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A Supplementary material

A.1 R code for the data generation

GenerateCorCount <= f unc t i on ( nsub , ngenes , nclus , alpha , lambda , PI , copula , seed ){
l i b r a r y ( copula )
nobj = nsub
K = nc lus
parmargin = l i s t ( )
f o r ( k in 1 :K){

parmargin [ [ k ] ] = l i s t ( shape=alpha [ k ] , r a t e=alpha [ k ] ) }
s e t . seed ( seed [ 1 ] )
switch ( copula ,

c layton = {
myCop = claytonCopula (PI , dim=K)
myMvd = mvdc( copula=myCop, margins=rep ("gamma" ,K) , paramMargins=parmargin )
Z = rMvdc( nobj ,myMvd)} ,

gumbel = {
myCop = gumbelCopula (PI , dim=K)
myMvd = mvdc( copula=myCop, margins=rep ("gamma" ,K) , paramMargins=parmargin )
Z = rMvdc( nobj , myMvd)} ,

f rank = {
myCop = frankCopula (PI , dim=K)
myMvd = mvdc( copula=myCop, margins=rep ("gamma" ,K) , paramMargins=parmargin )
Z = rMvdc( nobj ,myMvd)})

Y = matrix ( rep (0 , nobj ) , nco l=1)
seed . l a t e n t = seed [ 2 : l ength ( seed ) ]
f o r ( J in 1 :K){

s e t . seed ( seed . l a t e n t [ J ] )
Y. J= rep (0 , nobj )
f o r ( I in 1 : nobj ){

Y. J [ I ] = rpo i s (1 , lambda=ngenes [ J ]* lambda [ J ] * ( Z [ I , J ] ) ) }
Y = cbind (Y,Y. J )}

Y=data . frame (Y[ ,= c ( 1 ) ] )
colnames (Y)=c ( paste0 (" c l u s t e r " , 1 :K) ," l a b e l " ) [ 1 :K]
re turn ( l i s t (Y, seed ) )}
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A.2 Simulation settings

Settings nr. θ N P λ α Partitioning

1

2

50

640

500, 1000 4, 6 HOM

2 500, 1000 4, 6 HET

3 200, 1200, 5000, 7500 3, 4, 5, 6 HOM

4 200, 1200, 5000, 7500 3, 4, 5, 6 HET

5 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HOM

6 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HET

7

8400

500, 1000 4, 6 HOM

8 500, 1000 4, 6 HET

9 200, 1200, 5000, 7500 3, 4, 5, 6 HOM

10 200, 1200, 5000, 7500 3, 4, 5, 6 HET

11 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HOM

12 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HET

13

500

640

500, 1000 4, 6 HOM

14 500, 1000 4, 6 HET

15 200, 1200, 5000, 7500 3, 4, 5, 6 HOM

16 200, 1200, 5000, 7500 3, 4, 5, 6 HET

17 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HOM

18 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HET

19

8400

500, 1000 4, 6 HOM

20 500, 1000 4, 6 HET

21 200, 1200, 5000, 7500 3, 4, 5, 6 HOM

22 200, 1200, 5000, 7500 3, 4, 5, 6 HET

23 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HOM

24 20, 100, 500, 1000, 2500, 5000, 10000, 15000 1.5, 2, 3, 4, 4.5, 5, 5.5, 6 HET

Table 1: Simulation settings
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A.3 R code for ML estimation

l i b r a r y ( numDeriv )
l i b r a r y (MASS)
l i b r a r y (" opt imPara l l e l ")
parms = c ( eta , lambda , p i )
l l . fn = func t i on ( parms , nclus ,Y,m, copula ){
alpha = parms [ 1 : nc lus ]
LBDA = parms [ ( nc lus +1):(2* nc lus ) ]
PI = t a i l ( parms , n=1)
l l = rep (0 , dim(Y) [ 1 ] )
switch ( copula ,

c layton = {
f=parse ( t ext=c (" (" , paste (" ( u " , 1 : nclus ,"^(=PI )=1)" , sep="", c o l l a p s e ="+"),"+1)^(=1/PI ) " ) ) } ,

gumbel = {
f=parse ( t ext=c (" exp (=(" , paste ("(= l og (u " , 1 : nclus , " ) )^ PI " ,

sep="", c o l l a p s e ="+") ,")^(1/PI ) ) " ) ) } ,
f rank = {

f=parse ( t ext=c ("=(1/PI )* l og (1=" , paste ("(1=exp(=u " , 1 : nclus , "*PI ) ) " ,
sep="", c o l l a p s e ="*") ,"/((1= exp(=PI ) )^(" , nclus =1 ," ) ) )" ) )} )

f o r ( I in 1 : nc lus ){
f=D( f , paste0 ("u" , I ) )
f=f }

f o r ( J in 1 : dim(Y) [ 1 ] ) {
Y_dot = as . numeric (Y[ J , ] )
f 1 = func t i on (z_k){
P = rep (0 , nc lus )
u = rep (0 , nc lus )
denGamma=rep (0 , nc lus )
f o r ( I in 1 : nc lus ){

P[ I ] = dpois ( (Y_dot [ I ] ) , (m[ I ] ) * ( z_k [ I ] ) * (LBDA[ I ] ) , l og=FALSE)
u [ I ] = pgamma(z_k [ I ] , shape=ETA[ I ] , r a t e=ETA[ I ] , lower . t a i l=TRUE, log . p=FALSE)
denGamma [ I ] = dgamma(z_k [ I ] , shape=ETA[ I ] , r a t e=ETA[ I ] , l og=FALSE)
a s s i gn ( paste0 ("u" , I ) , u [ I ] ) }

P1=prod (P)
P2=eva l ( f )
P3=prod (denGamma)

P1*P2*P3}
r e s=adapt Integrate ( f1 , lowerLimit=rep (0 , nc lus ) , upperLimit=rep ( Inf , nc lus ) )
l l [ J]= log ( r e s $ i n t e g r a l )}

sum( l l )}
nc lus=2
m=rep (20 ,2 )

####ver s i on A####
mle . optim = optim (parms , l l . fn ,Y=Yfin ,m=m, nc lus=nclus , copula="c layton " ,

lower=c (0 .00001 , rep (0 .00001 , nc lus ) , rep (0 . 00001 , nc lus ) ) ,
upper=c ( Inf , rep ( Inf , nc lus ) , rep ( Inf , nc lus ) ) ,
method="L=BFGS=B" , con t r o l=l i s t ( f n s c a l e = =1))

e s t imate s = mle . optim$par
hes = hes s i an ( l l . fn , x=est imates , method="Richardson ")

####ver s i on B####
c l = makeCluster (3 )
s e tDe f au l tC lu s t e r ( c l=c l )
c lusterEvalQ ( c l , l i b r a r y (" cubature ") )
c lusterEvalQ ( c l , l i b r a r y (" copula ") )
opt imPara l l e l ( par=parms , fn=l l . fn ,Y=Y,m=m,K=K,

method="L=BFGS=B" , lower=c (0 .00001 , rep (0 .00001 ,K) , rep (0 .00001 ,K) ) ,
upper=c ( Inf , rep ( Inf ,K) , rep ( Inf ,K) ) , c on t r o l=l i s t ( f n s c a l e ==1),maxit=100 ,
p a r a l l e l=l i s t ( l o g i n f o=TRUE))

s topClus t e r ( c l )

####ver s i on C####
lb = c ( rep (0 . 00001 , 2 ) , rep (0 . 00001 , 2 ) , 0 . 00001 )
ub = c ( rep ( Inf , 2 ) , rep ( Inf , 2 ) , I n f )
opts = l i s t (" a lgor i thm"="NLOPT_LN_BOBYQA" ," x to l_re l "=1.0e=3,"maxeval "=250 , p r i n t_ l eve l =2)
r e s = n lopt r ( x0=parms , eval_f=l l . fn , lb=lb , ub=ub , opts=opts , nc lus=2,Y=Yfin ,m=m, copula=' c layton ' )
e s t imate s = c (p , r e s $ s o l u t i on , r e s $ s t a t u s )
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A.4 R code for MM estimation

MMestim = func t i on (Y, nclus , copula , ngenes ){
l i b r a r y ( n l e q s l v )
LABDA = rep (0 , nc lus )
ETA = rep (0 , nc lus )
f o r ( J in 1 : nc lus ){
m1 = sum(Y[ , J ] ) / l ength (Y[ , J ] )
m2 = sum(Y[ , J ]^2)/ l ength (Y[ , J ] )
LABDA[ J ] = m1/ngenes [ J ]
ETA[ J ] = (m1^2)/(m2=m1=(m1^2))
tau = cor (Y, method="kenda l l " , use="pa i rw i s e ")
meantau = mean( tau [ row ( tau)==( co l ( tau )=1)])
switch ( copula ,

c layton = {
PI = (2*meantau)/(1=meantau )} ,

gumbel = {
PI = 1/(1=meantau )} ,

f rank = {
fn = func t i on (PI ){
InnerFunc = func t i on ( t ) { t /( exp ( t )=1)}
RES = func t i on (meantau ) {

sapply (PI , f unc t i on ( z ) { i n t e g r a t e ( InnerFunc , 0 , z ) $value })}
r e s = numeric (1 )
r e s [ 1 ] = (4* (RES(PI )))+PI*(1=meantau)=4
r e s }
PI=n l e q s l v ( c ( 1 ) , fn ) $x })

ETA[ETA<=0] = 0.001
ETA[ETA==In f ] = 100
return ( c (ETA,LABDA, PI ) ) }

A.5 R code for the clustering algorithm

kmin = kmin
kmax = kmax
maxit = maxit
QIC = rep (0 , ( kmax=kmin+1))
CH = rep (0 , ( kmax=kmin+1))
CCC = rep (0 , ( kmax=kmin+1))
Duda . Stat = rep (0 , ( kmax=kmin ) )
Duda . Cr i t = rep (0 , ( kmax=kmin ) )
CL. index = l i s t ( )
gene . parms = MMestim(Y=Y, nc lus=sum( ngenes ) , copula=copula , ngenes=rep (1 , l ength ( ngenes ) )
f o r (T in kmin : kmax){

nc lus = T
idx . cent = sample ( 1 : nvar , s i z e =1)
cent r = matrix ( gene . parms [ idx . cent , ] , nco l=2)
f o r (O in 1 : nc lus ) {

min . d i s t = rep (0 , nvar )
Eucl id . d i s t = matrix ( rep (0 , nvar *( l ength ( idx . cent )+1)) ,

nco l=( length ( idx . cent )+1) , nrow=nvar )
f o r ( k in 1 : nvar ){

ec . d i s t = rep (0 , l ength ( idx . cent ) )
a = gene . parms [ k , ]
f o r (L in 1 : l ength ( idx . cent ) ){

X = rbind (a , cent r [ L , ] )
rownames (X) = c (" a " ," a . x")
ec . d i s t [ L ] = d i s t (X, method="euc l idean ")}

min . d i s t [ k ] = min ( ec . d i s t ^2)
Eucl id . d i s t [ k , ] = c ( ec . d i s t , which ( ec . d i s t==min( ec . d i s t ) ) [ 1 ] ) }

new . idx . cent = which (min . d i s t==max(min . d i s t ) ) [ 1 ]
idx . cent = c ( idx . cent , new . idx . cent )
cent r = rbind ( centr , gene . parms [ new . idx . cent , ] ) }

new . idx = Eucl id . d i s t [ , nc lus +1]
NEW. IDX = matrix ( rep (0 , ( l ength (new . idx ) )*maxit ) , nco l=maxit , byrow=F)
PARM.CLU = matrix ( rep (0 , nc lus *2) , nco l=2,byrow=T)
f o r ( i t e r in 1 : maxit ){

NEW. IDX [ , i t e r ] = new . idx
n . c lu = length ( as . numeric ( names ( t ab l e (new . idx ) ) ) )
i f (n . c lu != nc lus ) {break}
f o r (D in 1 : nc lus ){
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a s s i gn ( paste0 (" idx . " ,D) , which (new . idx==D))}
Ycl = matrix ( c ( rep (0 , nc lus *nsub ) ) , nco l=nclus , byrow=T)
f o r ( j in 1 : nsub ){

f o r (P in 1 : nc lus ){
Ycl [ j ,P ] = eva l ( parse ( t ext=(paste0 ("sum(Y[ j , idx . " ,P , " ] ) " ) ) ) ) } }

numg = as . vec to r ( t ab l e (new . idx ) )
parms . c lu = matrix (MMestim(Y=Ycl , nc lus=nclus , copula=copula , ngenes=numg ) [ 1 : ( nc lus *2 ) ] ,

nrow=nclus , nco l=2,byrow=F)
colnames ( parms . c lu ) = c ("Alpha " ,"Lambda")
Eucl id . d i s t = matrix ( rep (0 , nvar *( nc lus +1)) , nco l=(nc lus +1) ,nrow=nvar )
f o r ( k in 1 : nvar ){

ec . d i s t = rep (0 , nc lus )
a = gene . parms [ k , ]
f o r (L in 1 : nc lus ){

X = rbind (a , parms . c lu [ L , ] )
rownames (X) = c (" a " ," a . x")
ec . d i s t [ L ] = d i s t (X, method="euc l idean ")}

Eucl id . d i s t [ k , ] = c ( ec . d i s t , which ( ec . d i s t==min( ec . d i s t ) ) [ 1 ] ) }
new . idx = Eucl id . d i s t [ , nco l ( Eucl id . d i s t ) ]
C.DIST = rep (0 , nc lus )
f o r (G in 1 : nc lus ){

CenD = rbind (PARM.CLU[G, ] , parms . c lu [G, ] )
rownames (CenD) = c ("C1" ,"C2")
C.DIST [G] = d i s t (CenD, method="euc l idean ")}

i f ( ( sum(C.DIST))< r e l . c ){ break}
PARM.CLU = parms . c lu }

c o l s = unique ( which (NEW. IDX == 0 , ar r . ind=TRUE) [ , 2 ] )
i f ( l ength ( c o l s )>0){NEW. IDX1 = as . matrix (NEW. IDX[ ,= c o l s ] )
i f ( l ength ( as . numeric ( names ( t ab l e (NEW. IDX1 [ , nco l (NEW. IDX1 ) ] ) ) ) ) ! = nc lus ){
new . idx = NEW. IDX1 [ , ( nco l (NEW. IDX1)=1)]} e l s e {
new . idx = NEW. IDX1 [ , nco l (NEW. IDX1 ) ] } }
CL. index = append (CL. index , l i s t (new . idx ) )
f o r (D in 1 : nc lus ){

a s s i gn ( paste0 (" idx . " ,D) , which (new . idx==D))}
Yfc l = matrix ( c ( rep (0 , nc lus *nsub ) ) , nco l=nclus , byrow=T)
f o r ( j in 1 : nsub ){

f o r (P in 1 : nc lus ){
Yfc l [ j ,P ] = eva l ( parse ( t ext=(paste0 ("sum(Y[ j , idx . " ,P , " ] ) " ) ) ) ) } }

numgenes = as . vec tor ( t ab l e (new . idx ) )
e s t imate s = MMestim(Y=Yfcl , nc lus=nclus , copula=copula , ngenes=numgenes ) [ 1 : ( nc lus *2 ) ]
parms . c lu = matrix ( est imates , nrow=nclus , nco l=2,byrow=FALSE)
nCL=nc lus
alpha=es t imate s [ 1 : nCL ]
lambda = es t imate s [ ( nCL+1):(2*nCL) ]
QIC [T=kmin+1] <= Index .QIC(Y=Yfcl , lambda=lambda , alpha=alpha , numgenes=numgenes ,nCL=nCL)
TT = t ( t (Y))%*%t (Y)
nn = dim( t (Y) ) [ 1 ]
sizeEigenTT = length ( e igen (TT) $value )
e igenValues = e igen (TT/(nn=1)) $value
s1 = sq r t ( e igenValues )
s s = rep (1 , sizeEigenTT )
f o r ( i in 1 : sizeEigenTT ) {

i f ( s1 [ i ] !=0) s s [ i ]= s1 [ i ] }
vv f in = prod ( s s /10)
CCC[T=kmin+1] = Index .CCC(x=t (Y) , c l=new . idx ,P=TT, s=s1 , vv=vv f in )
CH[T=kmin+1] = index .G1(x=t (Y) , c l=new . idx , d=NULL, cent ro types="c en t r o i d s ")
i f ( l ength (CL. index )>1){
r e s .Duda = Index .Duda(x=t (Y) , c l 1=CL. index [ [ T=kmin ] ] , c l 2=CL. index [ [ T=kmin+1 ] ] )
Duda . Stat [T=kmin ] = r e s . Duda$duda
Duda . Cr i t [T=kmin ] = r e s . Duda$crit . va l }

}

GAP = Index .GAP( t ( Yfin ) ,FUN=CL. index ,K.max=(kmax=kmin+1) ,B=50,d . power=2, spaceH0="scaledPCA")
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A.6 R code for the model selection

Index .QIC <= f unc t i on (Y, lambda , alpha , numgenes ,nCL){
q l = rep (0 , dim(Y) [ 1 ] )

f o r ( J in 1 : dim(Y) [ 1 ] ) {
Y_dot = as . numeric (Y[ J , ] )
r e s . i n t = rep (0 ,nCL)
f o r ( I in 1 :nCL){

r e s . i n t [ I ] = Y_dot [ I ]*
l og ( ( lambda [ I ]* numgenes [ I ] ) /
( ( alpha [ I ]* lambda [ I ]* numgenes [ I ])+1))+
(1/ alpha [ I ] ) * l og ( (1/ alpha [ I ] ) /
( (1/ alpha [ I ] )+( lambda [ I ]* numgenes [ I ] ) ) ) }

q l [ J]=sum( r e s . i n t )}
return (=2*sum( q l )+2*nCL)

}

Index .CCC <= f unc t i on (x , c l ,P, s , vv ){
n = dim(x ) [ 1 ]
pp = dim(x ) [ 2 ]
qq = max( c l )
z = matrix (0 , nco l=qq , nrow=n)
clX = as . matrix ( c l )
f o r ( i in 1 : n){

f o r ( j in 1 : qq ){
z [ i , j ]==0
i f ( clX [ i ,1]== j )
{z [ i , j ]=1}}

xbar = so l v e ( t ( z)%*%z)%*%t ( z)%*%x
B = t ( xbar)%*%t ( z)%*%z%*%xbar
W = P=B
R2 = 1=sum( diag (W))/ sum( diag (P) )
v1 = 1
u = rep (0 , pp)
c = (vv/( qq ))^(1/pp)
u = s/c
k1 = sum(( u>=1)==TRUE)
p1 = min (k1 , qq=1)
i f ( a l l ( p1>0,p1<pp )){

f o r ( i in 1 : p1 )
v1 <= v1* s [ i ] }

c = ( v1 /( qq ))^(1/ p1 )
u = s/c
b1 = sum(1/(n+u [ 1 : p1 ] ) )
b2 = sum(u [ p1+1:pp ]^2/(n+u [ p1+1:pp ] ) , na . rm=TRUE)
E_R2 = 1=((b1+b2 )/sum(u^2))* ( ( n=qq)^2/n)*(1+4/n)
ccc = log ((1=E_R2)/(1=R2) )* ( s q r t (n*p1 /2)/((0 .001+E_R2)^1 . 2 ) ) } e l s e {

b1 = sum(1/(n+u ) )
E_R2 = 1=(b1/sum(u^2))* ( ( n=qq)^2/n)*(1+4/n)
ccc = log ((1=E_R2)/(1=R2) )* ( s q r t (n*pp/2)/((0 .001+E_R2)^1 . 2 ) ) }

return ( ccc )
}

Index .Duda = func t i on (x , c l 1=cl1 , c l 2=c l 2 ) {
dim2 = dim(x ) [ 2 ]
wss = func t i on (x ){

x = as . matrix (x )
n = length (x )
c en t e r s = matrix ( nrow=1, nco l=nco l ( x ) )
i f ( nco l ( x)==1) c en t e r s [ 1 , ] = mean(x )
i f ( i s . nu l l ( dim(x ) ) ) {

bb = matrix (x , byrow=FALSE, nrow=1, nco l=nco l ( x ) )
c en t e r s [ 1 , ] = apply (bb , 2 ,mean)} e l s e {

c en t e r s [ 1 , ] = apply (x , 2 ,mean)}
x . 2 = sweep (x , 2 , c en t e r s [1 , ] , " =")
wi th ins = sum(x .2^2)
wss = sum( wi th ins )
re turn ( wss )
}

ncg1 = 1
ncg1max ==max( c l 1 )
whi le ( ( sum( c l 1==ncg1)==sum( c l 2==ncg1 ) ) && ncg1<=ncg1max ) {

ncg1 = ncg1+1}
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g1 = ncg1
ncg2 = max( c l 2 )
nc2g2 = ncg2=1
whi le ( ( sum( c l 1==nc2g2)==sum( c l 2==ncg2 ) ) && nc2g2>=1) {

ncg2 = ncg2=1
nc2g2 = nc2g2=1}

g2 = ncg2
NK = sum( c l 2==g1 )
WK. x = x [ c l 2==g1 , ]
WK = wss (x=WK. x )
NL = sum( c l 2==g2 )
WL. x = x [ c l 2==g2 , ]
WL = wss (x=WL. x )
NM = sum( c l 1==g1 )
WM. x = x [ c l 1==g1 , ]
WM = wss (x=WM. x)
duda = (WK+WL)/WM
zz = 3.20
zzz = zz * s q r t (2*(1=8/(( p i ^2)*pp ) ) / (NM*pp ) )
r e s C r i t i c a l = 1=(2/( p i *pp))= zzz
re turn ( l i s t ( duda=duda , c r i t . va l=r e s C r i t i c a l ) )

}

Index .GAP = func t i on (x , FUNcluster ,K.max ,B, d . power , spaceH0=c (" scaledPCA" ," o r i g i n a l ") ){
s t o p i f n o t ( l ength (dim(x))==2,K.max>=2,(n<=nrow (x))>=1, nco l ( x)>= 1)
i f (B!=(B. = as . i n t e g e r (B) ) | | (B = B.)<=0)

stop (" 'B' has to be a p o s i t i v e i n t e g e r ")
c l . = match . c a l l ( )
i f ( i s . data . frame (x ) )
x = as . matrix (x )
i i = seq_len (n)
W. k = func t i on (X, kk ){

c l u s = i f ( kk>1)
FUNcluster [ [ kk ] ] e l s e rep . i n t (1L , nrow (X) )

0 .5* sum( vapply ( s p l i t ( i i , c l u s ) , f unc t i on ( I ){ xs = X[ I , , drop=FALSE]
sum( d i s t ( xs )^d . power/nrow ( xs ) ) } , 0 . ) ) }

logW = E. logW = SE . sim = numeric (K.max)
i f ( verbose ) cat (" C lu s t e r ing k = 1 , 2 , . . . , K.max (= " ,K.max , " ) : . . " , sep = ' ')
f o r ( k in 1 :K.max) logW [ k ] = log (W. k (x , k ) )
i f ( verbose ) cat (" done\n")
spaceH0 = match . arg ( spaceH0 )
xs = s c a l e (x , c ente r=TRUE, s c a l e=FALSE)
m. x = rep ( a t t r ( xs , " s ca l ed : c ente r ") , each=n)
switch ( spaceH0 ,

"scaledPCA" = {
V. sx = svd ( xs , nu=0)$v
xs = xs%*%V. sx
} ,

" o r i g i n a l " = {} ,
stop (" i n v a l i d ' spaceH0 ' : " , spaceH0 ) )

rng . x1 = apply ( xs , 2L , range )
logWks = matrix (0 ,B,K.max)
i f ( verbose ) cat (" Bootstrapping , b = 1 , 2 , . . . ,B(=" ,B, " ) [ one \" .\" per sample ] : \ n" , sep="")
f o r (b in 1 :B) {

z1 = apply ( rng . x1 , 2 , func t i on (M, nn) r un i f (nn , min=M[ 1 ] ,max=M[ 2 ] ) , nn=n)
z = switch ( spaceH0 , " scaledPCA"=tc ro s sp rod ( z1 ,V. sx ) ," o r i g i n a l "=z1)+m. x

f o r ( k in 1 :K.max) {
logWks [ b , k ] = log (W. k ( z , k ) )}

i f ( verbose ) cat ( " . " , i f (b %% 50 == 0) paste (b ,"\n"))}
i f ( verbose && (B%%50!=0)) cat ("" ,B,"\n")
E. logW = colMeans ( logWks )
SE . sim = sqr t ((1+1/B)* apply ( logWks , 2 , var ) )
s t r u c tu r e ( c l a s s="clusGap " , l i s t (Tab=cbind ( logW ,E. logW , gap=E. logW=logW ,SE . sim ) ,

c a l l=c l . , spaceH0=spaceH0 , n=n ,B=B, FUNcluster=FUNcluster ) )}

maxSE = func t i on ( f , SE . f , method=c (" f irstSEmax " ,"Tibs2001SEmax" ," globalSEmax " ,
" f i r s tmax " ," globalmax ") ,SE . f a c t o r =1){

method = match . arg (method )
s t o p i f n o t ( (K = length ( f ))>=1,K==length (SE . f ) ,SE . f >=0,SE . f a c to r >=0)
fSE = SE . f a c t o r *SE . f
switch (method ,

" f i r s tmax " = {
decr = d i f f ( f ) = 0
i f ( any ( decr ) ) which .max( decr ) e l s e K
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} ,
" globalmax" = {

which .max( f )
} ,

"Tibs2001SEmax" = {
g . s = f=fSE
i f ( any (mp = f [=K]>=g . s [ =1 ] ) ) which .max(mp) e l s e K
} ,

" f irstSEmax" = {
decr = d i f f ( f ) = 0
nc = i f ( any ( decr ) ) which .max( decr ) e l s e K
i f ( any (mp = f [ seq_len ( nc=1)]>= f [ nc]= fSE [ nc ] ) )
which (mp) [ 1 ] e l s e nc
} ,

"globalSEmax" = {
nc = which .max( f )
i f ( any (mp = f [ seq_len ( nc = 1)]>= f [ nc]= fSE [ nc ] ) )
which (mp) [ 1 ]
e l s e nc
}) }
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A.7 ANOVA table

Factor
F value

Rel. Bias CoV Coverage

H 0.152 0.082 0.82

Parm 337.87** 342.66** 5.60**

N 418.99** 428.40** 4.36**

P 3.33 3.12 0.002

Split 1.43 0.56 0.024

H × Parm 4.59** 4.47** 0.085

H ×N 2.66 2.79 0.835

H × P 1.24 1.22 4.85**

H × Split 3.80** 3.83** 2.37

Parm×N 169.87** 174.89** 9.67**

Parm× P 1.02 0.93 0.073

Parm× Split 0.50 0.55 2.22

N × P 0.12 0.25 0.77

N × Split 7.18** 8.81** 0.11

P × Split 0.54 0.96 2.43

Table 2: ANOVA �xed e�ects analysis for the 3 performance measures relative bias ("Rel Bias"), coe�cient of variation ("CoV") and
coverage. Factor coding: H=number of clusters, Parm=type of parameter, N=sample size, P=number of variables, Split=variable
splitting (homogeneous/heterogeneous). The product (×) indicates a �rst order interaction. ** = signi�cant e�ect (<0.05).
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