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The rep1HighNoise
dataset

Yeung KY, Medvedovic M,
Bumgarner KY:

Clustering gene-expression data
with repeated measurements.

Genome Biology, 2003, 4:R34
n=200

p=20

It is a synthetic data set with
error distributions derived from
real array data.
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The (? not so ?) simple idea - notation

Let:

@ nthe number of objects to classify;
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The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;
@ Cf and C§ the two classes merged at level k

. (k=1,...,n-1)
2\, o2
h (CL U CFI) @ h (Cf U C,ﬁ) the height necessary to merge
"""" 1 Cf and Cf
Ct  Ch

SR/

Stairstep-like dendrogram cut UseR 2009 6/22

D. Bruzzese, D. Vistocco (




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,’Q) the height necessary to merge

o - T Cf and Ck

SR/

Stairstep-like dendrogram cut UseR 2009 6/22

D. Bruzzese, D. Vistocco (




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? not so ?) simple idea - notation

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 6/22




The (? simple ?) idea

Input: A dataset and its related dendrogram
Output: A partition of the dataset
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The (? simple ?) idea

Input: A dataset and its related dendrogram
Output: A partition of the dataset

initialization:
aggregationLevelsToVisit — h(C] U CL)
permClusters « [ ]

i— 1
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The (? simple ?) idea

Input: A dataset and its related dendrogram
Output: A partition of the dataset
initialization:

aggregationLevelsToVisit — h(C] U CL)
permClusters « [ ]

i1
repeat
if C] = Ck, then
| add C} U C to permClusters
else

add h(C}) and h(Ck) to aggregationLevelsToVisit
sort aggregationLevelsToVisit in descending order
end

D. Bruzzese, D. Vistocco ( UseR 2009 7/22
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The (? simple ?) idea

Input: A dataset and its related dendrogram
Output: A partition of the dataset
initialization:

aggregationLevelsToVisit — h(C] U CL)
permClusters « [ ]

i1
repeat
if C] = Ck, then
| add C} U C to permClusters
else

add h(C}) and h(Ck) to aggregationLevelsToVisit
sort aggregationLevelsToVisit in descending order
end
remove the first element from aggregationLevelsToVisit

i i+1 I@
U P
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The (? simple ?) idea

Input: A dataset and its related dendrogram
Output: A partition of the dataset
initialization:

aggregationLevelsToVisit — h(C] U CL)
permClusters « [ ]

i1
repeat
if C] = Ck, then
| add C} U C to permClusters
else

add h(C}) and h(Ck) to aggregationLevelsToVisit
sort aggregationLevelsToVisit in descending order
end
remove the first element from aggregationLevelsToVisit

i — i+1 g
until aggregationLevelsToVisit is empty US4
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The (? not so ?) simple idea in action
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The (? not so ?) simple idea in action

lteration
j—1 l

aggregationLevelsToVisit
h(C} u Ck)
-

| permClusters

clusters to compare
Ho : C,1_ = C,1q — reject J
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The (? not so ?) simple idea in action
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The (? not so ?) simple idea in action
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The (? not so ?) simple idea in action
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The (? not so ?) simple procedure

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,ﬁ) the height necessary to merge
Cf and Ck

@ n(cf) the height at which C¥ has been obtained
(e{LR}
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The (? not so ?) simple procedure

Let:
@ nthe number of objects to classify;
@ Cf and C§ the two classes merged at level k

(k=1,...,n-1)
. @ h (Cf U C,g) the height necessary to merge
mex () Cf and Cly
_ : . @ h (C}‘) the height at which C}‘ has been obtained
e Ge{LRY

For each k, the difference between max h (Cj") and min h (C]k) can be considered
je{L,R} je{L,R}

as the minimum cost necessary to merge the two classes.
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The (? not so ?) simple procedure

Let:
@ nthe number of objects to classify;
@ Cf and C§ the two classes merged at level k

(k=1,....n-1)
WG U ) @ h (Cf U C,’§) the height necessary to merge
il Cf and Ck
3
max h(C}) @ n(cf) the height at which C¥ has been obtained
N .
m (e{L.R}

For each k, the difference between max h (Cf‘) and min h (C]k) can be considered
je{L,R} je{L,R}

as the minimum cost necessary to merge the two classes.

The difference between h (Cf U C,’g,) and r??i(? , h (C;() can be, instead, considered as
JEAL,

the cost actually incurred for merging CK and CE. @/
us .
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The (? not so ?) simple procedure

Let:
@ nthe number of objects to classify;

@ Cf and C§ the two classes merged at level k
(k=1,...,n-1)

@ h (Cf U C,g) the height necessary to merge

Cf and Ck
@ h Ck the height at which Cf* has been obtained
JE { L R}

The ratio between these two costs:

e h(cf) = min, n(cf)

h(Cfuck) ~ max h ()

is thus a measure that characterizes the aggregation process resulting in the ud@/
new class Cf U C§ .

D. Bruzzese, D. Vistocco (
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The (? not so ?) simple procedure: detail

The algorithm retraces down-ward the tree, starting
from the root of the dendrogram where all objects
are classified in a unique cluster.

SR/
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The (? not so ?) simple procedure: detail

The algorithm retraces down-ward the tree, starting
from the root of the dendrogram where all objects
are classified in a unique cluster.

V k a permutation test is designed to test the Null
Hypothesis that the two classes CF and Ck really
belong to the same cluster, i.e. :

Hy: Cf=cCk

° | |
CL 0 A
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The (? not so ?) simple procedure: detail

The algorithm retraces down-ward the tree, starting
from the root of the dendrogram where all objects
are classified in a unique cluster.

V k a permutation test is designed to test the Null

Hypothesis that the two classes CF and Ck really
belong to the same cluster, i.e. :

Hy: Cf=cCk

Under Hy, mixing up (permuting) the statistical units
T | | of CK and CK should not alter the aggregation pro-

cess resulting in their merging in.
C1C I 9 ging
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The (? not so ?) simple procedure: detalil

The algorithm retraces down-ward the tree, starting
from the root of the dendrogram where all objects
are classified in a unique cluster.

V k a permutation test is designed to test the Null

Hypothesis that the two classes CF and Ck really
belong to the same cluster, i.e. :

Hy: Cf=cCk

Under Hy, mixing up (permuting) the statistical units
I | | I of Cf and Cf should not alter the aggregation pro-
cess resulting in their merging in.
€. OO 9 ging

71 C i G MO A

Let mC’L‘ and mC,’; be the two new classes obtained by permuting the elements in Cf and C,é

SR/

D. Bruzzese, D. Vistocco (——— Stairstep-like dendrogram cut UseR 2009 11/22




The (? not so ?) simple procedure: detail

1
mCp

mﬁm%

’7 HM\H\H\HHHHHHHHH\HHHHHHHHHHHHHHHH\HHHHHHHHHHH 1
I

CL i R ,
I IWWW |ﬂﬂ|ﬁ|{mmmm

0 C e G IO OO N O
Let mCK and mCk be the two new classes obtained by permuting the elements in Cf and Cf,

For each of them a new dendrogram is generated.
wsSR
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The (? not so ?) simple procedure: detail

h(m CZ ) T== " cz

! il wwnmmmwmﬁ\nmﬂmm\ﬁmw‘ﬁm

] . e
h(mCFi) """ mC;1:;

| |
CL i R | ]I}
71 C i G MO A i Phgai
R WWWH \H\HWHHH LT HH HH\

Let mC’L‘ and mC,é be the two new classes obtained by permuting the elements in CL and C,é

For each of them a new dendrogram is generated.

The heights at which each of the two classes are buit up again, clearly correspond /
to the heights of the root nodes of the corresponding dendrograms. ui
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The (? not so ?) simple procedure: detail

h(mC]) === 1

mC}
i Www"nn\ﬁﬂmw%mwmﬁ\nWﬂ”ﬁﬂfﬁmmﬁm

— A(nCh) ===

1
mCpq

C1C I . }
0 C Len G WA O OO | MW" WWWWWW
(i Iﬂlll'lll (T
The ratio:

jer?La)é'} h (mC]k) - jerﬂnn} h (ka)

cost( cru mCH)

h(Ckuck) — max}h( @/
is thus a measure that characterlzes the aggregation process resulting in the u(i
new (potential) class mCL U mCg
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The (? not so ?) simple procedure: detail

Z mCl
i Www"nn\ﬁﬂmw%mwmﬁ\nWﬂ”ﬁﬂfﬁmmﬁm
OO O 0O
’* , G

CL i R
12 C o IO NN

I I“I III I Iﬁiﬂmﬁmmﬂl

Under H, the aggregation process resulting in the new cluster Cf u C,’; should be very similar
to the one that potentially produces me mCF,, thus the two values cost (mCL u ka and

cost (Cf U C,’;) should be close enough. @
us
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The (? not so ?) simple procedure: detail

Z mCl
i Www"nn\ﬁﬂmw%mwmﬁ\nWﬂ”ﬁﬂfﬁmmﬁm
OO O 0O
’* , G

CL i R
12 C o IO NN

I I“I III I Iﬁiﬂmﬁmmﬂl

The permutation procedure is repeated M times and each time a new couple me , mC,’_f, is ob-
tained. The pvalue Montecarlo is thus computed as:

mCK U mCk cku ck
- # {cost (mCf U mCk) < cost (CF U CK)} +1 u;j@/

M +1
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Some results

The yeast galactose
yeast dataset dataset

Ideker T, Thorsson V, Ranish JA,
Christmas R, Buhler J, Eng JK,
Bumgarner RE, Goodlett DR,
Aebersold R, Hood L

Integrated genomic and
proteomic analyses of a

e systemically perturbed metabolic
network.

! Science 2001, 292:929-934.
n =205

" AT p =80

It is a subset of 205 genes that

200 250
L |

150
L

Height

50

distlyeast], c{-1)], melhod = "euclidean’) reflect four functional categories
hclust (*, "ward")

in the Gene Ontology listings.

UIBFE,
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Some results

yeast dataset
Settings
B distanceMethod = euclidean
o aggregationMethod = Ward
. o =0.05
Wmlm 09 0R74 0 033 M = 999
distMartrix
hclust (*, "ward")

SR/
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Some results

yeast dataset clusters

1.0
0.8
0.6~
0.4-
0.2-

0.0-
1.0+

0.8
0.6

0.4-
02— detectedClusters

___ BT}
1.0= 2
0.8- 3
0E- . 4

0.4-

value

0.2-

0.0-
1.0+

0.8
0.E-
0.4-
0.2-

detectedClusters Lt @l/
i i

u]
@
I
ul
it
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Some results

diabetes dataset The diabetes dataset

Banfield JD, Raftery AE
Model-based Gaussian and
Non—Gaussian Clustering.

Biometrics, 1993, 49, 803-821.

n=145

p=3

It contains 145 subjects divided
into three groups (normal,

. Wm—{mmm‘mmm chemical diabetes, overt

diabetes) on the basis of their

15000 20000
I 1

Height
10000
|

5000
I

oral glucose tolerance

dist{diabetes], ¢(-1)], method = “suclidean”)

helust (*, ward”) descripted by three variables

SR/
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Some results

diabetes dataset

£ Settings
53 distanceMethod = euclidean
o aggregationMethod = Ward

E . 46 o = 005

: ni M =999

distMartrix
hclust (*, "ward")

SR/
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Some results

diabetes dataset clusters

[EAWEYD

value
=
=
|

0.8=

0E=

HEAD

0.4-

0.0-
.

2
detectedClusters
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Some results... for 5 variables

m genRandomCluster
E M numClust = 2:7
: numNonNoisy = 5
7 sepVal = 0.01

2 0 2 4 2 0 2z 4 2 0 2z 4 @/
Dim.1
us .
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Some results... for 5 variables

2 clusters, n = 283 3 clusters, n = 256 4 clusters, n = 660
B 8 ¢
g § i
B ; E ’ 5 i
L i : genRandomCluster
. - . numClust = 2:7
numNonNoisy = 5
] i e o i i e sepVal = 0.01
5 clusters, n = 845 6 clusters, n = 682 7 clusters, n = 772 ’
§
E H N i
: : ! Settings
. . - distanceMethod = euclidean
$8 2 ; : aggregationMethod = Ward
E 8 -
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Some results... for 5 variables

Height

Height

2 clusters, n = 282

0 0 =n sm 4w oo
i

0 =0 am sm Em 000

Height
o o0 20 S0 4 mm

Height
20 4 o0 B0

3 clusters, n = 255

Height
o 0 sm e em 1om

Az amar
et | “warer)

6 clusters, n = 681

!.f.i".!tir.il!l.-ﬁ'.!!r

Az amar
et | “warer) i (. warer)
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genRandomCluster

numClust = 2:7
numNonNoisy = 5
sepVal = 0.01

Settings

distanceMethod = euclidean
aggregationMethod = Ward
M =999

a=0.1

SR/
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Some results... for 5 variables

2 clusters, n = 282 3 clusters, n = 255 4 clusters, n = 658
: B
g &
;! . z genRandomCluster
. T g numClust = 2:7
- = numNonNoisy = 5
sepVal = 0.01 )
g § 6 clusters, n = 681 7 clusters, n = 771 Settings
8 . distanceMethod = euclidean
E ‘s aggregationMethod = Ward
: el l'l M =999
et ISRaail bl o =0.05 |
et Ik ke u 5@/
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Some results

... for 5 variables

Height

Height

2 clusters, n = 282

0 0 =n sm 4w oo
i

0 =0 am sm Em 000

Height
o o0 20 S0 4 mm

Height
20 4 o0 B0

3 clusters, n = 255

Height
o 0 sm e em 1om

4 clusters, n =

Az
et | “warer)

6 clusters, n = 681

L

amar
i (. warer)

7 clusters, n = 771

Az
et | “warer)

amar
i (. warer)
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genRandomCluster

numClust = 2:7
numNonNoisy = 5
sepVal = 0.01

Settings
distanceMethod = euclidean
aggregationMethod = Ward
M =999
a = 0.01
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Some results... for 5 variables (100 replications)

10 =Eyde

I—
—
L
=-

:

|

%

ol |88 b e

8
i

g
|
Byde

Fraquency
8 B
|
I
r
o=
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= I - I B R I

COTIEEATL CCEA et i

g
)
Byde

£
@
|

| |

1
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F

| =

—
107

1 rranrrnran Linrrnrnng LSRR
O 23456TEA01 235675001 23SErSA01 23455780001
number of detected clustars
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Some results... for 10 variables

genRandomCluster

numClust = 2:7
numNonNoisy = 10
sepVal = 0.01

Dim.2

[

ra

SR/

UseR 2009 17 /22
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Some results... for 10 variables

2 clusters, n = 283 3 clusters, n = 467 4 clusters, n = 444
8 : 8
§ ; :
5o X 5
" g b genRandomCluster
g g g
. . . numClust = 2:7
numNonNoisy = 10
s, e e swsam e o =, e - e SepVaI — 001
5 clusters, n = 681 6 clusters, n = 840 T clusters, n = 1027 ’
£ .
ﬁ ﬁ : Settings
- - - distanceMethod = euclidean
: : : ; aggregationMethod = Ward
g g v
o R
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Some results... for 10 variables

2 clustors,n = 22 S clusiers,n = 45 4 clusters, n = 453
8 8 8
; : : RandomClust
;: ;g ‘F’: genhanaomdCluster
p . . e 8 numClust = 2:7
- @ i numNonNoisy = 10
sepVal = 0.01 )
e —— Settings
: distanceMethod = euclidean
L s aggregationMethod = Ward
= | | 8 M =999
Tepbinll  Clgiddisddll 0 |dlidbeadsr a=0.1 )
e o N u 5@/
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Some results... for 10 variables

2 clusters, n = 282 3 clusters, n = 466 4 clusters, n = 443
g 8 8
g g g
.0 s L8 genRandomCluster
T g : g
- . : ] ) numClust = 2:7
: @ : : numNonNoisy = 10
sepVal = 0.01
5 clusters, n = 6 clusters, n = &30 7 clusters, n = 1026 Settings
8
8 8 distanceMethod = euclidean
. L s aggregationMethod = Ward
‘E L[] AL " UL (L M = 999
; Lot e N Tl LT el 1L ) . St By B o = 005 )
R
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Some results

... for 10 variables

2 clusters, n = 232

Height
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genRandomCluster

numClust = 2:7
numNonNoisy = 10
sepVal = 0.01

Settings
distanceMethod = euclidean
aggregationMethod = Ward
M =999
a = 0.01
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Some results... for 10 variables (100 replications)
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Some results... for 15 variables

genRandomCluster

numClust = 2:7
numNonNoisy = 15
sepVal = 0.01

Dim.2

SR/
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Some results... for 15 variables

2 clusters, n = 283 3 clusters, n = 467 4 clusters, n = 444
B 8 ’
E 8 8
# 7
58 ¥ -
e o : genRandomCluster
g = 8
. . . numClust = 2:7
numNonNoisy = 15
] i e o i i e sepVal = 0.01
5 clusters, n = 681 6 clusters, n = 840 T clusters, n = 1027 ’
. ; . Settings
- - - distanceMethod = euclidean
: : : aggregationMethod = Ward
8 8 ] .
W R
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Some results... for 15 variables

2 clusters, n = 232 3clusters, n = 381 4 clusters, n = 518
E B ?
B g 8
8
. . - genRandomCluster
: 8 numClust = 2:7
? BT 8 Q
: A : numNonNoisy = 15
sepVal = 0.01
Sclusters, n = 720 6 clusters, n= 773 Settings
g 8 8 distanceMethod = euclidean
aggregationMethod = Ward
h l B if M = 999
e T f R D hondat - f ) e e a=0.1
L T T 111 /
AR
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Some results

... for 15 variables

2 clusters, n = 232
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genRandomCluster

numClust = 2:7
numNonNoisy = 15
sepVal = 0.01

Settings

distanceMethod = euclidean
aggregationMethod = Ward
M =999

a=0.05
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Some results

... for 15 variables

2 clusters, n = 232
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genRandomCluster

numClust = 2:7
numNonNoisy = 15
sepVal = 0.01

Settings
distanceMethod = euclidean
aggregationMethod = Ward
M =999
a = 0.01
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Some results...

for 15 variables (100 replications)
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Statistical issues )

R issues J
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The wishlist

Statistical issues )

@ Quality measures of the obtained partition
@ Use of different types of clusters

» different cardinality of clusters
» different type of cluster generation

@ Study on the stability of the number of Montecarlo replications
@ Computational complexity

R issues )

SR/
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The wishlist

Statistical issues J

@ Quality measures of the obtained partition
@ Use of different types of clusters

» different cardinality of clusters
» different type of cluster generation

@ Study on the stability of the number of Montecarlo replications
@ Computational complexity

R issues )

@ profiling and optimizing the R code
@ use of compiled code

@ use of S3—-S4 methods @ /
@ deploying a package us "
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