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Dmvtufsjnh!

!
!

Fyqmpsbupsz!Ebub!Bnbmztjt!xjui!S!

EFQBSUNFOU!PG!CJPDIFNJTUSZ!

EFQBSUNFOU!PG!!NPMFDVMBS!HFOFUJDT!

Cpsjt!Tufjqf!

   This module includes some material 
   originally developed by Raphael Gottardo, FHCRC 
   and by Sohrab Shah, UBC Ifsblmft!bne!Jpmbpt!cbuumf!uif!Izesb/!Dmbttjdbm!!)561.511!CDF*!

DMVTUFSJOH!

•  Vnefstubne!dmvtufsjnh!qsjndjqmft<!

•  Cf!bcmf!up!bqqmz!cbtjd!ijfsbsdijdbm!–!bne!qbsujujpnjnh!

nfuipet!up!ebub<!

•  Lnpx!ipx!up!jnufsqsfu!uif!sftvmut<!

•  Vnefstubne!dmvtufs!rvbmjuz!dpnuspm<!

•  Lnpx!bcpvu!bmufsnbujwft/!

PCKFDUJWFT!

DMVTUFSJOH!

Qsjndjqmft!

Ijfsbsdijdbm!dmvtufsjnh!!

Qbsujujpnjnh!nfuipet!

!!!Dfnuspje!cbtfe!dmvtufsjnh!)L.nfbnt!fud/*!

!!!Npefm–!cbtfe!dmvtufsjnh!

Pvumjnf!

DMVTUFSJOH!

•  Dpnqmfyft!jn!jnufsbdujpn!ebub!

•  Epnbjnt!jn!qspufjn!tusvduvsf!

•  Qspufjnt!pg!tjnjmbs!gvndujpn!!
)cbtfe!pn!nfbtvsfe!tjnjmbs!qspqfsujft-!f/h/!dpsfhvmbujpn*!

•  ///!

Fybnqmft!

DMVTUFSJOH!

Jnuspevdujpn!up!dmvtufsjnh!

Dmvtufsjnh!///!

///!jt!bn!fybnqmf!pg!vntvqfswjtfe!mfbsnjnh!

///!jt!vtfgvm!gps!uif!bnbmztjt!pg!qbuufsnt!jn!ebub!

///!dbn!mfbe!up!dmbtt!ejtdpwfsz/!

!

Dmvtufsjnh!jt!uif!qbsujujpnjnh!pg!b!ebub!tfu!jnup!hspvqt!pg!fmfnfnut!uibu!bsf!

npsf!tjnjmbs!up!fbdi!puifs!uibn!up!fmfnfnut!jn!puifs!hspvqt/!

!

Dmvtufsjnh!jt!b!dpnqmfufmz!hfnfsbm!nfuipe!uibu!dbn!cf!bqqmjfe!up!hfnft-!

tbnqmft-!ps!cpui/!

DMVTUFSJOH!

Hjwfn!O!!jufnt!bne!b!ejtubndf!nfusjd///!

2/  Bttjhn!fbdi!jufn!up!jut!pxn!#dmvtufs#/!
Jnjujbmj{f!uif!ejtubndf!nbusjy!cfuxffn!dmvtufst!bt!

uif!ejtubndf!cfuxffn!jufnt/!

3/  Gjne!uif!dmptftu!qbjs!pg!dmvtufst!bne!nfshf!uifn!

jnup!b!tjnhmf!dmvtufs/!

4/  Dpnqvuf!nfx!ejtubndft!cfuxffn!dmvtufst/!

5/  Sfqfbu!3.4!vnujm!bmm!dmvtufst!ibwf!cffn!nfshfe!
jnup!b!tjnhmf!dmvtufs/!

IJFSBSDIJDBM!DMVTUFSJOH!
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DMVTUFSJOH!

#Hjwfn!O!jufnt!bne!b!ejtubndf!nfusjd!///#!

Wibu!jt!b!nfusjd@!

B!nfusjd!ibt!up!gvmgjmm!uisff!dpnejujpnt;!

€ 

d : X × X→R

€ 

d x,y( ) = 0⇔ x = y

€ 

d x,y( ) = d y,x( )

€ 

d x,y( ) ≤ d x,z( ) + d z,y( )

#jefnujuz#!

#tznnfusz#!

#usjbnhmf!jnfrvbmjuz#!

IJFSBSDIJDBM!DMVTUFSJOH!

DMVTUFSJOH!

Ejtubndf!nfusjdt!

Dpnnpn!nfusjdt!jndmvef;!

!

Nbnibuubn!ejtubndf;!

!

Fvdmjefbn!ejtubndf;!

!

2.dpssfmbujpn;!

)qspqpsujpnbm!up!Fvdmjefbn!ejtubndf-!cvu!jnwbsjbnu!up!sbnhf!pg!nfbtvsfnfnu!

gspn!pnf!tbnqmf!up!uif!nfyu*/!

!

€ 

x − y = (xi − yi)
2

i=1

p

∑
€ 

dxy = xi − yi
i=1

p

∑

ejttjnjmbs!

tjnjmbs!

DMVTUFSJOH!

Ejtubndf!nfusjdt!dpnqbsfe!
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Fvdmjefbn! Nbnibuubn! 2.Dpssfmbujpn!

Ejtubndf!nbuufst"!

DMVTUFSJOH!

Puifs!ejtubndf!nfusjdt!

•  Ibnnjnh!ejtubndf!gps!psejnbm-!cjnbsz!ps!dbufhpsjdbm!ebub;!

!

€ 

dxy = I(xi ≠ yi)
i=1

p

∑

DMVTUFSJOH!

BHHMPNFSBUJWF!IJFSBSDIJDBM!DMVTUFSJOH!

s
0
0
5
5

s
0
0
0
6

s
0
0
5
0

b
0
3
8
3

s
0
0
1
9

s
0
3
5
0

s
0
1
4
1

b
0
6
6
8

b
0
3
1
8

s
0
0
8
8

s
0
0
6
0

s
0
0
6
7

b
0
5
5
6

s
0
0
4
7

b
0
5
6
5

s
0
2
0
0

s
0
1
6
2

s
0
1
0
4

b
0
2
5
1

s
0
2
0
4

b
0
6
2
9

b
0
4
2
1

s
0
0
7
7

s
0
1
7
0

b
0
3
3
9

b
0
3
4
1

b
0
6
7
1

s
1
5
5
1

s
0
0
3
3

s
0
0
4
0

s
0
1
3
2

s
0
0
2
6

s
0
1
4
6

b
0
4
0
4

b
0
5
2
1

s
0
0
8
0

s
0
0
8
6

s
0
1
0
3

s
0
0
3
7

s
0
1
0
0

b
0
5
5
1

s
0
1
8
1

s
0
1
0
9

b
0
5
0
2

s
0
1
7
5

b
0
6
7
2

s
0
2
0
5

b
0
6
7
9

s
0
0
4
6

b
0
6
6
4

b
0
6
9
4

s
0
1
1
6

b
0
3
5
4

s
1
5
1
1

b
0
5
1
2

b
0
5
4
2

s
0
1
0
6

s
0
1
0
7

s
0
0
5
9

b
0
3
7
0

s
0
1
6
8

s
0
1
5
4

b
0
6
2
6

b
0
3
3
4

b
0
6
2
7

b
0
5
6
6

b
0
4
9
9

s
0
0
3
5

b
0
3
3
6

b
0
4
2
8

b
0
3
7
4

b
0
4
3
3

b
0
3
0
5

s
0
1
3
6

b
0
3
9
4

b
0
5
5
4

b
0
3
3
8

b
0
3
8
7

b
0
6
6
7

s
0
2
2
9

s
1
6
1
6

b
0
4
9
4

b
0
3
4
4

b
0
3
8
2

b
0
2
4
4

s
0
1
9
5

s
0
2
1
0

s
0
0
1
3

s
0
1
0
1

b
0
3
5
9

s
0
2
0
1

s
0
1
7
6

b
0
2
5
2

b
0
4
3
4

b
0
7
7
2

b
0
5
1
9

b
0
1
6
5

b
0
2
4
1

b
0
3
2
6

s
0
1
7
7

b
0
3
4
0

s
0
0
2
5

b
0
2
4
3

b
0
4
2
7

s
0
0
1
8

s
0
1
9
0

s
0
0
0
1

s
0
1
8
3

s
0
0
4
2

s
0
0
0
4

b
0
3
2
7

s
0
1
3
8

b
0
5
7
4

s
0
0
8
4

s
0
0
8
7

b
0
5
0
4

s
0
0
7
1

b
0
5
1
5

ASSCHI3L1CHI3L1RARRES1RARRES1PDE4BENO1KCNK1FLJ10901ANXA3FLJ22418NALP2KIAA1750SLC7A5DJ742C19.2MYBL1MMP9SPP1RIS1S100A1HAIK1ELF5
NFIB
PROML1CDH3
KRT15MMP7
GABRPSFRP1SFRP1KRT14KRT17
KRT6BKRT5TRIM29RBP1SGCEPEG10LOC64167IFIT1C1orf29HLA!DRB4

IGKC
IGLJ3
IGLJ3IGLJ3IGKC
IGKC
IGKC
IGLJ3IGHG3POU2AF1IGHMSCYB10SCYB11GBP1LAMP3SCYA19SCYB13UBDMIGSCYA5SCYA5CD2TRB@TRB@
MAOBTMPRSS3HLA!DQA1CSTALTFSLPIDD96S100A7S100A8S100A9MMP1MMP3CST1C8orf4BFC4B
C4AASPNCOL10A1
COMPCOL11A1P37NBGRPFBLN1
CKTSF1B1CKTSF1B1MMP11MMP11TFAP2BSCGB2A1SCGB2A2SCGB1D2
EEF1A2PLABS100PCEACAM6
SERHLTNRC9
CKMT1APODALDH3B2
GSTM3VAV3PRKAR2BASPHFGFR2TPD52L1FLJ22635ARGBP2AQP3HBBFABP4
PSPHLHLA!DQB1HLA!DQA1SERPINA3WFDC2TBX3STC2BCL2CPB1IGFBP2SEMA3BIGF1RDACHJDP1ACOX2FLJ13110FLJ13110ANXA9GALNT6AGR2TFF3TFF1KIAA0575
PPP1R3CKIAA1467NPD009NPD009CA12FLJ20151AP1G1
CELSR1LIV!1LIV!1MYBESR1KIAA0882NAT1CYP2B6CYP2B7
MAPTMAPTCACNA1DCEGP1DUSP4PLATC6orf29TSPAN!1MUC1MUC1PIPAR
FLJ13593KIAA0942NPY1RSLC1A1SCYB14KIAA0878H2BFASYCP2FGFR3
HOXC10NMA

DMVTUFSJOH!

IJFSBSDIJDBM!DMVTUFSJOH!

•  Bnbupnz!pg!ijfsbsdijdbm!dmvtufsjnh!

•  ejtubndf!nbusjy!

•  mjnlbhf!nfuipe!

•  Pvuqvu!

•  efnesphsbn!

•  b!usff!uibu!efgjnft!uif!sfmbujpntijqt!cfuxffn!pckfdut!bne!uif!ejtubndf!
cfuxffn!dmvtufst!!

•  b!nftufe!tfrvfndf!pg!dmvtufst!!
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DMVTUFSJOH!

MJOLBHF!NFUIPET!

tjnhmf!

dpnqmfuf!

bwfsbhf!

ejtubndf!cfuxffn!dfnuspjet!

DMVTUFSJOH!

IJFSBSDIJDBM!DMVTUFSJOH!BOBMZ[FE!

Advantages Disadvantages 
There may be small clusters 
nested inside large ones 

Clusters might not be 
naturally represented by a 
hierarchical structure 

No need to specify number 
groups ahead of time 

Its necessary to ‘cut’ the 
dendrogram in order to 
produce clusters 

Flexible linkage methods Bottom up clustering can 
result in poor structure at 
the top of the tree.  Early 
joins cannot be ‘undone’ 

DMVTUFSJOH!

Qbsujujpnjnh!nfuipet!

•  Bnbupnz!pg!b!qbsujujpnjnh!cbtfe!nfuipe!
•  ebub!nbusjy!

•  ejtubndf!gvndujpn!

•  nvncfs!pg!hspvqt!

•  Pvuqvu!
•  hspvq!bttjhnnfnu!pg!fwfsz!pckfdu!

DMVTUFSJOH!

QBSUJUJPOJOH!CBTFE!NFUIPET!

•  Dipptf!L!hspvqt!
•  jnjujbmjtf!hspvq!dfnufst!

•  blb!dfnuspje-!nfepje!

•  bttjhn!fbdi!pckfdu!up!uif!nfbsftu!

dfnuspje!bddpsejnh!up!uif!
ejtubndf!nfusjd!

•  sfbttjhn!)ps!sfdpnqvuf*!dfnuspjet!

•  sfqfbu!mbtu!3!tufqt!vnujm!
bttjhnnfnu!tubcjmj{ft!
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clusplot(pam(x = distMan, k = 5, diss = TRUE))
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These two components explain 28.19 % of the point variability.
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DMVTUFSJOH!

L.NFBOT!WT/!L.NFEPJET!

K-means K-medoids 
Centroids are the ‘mean’ of 
the clusters 

Centroids are an actual 
object that minimizes the 
total within cluster distance 

Centroids need to be 
recomputed every iteration 

Centroid can be determined 
from quick look up into the 
distance matrix 

Initialisation difficult as 
notion of centroid may be 
unclear before beginning 

Initialisation is simply K 
randomly selected objects 

kmeans! pam!

DMVTUFSJOH!

QBSUJUJPOJOH!CBTFE!NFUIPET!

Advantages Disadvantages 
Number of groups is well 
defined  

Have to choose the number 
of groups 
 

A clear, deterministic 
assignment of an object to a 
group 

Sometimes objects do not 
fit well to any cluster 

Simple algorithms for 
inference 

Can converge on locally 
optimal solutions and often 
require multiple restarts with 
random initializations 
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DMVTUFSJOH!

O!jufnt-!bttvnf!L!dmvtufst!

Hpbm!jt!up!njnjnj{f!

pwfs!uif!qpttjcmf!bttjhnnfnut!bne!dfnuspjet!!!!!/!

sfqsftfnut!uif!mpdbujpn!pg!uif!dmvtufs/!

L.nfbnt!

DMVTUFSJOH!

2/  Ejwjef!uif!ebub!jnup!L!dmvtufst!
Jnjujbmj{f!uif!dfnuspjet!xjui!uif!nfbn!pg!uif!

dmvtufst!

3/  Bttjhn!fbdi!jufn!up!uif!dmvtufs!xjui!dmptftu!

dfnuspje!

4/  Wifn!bmm!pckfdut!ibwf!cffn!bttjhnfe-!sfdbmdvmbuf!

uif!dfnuspjet!)nfbn*!

5/  Sfqfbu!3.4!vnujm!uif!dfnuspjet!np!mpnhfs!npwf!

L.nfbnt!

DMVTUFSJOH!

1	
 2	


3	
 4	


L.nfbnt-!l>5!

1	
 2	


3	
 4	


Tjnhmf!mjnlbhf-!l>5!

L.nfbnt!

DMVTUFSJOH!

L.nfbnt!bne!ijfsbsdijdbm!dmvtufsjnh!nfuipet!bsf!
tjnqmf-!gbtu!bne!vtfgvm!ufdinjrvft!

!

Cfxbsf!pg!nfnpsz!sfrvjsfnfnut!gps!ID!

!

Cpui!bsf!cju!“be!ipd”;!

Ovncfs!pg!dmvtufst@!

Ejtubndf!nfusjd@!

Hppe!dmvtufsjnh@!

Tvnnbsz!

DMVTUFSJOH!

NPEFM!CBTFE!BQQSPBDIFT!

•  Bttvnf!uif!ebub!bsf!‘hfnfsbufe’!gspn!b!njyuvsf!pg!L!ejtusjcvujpnt!

•  Wibu!dmvtufs!bttjhnnfnu!bne!qbsbnfufst!pg!uif!L!ejtusjcvujpnt!cftu!fyqmbjn!uif!
ebub@!

•  ‘Gju’!b!npefm!up!uif!ebub!

•  Usz!up!hfu!uif!cftu!gju!

•  Dmbttjdbm!fybnqmf;!njyuvsf!pg!Hbvttjbnt!)njyuvsf!pg!npsnbmt*!

•  Ublf!bewbnubhf!pg!qspcbcjmjuz!uifpsz!bne!xfmm.efgjnfe!ejtusjcvujpnt!jn!

tubujtujdt!

DMVTUFSJOH!

NPEFM!CBTFE!DMVTUFSJOH;!BSSBZ!DHI!
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DMVTUFSJOH!

BEWBOUBHFT!PG!NPEFM!CBTFE!BQQSPBDIFT!

•  Jn!beejujpn!up!dmvtufsjnh!qbujfnut!jnup!hspvqt-!xf!pvuqvu!b!
‘npefm’!uibu!cftu!sfqsftfnut!uif!qbujfnut!jn!b!hspvq!

•  Wf!dbn!uifn!bttpdjbuf!fbdi!npefm!xjui!dmjnjdbm!wbsjbcmft!bne!
tjnqmz!pvuqvu!b!dmbttjgjfs!up!cf!vtfe!pn!nfx!qbujfnut!

•  Dipptjnh!uif!nvncfs!pg!hspvqt!cfdpnft!b!npefm!tfmfdujpn!
qspcmfn!)dg/!uif!Cbzftjbn!Jngpsnbujpn!Dsjufsjpn*!

•  tff!Zfvnh!fu!bm!Cjpjngpsnbujdt!)3112*!

DMVTUFSJOH!

BEWBODFE!UPQJDT!JO!DMVTUFSJOH!

•  Upq!epxn!dmvtufsjnh!
•  Cj.dmvtufsjnh!ps!‘uxp.xbz’!dmvtufsjnh!
•  Qsjndjqbm!dpnqpnfnut!bnbmztjt!

•  Dipptjnh!uif!nvncfs!pg!hspvqt!

•  npefm!tfmfdujpn!

•  BJD-!CJD!
•  Tjmipvfuuf!dpfggjdjfnu!
•  Uif!Hbq!dvswf!

•  Kpjnu!dmvtufsjnh!bne!gfbuvsf!tfmfdujpn!

DMVTUFSJOH!

Wibu!jt!uif!cftu!dmvtufsjnh!nfuipe@!

Uibu!efqfnet!pn!xibu!zpv!xbnu!up!bdijfwf/!Bne!
tpnfujnft!dmvtufsjnh!jt!npu!uif!cftu!bqqspbdi!up!
cfhjn!xjui/!

Cftu!nfuipe@!

DMVTUFSJOH!

set.seed(103)	
x1<-array(c(runif(70, 0,10)), c(35,2))	
x2<-array(c(rnorm(30, 7, 0.7)), c(15,2))	
xrange<-range(x1[,1], x2[,1])	
yrange<-range(x1[,2], x2[,2])	
plot(x1, xlim=xrange, ylim=yrange,	
    col="black", xlab="x", ylab="y")	
par(new=T)	
plot(x2, xlim=xrange, ylim=yrange,	
    col="red", axes=F,  xlab="", ylab="")	

Dmvtufsjnh!jt!b!qbsujujpn!nfuipe/!Ipxfwfs-!dpntjefs!uif!gpmmpxjnh!ebub;!

Efntjuz!ftujnbujpn!

DMVTUFSJOH!

set.seed(103)	
x1<-array(c(runif(70, 0,10)), c(35,2))	
x2<-array(c(rnorm(30, 5, 0.7)), c(15,2))	
xrange<-range(x1[,1], x2[,1])	
yrange<-range(x1[,2], x2[,2])	
plot(x1, xlim=xrange, ylim=yrange,	
    col="black", xlab="x", ylab="y")	
par(new=T)	
plot(x2, xlim=xrange, ylim=yrange,	
    col="red", axes=F,  xlab="", ylab="")	

EFOTJUZ!FTUJNBUJPO!

DMVTUFSJOH!

set.seed(103)	
x1<-array(c(runif(70, 0,10)), c(35,2))	
x2<-array(c(rnorm(30, 7, 0.7)), c(15,2))	
xrange<-range(x1[,1], x2[,1])	
yrange<-range(x1[,2], x2[,2])	
plot(x1, xlim=xrange, ylim=yrange,	
    col="black", xlab="x", ylab="y")	
par(new=T)	
plot(x2, xlim=xrange, ylim=yrange,	
    col="red", axes=F,  xlab="", ylab="")	
x3<-rbind(x1, x2)	
par(new=T)	
plot(density(x3[,2], bw = "sj"), main="", xlab="",	
    ylab="", axes="F", col="blue", lwd=3)	
	

set.seed(103)	
x1<-array(c(runif(70, 0,10)), c(35,2))	
x2<-array(c(rnorm(30, 7, 0.7)), c(15,2))	
xrange<-range(x1[,1], x2[,1])	
yrange<-range(x1[,2], x2[,2])	
plot(x1, xlim=xrange, ylim=yrange,	
    col="black", xlab="x", ylab="y")	
par(new=T)	
plot(x2, xlim=xrange, ylim=yrange,	
    col="red", axes=F,  xlab="", ylab="")	
x3<-rbind(x1, x2)	
par(new=T)	
plot(density(x3[,2], bw = "sj"), main="", xlab="",	
    ylab="", axes="F", col="blue", lwd=3)	
	

)vnjwbsjbuf*!Efntjuz!ftujnbujpn!
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DMVTUFSJOH!

cpsjt/tufjqfAvupspnup/db!

DMVTUFSJOH!

UJUMF!

Ufyu!

!

!

Ijhimjhiu!


