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Fike LT, Kleinberg O/8N—Z MENTHRIF 5N S, TOFEICBNTIE, —HN
IZ, N—X bOMHIEF—T— FEICITbNs. —F, CEEAKCBIZ MY Y
Do HEET BB D L LT LDA (latent Dirichlet allocation) % DTM (dynamic
topic model) IKREENZ MY VETIHHS. MY IETFIVEEHT ST LI
£V, Za—ARFEAEEROERE, WDOMD MY JICENTHT EHNTES.
PLEORHFR 2 5F 2T, AL TlE, DTM ZHWTHEE L FEy ZIcx LT
N—A T EZNEGTZT LT, FEY THRADON—Z NDRINATRETH S T L2RT.

Analyzing Burst of Topics in News Stream

YUsukE TakaHAsHI, ! DAISUKE YokomoTo, !
TAKEHITO UTSURO!! and MASAHARU YOSHIOKA T2

Among various types of recent information explosion, that in news stream is
also a kind of serious problems. This paper studies issues regarding two types of
modeling of information flow in news stream, namely, burst analysis and topic
modeling. First, when one wants to detect a kind of topics that are paid much
more attention than usual, it is usually necessary for him/her to carefully watch
every article in news stream at every moment. In such a situation, it is well
known in the field of time series analysis that Kleinberg’s modeling of bursts
is quite effective in detecting burst of keywords. Second, topic models such
as LDA (latent Dirichlet allocation) and DTM (dynamic topic model) are also
quite effective in estimating distribution of topics over a document collection
such as articles in news stream. This paper focuses on the fact that Kleinberg’s
modeling of bursts is usually applied only to bursts of keywords but not to
those of topics. Then, based on Kleinberg’s modeling of bursts of keywords, we

propose how to measure bursts of topics estimated by a topic model such as
LDA and DTM.
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2. N\—XFEFIV

AR TIE, Kleinberg DER LT/N—Z Mg 7))V 3 ) XL 2RV, 2o7)LdY
ALZRWE T LT, XHEAM)—LHDH5F—T— FO/N—R MAM &I 3—Z -
EZAFTHYO Y, EF—TU—FICHUTNN—RA MNERNET 5T EMATREICIR 5.

2.1 enumerating /\—2X b

enumerating /N— A FO 7LV AL, HEEIERETE S NS SCEOESITH U T
ENB. ARTE, SHITLDZ 2 —REHFEAZ—DOXHFEAOHAME L, DINTIEH
IC, RUHEG LTS

ROEHZETIV T 2 REA— < b2 A2 BEZEL, 2 DOIREERIE/N— R N IREE
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D%, HNE T 2305 % TIELH ), 795 ThVad$Er [HEMEHE) & LTy,
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FEMTHARIIC W, m O FES By, ..., By DEERISEITESNTL 2R EE X
5. t ZHHOHFRESGZ B, L L, TOHFEAICTEINLIHFOHE d, &L, FHEE
BICIE B & JEBER EA T X ﬁh,th ICEENZEEEOHZ r, B T
MICBI 2R TORLEDR DIE D = Zdt, FENTHARIC 3513 2 2T OBEZHO R %2

t=1

R= Zrt LRI ENTES.

:ﬁut::,l A=< O 2 REBICENZTHHRHEZHID M TS, WK TH 2IFN—R
MIREE go ITU&, AWMz Rz & & OMRHE po = R/D Z#1D 4 T%. /3\—RA MIKAE
q IZI&, po /ST A—=F s Il TH S p1 = pos ZHIDYTB. 72721, s >1TH
D, p1 <1&%%E57% s THLSTRELREWL. s DENVNEWIZE, sdFEASHORE
FLROREMES TEN—A M HEETNDTES.

fEbrid, m EORFEEDN G A 5N ED, KEDRIZE LT HD I X FEHEICK S
Ti79. BALNBREORIDS B, RERIIDIAXSAVNEWEDNREZD, TDHK
FIDOIRREICISUT, N—A MM LI N—R MM ZIET 5.

KBRS d & ry MATIE TR TIRE S, REDRINE q = (¢, - -+, i) EREN,
Gi,, &, m BHORFERICI>TIEENIKE ¢, (i =0,1) THD. sdFEATOH
HELHED TIHOA B(de, pi) IS LI > THNS EWVWSEZICHDE, RE ¢, 1IT0BT &I
HUTaARAMZ2E5Z 588 o(i,ri,dy) ZLLFDXIITERT B.

. dt Tt t—Tt
o(i,re,dy) = fln[ (rt>pi (1 fpi)d
fele L, BIMEHED AN 72 & L THBICIKEEER DN C 5 &, @YY —X
MIRREL IEN—X MIREENYI D B D O RARTH S. £ T, BIEDIKAE ¢; 1 HROIRAE
g N, IKEER WS 27D (i, j) ZEHET 5.

(i) = G—9y (G>9)
’ 0 (<i)

T, NIA=Z ALK TRETENZ D, FHCEANRWEREy=1 &7 5.
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B2 Yy OREROER

PLRICHANTz, HBIRAE ¢ ICWB T LI L TaA M2 5A 505 0 &, IREERICA
FIVT ¢ 2k S B T 2> T, REDRY| q 21l 72D A MRZEHRT 5.

m—1 m

C(q"”tydt):(ZT(ityit+1 ) (Z (i¢,7¢, dy) )

F—=bI b A ETDDIRT AR s, yICKoTREZ T DD, A2, L&RILINS.
AREBRTIE, s=2, y=18LTA, DA—FI P ZHVTNS

2.2 F—TJ—FON—AME

Kleinberg D/N—Z k7))L 3V XL T, HHMMICHIFZ8F—T— FD/N—Z b D5l
SHEKXITRELELUTN—AMNEEHVD

IR te, ..., 0 KB BF—T— R w O)N—Z ME bw(ty, t, w) G FORTEHEINS.

t

> (00,74, de) = o (1,74, )

t=ty,

bw(tk, tl, w) =

BB, SEE1THIEICF—T—RON—AMNERRHLTWDTD, t, =t (=
%. LIe>T, ZOBRON—AMEEFRDEHICKT T LICT B.
bw(t, w) = bw(t,t,w)

t) TH

3. FfEYIDETIVIE

3.1 hEVIETIV

AWETIE, FEYZETIVE LT DTM (dynamic topic model)® %%, DTM (3,

Fhw OFNC K> TERHENBIIEIRE ZATCEFOHREEG L, FEV IR K ZA 1L L, &if
MH#F'EELLO(/\VC HBREY T 2, (n=1,...,K) BT 558 w DML p(w|z,) (w e V),
&U‘ BEXFVICBIBFEY T 2, (DEE’}E‘ i p(zald) (n=1,...,K) ZH#ETS. T

FSCEHICHIBIT 2FE08EATH 5.

DTM &, ¥EMT « U 27 Liidsri# (LDA, Latent Dirichlet Allocation)® & 135870,
NEEAHORERIIERZEE L TVA T, HIFEOHNIRZHA THR— My 7728
PARETH 5.
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AKX TIE, p(wlzn) (we V), RC, pzalb) (n=1,...,K) OHEEICHBNTIE, Blei
SICK > TRBE NIy — I Ve, WA= RT A=K a &, FEVYITH KX, %
NZTN a=001, K=20&L7.

3.2 X&E & MEY 7O

AWIZETIE, —~HZ &I, FhEY VIR LT a— Xl zr —f—T#Hb Y TR &
T, PEv Il a—RREHEEAOREEZHBZ L L LT

HEZHCBIBEEAZ B, Ny I8z K, 1 D0XE=Zb(beB) £d2L, b
vy zn(n=1,...,K) D= a— A FES D(2,) EFLLTFORTEEINS.

D(zn) = {b € By |z, = argmax p(zu\b)}

CHUIDED, EDICBIFZ FEY Z7ONMHICBNT, WERDEREARD NEy 723E b
FHOHTTNB T LIRS,

4. FEYIADIN—X NEDE

AWIETIE, PEYIDON—AEEHTEFERLELT, SHICBTEEMEY ZICHL
TN—AMNEZMNET 3.
t FHOAMMIEBIZENEY 7 2, DIS—=A N bz(t, 2,) 1§, LUFDXIICHEEINS.

2(t, zn) wa (t,w) - p(w|zn)

g, %H: /77’3‘%%718%0)%:\:*—'7 RO/N—=Z M EDOBERS ESHRANCEF L.

LU, AFEZZOE TR 2 —RICEA LG, sEN DRI 5+ —
T—RW, EHHINCEEIS—A M2 kick b, HlRE, HSHimclds rey vk
E, ARV MEDDIZNFEY Y ON=ZAMEE < A>T LEIEAH 7. £ TH
N, FHEZE L THIEROSWF—T—FON—AMEZOELTHRS T &icLe. T
CTC, HHMEROSEORIMER, TMEROMRNS 0.015 & L.

5. 9 #r

WGl U= iriiRiiE, 2009 4212 H 7H ~ 201044 A 2 HTH 5.
727202 T, N—Z MEHTICEBWTHW S EF—T— ROEHBIRER po OFHICE

*1 http://www.cs.princeton.edu/ blei/topicmodeling.html
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3 THENEWIZON—RFEOER

WTIE, 200946 1 H ~ 201045 H 31 HO 1 MO = 2 — R HES2 2 V.

FUHIC, FEY Y TEDEFROMEHBEZR LT T 72K 21RT. (a) ICIFER
FEUTEFMNCBRENE FEY Z, (b) IS TN—=ZA LTS FEY
IR Lz 2720, 12 A8H~2H25H, 3A3H~4 A 1 HOMBICOWTI,
fHHLDIZHEM LTz, 2T, "y T LDOREHEIE, 32/ TEBELENEY Y 2,
D=2 — A FED D(2,) ODEFI|D(2,)| TH 5.

2 () IR LIc FEY 71E, BUAPRFE L VWS MHERMWICHNS FEY 7 TH BT
®, FHZBUTZIEFASOLFETHS. FLT, K2 (b) T, 2010 42 H 12~ 28
HICBAEE NN 7 —S—TFlige, 2010 £ 2 A 271 HIZHELzF VHIEEE WS 2 DD
FEw IR LE. TNEDREY ZICOWTIE, FMZzE U Tk L CrlEh Bl s nsg

*2 H##H [ (http://www.nikkei.com/), #1 H ¥ (http://www.asahi.com/), wt7¢HTlH (http://www.
yomiuri.co.jp/) DFHMILDOY A b SUEE LT 56,503 fldF, 38,758 ilH, BXU, 62,684 ilHD
&t 157,945 Fldi.
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2010 4 2 H 25 O :ia Ja—IVEH (3.71), NV —I\—Fik (2.34), 3 (63), X% (54), BEHIEHR (51),

Z=HE (0.33), #E5F (0.33), SSEFHCPHITTO= 2 —2 (0.21)

Bif (49), F3AZYI—IVEH (45)

NI —N\—F& (4.12), IR I—IVEH (1.08),
FRICHT B HOKE (0.36), #%% (0.33), Z=hE (0.27)

2010 42 A 26 H

¥ (77), B (58), N7 —IN\—Fi (50),
Buf (43), WEER (33)

N> —I\—FAE (3.80), FYUME (1.49),
FURBICE ZREOEE (1.42),
FAZ YU I—IVEH (0.90), LI T S HBKkE (0.25)
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HRACEIT 2 HOKE (23), TRIFER (22)

F)MBICKZFBEDHE (8.07), FUME (4.06),
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FUMEBIC K ZZEOFE (2.96), ILHMEERRE (0.52),
k320 a—)VH (0.46)
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% (64), BEHEHR (55), N7 —I\—Ak (22),
% (50), FUHIE (46)

kI 2V a—LHf (1.20), FUHE (1.08),
2010 423 H 2 H
JEBGHE S (0.43)

FUREIC K ZZEOFE (0.97), NY—/\—FhEK (0.78),

Buf (58), #0% (50), ¥ (45),
BIER (37), SOBEHECPHITDO= 2 — R (32)

F3ZYUI—IVEH (1.91), FUME (0.77),

2010 423 H 3 H

FUMEBICKLZZHOFE (0.52), ILBHERELERE (0.52), &% (0.27)

KRGS (49), B (46), BISHIER (45),
T RAL: - #0H (41), BGA (38)

LWV T eiFaL, YEMHZHOE T DI R TOHLHEIEIE NS

KiZ, KRFEEEHOTREY ZICH UTNA—RARNEREL, N2 ON—Z
EOWHZEEX LTS T 2K 3IRT. TTT, K3 EEomumBNE sy 74, KO,
FOREYIDTITDOI—=H—THD, WETHLWICIK, ZD MY 7IcBl) 2 HEAH
KFE, FOHNXFEMER >AMNZR L .

X2 (a) TRLIZMEY ZE, K2 (b) TRLULENEY IR, 225 H~3H 3 HODM
MC B 25 HECHR Lz, MM TAREREGRRS AL, LML, K3 TRL
ki, FEVTICRHUTN—AMNEZMNET 5 LICE> T, FPEDHIM TOHIEN
BHIENG FEY I THBNY 7—N—hlige FUHBRZEWOICTETENTEE LD
IKixofz. ThiE, N—X FOIERIC K > T, HM7REIHE & 1385 % sl F O RS o
BEOBENEREINT2DTHS.

TCTT, DTM Tl&, 2HHMZEC TRy VBN ~ETHZ L WO ENDS. ZTD
7z, AR FVHIENEL > TR 2 A 27 HEEHIICBWTE, FUHBEE WS
CwohdHzEREEN5. ZHUckb, FVHEELGORDBMUUTVE A FHEEREKICD
WTHEINIZREHNFVHIE L ST SNTLEY, K2 DK51C, sddfr /=720

TERFVHIENRELLHZRETERN. LML, 3T LIIC, FEYTZIINN—
AMNERMNGT R LICKD, FUMBIRELLHZRETEZAT L0 0h 5.

SHTHARNIC B 2 ZDOMMDOFEE R EY 7 & LT, 200942 H 25 H ~ 3 A 3 HiciBW
%, N=ANEI5 YD, RO, Za—ALHH N5 hEw I REL 1R, TO
B, »5HICBITBH/N—ANEN 0.5 ZIHA S FEY ZIZODWTIIRFTELT.

Fiz, ATFEZHONE, FEY Z7ON—ZAMEIC FREERITZC EICE>T, FEY
JON—Z M EEHTHRINT 2 LB RETHS. —HEMHENOMMZ G 5 HHRBEE L,
N—=Z D E N Ry 7O E Z DI, kO, WHERE, /N—Z EO FRRE
TEICE 2~ ITRT. ML NEY JBOZ X LEAROB I EEET S L, FRMED
0.5~0.6 LD & EREERLN—A M ZRINTHENTEEHT hbhb.

6. B8 E 3%

Rk 6), 7)ICBWVTIE, Kleinberg D7 N—R MR FiERE W GEE Lz N— 2 b F—
T—FRICHLT, FEY INOENZTIMHAZREL TS, LhL, ThSIEAR
e 137z D, DTM % LDA %D Ry ZETINEHAVTORNY. Sk 7) TIEN—R
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#F 2 N—Z FHAREHIC IS 2 AR (B = 0.6)

I MLz by 780 | L | AR (%)
2009 47 H 5 H ~ 11 H 11 11 100
2009 EF 9 H 20 H ~ 9 H 26 H 8 8 100
2009 F 10 H5 H ~ 10 A 11 [ 6 6 100
20101 H9H~1H15H 18 17 94.4
2010 2 H 25 H~3HA3H 21 21 100
*x 3 N—Z HAME NI 51T B R H = 0.5)
LS| MLz My 780 | IR | EEE (%)
2009 47 H 5 H ~ 11 H 15 12 80.0
2009 F 9 H 20 H ~ 9 H 26 H 9 9 100
2009 F 10 H5 H ~ 10 A 11 [ 9 8 88.9
20001 H9H~1H15H 19 18 94.7
2010 2 H 25 H~3HA3H 24 24 100
*x 4 N—Z HAMEHIC 35T B AR H = 0.4)
LS| MUz by 78 | IR | EEE (%)
2009 4E7 H5 H ~ 11 H 17 12 70.6
2009 49 H 20 H ~ 9 H 26 H 15 14 93.3
2009 F 10 H5 H ~ 10 A 11 [ 10 8 80.0
2010 E1HOH ~1H 15 H 24 18 75.0
201042 H 25 A ~3 A3 H 26 26 100

FEDEO BN 20 F—T— RZBFTXEHEEZTFAR) T L, TOMRERIC, FFETLD
F—U—FOERNZITE>TWD. —7, Xk 6) Tld, HEEICX>TNN—A+F—TU—
FZERLIEEDZ Y 7L L, FEYTON=AMER My ZROBREZ 757 T
TR RT 2 FEZREL TS, FEY 7ON—X MEIR, ERENF—T—FD
T, 205 BREN—AMEDFHNF—T— FON—X MEZERHALTWS.

AWETIE, FEYIRLRIETAREL LTN—A MEZHWEED, Xk 2) T,
FEw 7 ETINCEWTEKRDRN R E Y 7 (J/1; Junk/Insignificance Topic) DaED737f
ZEFL, LDAICK->THEEEINIZ Ny 7 & J/1 LMDz IIZ2 L THRE Y
L2t 2 Fih2RE LTV,

7. B YIC

KL Tld, FEYIETFIVELTDTM ZHWVWAZ LIckb, BRAZ 21— XICHT
BEHOZ 2 —AGHERICBIS Ny 7 hieiE L, F—TY—RON—A+DEZ)T
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ZHHRT AT ETREY ZITR U TN—RA MNERMN 5T 2 FEERRE Uz, Bfficix,
Yy 7 T DHF—T— RO EMREZOHICET B F—T— RO/NN—Z FE & DR
DOMZERDS T & THH L.

ThckH, F—TU—RICHXRTEOEREDOKE R, FEY T EWVWSHATN—A &
BABHTENTEDXIICED, FREYTON—AMNE, sdFHHICHBT ZREHEREZ RS
T ETHEY ZORE, MYy JRITOMBBEGRZ VS Z S IHEMNITEL T LR L.

AFL T, F—7— R UTN—Z M 2175 TN— A MER(F G Uk, F—
J—RON—ZA bR MEY 7ETIVCE S THEE LI R ZICER LTz, —7, 9141,
ZNEERD, FEYITETIUNCK S THEE LT Py JOHMNERSE LT, B/ —
A MEFTEITON—Z M ERET 2 R ERE L, ARXOTEEDOLLEETTS. £z

MY T, PEYZETFIVELTDTIM Z#H Lih, ZTOMDO MYy Z7EFIVELT,
On-line LDAY IC k> THEEE NIz v 7255 L U TARCOF LR #EAT 2 TET
H%.
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