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Neural Headline Generation with Self-Training
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In this paper we propose a novel method which incorporates self-training into a sequence-to-sequence model
in order to improve the accuracy of the headline generation task. Our model is based on neural network-based
sequence-to-sequence learning with an attention mechanism and trained with approximately 100,000 labeled ex-
amples and 2,000,000 unlabeled examples. Through experiments, we show our proposal significantly improves the

accuracy and works effectively.

lZC&IC

HE) R U, BEERITICE T 2 EEGHEO0 &
DT&H% [Nenkova and McKeown 2011]. FH UAEpGERE X
—fRAIC, BIERL R ORISR LT, ZOLEONEZ K
DIV TFETERT X ZERT 2HETH 5. HEIEIC
Ko TERE NI R L2t 5 T & T, A TFIFDEn
FHORHM UMD S FONAZHREL, i XENE S e X
DAGEICHIWITE S KRBTz, TOFEIITH FIEHIC
EHTHSD. B UERKICIT 2 —RIERE Cldid g
LTWB2A MV GlHERA RV DERSNZD, Rim T
X, H2=a—AMEY I RIBELURTHD, fdHX A MLK
DEISHIEHNTRHORHL (FEy 7 ZRHBL) ZAKT
LR ET %, Yahool=a—AMEY 7 ZAD XS GiRE
Za— AT A MTBWTIE, slFH XA MVOE ST 7 il
IR TERNWT EABICKC 5720, idE X217 MLED &
B, ZO MY ZICBI 2 EEAHERZ O RB U ZART
5T ENTENR, BEATFOEIRZIRD LR K < Gz it
TEA5XH1%E%.

—J5C, i, BRI S X7 LIRS 2 W T kI
KELMKIFLTVS. BEAE ORI BN TR, AT —
& Flxb B AN EZFNICHIGT 2Oz e % 2 &
RETHS. LI LEDS, BCHY 95 FEy 7 AREL
R FE XA FILRPARD SHEZEDOFIC K> TERENTH
D, ZOMEEIARIDENT ML DRI BT Xty %
TRCHET 2 LBNHETH 2. PHDIDDT—EHAR
EULNE &S W ZHIRT 2728, R TldHEAHI
KXo T T — 2 ZNRT 2 FiEERET 5. REFETE,
FTRMDET IV ANRIDOFICK > TER S NI E T —&
2w I BIERRL, BT, it 2 A MVDHZEFFDOT—ZIC
HUT, COETIVEROVTERE Ny 7 ARB L2573 %.
ZFD%, REFEY 7 ZARM UG SNz —2 &, NED
ey 7 ARMUZEER LT — 2O FOT—2 1y k=
BTF—2 e UTETIVOREEZTS . HEFBRIC KD, 185
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FHEDR=ATA Y FELD IEHAICH RIS EmORE 2
Hd % C LR LTz,

R 5E

HBIEHNC DV T DT, SR EH & AR EERI DR E
2D ENS. MHNERITIE, Y AT LA D
—ibnetkEM L, ThzflBabE s T & THIS2RT
5. ERINER T, ANIEICEEN RV LWL
BOMNIZENT 5. #BikdT DK, WEENFEY Z X
FHUZIERT % & 2IE LR VIR ATISUS R EREE W%
T WD BT, RFEHE TR ERNERN O 7 ) TV X L%
BEHITAIENEFLVEEZEZONS.

AHUERIECODWVWTEZLLOWHENZTENT
B O [Banko et al. 2000, Knight and Marcu 2002,
Alfonseca et al. 2013], HEHFEZa—F IV xv s T — T %
AWV2 FEMIERICHR SN TV S [Rush et al. 2015,
Filippova et al. 2015, Takase et al. 2016,
Ayana et al. 2016, Xu et al. 2016, Chopra et al. 2016,
Zhou et al. 2017, Tan et al. 2017, Tilk and Alumae 2017].
Za—I)xy FT—=U W7V 3 XL TIEFEIC, &
DHGESEERHEDRY% AJ1E L, encoder-decoder HMD % v
NT=2127 TV a YRR IO AT KIS & - THD
NS 5.

Ho2EE, HASHLMICBEVWTALHVWLONTE
D, HSTHRHT [McClosky et al. 2006] %> 25 7 I b M 7 3
[Mihalcea 2004] 7% EICFIHE N TV 3. sequence-to-
sequence DIFFEICHBWVTE, Dai & Le I K> THEGIDH O
HPOTFEMERIN TV S [Dai and Le 2015]. 51, #i
RO 3 L AENC K > TR O D D ARICB TS5 KO R
WIS T A— 2725t B Hini A LR L. 5D
FHEERZD , KR OREFETE, EIEDOT -2y
F 2 O THIBROET IVER 2175 DY, ZOM%, IEffziElix
W=ty M LT OETIV S REUEfRZ S L,
NS DT E - BELUEfRT Z DOl /sO7—2 1y 2RI L
THET 5T L TRINZET V2R 5. aiEkOHbH D
FRICK>THERENEET IV e, BEROHCFEE 2T
W7z LR U TSR, % EDETIVHRTEDETILE D @S
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EEX1 MV

[ FEVZARHL

<KEPE F>BOIZIC REH
ICHRE BT

[ZRNPEA R TIR e THEES

£ 1:
TERRT BT LR L.

3. REEFE
RCORETFHEIUTFOX S HFIIC LS.

1. il 0 EE (R=ZXF A V) N=AF7A VDETIVIZ,
ANBEOTER LIz M Ey 7 AR U Eadd 21 R VO
B¥EENSG.

FELURLI L DAERG: RIS, BlFZ A MIVDAN SRS T—
2ty LT, FH 1 TEKRLIZET IV EAWVTERE
BrEy 7 2ARMLZIERKT 5.

WREFIVOFE: e, FI1 O ) FF V7 -4
&L FIE 2 TR N 7 AR LA S E iz 7 — &
D172 AT, HEETFILO¥EEITS

EVHZ DL, BEFECBOTE, "—2A54A Y DEFIV
PO LTSty bEIERT 5T & THLERETST
V3.

4. REX

4.1 HELERE

N—=R T A VDETINZVENT 5728, OpenNMT V—)LF
w I [Klein et al. 2017) ZF|f L7z. encoder-decoder E7 )V
Dy 8T—2 L LT, Luong HIZ K> TIRE I Nz, stacking
recurrent neural network IC global attention 7l 72k 7%z
FWTWW% [Luong et al. 2015].

encoder O AT 3000 ZITD one-hot N7 kL& HDIA
AT EERBZ VY, 250 RoTD NN ML Zetio 7z 3 @D
FEANEIC K 28051 LSTM 7R L7z, decoder IZHBWTE,
HIJ1 L7zsBO AN AR D 0 BEREZ W7, 3 HOREN
JEDWEBNZ M VOIS 500 & Uiz, RO LTk
& LT Adam [Kingma and Ba 2014] ZH L, ZD/NA 73—
INTRA=RBZFNFN, B1 =09, B2 =098 ¢ =10 ?,
a =107% L L7 WiO¥E L BBO¥EE TN TN 30 T
Ry 7D, ZDI =N TP X3 64, dropout i 0.3
Ll O e

AFFETIEGE T2 /B UMNIERICE NS D5, 7k
BlE UTHEERA T AR SCHFHMDO A Z Wiz, 3740
B, VAT LEEERZA MV 1 XS ORI, TDOHT
ELTRHULE 1 X7 DOERT 5.

F7z, BRI BERIB 5 IC KB E— LY —FZHOTHH
LA U7z,

4.2 HBFE
LURD 3 Rzt Uz,

o N—RFA VF: WikD@ED , 772 3 UM E D
—%7% encoder-decoder T EF )N ER—=AF A & L
THH L.

o HHITEETFIE: MDD » #E & DDz, Dai
b Le MEZR L7z sequence autoencoder IZHED < Fipij2#

RLHEXA MLV EXINT B Ry 7 XL o]

BFE [Dai and Le 2015] ZHESRE Lz, TOFET
&, FREH U LT —%2 %MWz sequence autoencoder
ETI GAEXA MV BRI A B ILAD sequence-to-
sequence E7)V) D FRZITo 1%, Z0DI8T XA—2TH]
HELIeETIVOE TS . CTOL EPHALT %85
A—RDOWNRERTDRY FT—TIRT A= LT 5
G, 7T rva U BEZRR < encoder-decoder {53 D
HDINT A—22 P T 2 5B DN THEZ T 72
7535, Dai & Le |& T OHi~£3 AR G T aE TR
MLTWS. 207k, Fii B FEMEL TV, F
Bl 7z IEEIC 3T 5 AT BT & Eie U T, ANifgeaR
HDIZ S WEMETH 2 T ZERBICANZILEDND S.

o FRFME: IERIM L 2R DT —2 &, RECUEM R L2
LT =208 5872 LTOHREZIT I

4.3 T—4R

FERHDOT =2ty b UT, HARBZ 2 — Rl FEXZ A bV
L, FNUCHINT B MYy 7 AR ULOMZHWE., £ 1ICF
O RT. Yy 7 ZRBLICBWTIREEROES 2328
JRMCEEDBTD, dEORA MUVTEENTWV SN D
DFEZB N0, SOBA T ENMTbN TN 5.

7A=Y TR E>TC, ibEZA MVOBNERZT—X
by hEMER L. 205 B, FEY 7 ZRIL EHT I BH
72810 FfEZiH D F—2 & U, fiMd T Z Liah o728 0
FHOFEMOT—2 L Uiz, #ilidb b 7—%1%, ¥ 60% %%
BT —2 8 0% T — 2, # 20% % T A M T—2E LT
DELUT. HOEHERIZTETIVORBEILT—2ty OV A
AWEZ B0 BEMRT 2128, AT —2h 6 ZNT
20 A, 40 FH1FE, 80 A, 100 H 1, 150 F 1, 200 A%
YT LT —2ty hE{ER L.

w7 AR UIGET 13.5 XFUNTRER SN T0h5. |

FEDU LR, AR hT, BEREENTN 1 XTFE LTHA
5N, TEEDTIVT 7w b B K CEAL AT DONTIE
0.5 XTI E L THA OGNS, Tabb, fiEHIL 13 XFD
HAGED S ZEZEAE 1 DIk > TRy 7 AR L Z{E
KT BTENTE, FT7IVT 7Ny bR VB IEAE
ZTNED 2 XFRAARGED | LT EHETELENTES.

4.4 FHMERE

AN & LT, XFEAR—AD ROUGE-1 5% fuv /-
[Lin 2004]. THRHESNGO Y AT LWNHGE TR 7% XF
ZHNE LTINS 2720 THS. 7—Xy Modidik 1
MLE FEY 7 AR UEIEFICEL, Py 7 AR LIEL
RURRSWIADHOSN TN, HEEX—ZD ROUGE &
BVZ KRBV BRI TS 20, SCPAN— X THHiid %
&, TLOHGEZREK S 2 it LT X 5 HIEERIC DWW TR
ZOEEEMRICETENZIEDE L TCIHMETES. TDXIIC
XFN—ZADFMZTH T & T, HEER—ZXDOFHii L D & KD
IERER BTN OB HETH 2 L EZ BN S.

F eI B CHINEIC X 2 BB R8T 51285, TNZE
NOTIETH U, B2 UMK S 10 MO E MY &

x4 https://news.yahoo.co.jp
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] | ROUGE-1 |
N—AFA 0.568
s (7T vy a IR 0.520
FiH (20 0.503
EFILE 60 5P 0.574

# 2: ROUGE-1 O

ROUGE-1

# of unlabeled examples by the thousand

X 1: Efi#7n LT — 2 DY A XhT 2485 T:0D ROUGE-1

AR UDLERZITY, T ORMIEED 7% ZDFIED ATy
ELUTHRHILE.

5. EREER

F2ICHBERZRT. IREFEORTTE, 60 DA
CFEEH T =2y EHWEGEOTETIVERH L. 2%
T X B ETIVIE, BEEEETDREWN—=ZXT7 1 VETIV,
BRUHERMEEZITETIVE D EORERER U, t R
FIT XD, 225 L T DR O ROUGE-1 23 7 i&HR!
FHNCHETH S T LHRENT (p < 0.05).

HAPEHTEREIR=AT A VXD SRS o7, 22T
DIRT A—=RERAFETHFELRLUT, 77y a U
WEDIRT A — R B HRPFENC K B HWHE DR Sh Bk FHED
BUWEEZRER L. cockid, 77y a VBN, Ah
SN HZA MIVICTENBTERDOS B, ED X5 & hHR7Z
w7 AR USRI RED LWV Tz, Hfili7 LFEEH 51
AREMNCFEHTERVIINT A—=REZHLTED, Z07zH1E
fROIZNT =2 SR EE LWFIIHEZ S SNl b %
RELTVS.

X 112, HEFEHOT =2ty OV 1 XTnd 48Rk
DFEEDOZEALZ R U, T—2 1y hOY A XH 60 HIF, B
XU 8 HFD L& X713 0.574 LikbEWEEER L.
F—=Rty hOYAXIWNENEE, LB AKETESLE
WICHEMET I 208U, EELT7—2an2lkhdE5C
LT, ARFEHITRENRTHLEMBH D T—R2EDEKEKR
WO TLESCETELREEZLON, HEFHETIEL
WWUIRHERRE NS, 2Dz, HAFEHHICRUEMRZ(1 57
HEICEE LOHNBIOAZFHAT S e TENIL, HOH
HICE2HEM EEXORELGEZLEZONS.

% 31T, B HBTEIC L AT HNDEE (e —
2, PEATRTE 1 XFE UTHAS) ZEE L. BRI
F50% T, BHIC X > TAERESNEREBLOEZ IR ENG, iF
EEDMER LTz D LI L Py EmcH - .

X 412, FHET— ZITHS B BTV SR < DL
L. 1 ZBHOBITE, sdHE2A MLho TEBIYIR) &0
S, ETIVC KRBT THIFF) EMGEEL T05. 25

| [ XFH |
EiNYe 595.6
FLEX A BV 26.4
FeEy 7 XRBL 14.0
N—AFA 13.6
HHTEE (7T vy a YRR 13.3
i (20 12.8
REFIE (60 i) 13.5

& 3 ST

THECBOTIEHEERNT Tl 7  SCFHAN TN T % Tz
O, HEENEHKINTHNIEI NG ehH 5. TOHIIH
IZx L ROUGE flId @V EZR T, TRISIYIRT) & THIFE)
BARARZLORIELRT 2D, TOHNEINSIE LW ERE S
FEND T EIFEE L L.

2 FZBHADOHITLE, R=RFAVETIVE TBRY M| 20D
REEKELTHIIL, CORMUTIE LWVl HNARZHIAT %
CERNEHETHD. — /T, EFEOHIITE VT RV
71 VI FHE VTR B ODXHIcd EFIMFEELT
WBREIICRZZH, EfRNEy 7 ZRB LA VT kv
71 IS T BREDN a5 T2/ ROUGE fHIZRN—RF 1 >
EF)VE FES .

3FRHOHNCHBN T, IEAO R UIkidHE X 1 Vo]
REEETHEIRT 2T W TE, FHET VT ThEBIRL T
W%, Filippova HDITIEICE T, Za—FI)b%xv b
J—2I2 KB LHEMETIVIE, T—& 1y HRICIEET B IE
FRSZ I TIEL PN DEIREIEO AN S AR T B T &N
TEHHLAICHBRNEWERZRE S MG SN T3
[Filippova et al. 2015].

4 FZBHOBDO X S ICIERRH UAFHZ A ML e f ko
TV e, ETFIVVERLIERHULAYS 2IEEER T NS E
DTH>TH, FMRHL & IGET 2 X2 fflzknT b
ROUGE-1 WMEWMiEiZ & 25505 5.

REOHI T, BETIHCKZHNEIR—=ZF 4 VETIVD
LEDXDEYLEFE LW 1EEE. XR=Z2F 4 VT IVEEED
HEREREHEND TR &V I BRI EH UL BRI
D, BRETEINER LIZEE Ny VAR LEZE
KTET.

BT, NIDOFREFIC X > TERENTZ R Ew 7 2R
LiEicnizS iz £ 2 EATED, cnsiLidLiE
WA TEIMZIOENTWS. [FEO Ry 7 ZHHBUSA
NXDHIFIAEO I SRR T 5 T EMNTEBZHAITIE, N—
ATAVETIVERRRET VOIS LRI BV H I TSRz
B5TEeNTE.

6. F&&

KX Tl&, 77 a UHENTE sequence-to-sequence
DETIVERIC, ARz 8NT 228 FErigR L. &
BRICK D, HA PR ZBINL TITS T L THEEET IVOREED
ARk ELZT EAVRENT.

5 HiCiiam L7z X 91, HEHH DTz dDICHE R E NIZRHUIE
R L L O 5 EDEWHO R RS ENTENUL, X
DHOZEOMBEDPEES EEZ TS, iz, ANEOHREHS
ey 7 2R UZIERT 2RI 21 MLVIZT /A<
HONBREREBIIANTNBT END, EFINICENTE
LY — PR LDz ERT 5 L THEKAT LOMEZ
FHTNL T eZHET LTV,
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B2 [ FEYZZRRHEL [ R=Z54> | REFE \
JR HHADQEGIYIFHCEZ N5 | JR OV =7 EBICH | JR HOEEI YR &R | JR HERFICEED S
BE, S EROE R ? HichE FHOHF (0.462) 7z (0.615)

VT IRV haRy FRECSA, | HAOTRy FEE K | HARERY baARy b | VT R Babky FEE
HAROORY FEEESES? Fix? IZBA (0.462) IZB A (0.385)

<RIV ITSBHYLBVHRET | @HY L FiaETHE | BHY LHRETHE | BHY LR THN
DT Mt FeERET FeMiat (1.000) Feat (1.000)
=R VT REMERS > T | FIFA 27 BAED | A—RT o )V7REH | A—KRY z)V71REH

HARZ B RO 72 B T W AEWE L (0.000) AV (0.000)

RO a0 A BERIE, 2o | At#EE ERME) © | R Iarbz02 | FU Y IO ALESE
JFrESEZZNED eIFE JEE S (0.462) EHEA (0.615)

% 4. tHHH & ROUGE-1 *°
%%Kﬁf Johnson, M. (2006). Effective self-training for parsing.

[Alfonseca et al. 2013] Alfonseca, E., Pighin, D., and Gar-
rido, G. (2013). Heady: News headline abstraction
through event pattern clustering. In Proceedings of the
51st Annual Meeting of ACL, pages 1243-1253.

[Ayana et al. 2016] Ayana, Shen, S., Liu, Z., and Sun, M.
(2016). Neural headline generation with minimum risk
training. CoRR, abs/1604.01904.

[Banko et al. 2000] Banko, M., Mittal, V. O., and Wit-
brock, M. J. (2000). Headline generation based on sta-
tistical translation. In Proceedings of the 38th Annual
Meeting on ACL, pages 318-325.

[Chopra et al. 2016] Chopra, S., Auli, M., and Rush,
A. M. (2016). Abstractive sentence summarization with
attentive recurrent neural networks. In Proceedings of the
2016 Conference of NAACL-HLT, pages 93-98.

[Dai and Le 2015] Dai, A. M. and Le, Q. V. (2015). Semi-
supervised sequence learning. In Advances in Neural In-
formation Processing Systems 28, pages 3079-3087.

[Filippova et al. 2015] Filippova, K., Alfonseca, E., Col-
menares, C. A., Kaiser, L., and Vinyals, O. (2015). Sen-
tence compression by deletion with Istms. In Proceedings
of the 2015 Conference on EMNLP, pages 360-368.

[Kingma and Ba 2014] Kingma, D. P. and Ba, J. (2014).
Adam: A method for stochastic optimization. CoRR,
abs/1412.6980.

[Klein et al. 2017] Klein, G., Kim, Y., Deng, Y., Senel-
lart, J., and Rush, A. M. (2017). Opennmt:
source toolkit for neural machine translation.
abs/1701.02810.

[Knight and Marcu 2002] Knight, K. and Marcu, D.
(2002). Summarization beyond sentence extraction: A
probabilistic approach to sentence compression. Artifi-
cial Intelligence, 1(139):91-107.

[Lin 2004] Lin, C.-Y. (2004). Rouge: A package for au-
tomatic evaluation of summaries. In Proceedings of ACL
Workshop Text Summarization Branches Out, pages 74—
81.

[Luong et al. 2015] Luong, M.-T., Pham, H., and Man-
ning, C. D. (2015). Effective approaches to attention-
based neural machine translation. In Proceedings of the
2015 Conference on EMNLP, pages 1412-1421.

[McClosky et al. 2006] McClosky, D., Charniak, E., and

Open-
CoRR,

In Proceedings of the Main Conference on NAACL-HLT,
pages 152-159.

[Mihalcea 2004] Mihalcea, R. (2004).
self-training for word sense disambiguation. In Proceed-
ings of the Eighth Conference on CoNLL, pages 33—40.

[Nenkova and McKeown 2011] Nenkova, A. and McKe-
own, K. (2011). Automatic Summarization. Now Pub-
lishers.

[Rush et al. 2015] Rush, A. M., Chopra, S., and Weston,
J. (2015). A neural attention model for abstractive sen-
tence summarization. In Proceedings of the 2015 Confer-
ence on EMNLP, pages 379-389.

[Takase et al. 2016] Takase, S., Suzuki, J., Okazaki, N.,
Hirao, T., and Masaaki, N. (2016). Neural headline gen-
eration on abstract meaning representation. In Proceed-
ings of the 2016 Conference on EMNLP, pages 1054—
1059.

[Tan et al. 2017] Tan, J., Wan, X., and Xiao, J. (2017).
From neural sentence summarization to headline genera-
tion: A coarse-to-fine approach. In Proceedings of IJCAI-
17, pages 4109-4115.

[Tilk and Alumée 2017] Tilk, O. and Alumée, T. (2017).

CoRR,

Co-training and

Low-resource neural headline
abs/1707.09769.

[Xu et al. 2016] Xu, L., Wang, Z., Ayana, Liu, Z., and
Sun, M. (2016). Topic sensitive neural headline genera-
tion. CoRR, abs/1608.05777.

[Zhou et al. 2017] Zhou, Q., Yang, N., Wei, F., and Zhou,
M. (2017). Selective encoding for abstractive sentence
summarization. In Proceedings of the 55th Annual Meet-
ing of the Association for Computational Linguistics
(Volume 1: Long Papers), pages 1095-1104. Association
for Computational Linguistics.

generation.

*5  JR RARRARRESERA S ORI SEHIE T
VT MRV OXFRE, HAEB X UTZOMOEICH TS Y T kN
V0 TN =TRSO R E 2R T FY sk
ZALR T I DRRE 7RG T S Z O, ARk
ENTVERABICE - T—E AR, BHOMEE 213
R T



