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Abstract: Principal points for a binary distribution, defined as k points that well represent a multivariate
binary distribution, has been used for various data analysis. The problem with the Principal points method
is difficult to interpret representative points when there are many representative points with similar values.
In such cases, defining a distance function that increases the distance between representative points can be
an effective approach because it allows analysis that focuses on differences among principal points. This
study proposes a method of principal points for a multivariate binary distribution that considers both the
maximization of the goodness of fit between data and representative points and the maximization of the
distance between representative points as the bias for the search. Here, the computational complexity of ob-
taining a binary representative point is enormous, so it is necessary to find a solution efficiently. In addition,
when applying an approximation algorithm, it is desirable from a practical standpoint that the accuracy of
the obtained solution is guaranteed. Therefore, in this study, we show that the objective function of the
proposed an analysis method using principal points for a multivariate binary distribution is submodular and
propose an approximation algorithm that guarantees a lower bound of accuracy by using a greedy algorithm.
We then apply the proposed method to two types of real-world data to demonstrate the effectiveness of the
method in real-world applications and to provide examples of analysis.

Keywords: principal points analysis, submodular function optimization, approximation algorithm, cluster-
ing
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Table 1 Performance of the conventional and proposed method for analyzing the sim-

ulation data assuming the three clusters.

k=3 k=4
L3 RE L3 RE
(a,b) 5;f;§égﬁl 2 L(U) a2 L(U) 2 L) 2 L(U)
1 4.4644 0.9322 7.9024 0.9105 12.1118 0.9531 18.7578 0.9223
(0.9.0.1) 2 5.0806 0.9201 7.9988 0.9054 13.4657 0.9411 18.4742 0.9214
3 6.8876 0.9155 8.0000 0.9100 15.5983 0.9374 18.1020 0.9283
4 7.0302 0.9093 8.0000 0.9155 15.7143 0.9306 17.7627 0.9343
1 4.2366 0.8845 7.9984 0.8623 9.5936 0.9146 15.5132 0.8734
(0.8.0.2) 2 4.6422 0.8727 7.9998 0.8570 10.3079 0.9027 15.1441 0.8744
3 6.4724 0.8652 8.0000 0.8629 12.4660 0.8956 15.3130 0.8820
4 7.2574 0.8574 8.0000 0.8605 13.0557 0.8862 15.6606 0.8832
1 5.3538 0.8348 8.0000 0.8237 11.0786 0.8704 15.6322 0.8421
(0.7.0.3) 2 6.2198 0.8253 8.0000 0.8187 12.2497 0.8616 15.4019 0.8425
3 7.5146 0.8241 8.0000 0.8221 13.5237 0.8588 15.6099 0.8480
4 7.7156 0.8165 8.0000 0.8176 14.3660 0.8505 15.9517 0.8482
N, REFEZHCT GO TRIBEE NS, %2 2MHDT v — h QRS
Table 2 A distribution of the real binary questionnaire data.
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& 4 CPU K LD ILE
Table 4 Comparison of CPU time and Accuracy.

HHE T JB i I DL
CPU B[ (s) 6.898(s) |  0.03871(s)
L) 0.8481 0.8481

x5 HMT—5s00 L 1O5H
Table 5 A distribution of binary variables of newspaper data.

ZH | 10% | 0% | ¥ | 108 | 00¥
(1) 32 65 | (9) 19 78
(2) 67 30 | (10) 15 82
(3) 12 85 | (11) 44 53
(4) 14 83 | (12) 28 69
(5) 15 82 | (13) 23 74
(6) 59 38 | (1) 14 83
() 56 41 | (16) 27 70
(8) 43 54
COLEOEYALEERZILNTHo7/2. T2, 2D

Ty —bTr=4 T, ERTLHEHHOBES 5 DLEDD
NTWa7z0, L)) 2EIJEOERIL, 1 DHDI 5D,
Thbb |z =5 LR bHRESE 2 IR T OGN &
L7z, To7F—% 7T, ek (BEEIC X 2000%) &
RFEE (REEICL 2 E0) OfREIEL, Theth
DOHEREICOWTEHI L7z, T2 THRONIZT— 7 DL
TEOGK R 5 IIRT. BB, 2MEGAOHEEIL S N
FA M) v 73] RA L7

5.2.2 &G

5, EOBERET LD, ZOLEDNDEE 1
EHEEL, k=2,...,10 DT RTOEEIZBWTIREES
FOfERFIC L AREHTEZHE L, 2 BLULOU) 257HH
L7z, 72720, 2 1 3MCEHRE ) Lo e LTaEHE
N5, XoT, RFELZOEHFHWMTNIT 2L, 20l
ARELEEIMLTLES. 22T, TOHHTIE, d2 124
LT, REHOHMEEOKTH Y EE LIMELZIZIE & &
LT, LU)BLUVBIE? ©2008m2 b k0K
RPET A, DT ICERIZ R T,

K1ofERLY, BEFEOLU)EE=2,...,5 F
TlE bk OBDEEMT A IZONTRELLEEINT VS,
k=05 &8I Il TWAI g hsh., &
B2, ERFHELRETFEOENDPRINS S E>TWVD
e F, BER OEITE=5DE 12K D
BWESELNTWS., 22 TbAEARBDOIEREAA X
K%Y GEVWAHHIEICZRD), POt dbHTIEED
PIERETHEICR LTV k=5 DL XDERIZOVWTLUKRT
LSRR 5.

5.2.3 HfiER

OHHRERAER 6 ITRT. TT, HERETIE, v4, v5, vl4

BIRCEALEE R ->TBY, oot EE L
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® 6 (ERTEB L UCRETETRLNLMREL (k=5)

Table 6 The result of analysis with conventional and proposed method for principal

points (k = 5)

({:Lﬁif vi|v2 | v3 | va |vbE | v6e |vT|v8|v9 | vli0 | vll |vl2 | vI3 | vid | vli5 | fEEk | E&
1 0 1 0 0 0 1 1 1 0 0 1 0 0 0 01]23.33]0.29
2 1 1 0 0 0 0 0 0 0 0 1 0 1 0 11 17.7510.22
3 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0] 18.42 | 0.23
4 0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 7.08 | 0.09
5 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0] 13.42 | 0.17
REE A ; N
(%) vl | v2 | v3|v4|vh|v6 |v7|v8|v9|vi0o|vll|vl2|vi3|vl4 | vli5 | fELk | EIE
1 0 1 0 0 0 1 1 1 0 0 1 0 0 0 0]42.83 | 0.54
2 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1]15.50 | 0.19
& 1 0 0 0 1 0 0 0 0 0 0 1 1 0 1 7.50 | 0.09
4 0 0 1 1 0 1 0 0 0 1 0 0 0 0 1 5.33 | 0.07
5 0 1 0 0 0 0 1 0 1 1 0 0 0 1 0 5.83 | 0.11
. - - AT S, BRMARENN) [ERE R ENO

0.7

e

0.68

o 0
Z1Fd2

§ 0.66
=
0564 ﬁ/ 4
— ()R —_— (U} R E
0.62 2
{EIEd21E EIEd21RE
06 0
2 3 4 5 6 7 8 9 10

k>3

1 kOHEOEIZE D LU) OB X B d? Oflo%At
Fig. 1 The value of the adjusted d? for each number of k.
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BEEICE AN TV S 4 %]

R 4 0 GRBIRER, B, BHEsm, ENOBRF
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i3]
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i3]
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mEns.

6. MBEIR

6.1 F—RIIMTIREFEDEA

RIFRTIRES 5T, SLED2MET7—5, hO%E
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FHETH L. I, 5AIR D AN D O L TdiEsk
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ZITHIE LT, 4 HOFMEFIC X 2 ERZIEIZ, FK
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Fx 09 L LTREHRITLIZ2MET— 4 % 100 372584
EHL. ZORETHESLN 400 HOT— 5 205 4 DOf
FT RS, TNk 10,000 IR D R L 72856 ORESRSAi 12
WMELHTIFFEY LU) BLORELEE ) Lo o
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7 GERES L OREED LU) B LU d 0T &5
Table 7 Average and variance values of L(U) and d? of con-

ventional and proposed methods.
T (E0 L(U) d?
R 0.867(0.001) | 15.183(0.299)
RE 0.849(0.001) | 15.401(0.667)

INLORREERET L L, LU) OMIEERTHEON
PEPKREL Loz~ TR OBEIERTLE, L&
WE ISR T I LREELZRIRL TV 905,
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AR L) A CIREFLELZA L T ENFEE L,
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