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A857RAC7 
D15tr16uted Data M1n1n9(DDM) ha5 6een very act1ve and enj0y1n9 
a 9r0w1n9 am0unt attent10n 51nce 1t51ncept10n. Current DDM tech- 
n14ue5 re9ard the d15tr16uted data 5et5 a5 a 51n91e v1rtua1 ta61e and 
a55ume there ex15t5 a 9106a1 m0de1 wh1ch c0u1d 6e 9enerated 1fthe 
data were c0m61ned/centra112ed. 7h15 paper pr0p05e5 a 51m11ar1ty- 
6a5ed d15tr16uted data m1n1n9(58DDM) framew0rk wh1ch exp11c- 
1t1y take the d1fference5 am0n9 d15tr16uted 50urce5 1nt0 c0n51dera- 
t10n. A new 51m11ar1ty mea5ure 151ntr0duced and 1t5 effect1vene5515 
then eva1uated and va11dated. 7h15 paper a150 111u5trate5 the 11m1ta- 
t10n5 0f current DDM techn14ue5 thr0u9h three e0ncrete ca5e 5tud- 
1e5. F1na11y d15tr16uted c1u5ter1n9 w1th1n the 58DDM framew0rk 15 
a150 d15cu55ed. 

Keyw0rd5: D15tr16uted Data M1n1n9(DDM), 51m11ar1ty, 58- 
DDM 

1. 1N7R0DUC710N 

1.1 D15tr16uted Data M1n1n9: At a 61ance 
0ver the year5, data 5et 512e5 have 6een 9r0w1n9 rap1d1y w1th the 

advance5 1n techn0109Y, the ever-1ncrea51n9 c0mput1n9 p0wer and 
c0mputer 5t0ra9e capac1ty, the permeat10n 0f 1nternet 1nt0 da11y 
11fe and the 1ncrea51n91y aut0mated 6u51ne55, manufactur1n9 and 
5c1ent1f1c pr0ce55e5. M0re0ver, many 0f the5e data 5et5 are, 1n na- 
ture, 9e09raph1ca11y d15tr16uted acr055 mu1t1p1e 51te5. F0r examp1e, 
the hu9e num6er 0f 5a1e5 rec0rd5 0f hundred5 0f cha1n 5t0re5 are 
5t0red at d1fferent 10cat10n5. 70 m1ne 5uch 1ar9e and d15tr16uted 
data 5et5, 1t 15 1mp0rtant t0 1nve5t19ate eff1c1ent d15tr16uted a190- 
r1thm5 t0 reduce the c0mmun1cat10n 0verhead, centra1 5t0ra9e re- 
4u1rement5, and c0mputat10n t1me5. W1th the h19h 5ca1a6111ty 0fthe 
d15tr16uted 5y5tem5 and the ea5y part1t10n and d15tr16ut10n 0f a cen- 
tra112ed data5et, d15tr16uted a190r1thm5 can a150 6r1n9 the re50urce5 
0f mu1t1p1e mach1ne5 t0 6ear 0n a 91ven pr061em a5 the data 512e 
5ca1e-up. 

1n a d15tr16uted env1r0nment, data 51te5 may 6e h0m09ene0u5, 
1.e., d1fferent 51te5 c0nta1n1n9 data f0r exact1y the 5ame 5et 0f fea- 
ture5, 0r heter09ene0u5, 1.e. d1fferent 51te5 5t0r1n9 data f0r d1fferent 
5et 0f feature5, p055161y w1th 50me c0mm0n feature5 am0n9 51te5. 

Perm15510n t0 make d191ta1 0r hard c0p1e5 0f a11 0r part 0f th15 w0rk f0r 
per50na1 0r c1a55r00m u5e 15 9ranted w1th0ut fee pr0v1ded that c0p1e5 are 
n0t made 0r d15tr16uted f0r pr0f1t 0r c0mmerc1a1 advanta9e and that c0p1e5 
6ear th15 n0t1ce and the fu11 c1tat10n 0n the f1r5t pa9e. 70 c0py 0therw15e, t0 
repu6115h, t0 p05t 0n 5erver5 0r t0 red15tr16ute t0 115t5, re4u1re5 pr10r 5pec1f1c 
perm15510n and/0r a fee. 5AC 2003, Me160urne, F10r1da, U5A 

D15tr16uted Data M1n1n9(DDM), a1th0u9h 15 a fa1r1y new f1e1d, ha5 
6een very act1ve and enj0y1n9 a 9r0w1n9 am0unt attent10n 51nce 1t5 
1ncept10n. A num6er 0f appr0ache5 have 6een pr0p05ed 1n 11tera- 
ture5. 7he 600k5 [ 11, 22] pr0v1de a c0mprehen51ve exp05ure t0 the 
5tate-0f-art techn14ue5 0fDDM. Kar9upta et a1. [12] pr0p05ed the 
C011ect1ve Data M1n1n9(CDM) framew0rk t0 1earn fr0m heter09e- 
ne0u5 data 51te5. 7he 90a1 0f the CDM framew0rk 15 t0 9enerate 
accurate 9106a1 m0de15, wh1ch 0ne w0u1d 9et 1f data were centra1- 
12ed/c0m61ned, 1n a d15tr16uted fa5h10n. Chan and 5t01f0 [4] pre- 
5ented meta-1earn1n9 techn14ue5, wh1ch try t0 1earn a 9106a1 c1a551- 
f1er 6a5ed 0n 10ca1 m0de15 6u11t fr0m 10ca1 data 50urce5, f0r m1n1n9 
h0m09ene0u5 d15tr16uted data5et5. Yaman15h1 [21 ] deve10ped a d15- 
tr16uted c00perat1ve 8aye51an 1earn1n9 appr0ach, 1n wh1ch d1fferent 
8aye51an a9ent5 e5t1mate the parameter5 0f the tar9et d15tr16ut10n 
and a 9106a11earner c0m61ne5 the 0utput5 0feach 10ca1 m0de1. Ch0 
and Wuthr1ch [6] de5cr16ed the fra9mented appr0ach, 1n wh1ch a 
9106a1 ru1e 5et 15 f0rmed 6a5ed 0n the ru1e5 9enerated at each 10- 
ca1 51te, t0 m1ne c1a551f1er5 fr0m d15tr16uted 1nf0rmat10n 50urce5. 
Lam and 5e9re [13] 5u99e5ted a techn14ue t0 der1ve 8aye51an 6e- 
11ef netw0rk fr0m d15tr16uted data. Cheun9 et a1. [5] 1ntr0duced 
a fa5t d15tr16uted a550c1at10n m1n1n9 a190r1thm t0 m1ne a550c1a- 
t10n ru1e5 fr0m d15tr16uted h0m09ene0u5 data5et5. 7ur1n5ky and 
6r055man [20] pr0p05ed a framew0rk f0r DDM that are 1nterme- 
d1ate 6etween centra112ed 5trate91e5 and 1n-p1ace 5trate91e5. 5ev- 
era1 0ther trad1t10na1 techn14ue5 fr0m 5tat15t1c5 5uch a5 6a991n9, 
6005t1n9, 8aye51an m0de1 avera91n9, 5tack1n9 and rand0m f0re5t5 
c0u1d 6e natura11y extended t0 c0m61ne/a99re9ate 10ca1 m0de15 1n 
a d15tr16uted env1r0nment. 1n add1t10n, 50me 0ther meth0d5 5uch 
a5 c011a60rat1ve 1earn1n9 deve10ped 1n p5ych0109Y, mu1t1-5trate9Y 
1earn1n9, team 1earn1n9, 0r9an12at10na1 1earn1n9 1n ec0n0m1c5, d15- 
tr16uted re1nf0rcement 1earn1n9 and mu1t1-a9ent 1earn1n9 c0u1d a150 
6e app11ed 1n a d15tr16uted 5ett1n9. 

1.2 51m11ar1ty-8a5ed D15tr16uted Data M1n1n9 
Framew0rk(58DDM) 

7h0u9h there are a 10t 0f techn14ue5 pr0p05ed f0r DDM, m05t 0f 
them have an under1y1n9 a55umpt10n: there ex15t5 a 9106a1 m0de1 
wh1ch c0u1d 6e 9enerated 1f the data were centra112ed/c0m61ned 
and e55ent1a11y the d15tr16uted data 5et5 are treated a5 a 51n91e v1r- 
tua1 ta61e [16]. Current DDM techn14ue5 u5e var10u5 cr1ter1a and 
meth0d5 t0 appr0x1mate the 6e5t 9106a1 m0de1 6a5ed 0n 10ca1 6a5e 
m0de15 wh1ch are der1ved fr0m d15tr16uted data 50urce5.7he pr06- 
1em w1th the5e appr0ache5 15 that the data c0nta1ned 1n each 1nd1- 
v1dua1 data6a5e may have t0ta11y d1fferent character15t1c5. 1n 0ther 
w0rd5, the d15tr16ut10n 0f the data may c0nta1n 5emant1c mean1n95 
a5 we11 a5 the techn1ca1 fact0r5. 7ake the data 5et5 0f a 5upermarket 
cha1n W f0r examp1e, the 5ame 1tem5 may have t0ta11y d1fferent 
5a1e5 pattern5. 5uch d1fference5 can 6e a11uded t0 the 9e09raph1ca1 
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d1fference5 1n the 10cat10n5 and/0r t0 the the dem09raph1ca1 d1ffer- 
ence5 1n the cu5t0mer5. 0n  the 0ther hand, m1n1n9 each 1nd1v1dua1 
data5et 5eparate1y may re5u1t 1n t00 many 5pur10u5 pattern5 and may 
n0t 6e 900d f0r the 0r9an12at10n5• 9106a1 5trate9y p1an. 

1n th15 paper, we pr0p05e a 51m11ar1ty-6a5ed d15tr16uted data m1n- 
1n9 framew0rk. 7he 6a51c 1dea 15 t0 f1r5t v1rtua11y 1nte9rate the 
data5et5 1nt0 9r0up5 6a5ed 0n the1r 51m11ar1t1e5. 7hen we can v1ew 
each re5u1t1n9 9r0up a5 a 51n91e v1rtua1 ta61e 51nce the data5et5 1n 
the 9r0up are 51m11ar t0 each 0ther. 7heref0re, var10u5 DDM tech- 
n14ue5 c0u1d then 6e app11ed t0 each 9r0up. 7he re5t 0f the pa- 
per 15 0r9an12ed a5 f0110w5: 5ect10n 2 pre5ent5 0ur new 51m11ar1ty 
mea5ure. 5ect10n 3 111u5trate5 the 11m1tat10n5 0fcurrent DDM tech- 
n14ue5. 5ect10n 4 pre5ent5 0ur d15cu5510n5 and c0nc1u510n5. 

2. NEW 51M1LAR17Y MEA5URE 
51m11ar1ty 15 0ne 0f the centra1 c0ncept5 1n data m1n1n9 and 

kn0w1ed9e d15c0very. 1n 0rder t0 f1nd pattern5 0r re9u1ar1t1e5 1n 
the data, we need t0 6e a61e t0 de5cr16e h0w far fr0m each 0ther 
tw0 data 06ject5 are. Dur1n9 the 1a5t few year5, there ha5 6een 
c0n51dera61e w0rk 1n def1n1n9 1ntu1t1ve and ea511y c0mputa61e mea- 
5ure5 6etween 06ject5 1n d1fferent app11cat10n5, 1nc1ud1n9 the w0rk 
0n t1me 5er1e5 and 4uer1e5 [7, 17] attr16ute 51m11ar1t1e5 [8, 18], 
and data6a5e 51m11ar1t1e5 [15, 19]. A150, a 9enera1 framew0rk 
f0r c0mpar1n9 data6a5e 06ject5 w1th a certa1n pr0perty ha5 6een 
pr0p05ed [9]. 51m11ar1ty mea5ure5 6etween h0m09ene0u5 data5et5 
can 6e u5ed f0r dev1at10n detect10n data 4ua11ty m1n1n9, d15tr16uted 
m1n1n9 and trend ana1y515. 1n th15 5ect10n, we 1ntr0duce a new 51m1- 
1ar1ty mea5ure. 7he new mea5ure 15 ca1cu1ated fr0m 5upp0rt c0unt5 
u51n9 a f0rmu1a 1n5p1red 6y 1nf0rmat10n entr0py. We a150 pre5ent 
0ur exper1ment re5u1t5 0n 60th rea1 and 5ynthet1c data5et5 t0 5h0w 
the effect1vene55 0f the mea5ure 1n Append1x. 

2.1 A550c1at10n M1n1n9 and 1tem5et Latt1ee 
1n th15 5ect10n, we pre5ent 6a51c c0ncept5 0n a550c1at10n m1n1n9 

that are re1evant t0 the 51m11ar1ty mea5ure. 7he pr061em 0f f1nd1n9 
a11 fre4uent a550c1at10n5 am0n9 attr16ute5 1n cate90r1ca1 (••6a5ket••) 
data6a5e5 [2], ca11ed a550c1at10n m1n1n9, 15 0ne 0fthe m05t funda- 
menta1 and m05t p0pu1ar pr061em5 1n data m1n1n9. 7he pre5enta- 
t10n here f0110w5 that 0f A9rawa1 et a1. [2]. Let D 6e a data6a5e 
0f tran5act10n5 0ver the attr16ute5 2", where 2- = {11,12,-. • , 1m } 
15 the 5et 0f a11 d15crete attr16ute5. (70 dea1 w1th c0nt1nu0u5 at- 
tr16ute5 we can u5e d15cret12at10n.) 7he e1ement5 0f 2- are ca11ed 
1tem5. A n0nempty 5et 0f 1tem5 15 ca11ed an 1tem5et. F0r each 
n0nne9at1ve 1nte9er k, an 1tem5et w1th exact1y k 1tem5 15 ca11ed 
a k-1tem5et. A tran5act10n 15 a 5et 0f 1tem5 t09ether w1th a un14ue 
1dent1f1er ca11ed 71D. Let A 6e an 1tem5et. 7he 5upp0rt 0f A 1n 
data6a5e 79, den0ted 6y 5up79 (A), 15 the pr0p0rt10n 0f the tran5ac- 
t10n5 1n 79 c0nta1n1n9 A a5 the 5u65et. Let p, 0 < # < 1, 6e a 
parameter ca11ed m1n1mum 5upp0rt. 7he a550c1at10n m1n1n9 pr06- 
1em, 91ven 2, 7), and #, can 6e 5tated a5 the f0110w1n9 pr061em: 

1 F1nd a11 n0nempty 1tem5et5 A 5uch that 5up~ (A) •> #. ] 

Here an 1tem5et A that 5at15f1e5 the c0nd1t10n, 5upv(A ) > #, 15 
ca11ed a fre4uent 1tem5et 0r a fre4uent 1tem a550c1at10n. 

61ven a data6a5e 79 0f tran5act10n5 0ver the attr16ute 
5et 2- and a m1n1mum 5upp0rt #, the 5et, /2, 0f a11 
1tem5et5 that are fre4uent (w1th re5pect t0 the m1n1mum 
5upp0rt #) f0rm5 the 5et 1att1ce 1n the f0110w1n9 5en5e: 

1 F ° r  8 E1tem5et5E, thenAAandE E.8,1f A15 pr°Per1Y c°nta1ned1n 8 ] 

5uch a 1att1ce 15 ca11ed the 1tem5et 1att1ce F19ure 1 5h0w5 an 1tem- 
5et 1att1ce 0ver f0ur 1tem5. 7h15 5u65et (0r 1att1ce) pr0perty ena61e5 

F19ure 1: An 1tem5et 1att1ce 0ver {A, 8 ,  C, D}. 7he rectan91e5 
are fre4uent 1tem5et5. A 8 D  and 8 C D  are the max1ma1 fre- 
4uent 1tem5et5. 

u5 t0 enumerate a11 fre4uent 1tem5et5 u51n9 0n1y max1ma1 fre4uent 
1tem5et5, where an 1tem5et A 15 a max1ma1fre4uent 1tem5et (MF1) 
1f A 15 fre4uent and n0 1tem5et5 8 that pr0per1y c0nta1n A are fre- 
4uent. N0te that every fre4uent 1tem5et 15 a 5u65et (n0t nece55ar11y 
pr0per) 0f a max1ma1 fre4uent 1tem5et. 

2.2 7he 51m11ar1ty Mea5ure 
0ne appr0ach t0 c0mpar150n 0fdata6a5e515 t0 c0mpare the pr06- 

a6111ty d15tr16ut10n5 under wh1ch the data6a5e5 ar6 9enerated. H0w- 
ever, e5t1mat1n9 the pr06a6111ty d15tr16ut10n5 can 6e a d1ff1cu1t ta5k 
due t0 the d1men510na11ty 0fthe data. 

A5 we d15cu55ed 1n 5ect10n 2.1, the ••1att1ce•• pr0perty 0f the fre- 
4uent 1tem5et5 a110w the MF15 a5 the c0nc15e repre5entat10n 0fthe 
fre4uent pattern5. MF15 then can 6e u5ed t0 appr0x1mate the under- 
1y1n9 d15tr16ut10n. Var10u5 meth0d5 have 6een pr0p05ed t0 c0mpute 
eff1c1ent1y the max1ma1 fre4uent 1tem5et5 [10, 3]. Here we pr0- 
p05e a new mea5ure 6a5ed 0n the 5et 0f max1ma1 fre4uent 1tem5et5, 
wh1ch 15 1n5p1red 6y 1nf0rmat10n entr0py. 

Let A and 8 6e tw0 h0m09ene0u5 data5et5. Let 

M F A  = {(A1,CA1),(A2, CA2), . . . ,Am,CAm)} and 
M F 8  = { (81 ,Cm) ,  (82,C82) , . . . ,  (8n,C8n)}, 

Where A~,CA1, 1 < 1 < m, are the MF15 0fA and the1r re5pec- 
t1ve 5upp0rt c0unt5 and 8j ,  C8j, 1 < j < n, are the MF15 0f 8 
and the1r re5pect1ve 5upp0rt c0unt5. 7hen we def1ne the 51m11ar1ty 
6etween A and 8 a5 

51m( A, 8) -- 1x213+/2~ where 

2~ = ~/,~ 1A•1A • n u AJ1•- 1109(1 + 1A1A~)m1n{CA,,nU CA~}, 

1= = 2,, 18•18, nu 8j 18¢11°90 + ]8•18, nu/3,-18j] ) m1n{Cm, C8j}, 

13 = 2,3 1A•]A , ~ 1 0 9 ( 1  + [A•1A n 8J1) u 8j[  ) m1n{CA1, C85}. 

1A1 nAj] den0te5 the num6er 0fe1ement51n the 5et A1 nAj .  1,+12 

5erve5 a5 the n0rma112at10n fact0r. ~ repre5ent5 h0W mUCh 

the tw0 5et5 are 1n C0mm0n. m1n{CA1, C5j} 15 the 5ma11er 5Up- 
p0rt Va1Ue 0f the5e tw0 5et5 and act5 a5 the We19ht fact0r. En5em- 
611n9 the entr0py 1n the 1nf0rmat10n the0ry, the 109 term5 p1ay the 
r01e 0f 5ca11n9 fact0r5. /3 can 6e th0u9ht a5 a mea5um 0f••mutua1 
1nf0rmat10n•• 6etween M F A  and M F 8 .  1ftw0 under1y1n9 d15tr1- 
6ut10n5 have much 1n c0mm0n, then M F A  and M F 8  w0u1d have 
m0re 1n c0mm0n and hence 1ntu1t1ve1y/3 w0u1d 6e 1ar9e. 

1t 15 ea5y t0 5ee that 0 < 51m(A,8)  <• 1 and that 
51m( A, 8) = 51m( 8 , A ). C1ear1y, 51m( A, A) = 1. We ch005e 
0n1y MF15 6ecau5e they 1n 50me 5en5e mpre5ent the 1nf0rmat10n 
0f the a550c1at10n5 am0n9 the1r e1ement5 and the mea5ure make5 
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pa1rw15e c0mpar150n 0f fre4uenc1e5 0f MF15. 7he num6er 0f MF15 
u5ua11y 15 much 5ma11er than the num6er 0f fre4uent 5et5. Exten51ve 
exper1menta1 re5u1t5 have 5h0wn the effect1vene55 0f 0ur 51m11ar1ty 
mea5ure [14]. 1n the re5t 0f 0ur paper, 51m11ar1t1e5 6etween data 
5et5 are ca1cu1ated w1th 0ur 51m11ar1ty mea5ure. 1t 5h0u1d 6e n0ted, 
h0wever, 0ur 51m11ar1ty 6a5ed d15tr16uted data m1n1n9 framew0rk 
c0u1d u5e 0ther 900d and rea50na61e mea5ure5 t00. 

3. L1M17A710N5 0 F  CURREN7 DDM 
7ECHN1QUE5 

1n th15 5ect10n, we 111u5trate5 the 11m1tat10n5 0f current DDM 
techn14ue5. 7hree exper1ment5 (a550c1at10n m1n1n9, c1u5ter1n9 and 
c1a551f1cat10n) are c0nducted t0 d15cu55 the DDM techn14ue51n var- 
10u5 5cenar105. 1n 5ummary, they a11 dem0n5trate that: 19n0r1n9 the 
d1fference5 am0n9 d15tr16uted 50urce5 15 1nappr0pr1ate 1n many ap- 
p11cat10n d0ma1n and w0u1d 1ead t0 1nc0rrect re5u1t5. DDM tech- 
n14ue5 5h0u1d take the mean1n9 0fthe d15tr16ut10n 1nt0 acc0unt. 

3.1 D15tr16uted A550c1at10n M1n1n9 
We u5e three art1c1e c011ect10n5: C0MP6E0M, CRYP7 and EU- 

R0CRYP7 x de5cr16ed [14], a5 d15tr16uted data 5et5 f0r a550c1at10n 
m1n1n9. 7he5e three data5et5 5hare the 5ame data6a5e 5cheme. 1fwe 
v1ew the5e three data 5et5 a5 d15tr16uted re50urce5 a5 a (9106a1) the- 
0r,/art1c1e c011ect10n, current DDM techn14ue5 w0u1d re9ard them 
a5 a 51n91e v1rtua1 ta61e. F19ure 2 5h0w5 the ru1e5 9enerated 6y 
d15tr16uted a550c1at10n m1n1n9, 1.e., 6y m1n1n9 the 51n91e 51n91e v1r- 
tua1 ta61e 0f C0MP6E0M. CRYP7 and EUR0CRYP7. F19ure 3, 
F19ure 4 and F19ure 5 5h0w the a550c1at10n ru1e5 06ta1ned 6y m1n- 
1n9 each 1nd1v1dua1 data 5et re5pect1ve1y. 7he m1n1mum 5upp0rt 
0f a550c1at10n m1n1n9 15 1% and the m1n1mum c0nf1dence 15 80%. 
Each 11ne 1n the f19ure5 c0nta1n5 0ne a550c1at10n ru1e 1n the f0r- 
mat a, 6 ~ c(x%, y%) where a, 6, c are 1tem5, and x, y are the 
5upp0rt and c0nf1dence 0f the ru1e. A5 y0u can 5ee fr0m the5e f19- 
ure5, the ru1e5 f0r C0MP6E0M are 519n1f1cant1y d1fferent fr0m 
that 0f CRYP7 and EUR0CRYP7 a5 ev1denced 6y the fact that 
m05t 1tem5 appeared 1n f19ure 5 are n0t pre5ented 1n F19ure 3 and 
F19ure 4. 0n  the 0ther hand, the ru1e5 f0r CRYP7 and the ru1e5 
f0r EUR0CRYP7 have mueh 1n c0mm0n: ru1e 1,2, and 3 1n F19- 
ure 3 are the 5ame a5 ru1e 8,9 and 10 1n F19ure 4, ru1e 4 1n F19ure 3 
15 c105e1y re1ated t0 ru1e 4 1n F19ure 4. 7h15 1mp11e5 that the c0n- 
text f0r C0MP6E0M 15 4u1te d1fferent fr0m that 0f CRYP7 and 
EUR0CRYP7. Hence 1t 15 unde51red t0 re9ard them a5 a 51n91e v1r- 
tua1 ta61e and app1y DDM techn14ue5. A 900d appr0ach w0u1d 6e 
0ur 58DDM framew0rk. 7he 51m11ar1ty 6etween EUR0CRYP7 
and CRYP7 15 h19h (> 95%) wh11e the 51m11ar1ty 6etween C0MP- 
6E0M and CRYP7 and the 51m11ar1ty 6etween C0MP6E0M and 
EUR0CRYP7 are re1at1ve1y 10w [14]. 50 1t w0u1d 6e de51red 1f 
we d1v1de the three data5et5 1nt0 tw0 9r0up5: 0ne 9r0up 15 C0MP- 
6E0M and the 0ther 9r0up 15 CRYP7 and EUR0CRYP7, and then 
we app1y d15tr16uted a550c1at10n m1n1n9 f0r each 9r0up. F19ure 6 
91ve the ru1e5 9enerated 6y d15tr16uted a550c1at10n m1n1n9 0n the 
9r0up 0f CRYP7 and EUR0CRYP7. 

3.2 C1u5ter1n9 5ynthet1c D15tr16uted Data5et5 
A5 we a1ready d15cu55ed, current DDM techn14ue5 u5ua11y v1ew 

the d15tr16uted data 5et5 a5 a 51n91e v1rtua1 ta61e 0r v1rtua11y 1nte- 
9rate the d15tr16uted data5et5 t09ether. 1n 9enera1, c1u5ter1n9 a190- 
r1thm5 ach1eve 6etter re5u1t5 0n 1ar9er data5et5 1f the n015e 1eve1 
15 the 5ame. 1ntu1t1ve1y, add1n9 ••51m11ar•• data 1nt0 data5et5 w0u1d 

1C0MP6E0M --- C0mputat10na1 6e0metry, CRYP7 = C0nference 
0n Crypt09raphy, EUR0CRYP7 = Eur0pean C0nference 0n Cryp- 
t09raphy. 

1. 109ar1thm -----* d15crete (1.4%,87.1%) 
2. v0r0n01 ~ d1a9ram (1.3%,89.3%) 
3. d1a9ram ----* v0r0n01 (1.2%,96.2%) 
4: 5chem,5ecret ----* 5har (1.2%,92.3%) 
5: 5chem,5har ~ 5ecret (1.4%,82.8%) 

F19ure 2: 7he ru1e5 f0r EUR0CRYP7, CRYP7 and C0MP6E0M. 

1: 5chem,5ecret ~ 5har (1.9%,85.7%) 
2: 5chem,5har ~ 5ecret (2.0%,80%) 
3: key, crypt05y5tem ~ pu611c (1.6%,83.3%) 
4: pu611c,crypt05y5tem ~ key (1.6%,83.3%) 

F19ure 3: 7he ru1e5 f0r CRYP7. 

1. adapt ~ 5ecur (1.2%,87.5%) 
2. 6001ean -----* func (1.5%,90.0%) 
3. d191t ~ 519natur (1.5%,80.0%) 
4. pu611c ~ key (3.0%,80.0%) 
5. 5har -----* 5ecret (3.4%,82.6%) 
6. 109ar1thm -----, d15crete (2.1%,100.0%) 
7.10w ~ 60und (1.2%,87.5%) 
8: 5chem,5ecret -----* 5har (1.8%,100.0%) 
9: 5chem,5har ---* 5ecret (2.1%,85.7%) 
10: pu611c,crypt05y5tem ~ key (1.3%,100.0%) 

F19ure 4: 7he ru1e5 f0r EUR0CRYP7. 

1. hu11 -----* c0nvex (2.4%,94.1%) 
2. 5h0rt ~ path (3.9%,89.3%) 
3. v0r0n01 ~ d1a9ram (3.9%,89.3%) 
4. d1a9ram ~ v0r0n01 (3.6%,96.2%) 
5. a190r1thm, c0nvex ~ hu11 (1.1%,87.5%) 
6. 51mp1,v15161 ~ p01y90n (1.1%,87.5%) 
7. m1n1m,tree ----* 5pan (1.2%,88.9%) 
8: m1n1m,5pan ~ tree (1.1%,100.0%) 

F19ure 5: 7he ru1e5 f0r C 0 M P 6 E 0 M .  

1. 109ar1thm ~ d15crete (2.2%,87.1%) 
2: 5chem,5ecret - - ~  5har (1.8%,92.3%) 
3: 5chem,5har ~ 5ecret (2.0%,82.8%) 
4: pu611c,crypt05y5tem - - ,  key (1.5%,90.5%) 

F19ure 6: 7he ru1e5 f0r EUR0CRYP7 and CRYP7. 

he1p t0 1mpr0ve c1u5ter1n9 re5u1t5. H0wever, 1f the add1t10na1 data 
are n0t 51m11ar t0 the 0ne5 1n data5et5, 1nte9rat1n9 the add1t10na1 
data may 1nject n015e5. 1n th15 5ect10n, we exam1ne the perf0rmance 
0f d15tr16uted c1u5ter1n9. We 5h0w that d15tr16uted c1u5ter1n9 m19ht 
ach1eve unde51red perf0rmance 1f1t a55ume5 the d15tr16uted data5et5 
have the 5ame 5tructure and 19n0re5 the1r d1fference5. 

We u5ed the meth0d de5cr16ed 1n [1] t0 9enerate 5ynthet1c d15- 
tr16uted data5et5. 7he f1r5t data 5et, 51, had 1,000 data p01nt5 1n a 
20-d1men510na1 5pace, w1th K = 5. A11 1nput c1u5ter5 were 9ener- 
ated 1n a 7-d1men510na1 5u65pace. Appr0x1mate1y 5% 0f the data 
p01nt5 wa5 ch05en t0 6e 0ut11er5, wh1ch were d15tr16uted un1f0rm1y 
at rand0m thr0u9h0ut the ent1re 5pace. 7he 5ec0nd data 5et 52 hav- 
1n9 1,000 data p01nt5 wa5 9enerated u51n9 the 5ame 5eed5 w1th a 
rand0m 5h1ft. We rand0m1y d1v1ded 51 1nt0 511 and 512 and 52 
1nt0 5~1 and 522, there6y 9enerated f0ur d15tr16uted data5et5. 

70 c0mpute the 51m11ar1t1e5 6etween the data5et5, we f1r5t d15- 
cret12e c0nt1nu0u5 attr16ute5. 1n 0ur exper1ment5, we u5e a tran5- 
1at10n meth0d wh1ch c0m61ne5 E4ua1 Fre4uency 1nterva15 meth0d 
w1th the 1dea 0f CMAC. 61ven m 1n5tance5, the meth0d d1v1de5 
each d1men510n 1nt0 k 61n5 w1th each 61n c0nta1n1n9 --~ + -y adja- 
cent va1ue52. 1n 0ther w0rd5, w1th the new meth0d, each d1men510n 

27he parameter 0, can 6e a c0n5tant f0r a11 61n5 0r d1fferent c0n- 
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15 d1v1ded 1nt0 5evera1 0ver1apped 5e9ment5 and the 512e 0f 0ver1ap 
15 determ1ned 6y •7. An attr16ute 15 tran51ated t0 a 61nary 5e4uence 
hav1n9 61t-1en9th e4ua1 t0 the num6er 0f the 0ver1apped 5e9ment5, 
where each 61t p051t10n repre5ent5 whether the attr16ute 6e10n95 t0 
the c0rre5p0nd1n9 5e9ment. Here we mapped a11 the data p01nt 1nt0 
a 61nary 5pace w1th 100 feature5. 

70 mea5ure the perf0rmanee 0f c1u5ter1n9 0n the5e 5et5, we u5ed 
the c0nfu510n matr1x, de5cr16ed 1n [1]. 7he entry (0,1) 0fa c0nfu- 
510n matr1x 15 the num6er 0fdata p01nt5 a5519ned t0 the 0utput c1a55 
0 and 9enerated fr0m the 1npUt c1a551. We a150 u5ed the rec0ver1n9 
rate [23] a5 a perf0rmance mea5ure 0f c1u5ter1n9, def1ned a5 

1 - H(110)/H(1 ) = M1(1, 0) /H(1) ,  

where M1(1, 0) 15 the mutua1 1nf0rmat10n 6etween the 1nput map 
1 and the 0utput map 0.  1fa c1u5ter1n9 a190r1thm c0rrect1y rec0ver5 
the 1nput c1u5ter5, the rec0ver1n9 rate 15 1. We u5ed the c1u5ter1n9 
a190r1thm pre5ented 1n [23]. Here A, 8, C, D, and E are the 1n- 
put c1u5ter5, 1, 2, 3, 4, and 5 are the 0utput c1u5ter5, and 0 15 the 
c011ect10n 0f 0ut11er5. 

We perf0rmed c1u5ter1n9 0n 511, 0n ,5•21, 0n the j01n 0f,-411 and 
512, 0n thej01n 0f821 and 522, and 0n thej01n 0f511 and 821.7he 
c0nfu510n matr1ce5 0f the5e exper1ment5 are 5h0wn 1n 7a61e5 1-5, 
re5pect1ve1y. 7he rec0ver1n9 7ate5 0f the exper1ment5 are, re5pec- 
t1ve1y, 0.86182, 0.87672, 0.87332, 0.88380, and 0.66356. A150, 
the 51m11ar1ty va1ue5 6etween the data 5et5 are 5h0wn 1n 7a61e 6. 
We 065erve the f0110w1n9: 51nce the 51m11ar1ty 6etween 511 and 
521 15 10w, the 1nte9rat10n 0f the tw0 5et5 1ed t0 10wer rec0ver1n9 
rate, 51nce 511 and 512 are ••51m11ar•• the c1u5ter1n9 re5u1t wa5 6etter 
when they were c0m61ned, and 51nce 521 and 522 are ••51m11ar•• the 
c1u5ter1n9 re5u1t wa5 6etter .when they were c0m61ned. 

3.3 Heart D15ea5eData6a5e 
Here we dem0n5trate .the u5efu1ne55 0f 58DDM framew0rk 0n 

a c1a551f1cat10n pr061em 0f rea1 d15tr16uted data5et5. A5 we men- 
t10ned 1n 5ect10n 3.2, 1n~9enera1, 1eam1n9 a190r1thm5 c0u1d ach1eve 
6etter re5u1t5 0n 1ar9er data5et5 1f the n015e 1eve1 15 the 5ame. 1ntu- 
1t1ve1y, add1n9 ••51m11ar ~ data 1nt0 data5et5 w0u1d he1p t0 1mpr0ve 
1earn1n9 re5u1t5. H0wever, 1f the add1t10na1 data are n0t 51m11ar t0 
the 0ne51n data5et5, 1nte9rat1n9 the add1t10na1 data may 1nject n015e 
and de9rade the perf0rmance5 0f the 1earn1n9 a190r1thm5. 

7he heart data6a5e c0n515t5 0frea1, exper1menta1 data fr0m f0ur 
1nternat10na1 med1ca1 0r9an12at10n5, C1eve1and C11n1c F0undat10n 
(CCF), Hun9ar1an 1n5t1tute 0f Card10109Y (H1C), the Un1ver51ty 
H05p1ta15 1n 2ur1ch and 8a5e11n 5w1t2er1and (28), and V.A. Med1- 
ca1 Center 1n L0n9 8eaeh•, Ca11f0rn1a (VAMC). A deta11ed de5cr1p- 
t10n 0f the data5et5 can 6e f0und 1n UC1 mach1ne 1eam1n9 dep051- 
t0ry. 7he5e data6a5e5 have 6een w1de1y u5ed 6y re5earcher5 t0 de- 
ve10p pred1ct10n m0de15 f0r c0r0nary d15ea5e5. 1n th15 exper1ment, 
we u5ed the5e rea1 d15tr16uted data5et5 t0111u5trate the u5efu1ne55 0f 
the 58DDM framew0rk. 

7he 51m11ar1ty va1ue5•6etween the5e data5et5 are 5h0wn 1n 7a- 
61e 7. A5 1n 5ect10n 32; we tran5f0rmed the data5et 1nt0 6a5ket 
data5et5 (m1551n9 va1ue5 are rep1aced w1th rand0m va1ue5). 7he 
5e1f-51m11ar1ty 0f each data5et 15 mea5ured u51n9 the 51m11ar1ty 6e- 
tween tw0 rand0m 5amp1e5 0f the data5et, where 0ne 5amp1e had 
the 512e 0f70% 0fthe 0r191na1 5et and the 0ther had 30%. 

7a61e 8 pre5ent5 the accuracy re5u1t5 0fu51n9 dec1510n tree tech- 
n14ue5 t0 6u11d the pred1ct10n m0de1. 70 d0 th15, we f1r5t rand0m1y 
5p11t each data5et 1nt0 tw0: 70% f0r 6u11d1n9 m0de15 and 30% f0r 
te5t1n9. 1n the d1a90na15, each tra1n1n9 data 15 u5ed t0 6u11d a pre- 
d1ct10n m0de1 and the perf0rmance 0fthe m0de115 te5ted 0n 1t5 0wn 

5tant5 f0r d1fferent 61n5 depend1n9 0n the d15tr16ut10n den51ty 0fthe 
d1men510n. 1n 0ur exper1ment, we 5et -y = [m/5kJ. 

0utput•1nput A 8 C D E 0 
1 0 0 0 120 0 0 
2 0 1 0 0 68 6 
3 72 0 0 0 0 9 
4 0 90 0 0 0 3 
5 0 0 119 3 1 8 

7a61e 1: C0nfu510n matr1x f0r 511 

0utput•1nput A 8 C D E 0 
1 0 0 0 0 110 9 
2 0 0 81 0 0 7 
3 0 103 0 0 0 7 
4 0 0 1 83 0 3 
5 95 0 0 0 0 1 

7a61e 2: C0nfu510n matr1x f0r 521 

0utput•1nput A 8 C D E 0 
1 0 0 238 3 2 12 
2 143 0 0 0 0 25 
3 0 0 0 242 0 2 
4 0 0 0 0 136 8 
5 0 183 0 0 0 6 

7a61e 3: C0nfu510n matr1x f0r 511 + 512 

0utput•1nput A 8 C D E 0 
1 189 0 0 0 0 1 
2 0 206 0 0 0 12 
3 0 0 0 0 221 12 
4 0 0 164 0 0 16 
5 0 0 0 166 0 13 

7a61e 4: C0nfu510n matr1x f0r 521 + 522 

0utput•1nput A 8 C D E 0 
0 1 84 0 0 1 

166 3 0 0 0 9 
0 0 117 0 0 6 
1 109 0 0 179 33 
0 81 0 206 0 4 

7a61e 5: C0nfu510n matr1x f0r 511 + 321 

te5t data. 1n the 0ff-d1a90na15, the m0de1 15 6u11t u51n9 the j01n 0f 
the tra1n1n9 data 5pec1f1ed 6y the r0w and the tra1n1n9 data 5pec1f1ed 
6y the c01umn and 15 te5ted 0n the te5t data 5pec1f1ed 6y the r0w. 

N0te that the 51m11ar1ty 6etween CCF and VAMC 15 very 10w and 
50 c0m61n1n9 the5e tw0 5et5 de9raded the perf0rmance 0f the pre- 
d1ct10n m0de1519n1f1cant1y. 7he CCF-r0w 5h0w5 that the pred1ct10n 
accuracy 0n the CCF data wa5 decrea5ed fr0m 78.57% t0 76.19% 
when the VAMC data wa5 added t0 the CCF data. 7he VAMC- 
10w 5h0w5 that the pred1ct10n accuracy 0n the VAMC data wa5 de- 
crea5ed fr0m 66.67% t0 62.96% when the CCF data wa5 added 
t0 the VAMC data. 7he 5e1f-51m11ar1ty 0f the VAMC data 15 10w, 
0n1y 0.492. 7h15 5eem5 t0 5u99e5t that the VAMC data may n0t 
6e c0herent 3. 1n fact, the pred1ct10n accuracy 0f the dec1510n tree 
6u11t fr0m the tra1n1n9 5et 0fthe VAMC data 15 66.77%. 7he 51m1- 
1ar1ty 6etween the H1C data and the VAMC data and the 51m11ar1ty 
6etween the 28  data and the VAMC data are, re5pect1ve1y, 0.619 
and 0.567. 7he5e va1ue5 are much 9reater than the 5e1f-51m11ar1ty 
0f the VAMC data, 0.492. 50, 0ne can th1nk that c0m61n1n9 the 
VAMC data w1th e1ther the H1C data 0r the 28  data w111 1mpr0ve 
the pred1ct10n accuracy, wh1ch wa5 pr0ved c0rrect. 7he accuracy 

31t 15 part1a11y 6ecau5e there 15 a 1ar9e am0unt 0f m1551n9 data 1n 
VAMC. 689 entr1e5 0ut 0f(200 x 13)are m1551n9. 
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wa5 1ncrea5ed fr0m 66.67% t0 72.22%, 1n 60th ca5e5. 7he 5e1f- 
51m11ar1ty 0f the 28  data 15 very h19h, 0.934, and th15 5eem5 t0 
5u99e5t that the 28 data are c0herent and that the pred1ct10n accu- 
racy 0fthe dec1510n tree 6u11t fr0m the 28  data 15 a5 h19h a5 90%. 
7he 51m11ar1ty 6etween each 0f the 0ther data5et5 and the 28  data 
15 much 5ma11er than 90%. 7hu5, c0m61n1n9 the 0ther data w1th the 
28  data w111 n0t 1mpr0ve the pred1ct10n accuracy. 

511 512 521 522 
51a 1 0.9619 0.3023 0.3136 
512 0.9619 1 0.3231 0.3147 
521 0.3023 0.3231 1 0.97117 
522 0.3136 0.3147 0.9717 1 

7a61e 6: 51m11ar1ty Re5u1t 0f D1fferent 5et5 

CCF H1C 28  VAMC 
CCF 0.821 0.718 0.601 0.281 
H1C 0.718 0.841 0.681 0.619 
28  0.601 0.681 0.934 0.567 
VAMC 0.281 0.619 0.567 0.492 

7a61e 7: 51m11ar1ty Re5u1t5 0f Heart D15ea5e Data6a5e 

CCF H1C 28  VAMC 
CCF 78.57% 79.76% 77.38% 76.19% 
H1C 76.84% 77.89% 80% 77.89% 
28  90% 85% 90% 87.50% 
VAMC 62.96% 72.22% 72.22% 66.67% 

7a61e 8: Accuracy Re5u1t5 0f Heart D15ea5e Data6a5e 

4. D15CU5510N5 AND C0NCLU510N5 
1n th15 paper, we pr0p05e a 51m11ar1ty-6a5ed d15tr16uted data m1n- 

1n9 framew0rk. 7he centra1 1dea 15 t0 f1r5t v1rtua11y 1nte9rate the 
data5et5 1nt0 9r0up5 6a5ed 0n the1r 51m11ar1t1e5 and var10u5 DDM 
techn14ue5 c0u1d then 6e app11ed t0 each re5u1t1n9 9r0up. We a150 
pr0p05e a new 51m11ar1ty mea5ure wh1ch 15 ca1cu1ated fr0m 5upp0rt 
c0unt5 u51n9 a f0rmu1a m0t1vated fr0m 1nf0rmat10n entr0py. 1n ad- 
d1t10n, we 111u5trate the 11m1tat10n5 0f current DDM techn14ue5. 

1t 5h0u1d 6e n0ted that var10u5 d15tr16uted techn14ue5 can 6e ea5- 
11y 1mp1emented w1th1n 0ur 58DDM framew0rk. 8a5ed 0n 0ur 
58DDM framew0rk, we have extended the C0FD a190r1thm [23] 
t0 c1u5ter d15tr16uted h0m09ene0u5 data5et5. W1th1n 0ur 58DDM 
framew0rk, d15tr16uted c1u5ter1n9 0perate5 1n tw0 5ta9e5: the f1r5t 
5ta9e 15 t0 d1v1de the d15tr16uted data5et5 1nt0 9r0up5 6a5ed 0n the 
51m11ar1ty, and the 5ec0nd 5ta9e 15 t0 carry d15tr16uted c1u5ter1n9 
w1th1n each 9r0up. Exper1ment5 0n 60th rea1 and 5ynthet1c data5et5 
have 5h0wn the eff1cacy and effect1vene55 [14]. 
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