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Abstract

In this paper, we propose a novel approach to construction of classification hierarchies for user
tags of folksonomies, using WordNet-based Formal Concept Analysis tool, called Taglighter, which
is developed on this research. Finally, to give evidence of the usefulness of this approach in
practice, we describe some experiments on user tag data of Bibsonomy.org site. The classification
hierarchies of user tags constructed by our approach allow us to gain a better and further
understanding and insight in tagged data during information retrieval and data analysis on the

folksonomy-based systems. We expect that the proposed approach can be used in the fields of web
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data mining for folksonomy-based web services, social networking systems and semantic web

applications.
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3 senses of java

Sense 1
|Java -- (an island in Indonesia south of Bomeo; one of the world's most densely populated regions)
INSTANCE OF=> island - (a land mass (smaller than a continent) that i surrounded by water)
=> land, dry land, carth, ground, solid ground, terra firma - (the solid part of the carth's surface; "the planc turned away
from the sca and moved back over land"; “the carth shook for several minutes"; "he dropped the logs on the ground”)
=> object, physical object — (a tangible and visible entity; an entity that can cast a shadow: "it was full of rackets, balls
and other objects")
=> physical entity - (an entity that has physical existence)
=> entity -- (that which is perceived or known or inferred to have s own distinet existence (living o nonliving))

Sense 2
lcoffce, java - (a beverage consisting of an infusion of ground coffee beans; "he ordered a cup of coffee”)
=> beverage, drink, drinkable, potable -- (any liquid suitable for drinking: “may I take your beverage order?”)
=> food, nutrient -- (any substance that can be metabolized by an organism to give energy and build tissuc)
=> substance, matter -- (that which has mass and occupies space; "an atom is the smallest indivisible unit of matter")
=> physical entity - (an entity that has physical existence)
=> entity -- (that which is perccived or known or inferred to have its own distinet existence (living or nonliving))
=> liquid - (a substance that is liquid at room temperature and pressurc)
=> fluid - (a substance that i lud at room temperature and pressure)
=> substance, matter -- (that which has mass and occupies space; "an atom is the smallest indivisible unit of matter”)
=> physical entity -- (an entity that has physical existence)
=> entity -- (that which is perceived or known or inferred to have s own distinet existence (living or nonliving))

Sense 3
\Java -- (a simple platfc bi d
he World Wide W cb by a cient and run on the client's machine)
= language, obj d programing language -- ((computer science) a programming
lanvuzve that enables the programmer to associate a set of procedures with each type of data structure; "C++ is an
object-oriented programming language that is an extension of C")
=> programming language, programing language - ((computer science) a language designed for programming computers)
=> artificial language -- (a language that is deliberately created for a specific purpose)
=> language, linguistic communication -- (a systematic means of communicating by the use of sounds or conventional
symbols; "he taught forcign languages"; "the language introduced is standard throughout the text"; “the speed with
which a program can be executed depends on the language in which it is written")
=> communication -- (something that is communicated by or to or between people or groups)
=> abstraction -- (a general concept formed by extracting common features from specific cxamples)
=> abstract entity ~ (an cntity that exists only abstractly)
=> entity -- (that which is perccived or known or inferred to have its own distinct existence (living or
nonliving))
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7. setlLabel(v, VISITED);
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tste], BAIAREEIL HlolEHelg K, := (U, 7,,1)E th
o7t e 225z A ouselEHo|Roltk

« U = {uEUIIrER: (u,s,7)EA}S U : Elds2 A}
87 A%

o« T = {s}U{tETHUEUS,TER[(u, {s,t},r)EA]} :
Bots o) AHgel SJel B4 ALSE BB THEE
A%

© I C U XT, @ BlZLsAHAFET} SAAREEIE Ale]
o AHARNE. |

d& B0 d2% Hss AMSIE 4%e AEAE
(tys Uy, gy uy) O N FAARGH LES] B HEE et
W3 gl BAAREE 2ol o] Rolct.

£ 2. SAKIZED HolEEpIE A, 2 of
Table 2. Example of data table &, for co-tags

K S 2] ty ty t ts
Uy X X X X X
Uy X X X X X
Ug X X X
n X X X

F20M ARBA b, & Blas et by, s by, 59 4y, s ¢y
g AR e Blaset t, s9 b, sty st B O
23 AR Uy Al Ls 9 4y, 59 ty, s 1,5, AR,
€ Hasehty, s t, B A AR e UEhi
Sict.

el Faorl2 el B ® Aok A2l
Eaé— Hale]  7HE SAAEEL  HeleeEelE
_w, 7.1) thajed, SERE

(Bu11d_WordH1erarchyGraph)% AHEE] BAIARSE
als,t)el  #R Ot ghe B AETE
WHG, := (V, B)7F 752 4 9t} &, $l=dlo] oj3]s 9}
t Akl o gt fglel dstelol A EE Bl @A} A4
Halerlel webd, a869] (a)~(e)9t 22 53R A
o% ®Fa, o5 EUE TEIATTII 75
om, AL Aggt FEARSE() A ek, ot
2 WSS Yl K= (U, 7, 1) 8 7R3
() BEAJASTZWHG, := (V, E)olA] 3]s 9} ¢,9]
TEASOt 7L EASRE A, ol31te] Aol Tl
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A AT} e BEISFEIS) o342 o83
of BtE (s.1,) <t,2 WAl K= (U, 1,.[) 5
ks

(b) FENAAZTZWHE, =
A}HO']O 7'3

£k Hee

(V, E)lA o357} 9]
t; < "), 59 F9I0E Tl AL
SolsleEl e o9y S AHEsto] B
t, <s<t,@ As] K= T

o=
X
a5
et
(0) B EANASTEWHG, =
atelofel 7

A A

(U, T, [)E

(V. E)ld o191s7} ¢, 9]

H(F s <), 9 A5 FollA A

g3 FEHrEl 9 01313 AMESt]

a8 s<t, <t,2 UASl] K:=(U, T, 1) 73
g},

(D) FEAAASTZWHG, := (V, B) A o3 s ¢t ¢, 7}

B, s=t,), Hlat,E s=t, 2 s}

o] dellr A
A adolE e =
deld ¢ Slet

Fne]E3 (A

V. X[ @ =72

A3 7 HE duBFES E =
Fawen] AR 1H|olE o] f=uly 1‘& FANIENE 5
st7] 91ek AD=T(TagLighter, x
JRSEND: AC-2013-015062%) 5 Nsiict. of7]A

£,  Taglighterd FALAE diskd Avlsia
TagLighter®] #8495 53] g A2zl disto

At

1. TagLightere| +4M

1.1 B2ke0| ABKIE|IEOIE SE2E
Faner] AgAHIHelH FHBERTS A9Ew
D)o, AL e BsE BISAAe Seed

Tag®t o8] 7§ Associated Tag)S EWE, Open API
= AlFsla e Bibsonomy.orgAl|EZRE] AFEALE] 1

AT

Algorithm 3 AISAEITE0|E{o| I=uly|at AT EA

1. BibsonomyZ7E| Ef1s £ AIZsts AISXERTFHOEE $Ei5101
SANIZET HoEEPIE K, == (U, T), I,) & 74
2. AEX7t gEthaelar,E T, — {s} & M=

=S TRICR SEAIZEH(S, ¢,) of THSt

3 zsoppsTEwHG, = (V. £)8 75 5
WHG; :=Build_WordHierarchyGraph((s, t,),
WordNet );

4. thgel Zt =Ho| Wt K, := (U, T,, I,) 25H
K= (U, T,1)22 wastelss,

4.10f (3te V(s < Tt)A (t; < Tt)]) then // (a)
//t,._ 5o} t, la—%’é!%l% 9| A9lojlg SolM

U—U; T (T,—{tPDU{(s.t) <t}
L (L= U {(w.t)3 (u,t)EL})
Yuse U,
U U {(u Gsot) <13 (u,t)ELY;
Yuse U,

4.2else if (t; < "s
//t2 5o ALlolg
//31FEL 2] 03]

o Up T (T (1)U {t<s <t):

) then // (

SolIM ALSXIZt MEIE S804

(e s

L (1,— U {(u, )13 (u, t,)E L))

Yus U,

u U {(u. t,<s<t)l3 (u,t,)e[h};
Vue U,

) then // (c)
ESUISIRN =N |

4.3else if (s < *t,)
[/t 2 ;o MRl
//31FEl2] of3]

U, U,:

T (T {t)U s <t, <t}

L= U {(u )13 (w,t)EL})

Yus U,

U U {u, s<t; <t)I3 (u. t,)EL};

=t

4.4else if (s=1t;) then // (d)

(T,—{t.HU{s=1t};

U, < U,g;

s s

L—(1,— U {(u )13 (u,t)EL})

Yue U,

U U {(us=

YuE U,

)13 (u, t) E L}

45else // (e)
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dolelE gt F3d ARgAEarolHe Widos
olxldlelHEol & (K, == (U, T, 1,)) FeHZ A=, 7]
de #4 Ue HL(seed tag) soF €A AHE HaE
(Associated Tags) 7, = {t,t, ....t,} & o8 AHEALE
(U, ={up g, su, ol AHEREA B HH
(I, € U, xT)7} F8=o] Slrt,

TagLighter

Mg xt/ef
G0 Hoj#

8% formal
context

ojysE
|

[ FNNEENRE

Nsx-H1uRE O O
6o

2547

e ) Jool (T}t i)
=l iRt

Crowtng

San R BSORT I D

Send Tag:

Bssciated Tags ;
T

Y]

I!tnwm
oo [, |w | om0 (w D0 et bt ] seveltied ek

P Vo e e A e T |

Y mateet poasessn = 4 ———————————
:

J% 7 Taglightere| T+An} Alsisioime:
Fig. 7. Architecture and Screenshot of TagLighter

1.2 WordNet HZAHZTE FEZE

WordNetol 3| A& 7% 52 ZE(2A79] A83p2)e
A=, Bibsonomy.orgAte]Eollxl £1® ALl 1Ho]E]
b H=YelA Algshe Felo] % Adtelel dolH 5= 71
o2 AMgAEC] BBl B3 ES|¥E] AT
E A% = Seed tag st Associated tags
{t1:tyr st el tiste], duelE

Build WordHierarchyGraphs #&3lo] ol3|AZT%
WHG, , WHG,, ... ,WHG, & T3t}

1.3 AR MRE

GANGEAEENE,  Bibsonomy.orghle] EZHE
FHE AR el K = (U, T, 1) =yle =z
B " AIASTEZWHG,, WHG,, ... ,WHG, & EU
2, ARAP} e gt o F ] Bholx SAIAREE | B
& dlolElEle] Bk, & TASt(ayTe] AysBdle] 4
o), EellA ol duE]F FCAE 2851 AHEAE
ARFAANIEA I(K))E TE8t] 1 AFE Hasse
DiagramZ el 2 o] A7) APsiaBle] s}
).

AT =T B 5P A AE Al Fee dEAY H4
=m]7]9k A|l281Q1 Bibsonomy.orgs e, E A3
A /M Taglightere] f-84< &R18l7] #35kd
22 et A8 st

WA, BibsonomyAH&AREe] 71 Bol ARt e 4
H10702] Bl2E FollA, WordNetell 5==0] e 8719
|25 (internet, web, design, data, information,
software, mobile, science)< @I ettt
Aelg grle] gasS %36l seed tag®t associated
tag® A43lo] TagLighter®] Fatew] AR&ARE] 1vo]E]
FHEES AYAAA Bibsonomy.orgZHE AREAIE]1E|
olHE IRt Ee, € AR dolH ] st
o], WordNetol3AE72 FERES APAAM, F50]
AAFTZ] FPE TelsIATh(EE3).

#39 FEHIETA AN Bl2E(internet,
web, design, data)ell tidted, 1719 Seed Taget 1~371
9] Associated TagE= T=E T8H 1o & 7Fegt
© Z¥ES 47 TagLighterel ddste] F2/dEM R
AR A, B4~359% 2 T ARAE L
1A 758 4 Uk, FEA3TES 2~4F0lA AL
A7} Qo] MEletes it wgt, AMAA, & 4
oM seed tag = "internet’Z} associated tag =
web, design, data}d] BE ZFES(E77IA) tigh 243
S FE3I90)) . o] Aol Adlo] A& TagLighterdl A Al
she AW (AH8AkE 2dlol B9 5, WordNet

ATz 74, FAIEEA7IHY] 48 )<
AF&3ted, Bibsonomy.orgell 52 0] 9l= AHEALEl L

P

1t
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E 3. Bibsonomy.orgoiiAl F&E=I

SAKREIDE

o| OiFABTE| 7Y W 2lasol T

Table 3. Categories of Word Hierarchies and number of related resources for co-tags driven from Bibsonomy.org

Associated ! 2 3 4 ° 6 ! 8
Tag | . . . . .
Seed Tag internet web design data information software mobile science
1 internet a(70) a2 a(9) a(40) a(20) a(23) a(d)
2 web a(70) a(72) a(159) a(284) a(142) a(43) a(34)
3 design a(2) a(72) a(31) a(70) a(253) a(66) a(68)
4 data a(9) a(159) a(31) d(169) e(74) e(29) a(1m)
5| information a(40) a(284) a(70) d(169) a(69) a(40) a(11b)
6 software a(20) a(142) a(263) e(74) a(69) a(33) e(18)
7 mobile a(23) a(43) a(66) e(29) a(40) a(33) e(4)
8 science a3 a(34) a(68) a(11) a(115) e(18) e(4)

E 4. AEZ1K1/2)
Table 4. Experiment results(1/2)

{ internet, internet+web= computer_network }

{willwade, tobidiplom, griesbau, friesolms, frithjof_klotz

rincedd, iamjason, maxirichter, brazovayeye, pecim7af,

pascow, timo, chode, gutusylt, eswc2008, mbinotto, hakit,

lysanderQ?, lleme, kochm, juver, iwzwp, porta, valiumlove,

shelley.adams, dipan100, schegloff, robo, el_manu, antje

jaeschke, avivagabriel, the-d, drain, critzo, rim, rafg, yish,

akpe, alex, achtrichter }

| { internet, internet+design= system } |

1)

| { chesteve, soenke_d } |

(a)SARZBEI(internet, web)oi| CisH
ABREI DR R A (SENRTE=4)

(b)SAAEE T (internet, design)oﬂ IngF
ABRE R R A (SEHRTE

{internet, internet+data= grouping } |

{taynaud, chesteve, jrennstich, susie_zu|

eswc2008, bluedolphin, rim ) |

( \memet}

{ |1ﬂemel+des|gn< \de a}

| { internetsweb=< mmmﬂer network } |

{ chesteve, soenke_d } “':

{ willwads, tobidiplomn, grissbau, frizsolms, rincedd, frithjof_klotz, iamjason, maxincmar.‘

llems, kochm, juver, iwzwp, porta, valiumlove, shelley.adams, dipan100, schegloff, robo, (-I_manul

brazovayeys, pecim7af, pascow, timo, chode, gutusylt, swc2008, mbinotto, nabit, lysander0?,
antje, jaeschke, avivagabriel, the-d, drain, critzo, rim, rafg, yish, akpe, alex, achtrichtzr }

e

(c)3AMEEE(internet, data)OiI Chst
ABRIEI D ERAH(ZEH3TE=3)

(d)SAAEA(internet, {web, design )ol| Chst
ARRKIEIOERA (FE0SI5-E=4)
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5. AZ12/2)
Table 5. Experiment results(2/2)

ey

{ internet+data=< data information } || {internet+design=idea } |
(8] [
H {soenke_d}

{ Internet+data< data information |

[EH
| { jrennstich, susie_zu, chesteve, taynaud, bluedolphin } | /*—_

{jrennstich, susie_zu, eswczUUE,|

{ wiltwads, tobidiplom, grissbau, frizsolms, rincadd, frithjof_klotz, iamjasaon, max\ricm-zr,|

lleme, kaehm, juver, iwzwp, porta, valiumiove, shalley adams, dipan1 00, schaglof, robo, 21_manu, rim, taynaud, bluedolphin }

brazovayeye, pecim7af, pascow, fima, chode, gutusylt, mbinofto, habit, lysander7, |

antje, jaeschke, avivagabriel, the-d, drain, eritzo, rafg, vish. akpe, alex. achtrichter } ‘

L]

{chesteve }

(e)EAIAI-QEH:L(internet {web, data})of| CHzt (f)%Al*}-QEHIL(internet {design data})01| Cist
ABREN DR RAHAI(SEHETE=3) ASREI DR R AH(SEETE

{internat }

(1_

)

{ internet+designs= idea }

[ G

{ soenke_d} —

{ internet+web< idea }

{willwade, pecim7af, pascow, timo, chode, qutusylt, mbinotto, habit, lysander07, |

brazovayeye tobidiplom, griesbau, frizsolms, rincedd, frithjof_klotz, lamjason, maxirichterl

llzme, kochm, Juver, iwzwp, porta, valiumlove, shelley.adams, dipan100, schegloff, robo,|

el_manu, antjs, jaeschks, avivagabriel, the-d, drain, critzo, rafg, yish, akpe, alex, achtrichter } |

K | {internet+data= data information } | %
[

| { jrennstich, susie_zu, taynaud, bluedolphin }

Y N

{ chesteve } { esWc2008, fim }

g)SAARBE(internet, {web, design, data})ol| CHt AFSREN D2 FAA(SE0IETFE=3)

HlolE1 & S35k WordNet7uke] AR S & 9129 828 AgAISe] AR/ A3 FAsa FHEe
Poto] I AFSANIRFAAZ 75T 5 9ee  BA AVHOR FR5E YD BRAAQ Favlr)
golg 4 3ok NzEle] EAEo] e AHAE elE g EEske ol
BHAA A=YE Ao R FAPIRAEE B gaiel,

O AHAIRRAAZ FES) A A1EE Alte

V. 28 ¥ % A7 Aok m=R, B Apeld AR e Afdeke =7

(Taglighter) 2 7W¥al9]om, Taglighters ARgale] thEA
& EXe, WS ARl tete] el 71 o) Zaaen)7|ukAl 289l Bibsonomy.org®] AH&AFElLE] o]
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