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Presenting a new method for mixed data clustering based on the number
of similar features
Hamid Rezaei And Negin Daneshpour*

Computer Engineering Department, Shahid Rajaee Teacher Training
University, Tehran, Iran

Abstract

Clustering is an operation in which a set of data samples is categorized according to the degree of
similarity. Examples of clustering data are numerical or a mixture of numerical and non-numerical
(nominal) data. Finding similarities and measuring distances is one of the challenges of mixed data
clustering. In the related works, to detect the degree of similarity and obtain the distance value, only the
parameter of the distance value was considered and the cluster was selected based on its value.
Clustering in this way, especially for mixed data, has not had very accurate results.

In this paper, we have tried to pay attention to the parameter ""number of similar features' in
calculating the degree of similarity and determining the distance. In assigning each sample to a cluster in
cases where the distances are equal or close, the number of common features of the samples will
determine the appropriate cluster. That is, we will pay attention to the ""number of similar features™ in
addition to the distance to select the cluster. This idea believes that in cases where the distance of the
cluster centers is close to the data object, it is better to choose the cluster center that has more features
similar to the data object. Logically and also according to the proposed algorithm, the amount of
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similarity should be in a larger number of features, not just a few limited features but with high
similarity.

The parameter of the "number of similar features™ has a specific definition and is obtained with a
suitable threshold. If the distance value of two features is less than the threshold, those two features are
considered as similar features.

To calculate the distance in the algorithm, the normalized numerical difference for numerical properties
and the Hamming distance for non-numerical properties are used. Determining the initial cluster
centers, like many methods, is done randomly, and in subsequent iterations of the algorithm, more
appropriate samples are selected as the cluster centers. The algorithm is compared with 5 other
algorithms in 5 datasets.

In examining the results, three criteria of Accuracy, Rl and F-Measure have been used. According to the
test results, in the mixed and integer datasets, the algorithm performs at least two percent better than
the two algorithms and one percent better than the other algorithm. In another data set, the proposed
algorithm had results equal to or close to one percent better accuracy than the superior algorithm. In
the last data set, the proposed algorithm was ranked second among 5 algorithms. In general, the
proposed algorithm won the top rank in most of the results, and in the rest of the cases, it won the
second rank out of the five tested algorithms.

Keywords: Clustering, Mixed data, Distance of values, Similarity of values, Cluster Center

C“"‘S )5_|‘,4_? w‘ dLﬁbob‘o 6‘]‘5 call f}'e('é"’ o]

doddo —)
’ Sl a5 g udle (6 S0l by, S ganabys
U‘JL> )lf S5 8o e seols 6‘)‘.‘ alols e
aibe o ool Olles piins Jlosl 15 ol 55505
>l Sy polie 0 (65l b sangex
[8] cnl Llgiss osloas gozo

Lz e Cwload plxl eSS S )lS

a5 Cewl ez o leosls (gaiseg, S (sl aS
A adies plu b "CAAL.V.'L‘S)" g S0aSs 4 T
hLis gamades lapt)Sl 1 ik [2] [B]
WAl (goae slo Sy slilo a1 sleesls wiles oo
VL G 4 g, b Ll it acdye, OO0 e gone sl :\~5 Ly e
Wl (S5, aile (gooe 8) soml o Fhg 9 wivn
BBl S9705,5 9 Jo

shls Bl slis glocolsasgazs I (5 ks
sleslsacgaze o] aiten coml 5 go0s slo S5
el bglse sloosloacgome Kigd co o0ual ' bgle
5 Pl sgel (S el aile laojex Sl sk 5o
o tmy il s szs b
asS oyl 1y pleesls pu> ailely oS ganalies

ol o il alols bylke g5 slaosls gandiiss
il 55 el, w511 b s ol b Cenlonds _xs allie
b
sloosls ganaldss sla by, pled )3 (o8 sba
polis IS alob il o L bglka 5 ssac
alie ;5 45 Ojpo (pay Cwlond azg b Sy

Abgs 4 diges ) duslio b g J.J‘Sa Cewddy g dalxe
o w‘w; )l)S asJllao 9 R S)9e l&oé‘b@w
slaat” clsie b 5,500 el alia oyl o o5 5 i,
g ond Byme ol el LS e Mwlis slo Sh
Sype gt ds 0dld diges olaisl loy yo ol sy
i alte JolS pbey polie L ol Sy plile
FS Glalold « She SO 0 Llade g0 aS S yee,0 aSh
LY. Jlie Gl )5 Jawgs ool o0 laids Slwlas 5

[6] el 05,5 oy Coen
a5 ile sonadys @l ;o 8,5 mes 3)lge
Al £55 0l atiin dls> ol @iss S
S Gl olyo8 g gy g etalid 5 alold
9 W azlge Ll (nl b ganadss slap ,sSl

7] 055 o s 3150 ) 53l o guaings s
(o b Sy polas o Colld dulre ol
695 (ke b gz gl calols aiile) (oL ) Sllas
alols e calid glalne g o Jlae! lag)]
oolae [9] Wigd co oolaiwl (goue ools bla gl i
doilone Sl 5 Kigdoni 3 ye BIS ol (sla S
D 092y sonl (Shag Jlie 55 alold i

1 Mixed Data

0% 2le ) 5l VP JLe

&


http://dx.doi.org/10.61186/jsdp.21.1.39
https://jsdp.rcisp.ac.ir/article-1-1329-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.39]

Qlio S5 Ja9 dlAss Slino jo bglo SLRASIIS (gIiadubigh (5l Ja3a by Sl

&

Ole lr 03 OB g adss ST Sl
Gonades sl (Solite oty SRy ool
Gl p s a5 o)l vgzg bglie slaosls
ol 5 eems axwe k-modes L k-prototypes
adg Sl Il &S Cnl ©)j90 (na 4l slap )Nl
S5 by Lnoslsaipas igd ge nss B0l g0t
aher  JuSud wadl asly 5oy albls oS
a5 Gligad 4y ddgs B 35 0 dm Al ey AR oo
il azls | ladiges plo b alols oy zaS
Ol B cnl S oo JS0 Iazms laaligs 5 w5 oo
alol aigy slaadss JSiS by e et poe
5 bgle ooy jo alold aiul=e gly [1] Wb oo
alold 5l sanabgs sla g, cdas (goue Slaw iz
e G008 e WSu 40 g [2] aS e eolatul owaldl
{171 51 ke b hg) (n fmees
ool (Guulay -
degazme JS 50 0oz lie b (58 sl Y
asgezme JS )0 oaigd dunlie jlade b alal) sl Y

2] o9 oo Dledbl 28 sl el Cunss g,
WS oo oy S g yo Sl g0 jo | oosls >
Aol il op anle olS sbay beols 45 550,
Aiis) S alold gl b 4 5 (el i) o
alas oliee gy onl g oS e S 0 1 (alols
[15] o,5 o5 Jhaiye ) souc e Slho polae ol
[14]

Sogons |y gouend Cho e pgs )
odalie Glime g WS (o0 (o) Slao 0ol Jitee
5 23l bl plpea 1) degeme 550 Cido jlade
@ pg b [12] 955 o0 Sl 5o polie S0 b alis
Bl Glie (nl dizsp g 0 (o0 azgi polis Ll
Ol o Lol 358 oo drlne 5 il oo Sty s 8
5 855 S50 B sd 99 4 Cemd Suje 895 0
131 18] 5525 o s dnialos o o et il
slagiagh wabass Glillhs glajgme 4 axgi b
oylal gl 5l golaw 4 a5 casloass plil g0k
sleools ganales slxl sl (60 g ezl 04l oo
S5 50 gl Lol sgag |y k-means oSl (bglse
Aol 5l sose oSy Aol arbre ol 355
Gode pé le Iho e g w0, eolaiwl  pwaddl
aiols slpiin ) coloacgame JS 50 polae 95 Joo 8
B oo polie migs 5 LIS Ol ol bealold
bl jo (Mol yoren el g0 Cawddy ooloac gazo

0% 2o ) o)l VY JLlu

wlive Sy olereds wail ails (o b g 0o, 0 V0
GaadyS pllin oS WS oo Joe )90 (i pi 55
sl Jlade 4 (IS cadaislre alols pegdle
Bgad alold aslie jo iS5 o ax gy alin slo S5
Seo3 b plp bealols STiasgs ST b jlais g0 ool
Sis olaai a5 09d 0 bl ladigs Wil e 4
sl (nl Sjge aos bl alils (g iy S i
AdeS b G L 0ol el gl abg Sl o
2 LS Gl e (S jsbay aiS e Sl ol
slodds ams llie ol o saasl,l ISl
sogdle B osd (Byee iz gonalss g ()
ol plge b6 e a4 @lol las
2B ol omyn by 0gd axy "alie (clo iy
S0 ol ganddes
0L g Al sl Aol o le 5l cnl 2 ogdle (F
Goludds> oy ,ol sla 1SS 0 ools alols 5w
aies 35 ,e ol gy I cnl ceslons elinl
ools Ll 1, bl Jolgd amslre s o coslin
sl
5 keprototypes al w5l b L5550 o 55
DPC-MD . [5] Multiview [4] SKC 2,53l >
Cawloads auslie [6] Equi-based k-prototypes 4 [12]
UCI- 5l oolsacgomme gy lo ol plel o
3 ol Casloals oolanwl [24] Repository

a5 W F-Measure RI Accuracy Jolse o isle;l
S by 4 Seap b e ool il o)Xl imls &b
sl 05,5 Jag LB oy 4l
Sl poyis a4 allae pl peo i aldl o
b B 9)5e o8l cpgm (250 53 135l oo salplx]
slogilel 5 baslio mls oed e Byre Sl
5 by, plo g solering piysSl oalatd S ploxl
i 3 5 gl > ot Sl Jraiier oler i

darwg slp ololiin 5 GpSamil 4 S b
w‘od.w w‘é).: Jls w.u)ﬁil‘

Oy, Lo, 5-Y

Gnade> b bl e sbaiaghy 0 Slegdge (n ke
Ol 5 alold awloe 0550 13l 0, le bglse slools

0975 (gddbgS 1,8l 5 by, lade 9o (o alis


http://dx.doi.org/10.61186/jsdp.21.1.39
https://jsdp.rcisp.ac.ir/article-1-1329-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.39]

By A5 ol @ 395 5 0 lag] as e o
Olee b &5 wies olog] adss S1e (e
Camnd ooy Aol 50 g oolodacgams J5 ,0 J&>
90 o2l Coenl alizee slajialej] gl bkl v @
30 3l oot | adogs SThe s sl bl
Sloolainl b Koo cdagh ;o () Ken g (o (u> [16]
[19] Wy ais oo @ Sglite (Joej8 9 s,
O § Sz S Loy (camghy by, onl aliee
e e G I Cueal 4 S lapl 5wl el
15 OiSen 5 s [12] s S o8] 4t ST,e oo
Sewdty g5 Jgo B Gl 1) laalols 352 la g
[17] & 6!

ols 5l a5 plajiagy fiie Sep OS5 o)
33,5 oo oolisl goae ol Siug alold cly warsldl
4 los S solilons g5luley swsionS alol |
S e slool jo cds ialidl el 5 pl lagyT sosde
5o Aol aulxe Glp eimen 0gh o0 (g0
B aiss i 1) abols il oue e o Sy
25 ol il SeSa ]y (Shy Jlade 9o salols
50 oL 5 oylg [13] wio,gl Cawsdy cwa Ll glas
3o e o Sy polie colll lie aulre
Ol slr B 6y WS eslitul iS (5,9
g0 )00 3929 plaal 9 Colad pue lagl )3 o5 bl
amadss lp Lol Gigy 0pSee S8 ool
[7] >4 k-modes

L I, k-prototypes i, L 5 Sgw
059 Amle (lp T aiols dgug «polie 40,5 15059
S gy Ol 5o 58,8 solaul Sledbl g 6T anas
Sl 95T Jsosd L a5 (i dagtg, i wille
2le mie 9 LSS Ol Bk B dnubre
5 Lo [8] o5 ooloacgarme JS j0 gous, o Shg
b coue et sl Fhs polin alols apls 1o o), Kon
solawl ' ply Cuxdg pspie I k-prototypes oo sl
s> aiagh o s 5 gl e [O] Wo S
20,5 ool e jouy oyl ganades ol
[10]

Randomwalk 61 51 soliiwl b LISl g 01
Sg5 g, 0 gl ol plxil 1) balss slaools gaaigs
59,5 haw aS b w1 b Shy polie den
359 Cawsds | oyl alols g laools caleds o)lius (s
0SS Jsems (30,5 ainS glray 5l anl

! - Equal Situation

) 295 i oyl 15 zli aiols sl adgs 3ST,a
[23] ols oyl

cile s sdagh 0 byl s bl
olai Gl 4 Cos 1) adsl slagal
L ooyl (T 2 bl p gl wiols slerig
20,8 plesl wo b 1) bapypacs )b e 9 wisly LSCis
adgs Slles £9,5 slp adgl (piud )b golan o295
cols jo ediss cds INItKMIX o )6l L .og (g0
ooyl .ol 29 Ot (ol > 4 cos bglis
3 1 6 sanade ln adgl slagas b ol
[2] sileols slpin ST sla S sl

9 »oaddl Ailongie LB g LS
slaosls .ais,S T ae goialy> &l 1y eolodcgozo
B8 oo ploul k-means g, wlwl oA bes
ol g g slaadys LSis 5 YU cds la sl
e 5o bagl (Ng) 53 Grizmes ldee LS ) B,
5,15 Ol o5 Wog alie ma b (Jge ;0 o0 28
o8 4 5 L 5 s oolse ez JS 13 o] i
4] wsb

slp 1, k-prototypes oo, 8l sl 5 plKiw
lasl Loyl ol sguge bglie slacols (gamaigs
A5 e E83 4 e ln |y polie ile by
3 B a5 s s o Sy ol gl i
boiye bl ) o 098 (atie 20 Sy 2
b [0 (39 pobadlBs s 09 Ceond ed 4
S b gl I 50 555 ke (Shy 90 om salold
3 ndlie @i 9 LSS Oliee ek &5 atie 9o
o] ioren .a.aTGn Cewddy g odlddcgame S
S Aol gl (Lol slacols samaigs wisls olis
oS b @ s Wl oo Cavots b Ty aen &S
seh W3S s gesend Shy s L
6] o)ls Jlis & sy s Jyoreysbo

Sl slr ) 09> slagiagy Gles 5 b 599
b 4 cans K-phe o0 ,6501 L gyl aisls plosl aigs
Ganals> £950 ln Gt adss Sl Sola
5 G5B ganaliss gyl lp as wis S e bkl
[21] cislo o )5 o2 (5l e

osls JBs coonl 45 095 5 10 ) 5 >
ol gl byl s ,S o)Ll asgs 351, bl jo
slp sl ol Bolal Sjpeay Al SThe
gy o 0,5 eolaiul 5 58 galss ST o STay

ol a5 o I ol 5550 L gl G

0% 2le ) 5l VP JLe


http://dx.doi.org/10.61186/jsdp.21.1.39
https://jsdp.rcisp.ac.ir/article-1-1329-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.39]

Qlio S5 Ja9 dlAss Slino jo bglo SLRASIIS (gIiadubigh (5l Ja3a by Sl

%

&

SSes dmbre g30e Byl oles (59, 5l (S 90
sl Shy 5l Gry 9 Dn bosls Gen ganadss

L8] o9 ) !
Gaade Aoy ;0 ol 43S plxl sla)lS iy
Aol (G092 g alold lxe (59, » bglie slrosls
a5 sie S eie ool cwll e
dle sl Gax Joep b 1) samadss sl
e L e A OIS
5 SRl B85 gy Ay (s Sl Woine oje>
Lol (slaools polie alols e gly YU o
O ey ¢l g addlas 0,5 bl Wb (6 iy Slllas
Lol sloosls gunalss (B9, )0 W slaby,
GRIBL Ly o9 cnl jo (2by)l s B0 Wl s
Ganabs> slaghy, 5l golass (V) Jsuzr o e
oo B Sis b olen 5l glalo 4o sadasilas

Cawlodls ool L}“‘.’.L""

lrools (gusvadios (sl (oleidiuy mis 595! - Y
bylie

LSid (g00s e 5 goue w90 3l byl slrosls
bl sbosls gunaisr slapiy oSl jo gl oo
Aols Ly abne i sl Sy o alol
S9disn go (§39€ pf (Sl Ty Ay )0 euddmlne
00ls Aiges 98 (po (IS Lol i 4 soue ke G g
als> Shhe lapi,s¥l (nl jie o wlee Cassay
G GylS5 e g Sl elal oo ads
Sl adex S Glee 4 Fowle osliaiges
@ Oy B g ol owisdh 1S5 e 02,58l 0gd oo
[B] o)l aslol ogis sbml bradss )5 (5 &5 I
2]

L ogoue ools g9 5l wel qgunads slo g, yiion
S50 g0 ddig> 4 ools plaisl gly o b g Lol
hF5s o polie Slosbrs 31 45 Slalob a s
0l dewlore alold iy oS o ST aﬂga Cddy
S plsie 4 ool digei 93 sla Thy gseme
IS [3] [2] ssi o Ll adisr s gly )
Sade iy, cpl jo S cul b 0ed e S)ly a5
5o 0ols digad g0 bl bl S s« LS salold
P b Sy Wlgie alol pl ghige w8S L
e 4 o Shy 4 jo g wBb Sl g o5 (S
ly oSy alold ggemme Culesys [9] vy (6555
TII] 39 o0 (omp 2 $Se33 Sabes Sl

0% 2o ) o)l VY JLlu

Cewd 5l e 8o iuli8l LS o b oS eolatul 55
loosls aadss 1l Ken 5 > BT g, 50
W ;0 285 o plonil Galidee sla'wys bl calisee
b Ss 5l gogamme dlasi b S ol 2 goadss |
2B Eadee 5 )5 Gln W e eSS
slaass sleol G o> b g 0gd colatwl cudles oo
sl sanalss S a e, ¢lp @l
ooy 5l bass LSad gl byl IS o cils seg
B glp b e oolaiul K-prototypes  suadlss
L;)'l.wJLa).S (GO 6&;3%9 Lghbd..l..olé ‘QL,..»L?A 6}1[._»
Gkl (B9, 5l 5 so0e e laThs alolh b
Olee 6550 sl primes adoe b ool
A oo oolaul Slawle ;o 59 S5 5l o S5y Coen
[5]
Pl a5l ogline (oS 1) (anadiss g 5 S5
O g ol iu 9ol algs e lag] g, jo aisls
ahe> SU ool yo 3l e Ao S e ,8
Bl pae g relaol Gl (JolS Bl a0
SO osls Il as conl g, Ml ah o ateie
S asgs Lol psu jo casls S Gl abgs
Ahg> (£,8 Lidu 40 (yiedael Bl Cdls j0 285
by @ly gl g, @l b iS5 e I
Giade> slp 35 gy 50 OhKen g gu B
oolaiwl blpealds o0 o9 3l bl slaosls
sl Sny sy S S Gy ol e S
Alyy ol JSad S e o sl e JSis |y e o
o g;)"j L)] aS ‘_g).n)LM dod Lbo)f 9 S (;).39
5 258 Ol Gub oS polae oy colsacgesms
BEIRVRNVLLIK gUP JUINUIPSSN LE N IV S SLNON Y
ools yladie o] w39 Gle e goue Jlade SO 0,5
Olea b lao)S alols aculxe lp ol 51 a5 ab e
5 6ol o [22] Wo,S o colainl goue e yolis
aile bale slrools gumaios lp m2 ol Koo
S polie s ab oo aSle (2550 Sy slp S
alls 5 oo 0 Glos p jo alols 5 (SGop e Gub
2 & Olpe Gk g WS e B e Sl
alold 5 Wo,S o il goue )l SO oolsacgaze

- View


http://dx.doi.org/10.61186/jsdp.21.1.39
https://jsdp.rcisp.ac.ir/article-1-1329-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.39]

aliwl o> — ¥ iy o5
e 5 abold e Gromi sl (soleidn o551 50
Sade cwl Zlosl Glnl v S 4 polae alas
Olprear piyesl slal )3 5 )5 Lawgs Wb abisloe
Ol e cpl jo el 20 ke ¢ (el el )l SO
ool oo Tr 1) il il

whlaisl g oiMe g 3o (Y- Jgu)

(Table-2): Symbols and Abbreviations
T e

((§03¢ puf g (g0ae polie Juli) Lol ool dcgaze

dcgesme ;O 03l diged slass

X
ools diged S X
n
a

03ls diges 4y 3late goue e b go0e (S SO

S 59 gosleds l

P92 sools wiges jl ol L (S5 | X3

00ls degerme j0 (g3 Slo Shg olass m

0315 degozne )0 (G0 pé o Shgolass | P-M

bl o> Tr

alols e | dist

s> 50 C

alio g She— ¥
) " litn T Syt b smste ol by, 2
plo s alin 1) She SO0 Jlaae g0 cwload
Bl o gl by 2SsS boy] alols a5 5500

sl

dist (x{,x{ ) <Tr is similar
dist (x{,x{) >Tr is not similar
9 &8 S50 b lade g0 wuslie glp &S cunl o
WDgd oo ya®S Qo) O jguody wliwlos 092 bl o3l
@ Sy polie o 4 azg b 58 edelowsa alols
S5 05 oo dunlio dliwloz b s 5 oS oy
S s e Aol dile 0950 A5 el () piee
g ool alols b soue yolio dlols wiS o 3,3
dlns 0975 joben ¢ 358 anulre Koo Sl b
Jade Al Cans e @0, polie alols
S8 alolas b Gioiw 0,90 cold gl saelcunsa
Sla Sy 50 alie (Shy paseid o9 n) Jle
ol e boaes o plas | gousd g (goue
9 (F) Jgor cewlodds fputd do )0 Cnen ailiwlos

S S 1)) Q] solae 9 Sy golass b ools diges

20 GuRadgS s g 3l (golaai (guipaiws :() - Jgu)
YoV G Y)Y slaJle

(Table-1): Classification of a number of
clustering methods in 2017 to 2021
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(Table-4): The distance of the data object
to the cluster centers
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Algorithm1: Proposed Algorithm

Input: Dataset X, the number of cluster k
1.Choose k data objects in a random manner from
the dataset X as the initial cluster centers.
2. For each data object in X:
Calculate distance with Equation (5)
Calculate number of common attributes with
definition (3) and threshold
If the nearest cluster center has maximum
number of common attributes, select it as
cluster for this object
Else if the cluster center with the maximum
number of common attributes, has a
difference less than the threshold compared
to the closest cluster center, it is selected as
cluster for this object.
Else
assign data object to nearest cluster center.
End For

3. Calculate similarity matrix between data objects
with figure (1).

4. Update cluster centers (The data objects in the
similarity matrix that have the shortest distance
from other data objects are selected)

5.Repeat Step 2 until no data object changes its
cluster.

6. Output: the clustering result
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(Table-5): The distance of the data object
to the cluster centers
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(Table-6): Datasets specifications
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(Table-10): Clustering Results with Iris Dataset
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(Table-11): Clustering Results with Car Dataset
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(Table-7): ACC with different thresholds
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(Table-8): RI with different thresholds
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(Table-9): F-Measure with different thresholds
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(Table-14): Clustering Results with CMC Dataset
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