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Abstract: We propose in this paper a notion of Pseudo-Formal
Concept(PseudoFC in short). A PseudoFC can be viewed as a natural ap-
proximation of formal concepts. It covers several formal concepts as its ma-
jorities and can work as a representative of them. Such a PseudoF'C is defined
as a tuple (O, F U S), where O is a closed set of objects, F' a set of primary
features, S a set of secondary features. Then, the concept tells us that 1) all
of the objects in O are associated with the primary features F' and 2) for each
secondary feature f € S, a majority of O is also associated with f. Therefore,
O can be characterized not only ezactly by F but also flexibly by F U {f}
for each secondary feature f. Our task is formalized as a problem of finding
Top-N 7-Pseudo Formal Concepts. The targets can be extracted based on a
depth-first branch-and-bound clique search with some pruning rules.

1 IFL&IC I3 UERRAB&RICE DL 7 I AZHEIZE T,

BEOKXRY T AZH Top-N DRI % LD, 7
FEFEIINET, IR RO 02) 2 TOWMEV L iy 5 AAMKAI BB E REEROHED
UVIRUIFBRIEI N3G, RRZMBEIIR 5] THaE
I, TITREEELY Y — 2 (Pseudo-Cligue) D
EARBATHILT, TORMERAAL. AWT
i, BRE&ICEDIL 7 I 2A4MEIZB T2 EEM
BEENT 572017, BREHIBER (Pseudo-Formal
Concept) RREL, ZTOFHET NIV XLIZDNT
HinT 5. BLEAESR, SAEOECHFERE
UHNORRFEHEORRTERAD I LHNTES.
iz, RLEABEROREIE, TRTOEEVEE
THEEEBRBUDOES (KREMER) &, KD OMEFEH
ETHBIRBUEDCEENOERINDG. 25 LERE
ORI E>T, &V BRBIEDHEN T HH
AL 5.

LT, JV—IBRIEIIIAZMEDOHE,:
TR-OTE . EFEX, 75 AXOHR - BHKMAITH
HETHD LDMBEDL &, BB (Formal
Concept Analysis) [1] DA THIRL T3 [3, 4).
XHR 3, 4] T, 7 7 AXMHikEEZ, "LIZE
THHMEREZL, D, HMEDFHEES Top-N D
A& ERODMBEL LTERNLL, TOFHET
VIV XL ERE - REL . THIXEE D OREK
TINIY XLDHERTHY, FEBEZFAL KD
REWVERPARETHS.

E#RSE T 060-0814 ALEBRHILEIL 14 &FE 9 TH
JbHEE AR R E SRR
IV¥a -3V M TV AEK
TEL: 011-706-7161 (FAX 3F)

E-mail: {yoshiaki,mh}@ist.hokudai.ac.jp



2 HEfE

V AHiRER, ECV XV 2REEGLTHIEAY
77 Gkh G=(V,E) bRT. V57 GITHNT,
HimveV LBEETDHMRDERE Ng(v) TR,
ZTOEHR HR) B T8bL, |[NegW)| 2 GIIE
7% v ORELES. TNk degreeg(v) TSIRT
256055, B8, XREHULLPRGEE, HIZ
N(v) % degree(v) LBEFLT 5.

757 G OERD (B13) HimMIGArEET
2K, G225 T7 LR,

757 G=(V,E) BT, V OBREEE V'
95 G =V, En(V'xV)) TEHIND TS
7%, GOBRISTLRY, GV') LRHT 5.
I, G BRETFT7THIR, ThFIY—sL
mEh, BT, TOMBERES V' TRILOL
T5. £/, TOHA X% V| TEDD. G DY
V=2 QL Q QCQ OBRIZHEHE, Q %
Q DILIE (extension) EMER. GDIYV—ID5H,
BEEROLE L TRKRREDE, BRI —J LI
BB, YA ABHRKTHEBRI Y —7IFHEK
JY—seiEnG. —RIZ, ZFRIV—ZIF—F
WCRESBNZ LITERT 3.

20— QIZDOWT, Q DEEDEMR LBEEY
PERE, Q DHIRFHEER LY, Z5UAER
£E% cand(Q) TZRTS. £ED v € cand(Q)
20T, QU{vy EFAZY—JLRBIEITE
=95,

3 ®EAER

F BT (Formal Concept Analysis) (1] 1,
{ERE A B ORI S 8E & i 7 2D 0 &>
THb.

{BUA (object) DEE O, &V, B (feature) O
BEFIHLT, BHRRC OXF X%, ZOW,
27N (O, F,R) %, BRIk (Formal Context) &
MR, (o, f) € R DOW, fEko IZEI: f 2ETELE
5. B o NETHEIEDESE {f € F| (o, f) € R}
%, F(o) TBRTS.

AR (O, F,R) \ZELT, BEffp:2° - 27
BEUy: 27 -20 225, 22T, BREE
OCO LEMES FCFIIDWVT,

»(0)
Y(F)

F3. DY, ¢ O FOTARTOMEGEIIEET
2EMEEE, —A, v B F POTRTOEKEZ
BT EGBEEERTERTHS.

IhLEHOL L, EEES OC O LEEES
F CF 20T, ¢(0) = F #D (k) = 0 #
BYIDOB, O & F O# FC = (O,F) e HX#
& (Formal Concept) [1] LEHS. TIT, O &

Il

0€0

{oe O | FC F(o)}

{(feF|Yoe0, feF(o)}=)F),

F 2#ZhTh FC OHNE (extent), BT, RE
(intent) LIER. ¢ & o DEZREY, ¥(p(0)) =0
PO () = F ThHEILIMLHTHE. T
b, BRABE&RLIE, B e & ¢ ICBUTHL
7= (closed) BFEE O LBUEES F OMTEXD
hd. 0k, FHOTRTOEMLRETZEEDA
PO, mD, ENLBSMMTI S U EERITFE
LR, RIS, F i, O O TOREFICE S
hd (FHEIND) BEOANLEY, D, Thd
BAMZZ 5 U2 BIERAFAE L R0,

BREE F'C = (0, F) BEV FC' = (0, ') 12
DWT, 0C O (F2F) ThHaks, »o, Tk
IZBRY KC k FC MZIEFBEESHBEL, Th
% FC < FC' LRETD. FREORAXIRICE T
BERTOEABEOEEE FC L35 L, EFHE
F0bE, (FC,x) BEEHEL, InzH8
23R (Formal Concept Lattice) & FF3.

4 BEERLULRLUEAHS

KRS (0,F) X, TOEHNID, BUES »
WEGES O 2 IFHMII 2 -DIZBE+HTHSEZ
LEBHRLTWS. ZORKIZ, BRBRIISEL R
BIZEVEBIIERINDA, TOBEIRIZ, 4
EIZKEREOMRRLNZVERORR AT
AUEUVIEFEREI NS, BEREOZ S5 U-BEREKE
MABBETHEZHEELHEH, —HT, T—X %8
THRIHENLE, INLERXTRAETIIOLD
DR L UGERIICIRZ 3 ADPEELWTHS .
BIZIE, O FOKRBEHOEEH, HEEME f ¢ F
FETBHE, O % FU{f} IL&>TREMITT
HEXFLCREAEZEIRL, HTx NEOBRORX
HLeRBoTLLUABRTHD LB bhd. AHT
X, ZOBRBRELMRORIFEERTRL, B
SRS EEANTS.

ERERFEROMIZ, FTVOLDEBREESR
T5.

EHE 4.1 (NED r-¥T¥allT1)

FC=(0,F) BV FC' = (0, F) % FC < IC'

RAIEAMS, 72 0<7<1 R3FBOEHL

T 5. R ILOKE, D, TORIZEY, X ik

X' @ 7-% T3 ) T 41 (r-majority) LIFEND.
ol o

—>T

o =
Bz, r<Yal)F1BIELMRER. ]

EE 4.2 (HRAWE0 r-Hk)

r&vYaY 5 Bl FC = (O,F) € FC &
AR T5. EROEABE FC' = (0, F) €
FC\{FC} IZD2WT, ON O ® 7-¥T¥3aV 74T
BWE, FC IE7-MR3L (1-isolated) THBLED. A



EELY, ~IUREREE FC = (O,F) 04
X, EROHABEDIMNED r-vV 3V 74 T
BV, ZOEKRT, hoBRBRITEMINERE
LEDOTREBVWEEZLNS. £oT, ZITRIS
U7 B 2 Rge%E, €0 r-¥Y3aV 54T
HBNEEE T HEBOEABLEDORERT L RML,
Thi r-BEMAME (7-Base Formal Concept) &
38,

—fRIT, HEBRITET ST RTOEFICHET
EMER, TOMSERBNTSIEERBLLEEX
bhd. =7, IRNTOEEIZIEI RV, T
DRI DEENET B EED £/, BEROREN
FIZBWTIE, ThRVDEBELEZFOLEZZD
PERTHAS5. UTTIE, I5ULEBRBRKRFN
REEE N AR S EET .

EE 4.3 (r-BLREM)

RT3 )T R, FC=(O,F) e FC 2R
XIR (O, F,R) B TR Ts. B fe
F\FIZ2WC, p(FU{fH B X D r-3V3a) 5+
TH2H, D, TORKIIRY, f % FC D T-BIR
B (r-secondary feature) LIER. FC @ r-BIR/E
HDEE % secondary,(FC) TERT 5. |

EH 4.4 (-BEBIHE)

= (0,F) & -EERAMEL TS, ZOK, X
DRTNE R UF R (r-Pseudo Formal Con-
cept) & IER.

PFC = (O, F U secondary.(FC)).

ZIT, O % PFC OHE, FU secondary,(FC)
k PFC ORHRBLIER. R, P 2XBEMSE
& (Primary Feature Set), secondary.(#'C) ZEIR
E'HE%A (Seconary Feature Set) & /T, ¥ lilj‘]’@.
D¥% (Core) L EMITNS.

RO EOERNDS, UTHEZITHNS.

o O HOTRTOEMKIZ, & (FEBUES) F
EHETS.

o ERDREY f € secondary,(£'C) IZDWT, O
AR LH 7x100% DKL f 2F9 5.

5 Top-N RUFABEERE

HERAERE, HORBEDORMEEHTHAM
ABTHY, ThEd LIZRLBRBERH (—RIC) 18
BIndZehb, BEEABQOKEIT, R
BOETNEHBEUTHINI W EVHFTES.
UL, B8E, ThOTRTEAFTHIFTEZ
CIREMIIIATRETH D L FHRINDZILhD,
ZZTHIHR [3, 4 FL AR HNEHHOL L TH
IEAEEEAS AL N ThH DERMERBEDO K Y RA
v Ml 2 ERAB.

ERMSOMNEX, NE2ERT2ELEORE
ERIE UBEDOEZY THEHE, BIEEDN
IBNEE2ETIHEICE TN BEMOELME: X
TNEEZLND, HEIZEFLFV LU TOEKRY
RAg-01z, RBITALHDOHEZRST Z L I3E
DTHRTHSS. INETOME [3,4) Ti&, H
HIREIPRFEONBIZETEIHBLLT, Zh
RS AE/NENE 6 2527, BREERAELED
HWEIZBWTE, ZNERROHNEZETEDOLT
3. XbHIZ, TITiX, AEEERTIEMNMOM
BEERLAHNNEMZSZ LT, BanEERMT
FELUHHBEREDIZUW.

EE 5.1 (BHEROER)
(0, F,R) #HRXIRE T 2. BIL f,f € Flzon
T, f& f OWEE correl(f, f') ZZROBVEDSB.

WA NP

cm’?‘el(f: fl) = m

EE 5.2 (BUEREOREE)
BYEESE F CFIZDWT, F OREE unity(F)
ERTEDD.

unity(F) = ff]%iélF{COTTCl(f> M}k
n

IITREBELHREBOKIINTZHE LT, #&
EOTRE*5%25. DV, HWIZ—EUEDHE
Br2ET2BIUENOERINDIEEET 2 8LF
ARFLEE2E%DZIEDLEZS.

MUEXY, ARMTHIRIMEEROEY ED5.

E# 5.3 (Top-N (7,6, p)-5R A RMERE)

(0, F,R) Ak, 7 (0<7<1) 23¥TY3Y
T4 BME, 6§ (0<6<|F|) 28y XRfE, p(0<
p < 1) RIEHEGERMME N (N >1) * FEHE 95,
ZOR, REFHEZT r-BEFRABS FC = (O,F)
NOBERIND -BUERBLE PFC = (0O,F U
secondary.(F'C)) & RODBEEE, Top-N (7,9, p)-
BER X BRERE & R,

EH 1 |F] > 6 5D unity(F) > p.
BRIRES : |0 ASEAL N.

6 TOp-N ;ﬁ{uﬁ?ﬁMIu\m&
1) X LHgEeg

rEDRAXER (0,F,R), ¥V 3V 51l
MY AHE 5, BLIUBBEEERE p 0b LT
Top-N - ABL&%E B8 I1T1E, BeRrRan



T EFZL, D, SMNEY A AR LA N 42
rHERRABSEHEThELC. ik, EAA
XA T I 7B EOBRERFIEBLEY ) IR
R [2) DIIRE UTEHINS.

ZITik, $EOOERI ST Gg=(0,Vg) &
Gr=(F,Vy) f@T3. IIT, Vg, Vi i&

Ve = {(0,0')|o,0’ € O and |p({o}) Np({o'})| = 6},

Vi={(f,f)If,f" € F and correl(f, f') > p}

ThHd. ZOK, ERARSONMER Gg ITET57
V—2%, HEEICETAMNEHZTREIR G 1T
BIF27V—0%2ThTOERTE I LIZERT 5.
BRUBIIBVTIE, TORRETIIHEINA
Top-N HABLREEENICHRFTLV A M EET
5. UTTIRIN%E, BE Top-N YR MERERZ
LiZg 5.

72V =2 RBRT BEFEES Q ITOWT, £
BAIZ, TORERIEES 0(Q) 2RkDB. L,
0(Q) PABOY A XM EHELL, »D, V-2
ERRTIHEIL »(Q) K ERHEZTHABS
DHELRY, TOMEX)(p(Q) THERONS.
I3 LTERLNBERES ((0(Q)), p(Q) 25, 7
EEFABSTHNIE, BRE Top-N VA b Z#EY
WWEH LA, HIHRABER v ZAVTQ %
HIRL, Z7V—2 QU {v} X U TREBOLEZE
TREIZ#E DR

=75, o(Q) YA XHHZER I BVGEI, Q
DEBOHEQ IZ20T, p(Q) & XAV Xl
WEBLZIBRNZ RDbNSE. £oT, ZOHEI,
Q DEROIIRMBEZLIIRMNE Z LA TES.
0(Q) BT V=T TRWEA, »(Q) hDI7YV—oY
A XD EREZBREUEE 2] 128D AR&Y, €
DEA § T2 WBEE, Q DERDILE Q' 12
D2V, p(Q) HEAYA XM EHAZI RN L
Nnh, Q OIERMIEZRRIZEANY) TES. Thil
AOGEE, TOFFE Q OIRNEEKHEITTS.

7V =7 Q R EBHEETHMILL 288, ERTA
XOV—IUNBEUVERLRZET, ALONEE B
XBRTHYETZ LT, AEHKNEHE~ZT Top-N
RS RNESHE TSI LATES.
FRUZBY, BREBIZBEVWTHTOY A Xl
FNZED HAY AARETH B A, BE Top-N Y A
MZEDSBNM) BFHATETHS. 2V —ITh
BAGESE Q DHIRWEREERES cand(Q) ZER
EPHBTEILT, Q 2HERLTRLONE Y —
JOBKEE*RBEDEI LN TES. TOMEN, &
%E Top-N Y A b ARDEANIMEY o X778 W
B, Q DERDHIRIZ & 5T Top-N HABE&H
BonBNILBbhdzD, ZOBEE Q OF
BOMRMEZZEIIENZ Z LN TED.

7T BHYIC

AR TIX, Top-N BRESIZESILK 75 AR H
HIZBWTET 37 5 A X DEEMBITHLT AL,
BOERFERIIOVTERL 2. BB,
MIEDENHBHFEBEZUNOE AR SHORET L
Bz2oNh3. BiZ, TOREIEX, TRTOEMGFI K
BT2XEEMES () &, KB2OBEENETS
BPRBMESIIAEXN, INSHRMIZE-T, &
D ABRBAEDEBMAITATEEL 2B, 5 DORIE
IS5 A—=ADY &, Top-N BLULAMESIX, 2B
EEIBRABFRIZIVHMEARETHS. SBREITVA
TLDEERTRY, HEMERZELT, EEMY
BIZH T 3R AEROEROMNROMR L AL,

SE R

[1] B. Ganter and R. Wille, “Formal Con-
cept Analysis: Mathematical Foundations”,
Springer, 1999.

[2] E. Tomita and T. Seki, “An Efficient Branch-
and-Bound Algorithm for Finding a Maxi-
mum Clique”, Proceedings of the 4th In-
ternational Conference on Discrete Mathe-
matics and Theoretical Computer Science -
DMTCS’03, Springer-LNCS 2731, pp. 278 -
289, 2003.

[3] M. Haraguchi and Y. Okubo, “An Ex-
tended Branch-and-Bound Search Algorithm
for Finding Top-N Formal Concepts of Doc-
uments”, New Frontiers in Artificial Intelli-
gence, JSAI 2006 Conference and Workshops,
Tokyo, Japan, June 5-9, 2006, Revised Se-
lected Papers, Springer-LNCS 4384, pp. 276
- 288, 2007.

(RO 02) B0 & : 8582 ) — 7 BRITE S 7o
205 DOSEE, AILHEZRWEIER,
SIG-FAI-A202, pp. 63 - 66, 2002.

[4] Y. Okubo and M. Haraguchi, “Finding Con-
ceptual Document Clusters with Improved
Top-N Formal Concept Search”, Proc. of the
2006 IEEE/WIC/ACM International Confer-
ence on Web Intelligence - WI'06, pp. 347 -
351, 2006.

=

Y. Okubo, M. Haraguchi and B. Shi, “Find-
ing Significant Web Pages with Lower Ranks
by Pseudo-Clique Search”, Proc. of the 8th In-
ternational Conference on Discovery Science
- DS’05, Springer-LNAI 3735, pp. 346 - 353,
2005.





