢ CUCTEMON Ha IMpUMepe BU3YaJU3aIud KOJLIEKIU HO-
Bocreit u TBuToB 0 PRISM (cm. puc. 29). [Tis Gosiee jieraibHOr0 paccMoTpenusi Obliii BHIOPAHbI
tema « NSA» (opankeBast) u rema «Snowdens (rouybasi). Kak Bujano u3 puc. 29, ronybast rema
ObljIa HAMHOI'O IIOIyJIIPHEe B TedYeHue HEePBOr0 Mecsila, YeM OpaHzKeBas TeMa, HO C TeYeHUueM
BpEMEHH OHA CTPEMHTEIbHO Tepsijia MOIY/IsPHOCTh, B TO BpeMs KaK OpaHzKeBas TeMa IOYTH He
u3MeHs1ach. VI3 3T70ro MOXKHO CJe1aTh BBIBOJI, YTO OpPaHzKeBas TeMa SBJIAeTCd MepMaHeHTHOM’,
a rosybas — cobbiruiinoii. To ke camoe MOXKHO ckazaTh u 0 cuneil Teme «EU Allies» (cwm.
puc. 30), KOTopasi MOsBUJIACH HA KOPOTKOEe BpeMst U ucdessa. [ljisi BblsiBJIeHHs] IPUYHH TAKOTO
U3MEHEHUs TeMbl 0JIb30BaTE/Ib MOZKET Pa3/Ie/IuTh ee Ha 1O/TeMbl U lIpOaHa/u3uposars ux. Ha-
npuMep, Ha puc. 30D BUIHO, YTO NPUINHON yracaHus 3€J€HOM TeMbl CTAJI0 MOABICHUE KEJITOM
TEeMBI.

JlocTomHCcTBA: KOMOMHIPOBAHHAS BH3yaIN3alNsd HEPAPXTIECKON U THHAMUIIECKON MOIeTn
P cOXpaHeHn’ BcexX npenMytiecTB TextFlow; Bo3MOXKHOCTD HHTEPAKTUBHOTO B3aUMOIEHCTBUS
C CUCTEeMOU JIjIsd U3MeHeHHsI 0TOOparkaeMoil uepapxuu; 00JIaKO TEroB 0TOODpazKaeTcs He BHU3Y
unrepdeiica, a UPAMO psiJIOM C KOHTYP-BEPIIUHOMA.
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Hepmocrarku: cioxkublii uarepdeiic 1 HEMOATOTOBICHHOTO MOJIb30BATE/sI; HEIOHITHO,
KaK BbIOMparTh (POKYCHBIE TeMbI, KOTJA I[OJIb30BaTe/Ih 3apaHee He 3HAET, O YeM KOJIICKIIUs;
BO3MOZKHBI COOHM IIPU MOCTPOEHUU IBOJIIOINUOHHDBIX JEPEBbEB U KOHTYPOB B HHUX; HET HABHTAIIUU
II0 KOHKPETHbIM J€PEBbAM B KOHerTHbIﬁ MOMEHT BpEMEHHU.

Ccouiku:
http://research.microsoft.com/en-us/um/people/weiweicu/RoseRiver — caiiT npoekTa;
http://cgcad.thss.tsinghua.edu.cn/shixia/publications/RoseRiver/video.mp4 — npu-
Mep BH3ya TH3alHH.

11 KpaTtkuii 0630p Apyrux cucrem Busyanmsauuun

11.1 Cucrema MetaToMATo

Cucrema MetaToMATo (Metadata and Topic Model Analysis Toolkit) [22| upesnasnadena
JUIsl BU3YAJIU3AIMN HE TOJIBKO TeMATHYeCKON MOJIe/IH, HO U MEeTaaHHbIX KoJuieknuu (puc. 33).
MetaToMATo 1103B0OJIsIET 1TOJIB30BATEIIIO EPEUMEHOBATH TEMbI, YIAJISITH TEMbI, 100aB/IITh Pas3-
JINYHBIE TUIBI METaIJAHHBIX — aBTOPOB, METKY BPEMEHH, IeorpapuiecKyio MeTKy, MeTKy UCTOY-
HuKa u T. 7. Takzxke ¢ momoribio MetaToMAToO MOKHO OCYIECTBISITh TEMATHIECKHIA IIOUCK II0
MeTaJaHHBIM.

Order by [ quality % [descending :) [Go_

s. ) 152, {share, listed, bath} @

X {government, agency, law}

|X 11. {tennis, match, year} 1||X 18. {cup, minutes, salt} -

w

bath
market
bedroom
net

Puc. 33 Cucrema MetaToMATo. Crpanuipl remsl (¢ pasperienust aBropos [22])

docTrouHcTBa: y00HbI 1 DYHKIMOHAIBHBIA HHTEPdEHC /i 0TO0parKeHus: MeTa aHHbIX
1 KOHTPOJIA CTEIeHH MX BJIUSHUA Ha 0TOOparkaeMble JIOKYMEHTBI IIPH ITOUCKE.

HenocTraTku: HEBO3MOXKHOCTD OTOOpaYKEHUs CXOKHX TeM; HEBO3MOXKHOCTD Y/IYUIIUTH MO-
Jieb (M3MEHUTD CJI0BA T€MbI, CJIUTh WIH PA3/eJUTh TeMbI); CIHCOK TEPMUHOB T€MbI COCTOUT U3
CaMbIX BEPOSITHBIX CJIOB, a He u3 Haubo/iee XapaKTePHbIX CJIOB TE€MbI.

11.2 Cucrema LDAvis

Cucrema LDAvis moka3bIiBaeT, HACKOIBKO TeMbl BECOMBI B KOJLIEKIINH, HACKOJIbKO OHI OJTH3-
KW JIDYD K JIDYIY M U3 KAaKUX 3HAYUMBIX TepMHUHOB OHU cocrosT [23]. Iast storo B LDAvis
umMeroTest JiBa npejcrapienusi (puc. 34). IlepBoe orobpazkaer TeMbl B BUJE BEPIIHH, pasMep
KOTOPbIX HPONOPpIKOHaJeH P(t) U paccTosiHue MezK /1y KOTOPbIMU HPOIOPIUOHAJBHO MEPE CXO0/I-
crBa teM. Bropoe mokaspiBaer pacupegesenust p(w|t) u p(w) jisi peeBAHTHBIX TEPMHHOB
TeMbl. PeleBAaHTHOCTh TepMHHA W OTHOCHTEIBHO TeMBbI ¢ OIpe/Ie/isdeTcs Kak

relevance(w,t | )\) = )\logp(t | ’U)) + (1 _ )\) lOg p(t | w) :

p(w)
rae mapamerp A (0 < A < 1) peryaupyercst nosib3oBaresieM (aBTopbl pekoMeHayorT A = 0,6).
Takzke LDAvis rpymmupyer cxoxkue TeMbl B KJIacTepbl ¥ 0003HAYAET KarK/bIil KjacTep yHU-
KaJIbHBIM 1IBETOM (MAKCHMAJIbHOE YHC/IO KJacTepoB pasHo 10).
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Puc. 34 Cucrema LDAvis (¢ paspemenust aBropos |23])

JocTouHcTBa: yI00HBII MHTepAKTHBHBINA HHTepdec /IJId UCCAeOBAHUS PacIpe/ie/IeHni
CJIOB IO TeMaM ¥ O KOJJIEKIIUH, IJie CTeNeHb PeJeBAHTHOCTH TEPMUAHOB KOHTPOJIMPYETCH MO b-
30BaTeJIeM.

HenmocTaTku: HEBO3MOXKHOCTH IIPOCMOTPA JOKYMEHTOB U PAaCUPEJeJIeHUil TeM 10 JIOKY-
MEHTaM, OI'PAHHMYEHHOE KOJIMYECTBO KJIACTEPOB U OTOOparKaeMbIX TEPMHUHOB, HEBO3MOXKHOCTD
3a/1aTh KOJUYECTBO T€M, OTCYTCTBAE UMEHOBAHUS TEM.

Caiit: https://github.com/cpsievert/LDAvis.

IIpumep: http://cpsievert.github.io/LDAvis/reviews/vis.

11.3 Cucrema TIARA

Cucrema TIARA (Text Insight via Automated Responsive Analytics) nupennasnadena jyist
BHU3yaIN3alud JUHAMAIECKHX Mojeseit. OHa mpejcraBisgeT TeMbl KaK IIOTOKH B IIOTOKOBOM
rpade [24]. Ha kaxk0M HOTOKe B KaKJblii MOMEHT BpeMeHH H300pazkaercsi 00JIaKO CJIOB Te-
MBI, TIOMYJISIPHBIX B JAHHBIH MOMeHT (puc. 35). BbicoTa MOTOKA MPOMOPIUOHATIBHA KOJTHIECTBY
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19 codenan araphical state running henvest vjits
computer linkedin phomn 24Ying "
| Iabvisit Seminarstudents takimage piCinstitute  network
! | pctao talk ime -
query topic.
phd review PIOPEMY  gont  soreeniplaw - setfactiva I
: The coatle srpon was fished and Qun Ying has commited ltest
500 aar;err;ent |pzl yuan locator textfiles fop | oce tothe
urscholarviting thu jsapku desktop _output V8. Please updste sourcode Thanks!
theme party idt urioint 9°¢ il
. storoys CBIMS 2y, averoseartsrepan _paan M v
20080201 ;ws0L01 20080501 2080801 20080701 20080801

" (b) |

c ing Cher
J ; |Date: 2005-04-20 08.09:01 =

@ ©

Puc. 35 Cucrema TIARA (¢ pasperuenuns: asropos [24])
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JIOKyMeHTOB, oTHOcsAuxcsa K Teme. B TTARA mno/sb3oBaTeib MOXKeT yaydliaTh TEMATHIECKY IO
MO/JIeJTb, COEJIUHSsI / Pa3beInHsIs TTOTOKH, a TAKKe OCYIIECTBIATh TeMATHIECKUl MOUCK 10 KOJI-

sgekmun. [Ipomomkennem atoit cucremsl cran TextFlow.

11.4 Cucrema SolarMap

Cucrema SolarMap npejHasHadeHa JJIs BU3yaJU3alMi THHAMHYECKHX Mojeseil (puc. 36)
[25]. B SolarMap sokymenT pasbusaercsi Ha acuektsl (facets). Acnekramu MOryT ObITh JATHI
UM CTPYKTYpPHBIE 9acTU JTOKYyMeHTOB. HampuMmep, eciin KOJLTIEKIHS — 3TO CTaTbH C OIHCAHHEM
Pa3IMIHBIX 3a00/1€BaHMUIl, TO ACIEKTaAMU MOI'YT OBITH Pa3Jesibl «CHMIITOMBIY, «JT€UEHHe», «IIPO-
dbunakrukay. Kpome T0oro, u3 TeKcTa M3BIEKAIOTCS UMEHOBaHHBIE cymtHOCTH (named entity).
AcnekTbl m300pazKalTcs B BUJAE TOHKUX KOJIEI, BHYTPH HUX IPYHIHPYIOTCS CYIIHOCTH B BHJIE
o0J1aKa, BOKPYT KOTOPBIX W300parKaloTcs KJAIOYEBbIe CJI0BA B BUJIE TOJICTOTO KOJIbIA, Pa30UTOIr0O
Ha YaCTH, OTHOCSIIHECS K IPYIIIaM CYIIHOCTel. B KadecTBe acmeKToOB MOXKHO 33/1aBaThb JIaThI

", MeHdd TOHKHE KOJIbIla, CJAeJUTb 3a pa3BUTHEM TeM B KOJIJIEKIINH.
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Puc. 36 Cucrema SolarMap (¢ pasperienus: asropos [25])

JlocTonHCTBA: BU3yaau3alys PA3JIUIHBIX MeTaaHHBIX, BK/IIOYasd METKH BpPeMeHH, BO3-
MOKHOCTb OTCJIC2KUBAHNA KOHKPETHON I'DYIIIBI CYyITHOCTEH ¢ TeYeHNEeM BPEMEHH.
HenocraTku: orcyrcrsue mpocMoTpa JIOKYMEHTOB; OTCYTCTBHE UMEHOBAHUS TeM; HEeBO3-

MOYKHOCTD Y/IYUIIEHUsT MOJIEJIH.
Ilpumep: http://nancao.org/projects/solarmap.tml.

11.5 Cucrema Text Wheel

Cucrema TextWheel npejnasnadena st Bu3yainsainun HOBOCTHBIX OTOKOB [26]. Ona co-
CTOHT U3 TpeX KOMIIOHEHTOB: «KOHBeilepa» JTOKYMEHTOB, «KOJeca» KIIOYeBBIX CJIOB U BPeMeH-
Hoil mKasbl (puc. 37). Bpemennas mkasza oToOpazkaerT 3HAIHMOCTH JOKYMEHTOB C TEYCHHEM
BpeMenu. U-oOpasublil KoHBeilep comepzKuT rndbl, 0603HATAIONITE TOKYMEHTBI, KOTOPBIE CO-
eJIMHSIeTCS ¢ KOJleCaMU KJIIOYEBBIX CJIOB, IIPU 9TOM CJIOBA COEJUHSIIOTCS C JOKYMEHTaMH 4depe3

ABa y3Jla, O6OBH&“I&IOH.[HX IIOJIO2KHUTEJIbHOE U OTPpUILlQaTEC/IbHOE OTHOLICHUE.
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Mar 1, 2005

Puc. 37 Cucrema TextWheel (¢ paspemenust asropos [26])

docTomHcTBA: 110/1b30BaTE/Ib MOYKET KOHTPOJUPOBATH CKOPOCTH KOHBeiiepa, COeIMHSITH
@b, JeTaJIN3UPOBATH BU3YAJIU3AIUI0 U OCYIIECTBISThH HIOBTOPHYIO KJIACTEPU3AIMIO.

HenocraTku: ner oroOpakeHus TeM; HeT IOUCKA JOKYMEHTOB; OTCYTCTBYIOT CPEJICTBA BU-
3ya/im3anuu BCe KOJIJIEKIAN.

11.6 Cucrema ThemeDelta

Cucrema ThemeDelta npegnasmadena i BH3yaTu3alui JTHHAMHYECKHX Mogjeseii [27].
ThemeDelta nu3piekaer U3 KOJUIEKIUH TaK HasbiBaeMble mperdv, (KJIIOYEBble CJIOBA) U IPYI-
IUPYeT UX B TeMbl B Kax/plii MoMeHnT Bpemenu (puc. 38). Tpenubl uzobpazkaiorcs B Buje
BOJIHUCTBHIX I[HHHﬁ, oBeT KOTOPbLIX 3aBHUCUT OT TE€Mbl, TOJIIUHA — OT 3HAYUMOCTU CJIOBa B Te€-
Me. MOMEHTBI BpeMeH! H300pazKalTcd B BIUIE BEPTUKAILHBIX OCeil, Ha KOTOPBIX PACIIOJJIOKEHbI
rpymibl TpeHa0B (Tembl). [lob30BaTeb MOKET OCYIIECTBIATH IIOUCK TPEHJIOB, COPTHPOBATH
H(bHﬂprOBaTb UX, AeTaJIM3UPpOBAThb BU3YaAJIU3allUIO HECKOJIbKHUX TpeHA0B W TPEHA0B, TECHO
CBA3aHHbBIX C HUMMU.

JdocronHCTBA: BO3MOXKHOCTH OTCJIEUTh M3MEHEHUsI TeMbl ¢ Te€UeHHEeM BPEMEHH.

HenocraTku: u3bbiTOYHAs JI€TAIbHOCTD; OTCYTCTBHE BU3YAJIU3AIME PACIHPEIEIeHUl CJIOB
10 TeMaM; OTCYTCTBHE HMEHOBAaHHUS TeM; HEBO3MOKHOCTD Y/IyUIICHNsT TEMATHIECKON MO,
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Puc. 38 Cucrema ThemeDelta (¢ pasperienus asropos [27])
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11.7 Cucrema D-VITA

Cucrema D-VITA upemnasnadena Jjisi HHTEPAKTHBHON BU3yaJIn3aluid IUHAMAIECKAX MO-
neeit |28]. Tlosb3oBarenbckuit uaTepdeic CUCTEMBI COCTOMT W3 CJIEJYIONHUX KOMIIOHEH-
ToB (puc. 39): moToKoBbIii rpad g orobpazKkeHus TeM (TOJIIUHA MOTOKA IMPOMOPIHOHATHHA
PEJIEBAHTHOCTH TEMBI); TIOTOKOBBI Irpad 1Jis 0TOOpaXKeHUsT CJIOB TeMbl; KPyroBasl JuarpaMMa
JIJIsi OTOOparkeHusi IPOLOPIUIA TeM B JIOKYMEHTE; MO/LYJ/Ib IPOCMOTPA JIOKYMEHTOB ¢ BO3MOXKHO-
CTHIO IIOUCKA CXOXKHUX 110 TeMaTHKe JOKYMEHTOB.

JocTouHcTBAa: yI00HbI HHTEPAKTUBHBII HHTepdeiic /1/id HABUTAIMU 0 KOJJIEKIIUU; BO3-
MOXKHOCTH OCYIIECTBJISITh TeMaTHIECKUe 3alPOCHI.

HenocraTrku: oTcyTCTBHE HMEHOBAHHUS T€M; OTCYTCTBHE OTOOparKeHUs CXOXKHUX TeM; HEBO3-
MOXKHOCTH VJIyUIIEHUS TeMaTHYeCKOW MO/Ie/IM, B 4aCTHOCTH OTCYTCTBHE HACTPONKU CTEIeHU
CIVIa?KMBaHUsI TEM BO BPEMEHHU.

Caiit: https://github.com/rwth-acis/D-VITA.

ITpumep: http://monet.informatik.rwth-aachen.de/DVita.
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Puc. 39 Cucrema D-VITA (c paspewienus aropos [28])

11.8 Cucrema TopicPanorama

Cucrema TopicPanorama npejaasnadena Jyisi BU3yajin3alun nepapxudeckux Mo/esei |29).
[Tosib3oBaresibekuii uaTEPdEc COCTOUT U3 TPeX KOMIIOHEHTOB: OCHOBHON ILaHE/U JIJId BU3Y-
agu3anuy, THGOPMAIMOHHONW TaHean W maHean ynpasienus. TopicPanorama mpeactaBisger
HepapXUIecKylo CTPYKTYPY TeM B Buje jepeBa (puc. 40), Ipu 5TOM KOPPEJSIUE MEXK/Iy TeMa-
MH 0TOOParKarTCs C IIOMOIIBI0 obJiacTeil pa3Hoil MBeTOBOI HachimeHHOCTH. VIHdopMannonnas
HaHe/Ib 10Ka3bIBAET JIONOJHUTEIbHYI0O UHMDOPMAIMIO O TeMaxX U O JOKYMEHTaX, OTHOCHIIUXCS
K TeMe. [lanejib yupapjieHus: 103BOJISET 10JIb30BATE/I0 33/]aBaTh laPpaMeTPbl BU3YyaJM3allUu,
OCYMIECTBIATH MONCK U U3MEHATh NEePAPXUIECKYI0 CTPYKTYPY MOJEJH.

JlocTormHCTBA: BO3MOXKHOCTH OTOOPAXKEeHUs UEPAPXUYECKOI CTPYKTYPbl B JIBYX LPEJICTAB-
JleHusiX — B Bujie rpacda u B Bujie cTo/1064aTOl JuarpaMmbl, OKpyzKaomeit rpad.

HenocraTku: orcyrcrsue oroOparkeHus paciipejesieHuil TeM 10 JOKYMeHTaM; HEBO3MOK-
HOCTh M3MEHUTH UEPAPXUIECKYIO CTPYKTYPY W BPYUHYIO MMEHOBATH TEMBbI.
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Puc. 40 Cucrema TopicPanorama (c paspemienus aBTopos [29])

CaiiT: http://cgcad.thss.tsinghua.edu.cn/shixia/publications/TopicPanorama/index.htm.
IIpumep: http://cgcad.thss.tsinghua.edu.cn/shixia/publications/TopicPanorama/video_eng.mp4.

12 TIpacdnyeckne 6mMbnnorekn

st BU3yaJsim3aliuy TeMaTudecKux mojiesieit B Beb-unrepdeiicax uCioab3yHTCs TaKzKe I'pa-
duveckue OubmoTeKn O0IIEro HasHavYeHust, HaubOosee n3pectabie — Gephi u D3.js.

12.1 Cucrema Gephi

Cucrema Gephi — 310 maardopma ¢ OTKPBITBIM KOAOM JIJIsi AHAJIN3a U BH3YAJIH3AIAA 00/1b-
mux cereii. Ke npuMenenne B reMaTudaecKOM MOJIEJTMPOBAHUU OCHOBAHO HA TOM, YTO PA3PErKEH-
HbIe MATPHUILI pACIIpe/ie/IeHIil TEPMAHOB B TeMaX M TeM B JOKYMEHTaX MOXKHO pacCMaTpPUBATh
KaK MaTPHUIBI CMEXKHOCTH JIJTsI JBY/I0IbHBIX I'PaOB ¢ BEPIINHAMHE JABYX THIIOB — COOTBETCTBEH-
HO TEPMUHOB U TeM JIHOO TeM U JOKYMEHTOB.

Hanpumep, B [30] ananusupoBasach KOJIEKIUsT TEKCTOB ¢ ODCYKJICHUSIMU MeJTUIUHCKHX
HperaparoB Jijisl MOJ/IepzKaHus CHA C CalTa www.patientslikeme.com. Temarudeckast Mo/iejib Obl-
Ja 1mocTpoena, ¢ nomomnio nakera MALLET?. Mexoanble JOKYMEHTBI U HOJIyYeHHbIE TeMbl BU-
3yaJIH3UPOBAJIUCH C MOMOINBIO cucreMbl Gephi. /JlokyMeHTBI 0TOOpazKatoTCs TOUKAMHI, TEMbI —
cBOMME Ha3BaHmsaMH. /[ aBTOMaTHIecKOro pasmernteHus BepmuH rpada B Gephi ncmoib3y-
FOTCSI METO/IBl MHOTOMEPHOTO IIKaJupoBanus (puc. 41).

Ha puc. 42 mokasaHbl jBa BapHaHTa HHTEPAKTHBHON BH3yaH3aIUd JABY/I0JHHOTO rpada,
B KOTOPbBIX TeMbl 0TOOpazKalorcs 60jiee KPYIHbIMU BEPIIMHAMU, TEPMUHBI — 00J1€€ MEJIKUMU.

CaiiT: http://gephi.github.io.

ITpumep: http://dig-eh.org/topic-modeling-and-gephi-a-work-in-progress.

SMALLET (MAchine Learning for LanguagE Toolkit) — naxer noj Java st 06pabOTKU €CTECTBEHHO-
ro si3bIKa, KJIaCCU(PUKAIUYU JOKYMEHTOB, TEMATUIECKOrO MOJEIUPOBAHUS M JAPYTUX HPUJIOKEHUH MAIIXHHOTO
00ytIeHns K aHAIU3Y TEKCTOB [31].
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Puc. 41 Busyaiuzanust rmemaruuyeckoit mogenn LDA, mnocrpoennoit MALLET, ¢ nomompbio
Gephi (c paspewienus asropos [30])

Puc. 42 Buzyanuszanug ¢ nomorisio Gephi
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12.2 Bubsuoreka D3.js

Bubaunoreka D3.js (Data-Driven Documents) — sro JavaScript-6ubanoreka ¢ OTKpPBITHIM
KOJIOM JIJIs CO3/IaHUs ¥ KOHTPOJIS TUHAMIYECKAX ¥ HHTePAKTUBHBIX IpadUIECKHX 3TEMEHTOB,
KOTOpbIE MOI'YT 0TODpazKarhcs B BeO-Opaysepe.

D3.js npenocTaBiisgeT MOIMHEbBIN HHTePdEIiC 11 MOCTPOeHNsT NHTEPAKTHBHBIX BU3yaIN3aIHil
Ha OCHOBe OOJBIINX JAHHBIX W MMeeT IMIMPOKOe HpPUMeHeHNe B PA3JUIHBIX 00JaCTIX, B TOM
qucae B TeMaTHIecKoM MojenaupoBanuu. Hampumep, paccmorpennble Boire cucreMbl LDAvis
u Hiérarchie ucnosibzyror D3.js jiyist Bu3ya/usaiyu reMaTudecKux Mo/iesiei.

Caiir: http://d3js.org.

Ilpumep: https://github.com/mbostock/d3/wiki/Gallery#visual-index.

13 3akno4deHwue

Baxknoit Terennuei COBpeMeHHBIX CPEJICTB BU3YATU3AIUN TEMATHIECKAX MOJeeil aB/IsdeT-
cd HCIoJIb30BaHue BeO-uHTepdeiicos. VcenenoBarein nu pa3pabOTIUKH CTPEMATCA BO3TOZKHUTD
Ha MOIIHBIE CepBepa BCIO IOJATOTOBUTEJHLHYIO U BBIYHCIUTEIbHYIO padOTy, CBA3AHHYIO C Ha-
KOILJIEHHEM KOJLJIEKIIMH, €€ HPe/JBapUTeIbHO 00padOTKOil, HOCTPOEHUEM MO/IE/IM U HOUCKOBBIX

Tabsauna 1 Cpencrsa BU3ya n3aiul TEMATHIECKAX MO

g
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m gL TE2 T i8S E£%84
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WHJEKCOB, TeHepalieil BU3yaJbHBIX IpejacTaBieHuil. [loap30oBaTesisiM TaKuX CHUCTEM OCTAeTCs
YIPaBIATH HapaMeTpaMy BH3YaJbHOIO IPeICTaBIeHUs U CPe/ICTB HaBuranuu. HekoTopwre cuc-
TeMbl IPeIoJaraloT TakyKe OOpAaTHYIO CBSA3b C MOJIb30BaTeIeM, BO3MOXKHOCTb BHECEHUS JKC-
HEPTHBIX OIEHOK WUJIM UCIPABJIEHUI C 1eJIbIO YJIyUIIeHUusT MOJIEJIH.

B mactodmiee BpeMs He CJIOKWIOCH €IUHOTO MOHUMAHUS, KAKAM JIOT?KeH OBITh UJeaTbHbIi
10JIb30BaTE/ILCKUIT nHTEepdeiic JijIs TeMaTUYeCKOro MOUCKA U HABUTAIUU 110 DOJILIITUM KOJLIEK-
UM TEKCTOBBIX JIOKYMeHTOB. Orciojia 00Jibiioe paznoobpa3ue ujeil u cucrem Jijis BU3YAJIU-
3anuu. MHOTHe U3 HHUX SABJISIOTCSA UCCJIETOBATETHCKIMI W JAJeKH OT CTaUA KOMMEDPUYECKOTO
UCIOJb30BaHus. HekoTopble M3 HUX MMEIOT OTKPBITBIH HCXOMHBIN KO,

He mperenaysa Ha MOJHOTY, MOABITOXKUM MaHHBIH 0030p TabJu. 1, B KOTOpOi cheraHa IO-
IBITKA CHCTEMATU3AINN CHCTEM BU3yaJU3alldd TeMaTHYeCKUX Mojeseil B pa3pe3e OCHOBHBIX
dyHKIMOHAIbHBIX TPeOOBAHUIA.

Asrop Boipazxaer npusnaresbHocTh K. B. BoponnoBy 3a mocraHoBKy 3a/adud U BHUMAHUE
K pabore.
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