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Hierarchical Auto-tagging and Its Application
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Abstract: We present our hierarchical auto-tagging method that assigns three different levels of tags to doc-
uments: category, theme, and keyword. Our method consists of a classification method for assigning category
and theme tags, a new proposed keyword extraction method that considers the structure of documents, and
a method for selecting theme tag candidates from each category. We introduce its applications to a Q&A
community service and a Q&A search service. We also report the new experiment concerning the selection
of theme tag candidates and the user evaluation on the tagging accuracy of our method.

Keywords: tagging, text classification, keyword extraction

INHLDIAI 22T 4 IZBWTENEYIEH I AT

1 BUol BEFVniEEn, 72821, [7~v0hn b ADBHENT]

Web ETHRBMOLEFEZHR) & 122 - 72BUTIZB VT
O, WEBENOF/-5EBHIIH T T)VHETHL, /2L 2
L, B BEEMLEY M) ELTHRELEET TV QYA
I32=74Td, [Yahoo! Answers| [#z T ! gool %
EORFENLZ I AT TIE, AT TVICL B ERE
CEMEEM AR T 5812, BEOH T T OFh 5
Wehra)z 198RS 2) AL TS, Lal,
U BAEBESHASH NTT - AR 2= 3 V5T
NTT Service Evolution Laboratories, NTT Corporation,
Yokosuka, Kanagawa 239-0847, Japan

BUE, KIELFRFALEEHES
Presently with School of Social Information Studies, Otsuma

Women'’s University
) nishida.kyosuke@lab.ntt.co.jp

© 2013 Information Processing Society of Japan

EV) BRSGEIR [k - iRl & [Bdbbe] orbs
DHTITVIHEB[TRETHA I ? BRI T T2
& B CHEIIL, T TVRRPIEHANRY - JEREREN T
HBHZL EOMEEDH B,
INOLDHTTYDHhR5MEL RIS H720, FHH
L, BEA— by ¥ 7Eb © TagHats (Hierarchical
Auto-Tagging System (ZHI2R) ZH%E L7z [1]. REUIE,
HohLOHTITYHFENT (§ 7RKG0) ATIHE
BEDPS, KHT T OELRFHELYFRT EEEL AEINIC
FERL, EANTHEIHLC, XHEDSHEL A TTY -
FEY 7O L, HEERBIZE2F—7— N7 7O
AT . I IHED S CEEMTIE, A7 TV DL IE

29



BRI LH/TE F—4~N—2 Vol.6 No.1 29-40 (Jan. 2013)

MR MBEE ORI D N0, BEOBUSIC X 2528
TREDOBEPAGICEHTE L, 512, MBEIEL
557128 oT, BREIMBBENEF 24K L—FD
TOOLEBRBPSERTE L, B, A, 2—¥I1
LD F U TERROMESR, 2 -FILLBELE~DYF
YT RGOS SWRELET, QL&A ER = 2 — AR
ChkA B LE AT A4 T CUHAMICRIATE % masER T
W5,

KT, BB+ — b7 Fo 7z QA I3 2=
T4 [#2T! gool & Q&A HZFEH —EY A [QA.ON/OFF
NEALZZEFIIOWTREMNT S, 361, ¥F—TU— k¥
T T 2R R & ST HINNG, S ERICH
T AR FEERICOWTHH L 5.

ABXDER LT 1] 25 OARHmLOFERIZ, (1)
B4 — b X2 VR OES - CAEARF LEL N
TZHA O, (2) XEMEEZEE L2F -7 — Ml F
FORE, (3) ¥ F v FAEEEICET 5 BIMFEMLFEER O FE i,
D3WIIHLH. BB, HEL2 (3.42H) LHML3 O
(4.1 83, 4.3 &) (MK [2], [3] KHEFEAD DL EL

AR DER 2 BCTH T T & B CERIO M HE S
WZOWTi LA, 3 ETHMARICOWTHMHAT A, 4 5
28 F 2 FHEEICHET 2B EBROMG R EZ R, 5 BT,
KEAM O EG 2 B4, T2, IWHEGORHE %
WRIAT - 728 TV ZREE OB EROER* B b R
T, 6 BICEENZE AR L, T EICKmERT

2. ATIVICLBENEREDHER

RETIE, 220 Q&A I3 2=7 1 [Yahoo! Answers |
(LLF, YA &089) & [#2 7T gool (LLF, OG L&)
? 2010 4F 3 H 31 HEE DT =5 246012, #7ITVI2L5%
SCEEIR O W TN L 7o R 2R T,

2.1 WHMRGEAHTTY

YA L OGIE, #7TUDY) =12k TLELIIL
Twhb, 22T, 1 &R 1IRT YA £ OG D%k
Feh 7 3) OB LEROFE O L LI, £
F IR SN LERIIFE > TV A, YA TlRE
BD211% D948 7 TV HD 10 77 TVIHEF L, OG
T OB 22.8% DOILEAT389 A7 T o 10 7 T
IR L TWwA. YA @ [Singles & Dating] (5,675,514 3C
#H56.37%) X OG O [FEAFK] (230,688 3L ; 4.75%)
DEHICEBOLEPIEST LA T TVIL, HEEPHES
PLEOLHELFRLLT VWL IC, L) BEAN RS TH T
IV IZHETRETH B.

2.2 MECE ¢HWATFIUVHR

LEGEROFEL G OBADH S 720, QLA T3 2
STADEINLOOLENIEBO AT T IHET S

© 2013 Information Processing Society of Japan

~

—_
o

YA

?106 L * Tt 0.9 fg
= 1 08 ¢
Is) £
%105 XX X 107 s
o S
S . 4 0G 1065
710 2
a
%10 104 g
8402 {0338
=)
§ 1 102 :Es
10
_____ 01 v
"""""" *
.IOO I I 0
1 10 100 1000

Rank of Popular Categories

1 [Yahoo! Answers| (YA) & [# 2 T ! gool (OG) D%H
7O OEMEE, DR

Fig. 1 Numbers of questions for each category in “Yahoo! An-

swers” (YA) and “Oshiete! goo” (OG) and their cumu-

lative distributions.
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Table 1 Statistics of number of questions for each category in

YA and OG.
Min. 1st Qu. Median 3rd Qu. Max.
YA 0 27.5 2,046 54,122.5 5,675,514
oG 3 663 5,746 77,138 230,688
N Mean Std Dev. Sum.
YA | 948 93,950.4 336,605.3 89,064,955
OG | 389 12,482.6 20,811.4 4,855,723

CLEEHFSLVY AT ATIIHEE) 2 3CEEM ATV
Voo F 7, XEPE-OFFELIrEEEVELTY, B
7 T K% MECE (mutually exclusive and collectively
exhaustive) T\ 72, kb @Y 2 A 7 T D% HILHE
Ly,

2.2.1 HEEBMME (mutually exclusive)

F9, HMEEREICH—Oh 7 I 28R 5 2 LD
LEoflZRT. &2 1F, YAIZBITS, [clean (k) |
& Tstuffed animals (AW <A AR) | O OFENS Y A b
WVIZEEND 52 DEMPEREI NI 9 208 A 73
ThHb. ZOFITIX, [Cleaning & Laundry| 77 TV 2%
O CERESNTWz2Y (5 HoOEM»HfE s h),
[Toys| 717 T b LHENFICEHLTBY, #fFHLEDOH
FINELTHEHYTHL, ZDLX) nFHFZ, 22000 F
T DM EAH TR C EDHETH L .

EHIHRAIE, T T EIROE L S 2 MEES A 1TE)%E
Bix OG O-EMCELZFMA L Tt 72, EBRTIE, 2 A0
WERE (28 7%, 26 MOHAANIME) 12, 725 L1ER
L72200 o3 EF%, EBEOEMBERE & REDOSEMTH
FEE/, RIIRT LI, #HEBRE LEROEMED
—HHEEFEHH D 5 ENIWAT, 23.5% OBEMILETIE 2
ANOWEE L EEOEMBEN TR THREZ I 7 T & #iRj
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&2 YAIZBITA, “clean (F#hr)” & “stuffed animals (W AR)” M FEENIz5 4
MVvo¥eha s 5T . N i Yahoo! Answers API Tl & v Z %

Table 2 Submission categories of questions whose titles contain both “clean” and

“stuffed animals” in YA. N means the number of the questions.

Categories N

Example of Question Title

w
ot

Cleaning & Laundry
Toys
Newborn & Baby
Dogs
Do It Yourself (DIY)
Hunting
Adolescent
Other - Pets
Toddler & Preschooler

e i N |

How do I clean stuffed animals?

What can I use to clean stuffed animals?

How do you clean baby toys (stuffed animals)???

any suggestions on cleaning stuffed animals. ..

how can I clean my stuffed animals? they have stains?
how do you clean stuffed animals (deer, ram)?

I’'m cleaning out my closet: Old stuffed animals and dolls?
how to clean stuffed animals?

Best way to clean my daughter’s dolls and stuffed animals

&3 2 NOWERE (s1 & sp) &, EROEMEMAE (o) O
AT ) O
Table 3 Agreement rates of submission categories among the

actual asker, a, and the two subjects, s; and ss.

Users Rates

s1=a 0.475

So=a 0.410

81 = S 0.470

S1 =83 =a 0.295

S1 =@ Or S = @ Or §] = S92 0.765

K4 YA LOGOK [Zof] 773 0RO
Table 4 Statistics of number of questions for each “other” cat-
egory in YA and OG.

Min. 1st Qu. Median 3rd Qu. Max.
YA 8 7,093 53,823 205,364 919,946
OG | 386 4,976 11,854 29,123 123,444
N Mean Std Dev. Sum.
YA 83 150,901.5 210,124.6 12,524,823
OG | 53 19,941.9  23,343.2 1,136,686
L7.

2.2.2 TEHMFEM (collectively exhaustive)

YA £ OG X, [Zofti] o 57T 2%ITAHZ & TH
P eMmEE 2 EHLTwb. R4 IRT, 75T
) %12 [Other] [Zofl] A& FNLEmEHN T T DK
MCEROME 25, OG Tld 23.4% OFEDS, YA Tik
141% OED [Z0ft] o7 T) RS Tnb 2
DB, L, MEBRLHEEICE > TE [Zofi]
DATITVIZED L) HANEOEMLEPER SN TS
PAWHTH Y, Hias CEEHIZ R > T,

2.3 KEHOEED

fRFENL QA 23225 1 TH 5 [Yahoo! Answers]
& [#%Hz2 T goo)] I TORMEEZFESZ o7
() MBEWTEDH T TIVNFAEL, &4 T T OLHFEKD
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THTT) - FHEH  F—TU—=FLw) 320EDY 7%
1555 (E2).
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ECEFICIIHB L 2 WA %\, TagHats (330H#
GHEICXoTHTTY - FEY RN T A, LML, X
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FHIHIZOWTH ATV, BRI 5 72059 5.
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Input: document

Any good restaurants in Toronto? ;

| am planning a surprise birthday party for my boyfriend.

Output: hierarchical tags

(- ..
Toronto Entertainin
Restaurants Party Friends

\SurpriseBirthdayParty Boyfriend y

Category Classifier

~

( Keyword Extractor

Our system: TagHats hierarchical auto-tagging system

2 [EREA— 5 ¥ 72 AT 4 TagHats OREEX
Fig. 2 Concept image of our hierarchical auto-tagging system,
TagHats.

LV FIDFFRIZEDSN TG T 5720, b D ORE
J& BRI BERR IV ICIIPREE S N2\, FE Y MR 2130
EDHT T DOLEY A MK HBT 253504 %
MEL (338, ¥—7—F ¥ 7 li3ecnnr T8
FAMBMEOSERIC) > 7 #ERT 5 BRI 235 % S0
PO 2 (3.421H) LT, ke LTHA GRERE
BB T & 2 55k% 8 72159 5.
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TagHats (£, AJJ& LTH 2 b33z IO
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(1) AAGE Wikipedia O R L - $E55FEO T RE R AT

DB
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wew
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) EEY T et} &, KB WTRTAELERL Lc, t) O
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Bz 5 ot} DMENGT ). 2T} RATTY ¢
IBULEEt AR T EERT.

wle)? ) p(wle, t)F @)
10g< [ Bl e’ ) )

LA pwle) T plwle, T

p(wle,t) = (4)
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WEFHATAZ L TIEREDY 7 A0 7D FEDRH &
M, BE 0 #FH L CTHEEEDOE WY FOAT5T 5,
LWV F U THIEIA LV ES R L, BB, 5 Eh
BT I - Y T ORERE - AN 5B T%E 1] &
DR BENET RV 25, KL TIEA (5) 12X 24
JECEE ISR A iR - BRI T AR\,

3.4.2 ¥—T7—FK&7J

BB SN BEOL 7 ¥ a & FOEICH LT
ANXELZECLE L OLERTHEEDO L7 2 a VBT
LEEMISF—T = Ky 7L LCHEYTH L A ITEZD.
tthfQ&AiiT%hf BRI DA MBI 534
X0, BMSCEMEXOMGICHET 20 EE L%
AbNd. ZORIHICED X, FAl, KEIDF (RIDF,
EWEO IDF D5 R TV VA2 & ) i€ Sz IDF il
Zoln7efl) [11] w7 ¥ a YHE (SF) 2MlAEbET
O BEREEFET 5 TR ICRET S,

SFJ%H)F(w)::SQU).POgQ(i%%%%T)
e 1o (2552 )] 0

22T, kY a VHRE s(w) 1E, ATIEEd OFIZEEW w
BB L7k 2 3 v B, S(w) ZEA w AL 7
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% B, RIDF 3 XEONE B TEELENIZIE 1 D20
ERIHR D R LIRS 2 FIUH L3RI, — MRS
LTIEATTHIMEL 5.

WERFAMTCTdH 5 TF-IDF |2 T SF-RIDF 25T\
LElx, (1) B—nkr v a VICEAR A XiER GRA -
ﬂm-&47\x&k)kmnxbf%é:k,@)%(
DOYLEITHIL TS (K IDF) TbF—7U—F&L
f%ﬁﬂ%,@Qﬁf%é B, ¥I7EREREELT
HWAEIE, 120 EIZOIMIGENEY LG,
BEoOLEIAG S, CEMIZ) Y7 2ERMT Y 7O
HEETH L. TF-IDF TlE, £ OLEIIFE5END
EO%FELV L, IDFHORmVEENZ LD L (L TL
9LV HENDH .

4. FHEEER

AREETIE, BREEA— N7 X 77 (TagHats) D%
HMERIIOWTOFHEi 2179 . AESCGEESICE, [#
2T ! gool ™ 2008 4 4 H~2009 4£ 3 H D 777,266 3L
(389 77 T)) MW, £XEEX3IODLT T3y EH
ZA MV BRIARSC - [ SCITE L7,

4.1 2x > 74l

R 5%, [#27T! gool ® Q&A X (HMFEFS :
4842983, 4536688, 335041) *11Zxf L T TagHats & TF-IDF
&)y 7RG LIEROITHL (h7T) - EES
7 L(et) >0 %5 {e,t) DRE20FT, F—T7—F
¥ 7% 3 2% T). TagHats (Z ALK LT, [N

£5 [#HxT! gool] OXEIINT L5 X 7B
Table 5 Examples of auto-tagging for Q&A documents of
Oshiete! goo.

T—ITF U NLRZ—D3 (ERFS © 4842983)

AT T oMt (v b)) NE

T INK A — filf

F—7J—F T VT U NKARY — &R IR

TF-IDF B B B A-IR R4S SR
MREEOXRSHAH (EMES : 4536688)

b=l e

FE FE =

¥—7—F TUFEXTFTA 74T — R FE

TF-IDF atn 239 & 1 7 V¥ A F A 7 99
AFERR5 T (HMFS : 335041)

i a=)) ZoM (5 =3y MERR) Zoft (7Y 5
547)

F# v bT—=2

F—7—F VXY A XV ay SiE

TF-IDF IFEY A VOBIQZFEY RSy FT—2 2
FUEF A 70— RN F FHBGI

*I http://oshiete.goo.ne.jp/qa,/(4842983]4536688|335041).html
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R 6 [#HAT! gool IZBUFAHEMEM N AT TYOFHESY 7D
R (p AEOVIEIC 10 1)
Table 6 Top 10 theme tag candidates (10 lowest p-values) ex-

tracted from each popular category in Oshiete! goo.

il ak=g)) FRE Y 7 bR

AT HE K M Bk R IR o % T
b ek

Windows XP | ¥ A7 /N— sp3 Bii/N\— 77V r—a v

I = A=V —=RA—=F%— 7Y =X TR
media player 7 A2 ~ v 77 A 3 REE;
A R AR AR AR EE B AR
VErE 3ok BIEE 24558 AT

= 2= 2l ipod youtube HjHlj yourfilehost
VI 47) veoh itunes 2 & % A1a% ipodnano #7Y
Office 2V 7 | )V 7+t excel ¥7 1 word 7 — F vba
b access excel2007 excel2003

zoft (7%

SNLAAY —>T—VFUNLAAY— | DX ICHERBL
W& FEAGC&7. F72, TF-IDF Cld—t27 ¥ a:
NTH#EY R LIS 25840 (5 TF) OEZIZXL D Tatn]
[239] Dy 7L LTAR@EY MMt SNz, &5
IZ, TF-IDF Tl [2F ¥ 2] [2F S 2| LD
M54 TIATHD /A RiER (IDFEAE ) A5
EN7=A, TagHats 2S5 SF-RIDF TIXIE L WEETH
LH[LEXHA] OREFXF—T—F ¥ 7 LTHIHBTE 7.
ZhE, RIDFEOFHICL Y, L oxxEOL s v a v
THHT 2 L) B EELENICHNF -7 — F2a 715
AENBIDTHAD.

4.2 FHEZ JiEmBEEROFNME

AKETIE, AT ITVDNLDOFEY FHEMOMLE L,
WHET v & v 7 ENEEE W EE Y il icE T 5
FHiRG R AR T
4.2.1 FEZ JIEEOHHSG

33 EIIR LR ETFEICL Y, AISCEESD S 34,604
i (26,438 H#H) OFES izt L7z (a = 0.01,
Niow =3). & 6 [ZRTHEMB MO 7TV I2B1T 24
AR LY, RIS 7 TV ICBE S 2 EE LM %
ME T2 hs.

CZTC, [TIVINTAT>ZFEDM (FYVINTAT)] D
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Fig. 3 Precision-recall curves with the proposed and conven-

tional methods for extracting Japanese Disease theme

tags.
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*3 http://ranking.goo.ne.jp/ranking/n09/
n2009_health_keyword/
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50 FRFICE ENA
Table 7 Top 50 searched disease names of 2009 in Japan and
top 50 theme tag candidates extracted from Disease

category by the proposed method.
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Fig. 4 p-value of Fisher’s Exact Test vs. title frequency. Red-

colored words are contained in top 50 searched diseases.
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Fig. 6 Rates that any of the theme or keyword tags that
our system assigned are contained in the tags that the

Hatena social bookmarking service users assigned.

*4 http://b.hatena.ne.jp #*5 2010 4 2 A 3 Hi2 7 0 — V.
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Fig. 7 An example of assigning tags to the Q&A document of
Oshiete! goo.
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Fig. 8 Number of clicks of two theme and three keyword tags
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Fig. 9 A screenshot of the service “QA.ON/OFF”. Turning

the buttons representing hierarchical tags on and off

enables users to find Q&A documents quickly.
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on/off and inputting queries.
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