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data=read.csv("e:/data.csv" , header=FALSE,sep=",",dec=".")
obs=dim(data) [[1]]

var=dim(data) [[2]]

trueclusters=datal,var]

x=datal[l:obs,1:var-1]

n.row=dim(x) [[1]]

n.col=dim(x) [[2]]

##### method 1 : bootstrape sample ######H#H#H#H#
synboot=matrix(0,nrow=n.row,ncol=n.col)

for(j in 1:n.col){

synboot [, jl=sample(x[,j],replace=TRUE)

b

colnames (synboot)=colnames (x)
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dataframe=rbind(x,synboot)
y<-rep(c(1,2),c(n.row,n.row))

addsyn_boot=data.frame(cbind(y,dataframe))

##### method 2 : uniform distrobution#########
synuni=matrix(0,nrow=n.row,ncol=n.col)
for(i in 1:n.row){
for(j in 1:n.col){
synuni[, jl=runif (length(x[,j]), min=min(x[,j]), max =max(x[,j]))
}
}
colnames (synuni)=colnames (x)
dataframe=rbind(x,synuni)
y<-rep(c(1,2),c(n.row,n.row))

addsyn_uni=data.frame(cbind(y,dataframe))

‘OT“e by wlis e osl et g B3l S (nny 5ol & bs e S i

HESHHAFHAHHHRE boot ###H##H#HAHHAH

library(randomForest)

prox_boot=matrix(0,nrow=n.row,ncol=n.row)
importance_boot=matrix(0,nrow=n.col,ncol=4)

err_boot=0

for(i in 1:nforest){

y_boot=addsyn_boot[,1]

rf_boot<-randomForest (factor(y_boot)~.,data=addsyn_boot[,-1], ntree=ntree,
oob.prox=FALSE, proximity=TRUE,do.trace=F,mtry=mtry,importance=TRUE)
rfprox_boot=rf_boot$proximity
prox_boot=prox_boot+(rfprox_boot[c(l:n.row),c(l:n.row)])
importance_boot= importance_boot+rf boot$importance

err_boot=err_boot+ rf boot$err.rate[ntree]
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importance_boot=importance_boot/nforest
err_boot=err_boot/nforest

disrf_boot=(sqrt(l-prox_boot[l:n.row,1:n.row]/nforest))

HAHHHHAHAHHHHAFHRE  un I ##HAHHHHAHHHHAHAHHAHHE
prox_uni=matrix(0,nrow=n.row,ncol=n.row)
importance_uni=matrix(0,nrow=n.col,ncol=4)

err_uni=0

for(i in 1l:nforest){

y_uni=addsyn_unil[,1]
rf_uni<-randomForest(factor(y_uni)~.,data=addsyn_uni[,-1], ntree=ntree,
oob.prox=FALSE, proximity=TRUE,do.trace=F,mtry=mtry,importance=TRUE)
rfprox=rf_uni$proximity
prox_uni=prox_uni+(rfprox[c(l:n.row),c(l:n.row)])

importance_uni= importance_uni+rf uni$importance

err_uni=err_uni+ rf uni$err.rate[ntreel

}

importance_uni=importance_uni/nforest

err_uni=err_boot/nforest

disrf_uni=(sqrt(1-prox_uni[l:n.row,1:n.row]/nforest))
seoaBl gl gl 5
dist_euclid=dist(x,method="euclidean")
HSem WS gy iz (OIS liiio gl clio amy 038 g & b e s

cmd_eclid=cmdscale(as.dist(dist_euclid) ,n.row-1,eig=TRUE)
cumsum(abs (cmd_eclid$eig))/sum(abs(cmd_eclid$eig))

cumsum((cmd_eclid$eig) ~2) /sum((cmd_eclid$eig) ~2)
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cmd_boot=cmdscale(as.dist(disrf_boot) ,n.row-1,eig=TRUE)
cumsum (abs (cmd_boot$eig))/sum(abs(cmd_boot$eig))

cumsum ((cmd_boot$eig) ~2)/sum((cmd_boot$eig) ~2)

cmd_uni=cmdscale(as.dist(disrf_uni),n.row-1,eig=TRUE)
cumsum (abs(cmd_uni$eig))/sum(abs(cmd_uni$eig))

cumsum( (cmd_uni$eig)~2)/sum((cmd_uni$eig) ~2)

S rask (s Kz ($MS e (gl el s 03 S g & b e Dl s

library (MASS)

maxq=20

iso=matrix(0,nrow=maxq,ncol=2)

for(k in 1:maxq){

isolk,1]=k
isolk,2]=isoMDS(as.dist(dist_euclid) ,k=k)$stress
}

plot(iso[,1],iso[,2],xlab="q(euclidean)", ylab="minimum Stress",type="o")

maxq=20

iso=matrix(0,nrow=maxq,ncol=2)

for(k in 1:maxq){

isolk,1]=k

iso[k,2]=isoMDS(as.dist(disrf boot),k=k)$stress
}

plot(iso[,1],iso[,2],xlab="q (RF_boot)", ylab="minimum Stress",type="o")

maxq=20
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iso=matrix(0,nrow=maxq,ncol=2)

d=disrf uni

for(k in 1:maxq){

isolk,1]=k

iso[k,2]=isoMDS(as.dist(d) ,k=k)$stress
}

plot(iso[,1],iso[,2],xlab="q (RF_uni)", ylab="minimum Stress",type="o")

ITSCTVES (5J\3§w\.:.5.a L.wy“ Wosls s ui.:bLf«g Jajgjn Q\in...»:

library (MASS)
cmd_euclid=cmdscale(as.dist(dist_euclid),2)

cmdrf boot=cmdscale(as.dist(disrf boot),2)

cmdrf _uni=cmdscale(as.dist(disrf_uni),?2)
iso_euclid=isoMDS(as.dist(dist_euclid) ,k=2)$points
isorf boot=isoMDS(as.dist(disrf_boot) ,k=2)$points

isorf uni=isoMDS(as.dist(disrf_uni),k=2)$points
i e g2l g ad s s slasl s 4 bgy 0 s

library(fpc)

nl=pamk(dist(cmd_euclid))$nc
n2=pamk (dist (cmdrf_boot))$nc
n3=pamk (dist (cmdrf_uni))$nc
n4=pamk (dist (iso_euclid))$nc
n5=pamk (dist (isorf_boot))$nc

n6=pamk (dist (isorf_uni))$nc

pamcmd_eclid=pam(dist(cmd_eclid) ,k=n1)$cluster

pamcmdrf boot=pam(dist(cmdrf_boot) ,k=n2)$cluster
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pamcmdrf uni=pam(dist(cmdrf_uni) ,k=n3)$cluster
pamiso_eclid=pam(dist(iso_eclid) ,k=n4)$cluster
pamisorf boot=pam(dist(isorf_boot) ,k=n5)$cluster

pamisorf uni=pam(dist(isorf_uni),k=n6)$cluster

library(mclust)

randpamcmd_eclid=adjustedRandIndex (trueclusters,pamcmd_eclid)
randpamcmdrf _boot=adjustedRandIndex(trueclusters,pamcmdrf boot)
randpamcmdrf _uni=adjustedRandIndex(trueclusters,pamcmdrf_uni)
randpamiso_eclid=adjustedRandIndex (trueclusters,pamiso_eclid)
randpamisorf boot=adjustedRandIndex(trueclusters,pamisorf boot)

randpamisorf_uni=adjustedRandIndex(trueclusters,pamisorf_uni)

rbind(randpamcmd_eclid,randpamcmdrf_boot,randpamcmdrf uni,

randpamiso_eclid,randpamisorf boot,randpamisorf uni)

:L'aj\:}g.’a X3 c:\.:.: Ob;u&lﬁjd.k&.f .x;g-dj\.lfw‘.:}» (5\.@)\5543 (= L Joﬁ,o &:)‘J):uwb

plot(cmd_boot[,1],cmd_boot[,2],x1lab=NA,ylab=NA,main="RF_boot,cMDS",
col=pam_boot,pch=as.character (trueclusters))
plot(iso_boot[,1],cmd_boot[,2],x1lab=NA,ylab=NA,main="RF_boot,nMDS",
col=pam_boot,pch=as.character (trueclusters))
plot(cmd_uni[,1],cmd_uni[,2],x1lab=NA,ylab=NA,main="RF_uni,cMDS",
col=pam_uni,pch=as.character(trueclusters))
plot(iso_uni[,1],iso_uni[,2],x1lab=NA,ylab=NA,main="RF_uni,nMDS",
col=pam_uni,pch=as.character(trueclusters))
plot(cmd_eclid[,1],cmd_eclid[,2],xlab=NA,ylab=NA,main="Euclidean,cMDS",

col=pam_ecli,pch=as.character(trueclusters))
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plot(iso_eclid[,1],iso_eclid[,2],xlab=NA,ylab=NA,main="Euclidean,nMDS",

col=pam_ecli,pch=as.character (trueclusters))
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plot(importance_boot[,4],xlab="variables",ylab="importance",
main="RF_boot, Variable Imp.")
plot(importance_unil[,4],xlab="variables",ylab="importance",
main="RF_uni, Variable Imp.")

plot(apply(x,2,var) ,xlab="variables",ylab="Variance",

main="Variable Variance")
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x=cbind (x,pamcmd_boot)
fit=rpart(factor(x[,183])~x[,6]+x[,143]+x[,7]+x[,31]+x[,116]+x[,109]+

x[,169]+x[,74]+x[,171]+x[,55] ,method="class")

par (mfrow = c(1,2), xpd = NA)
plot(fit)

text (fit, use.n=TRUE)
coll=ifelse(x[,178]<27.65,"blue","green")
pch=ifelse(pamcmd_boot==1,16,17)

plot(cmdrf boot,pch=pch,xlab=NA,ylab=NA,col=coll,cex=1.2)

x=cbind(x,pamiso_eclid)

fit=rpart(factor(x[,183])~x[,7] ,method="class")

par(mfrow = c(1,2), xpd = NA)
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plot(fit)

text(fit, use.n=TRUE)

coll=ifelse(x[,7]<24.75,"blue", "green")
pch=ifelse(pamiso_eclid==1,16,17)

plot(cmdrf boot,pch=pch,xlab=NA,ylab=NA,col=coll,cex=1.2)

t niree 9 miry

trees=seq(100,1000,100)

mtrys=seq(1,30,3)

ntrees=as.vector(trees)

randboot=matrix(0,nrow=10,ncol=10)

randuni=matrix(0,nrow=10,ncol=10)

errboot=matrix(0,nrow=10,ncol=10)

erruni=matrix(0,nrow=10,ncol=10)

for(i in 1:10){

for(j in 1:10){

err_boot=0

prox_boot=matrix(0,nrow=n.row,ncol=n.row)

for(m in 1:nforest){

mtry=mtrys[j]

ntree=ntrees[i]

y_boot=addsyn_boot[,1]

rf_boot<-randomForest (factor(y_boot)~.,data=addsyn_boot[,-1] ,ntree=ntree,
oob.prox=FALSE, proximity=TRUE,do.trace=F,mtry=mtry,importance=FALSE)
rfprox_boot=rf_boot$proximity
prox_boot=prox_boot+(rfprox_boot[c(l:n.row),c(l:n.row)])

err_boot=err_boot+ rf boot$err.rate[ntree]
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}
err_boot=err boot/nforest

disrf_boot=(sqrt(l-prox_boot[l:n.row,1:n.row]/nforest))

err_uni=0

prox_uni=matrix(0,nrow=n.row,ncol=n.row)

for(t in 1:nforest){

y_uni=addsyn_unil[,1]
rf_uni<-randomForest(factor(y_uni)~.,data=addsyn_uni[,-1], ntree=ntree,
oob.prox=FALSE, proximity=TRUE,do.trace=F,mtry=mtry,importance=FALSE)
rfprox_uni=rf_uni$proximity
prox_uni=prox_uni+(rfprox_unil[c(l:n.row),c(l:n.row)])
err_uni=err uni+ rf uni$err.rate[ntreel

}

err_uni=err_boot/nforest

disrf_uni=(sqrt(l-prox_uni[l:n.row,l:n.row]/nforest))

for(k in 1:103){
cmd_boot=cmdscale(as.dist(disrf_boot) ,k,eig=TRUE)
if (cmd_boot$GOF[1]1>=0.8){

optimk=k

break ()

1}

cmd_boot=cmdscale(as.dist(disrf_boot) ,optimk)
nl=pamk(dist (cmd_boot))$nc
pam_boot=pam(dist(cmd_boot) ,nl)$cluster

randboot [i, j]=round(adjustedRandIndex (trueclusters,pam_boot) ,4)



for(q in 1:103){
cmd_uni=cmdscale(as.dist(disrf_uni) ,k,eig=TRUE)
if (cmd_uni$GOF[1]1>=0.8){

optimg=q

break ()

1}

cmd_uni=cmdscale(as.dist(disrf_uni),optimq)
n2=pamk (dist (cmd_uni))$nc
pam_uni=pam(dist(cmd_uni),n2)$cluster

randuni [i, j]=round(adjustedRandIndex (trueclusters,pam_uni) ,4)
errboot [i, jl=round(err_boot,4)

erruni[i, jl=round(err_uni,4)

1}



&l

-DAVIDMUJ:, b L:AS)Jnghﬁdj‘jjipdba:\b}AUTc(\va\Y) ) cw,ﬁadxﬁj 5) cw‘ ‘.C‘G‘b [\]
AoY-AY Y ) Sy e e NS s dow

64‘"’4‘:’}’ bjjtg c(\Y‘A‘\) & (SR 902n r:b 90 ‘L;;‘Jijlb Ls'.’.‘“éJ ‘.C c.x;m 6)1'; 8 cL:.})\i’U)' [Y]
o ld g s Olplis ulal 5 05lS 5 same (0 Ol b i e slans p Julos s (6518

03 gaeiss e xS ((VWAP) - asB 5 s el o sily ez g5be [Y]
XO-VA P ( Si ps Sty dow -DNA &l,T5,

308 5 55 ole gbaesls usad > ((\YAP) -0 g5 5 -5 el o cazma gsle oo gz [Y]
AFAIEY (A i (S5 p b N8N (e don 55 b 8 151 G151 ko 55 o

[5] Babu, G. P and Murty, M. N. (1993), A near-optimal initial seed value selection
in K-means algorithm using a genetic algorithm, Pattern Recognition Letters, 14,

763-769.

[6] Bellman, R. E. (1961), Adaptive control processes - A guided tour , Princeton, New

Jersey, U.S.A. : Princeton University Press.

[7] Berkhin, P. (2002), Survey of clustering data mining techniques ,Tec. Rep., Accrue

Software, San Jose, CA.

[8] Beyer, K. S., Goldstein, J., Ramakrishnan, R. and Shaft, U. (1999), When is nearest

neighbor meaningful?, Lecture Nottes in Computer Science, 1540, 217-235.

[9] Bishop, C. M. (1995), Neural Networks for Pattern Recognition, Oxford: Oxford

Universiy Press.
[10] Breiman, L. (2001), Random Forests, Machine Learning, 45, 5-32.

VY



V\ Y &lr

[11] Breiman, L. and Cutler, A. (2003), manual v4, Tec. Rep., UC Berkel.

[12] Chen, X. and Ishwaran, H. (2012), Random forests for genomic data analysis, Ge-
nomics, 99, 323-329.

[13] Chowdary, D., Lathrop, J., Skelton, J., Curtin, K., Briggs, T., Zhang, Y., Yu, J.,
Wang, Y. and Mazumder, A. (2006), Prognostic gene expression signatures can be

measured in tissues in RNA later preservative, J Mol Diagn, 8, 31-39.

[14] Cox, T. F. and Cox, M. (2000), Multidimensional Scaling Second Edition, Chapman
and Hall/CRC, 2nd ed.

[15] de Souto, M. C. P., Costa, I. G., de Araujo, D. S. A., Ludermir, T. B. and Schlieq,
A. (2008), Clustering cancer gene expression data: acomparative study, BMC Bioin-

formatics, 9, 101-114.

[16] Englund, C. and Verikas, A. (2012), A novel approach to estimate proximity in a

random forest: An exploratory study, Ezpert Syst. Appl, 39, 13046-13050.
[17] Everitt, B. (2011), Cluster analysis, London : Wiley, 5nd ed.

[18] Everitt, B. and Hothorn, T. (2011), Introduction to applied multivariate analysis with

r, Berlin: Springer.

[19] Fern, X. Z. and Brodley, C. E. (2003), Random projection for high dimensional data

clustering: Acluster ensemble approach, I[CML, 3, 186-193.

[20] Fern, X. Z. and Brodley, C. E. (2006), Cluster ensemble for high dimensional clus-
tering: an empirical study, Tec. Rep, Corvallis, OR: Oregon State University, Dept.

of Computer Science.

[21] Gan, G., Ma, C. and Wu, J. (2007), Data clustering: theory, algorithms and appli-

cations, Philadelphia: STAM, society for Industrial and Applied Mathematics.

[22] Han, J., Kamber, M. and Pei, J.(2012), Data mining concepts and techniques, third

edition, Waltham, Mass: Morgan Kaufmann Publishers.

[23] Hatie, T., Tibshirani, R. and Friedman, J. (2009), The elements of statistical learning:

data mining inference and prediction, California: Springer, 2nd ed.



Y\ e

[24] Hosseininezhad, F. and Salajegheh, A. (2012), Study and comparison of partitioning

clustering algorithms, Iranian Journal of Medical Informatics , 2, 38-43.

[25] Hubert, L. and Arabie, P. (1985), Comparing partitions, Journal of Classification,
2, 193-218.

[26] Hardle, W. and Simar, L. (2003), Applied multivariate statistical analysis, Berlin

[u.a.]: Springer.

[27] Ishioka, T. (2013), Imputation of missing values for semi-supervised data using the

proximity in random forests IJBIDM, 8, 155-166.

[28] Jain, A. K. and Dubes, R. (1988), Algorithms for Clustering Data, New Jersey:

Prentice Hall.

[29] Kaufman, L. and Rousseeuw, P. J. (1990), Finding groups in data: An introduction

to cluster analysis, Canada: John Wiley.

[30] Kotsiantis, S. B. (2014), Bagging and boosting variants for handling classifications

problems: a survey, The Knowledge Engineering Review, 29, 78-100.

[31] Kruskal, J. (1964), Nonmetric multidimensional scaling: A numerical method, Psy-

chometrika, 29, 115-129.

[32] Liaw, A. and Wiener, M. (2002), Classification and Regression by randomForest, R

News, 2, 18-22.

[33] Lloyd, S. P. (1982), Least squares quantization in PCM, IEEE Transactions on

Information Theory, 28, 129-136.

[34] Milligan, G. and Cooper, M. (1986), A study of the comparability of external criteria

for hierarchical cluster analysis Multivariate Behavioral Research, 21, 441-458.

[35] Perbet, F., Stenger, B. and Maki, A. (2009). Random Forest Clustering and Applica-
tion to Video Segmentation, Proceedings of the British Machine Vision Conference,

101-110, London .

[36] Qi, Y., Klein-seetharaman, J. and Bar-joseph, Z. (2005), Random Forest Similarity

for Protein-Protein Interaction Prediction, Pac Symp Biocomput, 10, 531-542.



V\5 &lr

[37] Radovanovic, M., Nanopoulos, A. and Ivanovic, M. (2010), Hubs in space: Popular

nearest neighbors in high-dimensional data, J. Mach. Learn. Res, 11, 2487-2531.

[38] Rai, P. and Singh, S. (2010), A Survey of Clustering Techniques, International Jour-

nal of Computer Applications, 7, 645-678.

[39] Rencher, A. C. and Christensen, W. F. (2012), Methods of multivariate analysis,

Hoboken, New Jersey: Wiley.

[40] Rousseeuw, P. (1987), Silhouettes: a graphical aid to the interpretation and validation

of cluster analysis, J. Comput. Appl. Math., 20, 53-65.

[41] Shepard, R. N. (1962), The analysis of proximities: multidimensional scaling with an

unknown distance function 1., Psychometrika, 27, 125-140.

[42] Shi, T. and Horvath, S. (2006), Unsupervised Learning With Random Forest Pre-

dictors, Journal of Computational and Graphical Statistics, 15, 118-138.

[43] Shi, T., Seligson, D., Belldegrun, A. S., Palotie, A. and Horvath, S. (2004), Tumor
classification by tissue microarray profiling: random forest clustering applied to renal

cell carcinoma, Modern Pathology, 18, 547-557.

[44] Siedlecki, W. and Sklansky, J. (1989), A note on genetic algorithms for large-scale

feature selection, Pattern Recognition Letters, 10, 335-347.

[45] Steinbach, M., Ertéz, L. and Kumar, V. (2003), The challenges of clustering high-

dimensional data, New Directions in Statistical Physics, Springer-Verlag, 273-309.

[46] Timm, N. (2002), Applied multivariate analysis, Springer texts in statistics, New

York: Springer.

[47] Torgerson, W. S. (1952), Multidimensional scaling: I. Theory and method, Psychome-
trika, 17, 401-419.

[48] Verikas, A., Gelzinis, A. and Bacauskiene, M. (2011), Mining data with random

forests: A survey and results of new tests, Pattern Recognition, 44, 330-349.

[49] Wickelmaier, F. (2003), An introduction to MDS, Tec. Rep., Aalborg University,

Denmark.



V\Y e

[50] Xu, R. and Wunsch, I. (2005), Survey of clustering algorithms, Neural Networks,
IEEE Transactions on, 16, 645-678.

[51] Zhou, W. (2004), A review and implementation of some approaches to metric clus-

tering, Tec. Rep., Aalborg University, Denmark.



Aabstract

Clustering, that is widely used in various fields of science, is one of the important tools in
data mining. Many clustering methods have been built based on dissimilarity of observa-
tions which is calculated by a distance function. The progress of science and technology
in the world today has resulted in large data sets with very large number of underlying
variables. As the performance of distance functions are affected by increasing the dimen-
sion, identifying the clusters in the high dimensional space can be viewed as a challenge
for researchers. In this thesis, a new kind of dissimilarity measure based on the classifi-
cation method of Random Forests is investigated to provide a new basis for any cluster-
ing method. Thereafter, the Multidimensional scaling method is combined with Partition
around medoid clustering algorithm to handle some simulation and real examples. The
obtained results confirm the superiority of this approach in comparison with common
methods.

Key Words: Clustering, Random forest, Variables importance, Partition around medoid,

Multidimensional scaling



y Bys A2
%L’U"f&b
Shahrood University
Faculty Of Mathematical Sciences

Dissertation Submitted in Partial
Fulfillment of The Requirements For The

Degree of Master of Science in

Statistic

Clustering with the classification method of
Random Forests

Supervisor

Dr. D. Shahsavani

by
Zohreh Farhadi

November 2014



	فهرست تصاویر
	فهرست جداول
	فهرست نمادها و اختصارات
	مروری بر خوشه‌بندی
	مقدمه
	ساختار فرآیند خوشه‌بندی
	معیارهای مجاورت
	متغیرهای اسمی
	متغیرهای دودویی
	متغیرهای عددی
	متغیرهای ترتیبی
	آمیخته‌ای از انواع متغیرها

	معرفی اجمالی متداول‌ترین رهیافت‌های خوشه‌بندی
	رهیافت سلسله مراتبی
	رهیافت افرازی

	چالش‌های خوشه‌بندی
	تجسم اکتشافی داده‌ها از طریق کاهش بعد

	روش‌ها
	روش خوشه‌بندی k-میانگین
	روش خوشه‌بندی k-مدوید
	روش افراز حول مدوید

	ارزیابی خوشه‌بندی
	شاخص رند
	شاخص رند تعدیل یافته
	شاخص نیمرخ

	مقیاس‌گذاری چند بعدی
	مقیاس‌گذاری چند بعدی کلاسیک
	مقیاس‌گذاری چند بعدی غیرمتری

	تعیین تعداد خوشه‌ها
	استفاده از شاخص نیمرخ
	 استفاده از نمودار مقیاس‌گذاری چند بعدی


	عدم تشابه جنگل تصادفی
	روش‌های رده‌بندی اجماعی
	درخت رده‌بندی و رگرسیونی
	هرس درخت

	روش جنگل تصادفی
	تعیین اهمیت متغیرها در جنگل تصادفی
	عدم تشابه جنگل تصادفی

	خوشه‌بندی جنگل تصادفی

	مطالعه شبیه‌سازی
	الگوریتم تحقیق در مطالعه شبیه‌سازی
	تاثیر ماتریس عدم تشابه در کارآیی خوشه‌بندی
	متغیرهای موثر در خوشه‌بندی
	تاثیر پارامتر رده‌بندی جنگل تصادفی در خوشه‌بندی

	خوشه‌بندی داده‌های بیان ژنی
	معرفی مجموعه داده
	الگوریتم مطالعه 
	اجرای الگوریتم بر روی مجموعه داده چاودری و ارائه نتایج
	توصیف خوشه‌های تخمینی
	توصیف خوشه‌های تخمینی مبتنی بر عدم تشابه RFboot
	توصیف خوشه‌های تخمینی مبتنی بر فاصله‌ی اقلیدسی

	تحلیل حساسیت خوشه‌بندی نسبت به پارامترهای جنگل تصادفی
	نتیجه‌گیری
	پیشنهادات

	روش‌های عددی
	رگرسیون یکنوا
	روش شیب نزولی
	نحوه‌ی انتخاب در الگوریتم مقیاس‌گذاری غیرمتری


	‌دستورات نرم‌افزار R
	مراجع

