AR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2017,28(10):2654-2673 [doi: 10.13328/j.cnki.jos.005146] http://www.jos.org.cn
O [ Fh 22 8 BT 5L P RSP A Tel: +86-10-62562563

— N 3 - SN, *
MAIBE ST FHESFEE R A
B REFY R R

"(REKS HHEHR S S5EAR SR, RE 300350)

PORHET N5 5 B S SRR =, K 300350)

PAE K2 (5 BRFFEH AR SR ALR 100871)
BIREE: BUFHE 55, E-mail: rfthe@tju.edu.cn

1 E HABRHREIILAREES T —ANETES LB AR LT R EZIRF AT 4 g

A by 18 B34 5 AR B R P BRik SRBUE B AR ) B AR AAT AR SIEAT 6 35 S 2R A e KA R LR

Bl AR LM M ARAT B AR B IR A SR Gt B R B EE ) B S R B A AR 6 AT A h S R B R

T #H AR A AMARE T 2T L P 69 ok F 3k SR AR A AT B TALG) R HAZ 5 VAR R P AR B

TXEHEAE L éﬁ iR AR R B ik S B AN R AT SRR A B B S B AR, L — X AEIE AR KA
T F AR O 1] AR A A BRAARAF R SR A5 S A P AL S G S ARSI AL B AR A R B AE R B K
%’%iﬁmﬁ%éﬁ%ﬁ#;ﬁ—ﬁﬁs;ﬁztP,Xﬁi S HAEE AT T £ KT St B BGA TAE, FRERE

BT NE AT A GRS T B AR R BT IGESL A B AR AT 5 AR AF A S 4R 2

KB A RAFAE R A R P A AR R R B T S AR

P EES S TP391

o gl A S T B ER O 0 R, B g L Al G 1 B 4 AT B B A R AR T B 2% 4 ,2017,28(10):2654-2673.
http://www.jos.org.cn/1000-9825/5146.htm

H 5| R0 Yu GC, He RF, Liu Y, Dang JW. Context based model for temporal Twitter summarization. Ruan Jian Xue
Bao/Journal of Software, 2017,28(10):2654-2673 (in Chinese). http://www.jos.org.cn/1000-9825/5146.htm

Context Based Model for Temporal Twitter Summarization
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Abstract: Temporal Twitter summarization is an important sub-task of text summarization, which aims to extract a concise tweet set
with time, goes from a huge Twitter stream. It helps users quickly understand a specific event. As one of the most popular social media
platforms, the explosive growth of Twitter information makes it difficult for users to find reliable and useful information. As tweets are
short and highly unstructured, it makes traditional document summarization methods difficult to handle Twitter data. Meanwhile, Twitter
also provides rich temporal-social context more than texts, bringing new opportunities. This paper considers Twitter stream as a kind of
signal, and proposes a novel temporal Twitter summarization method by modeling macro-micro temporal context and social context
through analyzing the complex noises hidden in signal. First, time points of hot sub-events are detected by modeling temporal context
globally with wavelet analysis. Second, a novel random walk model is built on graph based unsupervised Twitter summarization

framework, integrating both local temporal context and social user authority to generate summary for each sub-event time point. To evaluate
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the proposed framework, a real-world Twitter dataset, including expert time point and summary, is manually labeled. Experimental results
show that wavelet analysis during hot sub-event time point detection and temporal-social context in Twitter summarization are both effective.

Key words: temporal Twitter summarization; temporal context; social user authority; wavelet denoising; context based graph model
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Fig.4 Comparison of “Obama” heat signal before and after wavelet denoising
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W Mg, BRI MR ERE 1| MR I T RS N EE Heatle) 5B x HREES
Heat(i)[¥1 LW AE Heat(e)/Heat(i),Fr1% LLAE 4 x Ab D W AE A3 (1) 3% 37 26 (turning-rate); 7 7 3 2/ T N T € 364 %
0 1L o, UPHE x I A 1 WA ST ER & RealPeak, SR J5 T M x AL 4k S5 P G K 7 g 3. HE LIRS R H R H N
325 B I 8] 5 31 K ity ¢ i B RealPeak S w1 IR 1] s 4% 40 55 A N oy B HE 157, 40 20 A/ BF [ a0k B2 9 H 34
EAGERES TP b5 I [A] SO0 S H 8 SR S5 RS 6, W8 I 2200 [A) 0, i 24 3145 25 B I 1) 00T B2 1)

MINEBEAE S (), RUGHT 8] 5 start, 25 R (8] & end, 3 T BN ¢, H T R BME o
i H E L) A H B4R S TP

1
2
3
4
5:
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
21:
22:
23:
24
25:

RealPeak={}; TP={};
FOR i in range(startt1,end—1) DO
IF Heat(i)>Heat(i—1) and Heat(i)>Heat(i+1): /45 H DL AR 55
peak_flag="no";
FOR e in range(i,start+1,—-1) DO /% K ¥ 7] [7] 18
IF Heat(e—1)>Heat(e): IIRILFE 1 N ER
IF Heat(e)/Heat(i)<ca:
peak_flag="ok";
break;
ENDIF
ENDIF
ENDFOR
IF peak_flag=="ok": /4 ¥& 41 Z& /N T~ 5L & I B A ) 12 O WA SN i
RealPeak=RealPeak\w{i:Heat(i)};
ENDIF
ENDIF
ENDFOR
RealPeak.Sort() by Heat Value in descending order;
FOR i in range(0,RealPeak.length()) DO
IF RealPeak[i].todate() not in TP: //3& 1% 1] s %4 B i H ITE £ & TP A ANAEAE
TP=TPURealPeak{i].date() //¥ 1% H M AN &4 TP
ENDIF
IF TP.length()==c:
break;
ENDIF
ENDFOR

32 HERFRERRFAESHPREERER

3.2.1

A 0 L REAL D R

ANSCR 76 M AL TR Dy 52 S5 ) 5 A 2 g A5 2% HEARF AL T8 o BT AR oy D oo TS 2
1) 5 D; A D; 2 18] BAABLEE A D45 R i M j 2 18] 34 B AUAEL. A8 BEATLIE A 1L rh R 3 BB A DR 219 A 3] %
FEREER My, 82— i B T B % 380 (R R 0 48 T R R B2 5 R B A MR 5 A, 3T T AT U s ad
FEML A% T 5 (K — DB AL A I . 22 kAN 5 ) B AL 307 A 1 RS AX 2 I i A 49 sl 7 1) M =R AR IA B AR A
I BATTAI A1 s Lk 220 A 7 0 O AR 2 A D322 s 0 I R 1) S 0 e, AT S BT AR 14 £ v P L L

PRI
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MARWEE 2 Fios.

Bk 2 E TR B AL HE R 2 50 TS(Twitter summarization).

N HERF RS S SIER BB, 4 ) 1 B 2

A TEA S_Result.

1 Words=0,0=0.85;

2 FOR sentence in S DO

3 Compute vector D; using TF-IDF,

4: ENDFOR

5:  FOR i in range(0,S.length()) DO /M) ¥ F WL R 5 [ M

6 FOR}j in range(0,S.length()) DO
7 M;=Sim(D;,D))/¥,; Sim(D;,D;); //D; 95 D; FHAB KT s B (1 ] B R 7R
8
9

ENDFOR

: ENDFOR
10:  FOR in range(0,INT _MAX) DO
11: R'=R;
12: R=axMxR+(1—a)xv; // & ¥ BE 2R 50 FE 5687 Rank /3 {H I &, o NEHJE R
13: IF |R-R'|<f:
14: break;
15: ENDIF

16:  ENDFOR
17:  S.sort() by Rank Value in R in descending order;
18:  FOR in range(0,INT MAX) DO

19: S Result=S ResultUS[i];
20: Words+=S[i].length();
21: IF Words>=n:

22: break;

23: ENDIF

24: ENDFOR

o T F I 4 T HE R S 3R IR R KL 2k 9% JR U (maximal marginal relevance)! 1347 4 2 k4% (4 3
R, R R 42 B0 i R AR, BLAE S S NG O HERR 15 BN I HERF A TT R PERUIK.

3.2.2  HERFURLIN 7 B AT 5 I R I AP

TESAGH— AT TR )5, R BT 7 8 BEAE 5 10 % I 2 A o) e 47 222 110 52 e, 3 — 20 Wb 1) 1 )
RS T FRATIA g 75 1 R A B 30 v T ] B P A A %) 4 5 B ] R 5 32 A oG P 803 A e, 7 145 A0 0 88 LA
(U AR A BRI B2 ) A AR A e MR 3, R W e B & 2 AN T E R AR s N E.

T FE T HEARF P 2 PR 40 22 73 v 4 SO P 2 R AU BE AR DT st ) PR 2 R R 3, S S T TR 3 ) ) BBl B i
KR AT BCHEA b HERR ow, AT IR R) B 8 o ) 3 TR 4 o, B TIT R  — 4 32 R DG PR 25 5 P A, A
HERF 2 B KL ) tw, BRER. B SUHERE tw; RIS IVELS 5 H(w)).

v(p@w,))
H(tw;) :m (6)
Fodt p(ow) R HERF tw; 1 R AT BT 1]y (o) AR 2 2(1) 78 S o BT[] L PR HE 5 B8 380 ol 6 MA X, 3R 7 BT B ) 7
PR T KT 28 1 A RAEL (ST 8] B DA /N B Ay B, e RV — A HK 7 2K R B A A 5 3 — F [0, 1 ]9 L
DU 7 38 B A5 5 1% IR R5 15 S I B M S 3 B T SRR R
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sim(D,, D;) x H (tw,)
M, = zj,sim(Di,Dj,)xH(twj,)’

y

Zj,sim(Di,Dj,)xH(twj,) #0 ™

0, otherwise

1 R A R IR AL IR FE A T AR IR 3 AR AR Rt R S 2 0 K A 38 B AR 4 T
V5 #K N TST(Twitter summarization with temporal context).
323 HPHAREUEE TR

HEREF S WA REHA P BAEE B U LA P22 BAS BRSO BL R PR 5 TR 1% R 2% 18 F P BUBUTE S5 O HE R
SCAS PN 5 B TA) TR AR

o B2 8% SR P R AT 7 o 22 802 3R R Rz R P P4 R AAT O B4R R O i
&R v AE F P R 2 0B 2 (R O R 3 L O Bt s 2 NZ A P AR PT R e — A58 QAT WM S 1 i
J A H ORI Mz P AR W] RE 2 — AN ARBE A D BE K< R H

o MR R HE WHERR /2 5 18 U VA 5C IR HERR : — N R A 45 R R R R U B K & P U IZER R N

BT ER AR, BATN S e (AN HERE ow; BT R P 5 SR P BUB S R P AS(ewy).
_ fOZ(tWi)
AS(tw;) = riow) X RT (tw;) )
FoHR fol(tw) R fri(ew;) 53 B RHERE ow; BT IS F P B0k 22 50RN DG VR B R T(ow ) R R HERF tw, IR 5% I
BT AS(ew) IE AT B KT 1,280058 3.2.2 745K 5 KB VA — 1 7 V2K 0Bk B2 T 1 43 (1 20 SR 210,11 55 A

R tw; FRBURE J& 1 7] 7R

AS(tw) . .
, if the author of tw can be acquired
A(ew) =1 MAX d ©
AS, otherwise

TN P 4k 3SR Ja 1R 11 % 7% W 2 B P R
sim(D,,D;)x A(tw,)
M, =12, sim(D,,D,)x A(tw,)’

J

zj,sim(D,.,Dj,)xA(mj,) #0 10)

0, otherwise

A1 R i R I AL S FE AR BRI R A SE b 0 O P A5 8 PR AR A T
R #% N TSS(Twitter summarization with social context).

3.3 BAAMESIRES F1E AR PR E R R ERE(T2ST)

N T A U HE R A TR AR SO AR IR I A RE S B R P A A BB S R S R ORI A
MEE A, ST BEL D EAR R S & 7R A AL A B SCiE SR ) T2ST(Twitter summarization with
social-temporal context)#fE ¢4 77 1%

B 0 T ) JEE A 2 AT R0 6 HE R IR I A5 5 R P Ak S BB BEAS 5 43 T DA [ A0 A 42 308 HE AR A 45 1 0 HE R
G S0 AR B A AN R B 520 7E 24 T2ST 4 SRR A B i A2 vh AR SOVt 7 PRI RR IR IN 545 SR P 452 (3
S RERE 77 =K.

(1) 155 R A 5 (T2ST-M): 5 I3 — 4k J5 (R HEARR AL =) 350 B 5 48 B8 45 5 R 4 22 BB FE A5 5 U e 11y U7 Uik N
HRMARERE M b, s AR 25 8k B E SR R AT HE 7, 85 & ORI S S B BRTUAR T4
(MMR) AT HEARF 4 T2k 35, B 28 09 2 — IR AR K

sim(D,, D,) x H(tw,) x A(tw,)
M, = Zj,sim(Di,Dj,)xH(tw,.,)xA(twj,)’

U

Z/_,sim(Di,Dj,)xH(th,)xA(twj,);tO an

0, otherwise
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(2) HAIBAIE(T2ST-Set): AEE A1 1 FE KR, 78 BB o ARG =3I 5 S S AU P SR R 5
BRI LTSS, F1 TST,,, BEAT LA IS 45 SR 4 v 2 ) I BUAR 0 0 v MO R R N IR R R B4R A
T2ST-Set. 712 3 (12) 7w

T2ST-Set = AxTST,, +(1— A)x TSS. |+(1- )| 7SS, |=n (12)
FEH | TS T of| R TS, of| 32 715 118 2 5 A W B AR A B4 D PR S A B B LB 2 4, n 9 N T30 L 1 2R G i o o 22

P IX — e R W [R]A SR e K34 AR 9% (MMIR) 7V E 4T TU AR 10 26 B3k, TR B i A2 — 8 SO FE I 293K
4 SSWERSHN

set Ogﬂ'gl’ﬂ“TSTLer set

4.1 LWKE

4.1.1
ARSCAS A ) AR HERE SO SR 2012 4F Tllinois K%M Li % AHRMEMM A2 300 J5ANH P 0@ HEAS
K,147 909 A H YRR L2 5000 J5 5%, BLACH 7 2 18] K 903 0 FR AL 4 2 42 5% Ho v 4 Rp N (8] 28 5 R B07E 2010
EAR~2011 4 7 F ARYE I 7 HEARF 0 ZE 04T 25 H b, 3RATT 53 AP B 4 S 30 08
(1) FRr 7 A I ) RS 00 5 i B 4 TR B i 650 i AR ARR M AN L 77 il B 2 W) 5 8 1] “Obama™“iPad”
F“Microsoft”, LA g 544 26 2%, A\ 5 06 B8 2 v by B 55 SC B 9] (1 HE R U, T OIS 3 AR 40 B2 (1 i N LT E R 4
HERILE 1.
Table 1 Datasets for hot sub-event time point detection

F 1 BT AR ] R D A S AR R

17 K 1] Hdi £ K/N(MB) HER B
Obama 20.7 221 364
iPad 13.6 143 887
Microsoft 15.3 172 664

(2) AR A R A A S I ) A 20 B T R R ) A 0 5 2R, el R s A S0 7 -
A1 0 AR AR D SR B i N O SR B R AR SCAS P A IV A2 0 47 22 4 B 1) 52 i FRAT D0 A T AR 4R
BEAT 1RO SCAR TR B, in 7 BER S R/NE L AR AR B 5555 5 B DA 4 3 G B 2 25 8 B B &
AWM ZLHN TRRA L R, A ST LA TR 4 A1 SR K0 2 0 B R 4 B R AT VRO VRS S TS B LR 2.

Table 2 Datasets for hot sub-event summarization

*2 MU T E AR

R 1A TN 18] LS EPNINCL)) Eiii 8
Obama 2011/01/25(Obama-1) 244 1328
Obama 2011/05/19(Obama-2) 210 1108

iPad 2011/03/11(iPad) 231 1308
Microsoft 2011/05/10(Microsoft) 313 1758

412 LRBEMS L RHE

BT 7E S5 4 R PP 72 P B = 2 b v, FRATT SR N ARV 1 U7 200 2 S8 A VPl b 4 TEORE 38 T
9 ZH ARG T A BT 71T 5t B S AN RS B R AR BT 70 AR A B S () s R SR, b 3 N f Tt
LA ,6 N(B &% 3 N sih K EHE.

A GRS T7 2O A SRBEIAIAE 2011 48 BSR4 (A R 7 FARHEAT R 20 T 0 5 L A 2R I 1A L A AR RS R
B U] Y I 18] 2 2 A HERFIRE 10 A7 AR 8] 50,0 HAORIE 3 AT 56 B SR 18] g 1 il {1 7.

(2) L5 EEE Y 6 44 5 U WIHENRT i AT 55 (0 H 10, 0F 51 T 25 B A B AR ST [ 0 S — S KB
(K7 figf, B i SR A5 M IR D 3 R e x5 Bl R B 10 25 R, HL B ORIEX 10 ZR 445 75 BE S B 1F
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FEMATR T MRREEINRAEREMREEFEERES . HTHELHEETHERERZ, VBB LT XM
B AR T 48 08 IR B Je et B AR B SRR AT T AL B G0 5 R B AR AR . S 2 R R I AR DL B
A B HERFEE X B3 N 4157 “Obama-17F1“Obama-2" 535 5,3 A £ 57 “iPad” Fl*“Microsoft” F 4 48,25 H J 57
SE AT S A B AR LA,
4.1.3 VHhfERR

(1) F 5 o] IR A DU ST 38 VP AT K B R B B RAT S, HF 5 TP %1 MAP(mean
average precision)E NPT #8H5. MAP & 3N

MAP:%XEL‘”?P(") (13)
i=1

Forn o 2 G H I R] AR R R A § NI A AL Overlap(i) i ARG (KR ¢ AN IA] o
55 SRR [R] £ UG 2 ) B ] A2

(2) A 478 522 S 50 P U LA 97 2 R B i DT 45 b o A ROUGERE 45 A 347 5 5. ROUGE S92 1 J 78
NBI U ERGRME S EXBE N uiEEENNILREEREERGHHE N AR EN TIBFEAETT
ROUGE A& XA

ROUGE-N = ZWIGMS Zuemmatc}l(u) (14)
meMS zugm COM}’ZZ(M)

Hodr MS AT L F i B4 m B L W EFA SR P N eiER R AE S u N N uiEEE A, match(u) X FE
ELERWHEM ARG BRI E B N CiBEE A HAE count(u)REFN L KW EBALFH N JeiEERH AN
¥ A< SR ROUGE-1 #il ROUGE-2 1 N £ Zi bk B 3P AA F5 br.
4.2 HE FEHRE) SN AR R T
421 FOSFF A A SR A R

T B 4 A 47 S A R S A T ARG S B R P R A U R A P I S B ) %) AR X
R AR RAEAE S L8 2 5,58 R 2 T 5697 2 (10 77 VEA M5 5 H 22 W e 35 i e i, DA IR PR S 751
A BsF ] 5 08 5% e B, A TR] 2 30 2 B 1] 1 9 5 9 % 1 T 75 7K1 g s 88 X0 A — B R B B R in R AN S 5

I B35 o B8 R T R o, FRATTRE 20 0 0 T AN S B0t AT S 6 23 . 25 18 5 4 5% AR BT L, R 70 2 3 R L 4%
G0 e L PR 5 95, 55 20T AN R R B R T o= 1 (015 7 3 L /0N 8 25 W T 8 A I 1) A 45 R L3 3.

Table 3 Performance comparisons of hot sub-event time-point detection before and after wavelet denoising

T3 DBCEMEAT G I T AR TR R B R REXS T

¥ e iy level=1 level=2 level=3 level=4 level=5
a=0.5 0.526 0.532 0.533 0.586 0.562 Peak £~ &
a=0.6 0.526 0.557 0.533 0.587 0.535 0.447
a=0.7 0.526 0.557 0.533 0.587 0.534 0.449
a=0.8 0.526 0.557 0.533 0.582 0.517 0.444
a=0.9 0.526 0.557 0.533 0.581 0.510 0.436
oa=1.0 0.526 0.557 0.529 0.581 0.517 0.413

M 3 HI] DUE B, /N 2 i 2 G RN AR R R R R I 3T 2R N R R SR I D) R P &5 SR e AR
SRR RGN R R level=3. BT a=0.7 I H0 8] Sk B R IRS T A0 1 R FRATT R S5
HSARPERESY 3 AN AT W k.

(1) 5 Gao %5 AN Nichols 25 NP TAEAHEL: 24 a=1.0 B, BV 477 28 AS AT 4] W AR A 752 A= i i 4 B (A
JTE B — M UEAE S BT 2 — B <1.0), R A /NI 2% 08 J2 256 Bl ] 50ASr A% B 7= A 52 i, 25 /N 8 26 W6 2 4 )
V8] 5358 565 ) FH R 25 e 045 5 B 4230 47 I TR 5 30 35 A0 B 308 6o IeF ) 0 32 93k e e 2 2 TR L sz B b, 2R 22 e )
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PR U B 1 52 2 W 7 3R U S T PR N A A (1 S B TR AR S A R R R R T A
(] R L FE

(2) ARSI LW JZ I RAM : 1~5 2 /N 25 W (R I 1) s K 0 45 SR AE 3 B £ B MAP B B iR TR &
WE 15 S, HEE R BT s 2T B S 2 LR S0 3 IR as REE i+ IR A6 (5 5 A48 KBRS fi
5B I TR B A S BBl B I 2, 24 25 W J2 LA N /N 5 R TR A6 15 5 (0 25 MR AR A B35 K 2 MU A
5 IR DR B s 2 /0N 25 MR 2 B I, 25 M ) B2 R A5 AT T 9 0 SR AR 5 R A MR 7R A S TR — [
HEREBEIE S TR E T EAE S S AR LR 5L DL KRR 408 3 I, LR RER AT

(3) FeHT R BUAE af I RE MR 24 ] R /N 25 MR 2= 20, SR e 3T 2R oot I ) s A DM 45 R (K 52 0 e 3 3R oot/ N R R R
R I A BB, HLAE @=0.7 oA I INF 1) s R 00 22 2R SRt 1T 7 /NI 5 MR R G T4 T 2 I, ot R 45
RIFTC 25 R X 1 /N R R BRI /N KRR I A B3, £ 5 5 S BBl BOR IRAAAAE K&
Dy e R, L8 D 7 DA U (L 10 2 3 0 S vy T N T )R L o T /) U8 25 P 22 B o P, KR e 78 5 5 e it
PRI P IR AR 558 3 ST, Dy e L s e KOs/l EL 3 O VAR i B 3T S0 A T I B BRI e 37 6

4.2.2 /N F M SR 20 AN R i R AR AR I TA] A 1 i ) B T
D3t ID B /N2 G TR A AN TR Kt £ 1 R B, ] R Ve A 45 SRR (K 4T 3R =07, IR 1) s S A6 7Y
S 45 R LR 4.

Table 4 Performance of hot sub-event time-points detection on different topic with different denoising level

R4 N[ AR AT A AR S I ) ARG 1 R 2 2 A

Obama iPad Microsoft AVE
A M T 0.682 0.372 0.523 0.526
level=1 0.669 0.479 0.523 0.557
level=2 0.710 0.384 0.506 0.533
level=3 0.683 0.444 0.635 0.587
level=4 0.531 0.422 0.649 0.534
level=5 0.169 0.535 0.643 0.449

g 2 AR B

(1) 415, “Obama”“iPad” f1“Microsoft £ 4 4 FI f L /N LM JE R 4 Al 42 2+ 5. 4 2,185 3 MIEER
MAP M EREXIME M EZ, 2 H N 3 /247 I B 20 25 SR 48 1 B SE i 1.

(2) #E—PHh,“iPad”Fl“Microsoft”SHE AL 1~5 E /N2 25 B MAP YEREAH LR 1R 15 5 YA ATz =,
B LW R RIGE S0 nliRE T 43%F0 24%,1E W 1 /0N 25 088 J7 1078 8 e S A I T) s 0 e ) Sk 3 4
FH AR 5 ,“Obama” B3 MR I IF A A, LEF S 20 3 BB EBR MAP HEReH I T R IG15 5 e Je g
FERMER R LRIGE SR T 4% W8 K I, “Obama” H 4 4 B4 6 57 HERF LS 5 BB ] s 3 MAP PERE K
i B 5 T “iPad” Al “Microsoft” i 42, H LA 3 0.682 XA — A8 BE /K °F . 1X 7] BE 42 B T “Obama” £ s £ 11
AR I A1 T B A R A o, T {5 X B ST 5 P R MR A 559, DT b /) 90 2 M AR e - S B ) s ) 0 A
“Obama” ¥4 £ ML H IEA .

(3) ST T A DU 12 R A A B B2 F B /N U 25 1 2 R AR A R A AN AR R, An 1 5 7, AR /NI 2 R )

AR IF AR RE T HLAE A 59 B4 42 (1“Obama’™ $H 48 )iE AR BOK, 12 T BEAZ b1 A (7 2530 3 U808 4R PO HERFAL 5
JEL R MR P ST AR A A A 22 S AT T, 75 S 5 S [ 138 R 2 ) 8040 1 W P 7~ A 7 A ox /I e 5 W 2 L
HEAT & 249 T, LA S S 0[] A S

LL“Obama” i #fs £ 9 ), N IR 46 4 J53 #4 B A5 5 rhoker il Hh £ T > VAL o i 0T 2 0 B 18] i, LA B A28 3 /N i8¢
FMGR IR A 5 v S it 068 (B 30 9 B9k 2 )i F) I TR) e 0 3 5 RN B 1R L3R 5, HLrpy /NI R I Tevel O 2 2 Ve
H AR SARBE Y 0.7.07 LUE 21, A6 A5 (R 45 B b A 9 I 1) s 0 S 38 1k S F I 1] 0, 20l
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2011/07/02 F1 2011/04/08. £ +,2011/07/02 J& T 08

2011/07/01 IR} [A] i B 2 1y 5 A7 iy 58 A 6 e 1F L e

fOAESE, T 2011/04/08 I IH) 1536 T4 52 3 4 5 05 AN
“Obama” 3, {1t T [0 /& % “Obama” & BUAR 6B, 05| <
B A ALIO VT BRI 2 A T D A (S B b S 04

AL B R W R s O3 D
A F“Obama” I H 45 T F 02r Microsoft

BT & R A g A e O AVE
VE 2 I I I 1) 5 4 R O LA O AR *wmw I
Pho(l) bR WA IR I A A 2 0, ik T b i DBERER
PRI S . TURME AR TG 2 A Fig.5 The performance trend of hot sub-event time point
8] A5(2) 3 A A3 1 A B TR) 39 A A 00 ok, detection on different denoising levels
U1 2011/03/28 A1 2011/05/19 B Jy B Ty ¢ 3% Bl 5 B 7 iR TR s R e B 25 /N il gt 2 4
FE] 72 A 2R 0 A6 AR 3 45 X 38 BUA IBUR B AL B

211,11 2011/06/13 Fref B2 ffg < B B8 1 5 5 [ it b A 56 4 2% 63 2 JRE TR AR AR AN 2 B L S I i 3 v i S Y )
PR B AE IO T A S R 8, I T Rt R “Obama™ 5% 8 1] 9 135 e [1] il o 5 2 B — A
I TR, R A 2 I T it A 8 0 R

Table 5 Comparison of time point detection results and relevant sub-events before and after wavelet denoising

TS /NP WA A B 1) RS 45 R AT N7 X T

IV 2 TR A A AN R R S T
T A I () A 8] % B A R T8 s S PR VR 22 i ] e N 2 A
PEZ A 5 (a=0.7,level=2)
2011/01/12 2K R S 0 M A o A f v i 2011/01/12 KT M S B e oy FE 4 (0 B
2011/01/25 R 2% | 5 S UL 2011/01/25 R 3R 7 5 SO U
2011/04/08 T & B 2011/03/28 %ig?mﬁ#ﬁﬁ%%ﬂwﬂﬁ
© o e JUDTRNN P 1 R 2 050 0 4 T, B L I i 1 5%
2011/04/13 R AR 2 H W BUBUR 1 VRS 2011/04/20 5 i B B2 3
2011/04/27 | {4t B U T 5 8 B A E S0 2011/04/27 EEﬁmﬁE%ﬁ%mﬁiﬁ%x
2011/05/01 A i S A B 2011/05/01 B AR B
2011/05/02 TC 525 A KB 5 B A o R A B A A R 2011/05/19 RFFT AR A AL IEBUR K3
] e} S| A N ] A 5 R i
2011/07/06 I Twitter T BUT R ACHEAT 28 2011/06/13 ﬁg;gﬁg%; B 5%
2011/07/22 B AT A R R ) M A BUR 2011/06/22 B A TR VR
B EE R B K 2 5 - AN AT R T 4 B R A B K 24 - g R AT
2011/07/25 o 2011/07/25 ST 6

5% LTI AR SR A R T A I G U B R A KD A T A [R) 3 S B £ AR AL % TR A K
I A 7 AR AN — 5, DAL T o AN 7] 2 551 56 B 1] A BE 1 L8 — B 2 B A AR OR DA b ARG 3t — 2B 9 KR i
RHRN & SRR, 70 S0 75 AS [R50 1 AL b 78 22 A S 8 3] B4 48, O A2 14 8000 1 70 3l DI 45, T2 PR 3 B 3 12
1 A0 A T R T A A 2, DA B 9 402 /N5 25 6 25 AR I 1) 3 356 ) L 1O R

4.3 FEHESRBETM

X AR AL HH s B AN [ i, A SO Y R S A A R SO SR T2ST HERF 207 % 8 1R HE R A
R B IS AL A SN P A S BB A5 S 45 RS SO P R G TR R T SCRELD BB O 45 & B 4
R TUAR T IE(MMR)ZEAT HERF 0l AR 5286 T, S R A S L (8] fOx B 7 A SR 4R 1 3 1 X4
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B HR S L1 2 R B, O B AR O T2ST Z G Hh HERr il 2K L I 20 3.

4.3.1  HERE B A0S B S0 ik

N T IS UEIZ TV A Rk, AT TSR KR E s, IR 6.

Table 6 Comparision algorithms for T2ST
6 T2ST HERFH A0S B 5%
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B AR SR DB AR A
Random N 58 F 25 R B B v B AL 3 B R 1 S i L
Sumbasic2! SRS SR I ] B S50 93 A7 5 S ) S 7953 g SR i 1 B0 A3 A A, DA A9 3 SCR
rF R B R B, 38 3 3ok 35 K R O SR AT 40 B ) 0 i
TS K P PSS 20y 5k A 4 B2 A2 I B 2 o
TSS TN P A28 BB A5 B TS AL n A sRA0) i
TST TIN5 3 3045 B TS A an 8 () s
T2ST-M KA SRS R EEM A 205 85 5 S e AR (5 B i A R n A R DFTR
T2ST-Set R B AL A A P AR S AE B S R S R (S R i B AR i A SR B

SumBasic+S

£ SumBasic A7 PO T BUBPE AR 2., R FE A AN HERE 0B R Al 3fe LUV — A0 B9 P BUB R 0, B Ak
R AN )i

E SumBasic B8 O JR) BRI 4 RE A5 S BVAE A HER OB R Al b 3 LR — AL )R B e R BEAEL B

SumBasictT | g o i i A R (6) %
- ST = & () J7 A fE SumBasic UE TR I P BUR PE 3 B o O I A 12 B, EL PR RS
umBasic+ST-M I\:(ll)ﬁﬁ%
SR LA R SumBasic B HIA T 1 BT 15 6 A1 O 17 AR 15 . FL PR B 2 R 12) 7

SumBasic+ST-Set

N

432 T2ST M X} bl Sza6 &y v GE vF A

4 NFHEMHIEE LM MH BRI E#AT T8, FiFE TSN R4 H H ) ROUGE-1 Fil
ROUGE-2 18, 1L3& 7 1 8.

Table 7 ROUGE-1 performance of T2ST and comparision algorithms

%z 7 T2ST Xt ELE %R ROUGE-1 MERE

ROUGE-1 Obama-1 Obama-2 iPad Microsoft AVE IPR(%)
Random 0.278 24 0.278 46 0.323 92 0.392 31 0.318 23 -
TS 0.324 27 0.363 82 0.331 45 0.384 62 0.351 04 Baseline
TSS 0.349 37 0.384 15 0.363 47 0.417 95 0.378 74 +7.779
TST 0.332 64 0.382 11 0.361 58 0.397 44 0.368 44 +4.850
T2ST-M 0.366 11 0.410 57 0.354 05 0.397 44 0.382 04 +8.720
T2ST-Set 0.366 11 0.390 24 0.380 41 0.428 21 0.391 24 +11.338
Sumbasic 0.31590 0.333 33 0.33522 0.346 15 0.332 65 Baseline
SumBasic+S 0.380 75 0.31098 0.337 10 0.423 08 0.362 98 +9.117
SumBasic+T 0.297 07 0.339 43 0.352 17 0.348 72 0.334 35 +0.510
SumBasic+ST-M 0.366 11 0.308 94 0.337 10 0.428 21 0.360 09 +8.249
SumBasic+ST-Set 0.359 83 0.282 52 0.329 57 0.407 69 0.344 90 +3.683
Table 8 ROUGE-2 performance of T2ST and comparision algorithms
&8 T2ST Joxf HLAIH) ROUGE-2 g
ROUGE-2 Obama-1 Obama-2 iPad Microsoft AVE IPR(%)
Random 0.048 42 0.040 90 0.049 24 0.077 52 0.054 02 -
TS 0.067 37 0.098 16 0.107 95 0.124 03 0.099 38 Baseline
TSS 0.094 74 0.118 61 0.121 21 0.149 87 0.121 11 +21.866
TST 0.069 47 0.104 29 0.138 26 0.134 37 0.111 60 +12.296
T2ST-M 0.094 74 0.114 52 0.142 05 0.142 12 0.123 36 +24.130
T2ST-Set 0.103 16 0.126 79 0.134 47 0.149 87 0.128 57 +29.377
Sumbasic 0.071 58 0.055 21 0.11553 0.103 36 0.086 42 Baseline
SumBasic+S 0.117 89 0.042 94 0.123 11 0.160 21 0.111 04 +28.486
SumBasic+T 0.046 32 0.055 21 0.113 64 0.103 36 0.079 63 —7.854
SumBasic+ST-M 0.107 37 0.042 94 0.123 11 0.155 04 0.107 12 +23.947
SumBasic+ST-Set 0.098 95 0.034 76 0.100 38 0.129 20 0.090 82 +5.094
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J5 J7 T 359 R S, R 1 , ROUGE-1 1 ROUGE-2 fi b M e AH X T 2 HEHE R 22 5 TS A Sumbasic ¥R,

(2) TS BFINFH SEE-7F 4 N EIE & ROUGE-1 #1 ROUGE-2 b I\ 4 7 J5 3 I 45 5435 BN P AL
JEEE S AR S AR T A TS MR IR THEFALIGALE T F P B A5 B A A5 B L R RR R A5
PR RS X AR ST AR F I (4 U R 1 2 25 0B K R P BB A S R HE R UL R I T A S 5 4 Ak SR
HERF S Ao AT 42 T, HL A T B B vy T 58 — R P 40 22 07 .

TE P FPRRAE Rl & 7 v R F e A AR TE KR 2 TS AR R v (B 5 B3Rl G 1y 2 28 SR B i T gk —
0 U, T2ST-M HR5AF A 725 A 78 B0 g AR AR LE TS J5 v i v, (B ARG - s iR A P AU £ IR TSS
TSR D RO TR Ul BA, B AR A PR R R A AN HE R IS A B AR A e A A 1 A EREE B ARAR
1A 5 A ) — 3 ZEAE 2 R 18 347 BBy sUab G ek — PR 58,10 T2ST-Set S A it Ak, 1) 07 92 A S0 ik
T EHE SR (TS 2 2 Uik, FLAE X T kN B — PP B0k 2 AR AE (TS S) A RN B — HEARF U BT 7 4 AE (TS T) 19 U7 =X
WA B ERI R FTE T, T2ST-Set KB AP BT 3045 B 70 5l k& 20 B ASE 1) Bl L A 0 72, 9 5% F A 1) 20N
PRANHEFR 5 B AR5 4 o R 00 i EOUA 2, AT 38 46 T T2ST-M 5 vEAH X K 2 R AE il A 77 2.

(3) SumBasic F 1% LSS bR T “ipad” U8 4 41, 54l (¥] SumBasic J7 V2 7E K 4 BE 4 P AR B T
TS J79%.3% /2 5 R PR3 B 6 3 —  SumBasic 77 ¥ & — Fh % T 1/ AT 40 A (1440 B e B 5 vk A RS AR SCR B
B A0 PR R A5 P P 6 TR — SR B IR 1 2 FE M P~ A — U2 1) I B I AT AT R 1 R K R K
T IEAR 3R S 1 32 1 A% O 1A 3R AT T PRI, 52 B0 A 1) 3R B I P 8 K 3 R SO R 3 L A R I R
£ SR 1] i) R IE (9 205 0 FE BTG, AU A 4R 5 4% A R BT A SR 3 1 ] AR A o R AT R R I R R A 1S
SumBasic J7VEARNS T TS 77755 4k 38 SR SCAS (1) & 14 BT IR

F 40, AT LU 2,75 “obama-17F1“Microsoft " £ ## 4 H1, JI A 4L 28 1= F 3L SumBasic+S 75¥2 P EINABY 77 4
2 R SumBasic+ST-M I SumBasic+ST-Set 7715 (¥ 14 B8 #5947 BT $2 T+ & K R i 3 438 B R 3045 B AT
T 1Al SRR T A7 AE, DRI T 98 2 (08 i AN HE 4% ST AR 55 6 1) B 7E “obama-2” Al “ipad 4B 45 1IN N BT FRALRZ |
T35 B ARBEAE SumBasic /7 VA REAT I AL T, B ISR T 54009 SumBasic /753X A f8 & T B -4 52 1
TICOE R S E K EEN AR BAS B WA A B RS B SO B BN G R e AR B HERR R ) R AE
IR A3 Z T A RESRAF U 16 1 S8 1, TR e B AN B 2R T 70 3 B SR A B 3R 0, 33 1 A

SN T R B M5 S AR FRATT A T T2ST K & HEA I ZEXT b BVEAE 4 A [ HE A A5 4 412 1 2 e vl 4R
g B 6 s /T LUE B 7E 4 D EESE T T2ST-M Al T2ST-Set J77%: 1) ROUGE-1 1 ROUGE-2 M fg¥ EL
TS %A FrdeTt, s ROUGE-1 HEBERIIR TR N 10%74 45, ROUGE-2 T RERIIETH RN 25%4 4. 53 41, Sum
Basic+S 1 SumBasic+ST-M & E1E“Obama- 17 Fl“Microsoft” 4 #& 5 A1+ T Sumbasic J7 ik He T, X £ 8,
AT BT S0s BAERR > ByE & bt SumBasic $8 B AR AR ARARAE ) ABK I R SCfE B E
SumBasic 58 (1) 7 A R IR 2, B 2 MR T A IMEAT =R 305 B 19 SumBasic J515%,3X 1l 68 B T A P+ 3L
JEAT 5 A F HERR AL 745 5 5 5& F T SumBasic J5 ¥, 1 Q0] 4 4138 F /7 R S5 B A L H 5 SumBasic
TR HAT 558G R il — 20 IR AL
4.3.3  HERFE R

9T B WM AN R T2ST Sk 40 34,3 B DL “Obama- 1" BB 4 91 ¥ TS Fi%A T2ST-Set kM R Gk
Hh 4 2 DA I SR BRI AT R R, AR 9. 7T LLE B,

(1) BR2HJE T Py 25 (V0 HE R0 B2 5070 TS il HE () 4R B 4R AT DA [ i3 3 e e B B2 T O 3R T 9 ST Ui —
S R U D, 1E M S 43 HEARR 13 AR T AR e I A SIS U S 1 e B T R ) 4 L il S R
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Fig.6 Performance comparison of algorithms in different Twitter datasets
K6 SRAe A FHER 2o 4 LAk BE X b
Table 9 Summary of “Obama-1” topic in TS, T2ST-Set and Expert
# 9 “Obama-1"1% HTE TS Al T2ST-Set H% ) B 45 e I & 5 ER

Bk

45 47 2L

TS

1) Reacts to president obama’s state of the union address. video:
2) Watch president obama's state of the union live [video] - facebook, google and more in this year’s speech.

3) If anyone wld 1k 2 watch president obama’s state of the union address tuesday at the nbc action news station in call (816) 932-4141

4) What do you want obama to say tonight? - the state of the union is an annual occasion in which a president receives...

5) Tune in tonight at 8:00 pm cst as president obama delivers his state of the union address. watch it live here:
6) The text of president obama's state of the union address

7) Michelle obama phat sheeeeesh lol

8) Great speech president obama. i enjoyed it and it was so special to me. i love president obama

9) What president obama needs to do tonight - glenn thrush - politico.com

10) What do you want to hear from president obama at the state of the union?

T2ST-Set

1) President obama’s state of the union address streams live on hulu tonight at 6p, with coverage now in progress
2) Interesting. no mention of the poor or even middle class in president obama’s speech
3) We want to reward good teachers and stop making excuses for bad ones. obama: yes please!!!

4) There’s a lot of discussion about the author of the new "0" book on pres. obama. i want to end any speculation now: it wasn’t

me.

5) Obama: "I’m asking congress to eliminate the billions in taxpayer dollars we currently give to oil companies."
6) Obama: "we need to out-innovate, out-educate, and out-build the rest of the world."

7) The full text of president barack obama’s state of the union address: -cc

8) Obama:..innovation that created..millions of new jobs. this is our generation’s sputnik moment."

9) Michelle obama phat sheeeeesh lol

10) Full text of president obama's state of the union speech

11) Senator stabenow’s reaction to president obama’s state of the union address

Expert

1) Paul Ryan hit a home run and decimated just about every argument Obama made. That’s how you give a speech.

2) So far, Obama has praise Muslims, illegal immigrants, and unions--the three biggest problems facing the United States.

3) We commend and the RSC for De-Funding ObamacCare in their Spending Reduction Act!

4) RT President Obama co-opted much of the GOP agenda in his speech. Now let’s see if he'll walk the talk.
5) RT Obama: "We Are a Nation of Google and Facebook" -

6) RT Obama in asks Congress to make permanent 4-year college tax credit

7) Obama gives a major shoutout to repeal and calls for college campuses to welcome ROTC and military recruiters.

8) RT Obama in says he’s "willing to look at" medical malpractice reform
9) Obama on clean energy, biofuels, cutting oil subsidies, complicated salmon management, and high speed rail
10) Members of Congress less keen on Obama’s proposal to freeze domestic spending for next five years
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Fig.7 The influence trend of summary length in different summarization method
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