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Ejnfntjpn!Sfevdujpn!

EFQBSUNFOU!PG!CJPDIFNJTUSZ!

EFQBSUNFOU!PG!!NPMFDVMBS!HFOFUJDT!

!
!

Fyqmpsbupsz!Ebub!Bnbmztjt!xjui!S!

Cpsjt!Tufjqf!

Ufjsftjbt-!uif!cmjne!tffs!tfbufe!jn!dpnwfstbujpn!xjui!Pezttfvt/!Mbuf!Dmbttjdbm!!)531.441!CDF*!

   This module includes some material 
   originally developed by Raphael Gottardo, FHCRC 
   and by Sohrab Shah, UBC EJNFOTJPO!SFEVDUJPO!

•  Vnefstubne!Qsjndjqbm!Dpnqpnfnu!Bnbmztjt!)QDB*!bt!b!
nfuipe!gps!ejnfntjpn!sfevdujpn<!

•  Cf!bcmf!up!qfsgpsn!QDB!pn!zpvs!ebub!bne!jnufsqsfu!uif!
sftvmut<!

•  Cf!bcmf!up!vtf!uif!sftvmut!up!jefnujgz!ebub!pg!jnufsftu<!

•  Lnpx!bcpvu!bmufsnbujwft!tvdi!bt!qspkfdujpn!bne!fncfeejnh!

nfuipet/!

PCKFDUJWFT!

EJNFOTJPO!SFEVDUJPO!

Uif!hpbm!pg!Qsjndjqbm!Dpnqpnfnu!Bnbmztjt!)QDB*!jt!up!usbntgpsn!b!
nvncfs!pg!qpttjcmz!dpssfmbufe!wbsjbcmft!jnup!b!tnbmmfs!nvncfs!pg!

vndpssfmbufe!wbsjbcmft!dbmmfe!qsjndjqbm!dpnqpnfnut/!

!

Uif!qpttjcmz!tnbmmfs!nvncfs!pg!wbsjbcmft!dbn!cf!vtfe!gps!ebub!

sfevdujpn!bne!wjtvbmj{bujpn/!
!

QDt!bsf!psuiphpnbm!)j/f/!vndpssfmbufe*/!

JOUSPEVDUJPO!UP!QDB!

EJNFOTJPO!SFEVDUJPO!

set.seed(2707)	
x1 <- rnorm(500,0,1)	
y1 <- rnorm(500,0,1)	
	
y2 <- 2*x1 + y1	
y2 <- y2-mean(y2)	
y2 <- y2 / sd(y2)	
plot(x1, y1)	
plot(x1, y1)	
oPar <- par(mfrow = c(2,2))	
hist(x1)	
hist(y2)	
plot(x1, y1)	
plot(x1, y2)	
par(oPar)	

Dpssfmbujpnt!cfuxffn!sfbm!xpsme!ebub!bsf!vcjrvjupvt-!evf!up!dbvtbm!sfmbujpntijqt!ps!
dpngpvnejnh!gbdupst/!

WIBU!EPFT!DPSSFMBUJPO!SFBMMZ!NFBO@!

EJNFOTJPO!SFEVDUJPO!

Qsjndjqbm!dpnqpnfnu!bnbmztjt!)QDB*!dpnwfsut!b!tfu!pg!pctfswbujpnt!pg!qpttjcmz!
dpssfmbufe!wbsjbcmft!jnup!b!tfu!pg!wbmvft!pg!vndpssfmbufe!wbsjbcmft!dbmmfe!qsjndjqbm!
dpnqpnfnut/!!

Uif!gjstu!qsjndjqbm!dpnqpnfnu!jt!uif!qspkfdujpn!pg!uif!ebub!jnup!b!tjnhmf!ejnfntjpn!
uibu!ibt!bt!ijhi!b!wbsjbndf!bt!qpttjcmf!)uibu!jt-!bddpvnut!gps!bt!nvdi!pg!uif!wbsjbcjmjuz!
jn!uif!ebub!bt!qpttjcmf*<!fbdi!tvddffejnh!dpnqpnfnu!jn!uvsn!ibt!uif!ijhiftu!wbsjbndf!
qpttjcmf!vnefs!uif!dpntusbjnu!uibu!ju!cf!psuiphpnbm!up!)vndpssfmbufe!xjui*!uif!
qsfdfejnh!dpnqpnfnut/!

Uifsfgpsf!uif!QDt!qspwjef!b!wjfx!pn!uif!tusvduvsf!pg!uif!ebub!uibu!cftu!fyqmbjnt!jut!
wbsjbndf/!

Uijt!jt!ftqfdjbmmz!vtfgvm!gps!FEB!pg!ijhi.ejnfntjpnbm!ebub!uibu!dbn(u!cf!jnuvjujwfmz!
wjtvbmj{fe/!

dg/!Wjljqfejb;!Qsjndjqbm!dpnqpnfnu!bnbmztjt!

QDB!BOE!DPSSFMBUJPO!

EJNFOTJPO!SFEVDUJPO!

Uif!fybnqmf!ebub!jt!
uxp.ejnfntjpnbm-!cvu!
nptu!pg!uif!
jngpsnbujpn!jt!
dpnubjnfe!bmpnh!b!
ejnfntjpn!tipxn!ifsf!
cz!uif!sfe!wfdups/!

Wf!dpvme!uivt!sftusjdu!
pvs!bnbmztjt!up!b!
qspkfdujpn!bmpnh!uibu!
wfdups/!

QDB!BOE!DPSSFMBUJPO!
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EJNFOTJPO!SFEVDUJPO!

Hjwfn!b!tfu!pg!qpjnut!jn!
Fvdmjefbn!tqbdf-!uif!gjstu!
qsjndjqbm!dpnqpnfnu!
dpssftqpnet!up!b!mjnf!uibu!
qbttft!uispvhi!uif!

nvmujejnfntjpnbm!nfbn!bne!
njnjnj{ft!uif!tvn!pg!trvbsft!
pg!uif!ejtubndft!pg!uif!qpjnut!
gspn!uif!mjnf/!
!
Uif!tfdpne!qsjndjqbm!

dpnqpnfnu!jt!dbmdvmbufe!jn!
uif!tbnf!xbz-!bgufs!bmm!
dpssfmbujpn!xjui!uif!gjstu!
qsjndjqbm!dpnqpnfnu!ibt!cffn!

tvcusbdufe!pvu!gspn!uif!
qpjnut/!
!
\///^!

JOUFSQSFUBUJPO!PG!QDT!

EJNFOTJPO!SFEVDUJPO!

Bgufs!bqqmzjnh!uif!QDB-!bne!qmpuujnh!uif!
psjhjnbm!bne!uif!qspkfdufe!dppsejnbuft!///!

///!xf!jneffe!gjne!uibu!nptu!pg!uif!wbsjbndf!jt!npx!
dpnubjnfe!jn!uif!gjstu!ijtuphsbn/!Jn!b!tfntf-!uif!tjnhmf!

ejnfntjpn!pg!uif!gjstu!qsjndjqbm!dpnqpnfnu!dpnubjnt!

nptu!pg!uif!jngpsnbujpn!pg!pvs!psjhjnbmmz!uxp.

ejnfntjpnbm!ebub/!

# calculate a PCA	
pcaSample <- prcomp(cbind(x1,y2))	
	
Opar <- par(no.readonly=TRUE)	
par(mfrow = c(2,2))	
hist(x1, 	

	xlim=c(-4,4), ylim=c(0,150), main="")	
hist(y2,	

	xlim=c(-4,4), ylim=c(0,150), main="")	
hist(pcaSample$x[,1],	

	xlim=c(-4,4), ylim=c(0,150), 	
	main="", col=rgb(0.86,0,0,0.5))	

hist(pcaSample$x[,2],	
	xlim=c(-4,4), ylim=c(0,150), 	
	main="", col=rgb(0.31, 0.5, 0.74, 0.5))	

par(Opar) 	

JOUFSQSFUBUJPO!PG!QDT!

EJNFOTJPO!SFEVDUJPO!

S!ibt!uxp!ejggfsfnu!gvndujpnt!gps!QDB;!prcomp()!bne!princomp()/!
Uifz!vtf!ejggfsfnu!nbuifnbujdbm!bqqspbdift!cvu!uif!sftvmut!bsf!wjsuvbmmz!jefnujdbm/!
prcomp()!jt!nvnfsjdbmmz!npsf!tubcmf/!

Ipxfwfs-!uifz!bmtp!vtf!ejggfsfnu!nbnft!gps!uif!fmfnfnut!pg!uifjs!sftvmu!mjtut/	

prcomp()!! !princomp()!
!
center !center 	Uif!wfdups!uibu!xbt!tvcusbdufe!up!dfnufs!uif!ebub!
sdev !sdev !Tubnebse!efwjbujpnt!gps!fbdi!ejnfntjpn!pg!uif!

! !spubufe!ebub!

rotation !loadings !Uif!bduvbm!qsjndjqbm!dpnqpnfnut!

x !scores !Uif!spubufe!ebub-!j/f/!bgufs!qspkfdujpn!bmpnh!
! !fbdi!QD!

!
f/h/!vtf!data$x!gps!uif!spubufe!sftvmut!pg!b!prcomp()!dbmm-!cvu!vtf!data$scores!jg!uif!sftvmu!
dbnf!gspn!princomp()!
!

UWP!BMUFSOBUJWFT!///!

EJNFOTJPO!SFEVDUJPO!

QDB!jt!tfntjujwf!up!uif!tdbmjnh!pg!uif!wbsjbcmft/!

Jg!xf!ibwf!kvtu!uxp!wbsjbcmft!bne!uifz!ibwf!uif!tbnf!tbnqmf!wbsjbndf!bne!bsf!qptjujwfmz!
dpssfmbufe-!uifn!uif!QDB!xjmm!fnubjm!b!spubujpn!cz!56°!bne!uif!#mpbejnht#!gps!uif!uxp!wbsjbcmft!

xjui!sftqfdu!up!uif!qsjndjqbm!dpnqpnfnu!xjmm!cf!frvbm/!Cvu!jg!xf!nvmujqmz!bmm!wbmvft!pg!uif!

gjstu!wbsjbcmf!cz!211-!uifn!uif!qsjndjqbm!dpnqpnfnu!xjmm!cf!bmnptu!uif!tbnf!bt!uibu!wbsjbcmf-!
xjui!b!tnbmm!dpnusjcvujpn!gspn!uif!puifs!wbsjbcmf-!xifsfbt!uif!tfdpne!dpnqpnfnu!xjmm!cf!

bmnptu!bmjhnfe!xjui!uif!tfdpne!psjhjnbm!wbsjbcmf/!!

Uijt!nfbnt!uibu!xifnfwfs!uif!ejggfsfnu!wbsjbcmft!ibwf!ejggfsfnu!vnjut!

)mjlf!ufnqfsbuvsf!bne!nbtt*-!QDB!jt!b!tpnfxibu!bscjusbsz!nfuipe!pg!

bnbmztjt/!)Ejggfsfnu!sftvmut!xpvme!cf!pcubjnfe!jg!pnf!vtfe!Gbisfnifju!

sbuifs!uibn!Dfmtjvt!gps!fybnqmf/*!Pnf!xbz!up!beesftt!uijt!jt!up!tdbmf!

wbsjbcmft!up!ibwf!vnju!wbsjbndf/!

TDBMJOH!

EJNFOTJPO!SFEVDUJPO!

Ejnfntjpn!sfevdujpn!)tjnqmjgz!b!ebubtfu*!

Bnbmztjt!pg!uif!sfmbujwf!jnqpsubndf!pg!ejnfntjpnt!

FEB!WJUI!QDB!

EJNFOTJPO!SFEVDUJPO!

Uif!dsbct!ebub!gsbnf!ibt!311!spxt!bne!9!
dpmvnnt-!eftdsjcjnh!6!npsqipmphjdbm!
nfbtvsfnfnut!pn!61!dsbct!fbdi!pg!uxp!dpmpvs!
gpsnt!bne!cpui!tfyft-!pg!uif!tqfdjft!
Mfquphsbqtvt!wbsjfhbuvt!dpmmfdufe!bu!Gsfnbnumf-!

W/!Bvtusbmjb/!

library(MASS)	
data(crabs)	
head(crabs)	
# Two species: blue and orange,  
# Two genders: female and male	
# FL frontal lobe size (mm)	
# RW rear width (mm)	
# CL carapace length (mm)	
# CW carapace width (mm)	
# BD body depth (mm)	
	
fac <- as.factor(paste(crabs[, 1], crabs[, 2],sep="."))	
head(fac)	
c(fac[1], fac[51], fac[101], fac[151])	
as.numeric(c(fac[1], fac[51], fac[101], fac[151]))	
	
plot(crabs[, 4:8], pch=as.numeric(fac))	
plot(crabs[, 4:5], pch=as.numeric(fac))	

DSBCT!EBUB!
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EJNFOTJPO!SFEVDUJPO!

Uifsf!bsf!gpvs!ejtujndu!hspvqt!pg!dsbct!jn!uif!ebub-!cvu!ju!tffnt!
ejggjdvmu!up!ufmm!uifn!bqqbsu!cbtfe!pn!uif!ebub/!

DSBCT!EBUB!

EJNFOTJPO!SFEVDUJPO!

head(crabs)	
pcaCrabs <- prcomp(crabs[, 4:8])	
	
plot(pcaCrabs)	

> summary(pcaCrabs)	
Importance of components:	
                          PC1     PC2     PC3     PC4     PC5	
Standard deviation     11.862 1.13879 1.00013 0.36783 0.27913	
Proportion of Variance  0.982 0.00906 0.00698 0.00094 0.00054	
Cumulative Proportion   0.982 0.99153 0.99851 0.99946 1.00000	

DSBCT!EBUB!

EJNFOTJPO!SFEVDUJPO!

biplot(pcaCrabs, xlabs=as.numeric(fac))	
legend(81, -63,c("1: B.F", "2: B.M", "3: O.F", "4: O.M"), box.col=1, bg="lightgrey")	

DSBCT!EBUB!

EJNFOTJPO!SFEVDUJPO!

biplot(pcaCrabs, xlabs=as.numeric(fac), choices = c(1, 3))	
legend(84, -63, c("1: B.F", "2: B.M", "3: O.F", "4: O.M"), box.col=1, bg="lightgrey")	

DSBCT!EBUB!

EJNFOTJPO!SFEVDUJPO!

biplot(pcaCrabs, xlabs=as.numeric(fac), choices = c(2, 3))	
legend(-14.8, 16.2, c("1: B.F", "2: B.M", "3: O.F", "4: O.M"), box.col=1, bg="lightgrey")	

Qmpuujnh!uif!tfdpne–!bhbjntu!
uif!uijse!qsjndjqbm!
dpnqpnfnu!hjwft!b!wfsz!
ejggfsfnu!qjduvsf/!
!
Jnufsqsfu!uijt!qmpu!///!
!
Ep!uif!nfbtvsfnfnut!
ejtujnhvjti!cfuxffn!uif!gpvs!
ejggfsfnu!uzqft!pg!dsbct@!

DSBCT!EBUB!

EJNFOTJPO!SFEVDUJPO!

Wf!dbn!tff!uif!
efqfnefndf!pn!uif!
dpngpvnejnh!gbdups!–!
#bhf#!ps!#pwfsbmm!tj{f#!–!
nptu!dmfbsmz!jg!xf!qmpu!
uijt!xjui!ejggfsfnu!
dpmpst!bne!tibqft!///!
bne!tdbmf!uif!qmpuujnh!
tzncpmt!cz!tj{f/!
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DSBCT!EBUB!–///!JNQSPWFE!WJTVBMJ[BUJPO!
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EJNFOTJPO!SFEVDUJPO!

•  QDB!jt!b!qpxfsgvm!uppm!gps!FEB/!

•  Dbn!cf!wfsz!vtfgvm!up!efufdu!dpngpvnejnh!wbsjbcmft/!

•  Bqqmjdbujpn!up!hfnf!fyqsfttjpn!ebub!nbz!jefnujgz!

dibsbdufsjtujd!qbuufsnt/!

• QDB!pg!hfnft!)fjhfn.hfnft*!

• QDB!pg!tbnqmft!)fjhfn.bttbzt*!

•  Epxntjef;!Zpv!mptf!uif!jnufsqsfubujpn!pg!wbsjbcmft/!

•  Npefm!cbtfe!nfuipet!dbn!cf!bqqmjfe!pn!uif!gmz/!

DPODMVTJPO!

EJNFOTJPO!SFEVDUJPO!

Ofx!bmhpsjuint!gps!ejnfntjpn!sfevdujpn!
pg!ijhi.ejnfntjpnbm!ebub!nbz!cf!fwfn!
npsf!vtfgvm!gps!FEB;!!

Fm.be!Ebwje!Bnjs!fu!bm/!)3124*!wjTOF!fnbcmft!wjtvbmj{bujpn!pg!
ijhi!ejnfntjpnbm!tjnhmf.dfmm!ebub!bne!sfwfbmt!qifnpuzqjd!

ifufsphfnfjuz!pg!mfvlfnjb!

!

Obuvsf!Cjpufdinpmphz!epj;21/21490ncu/36:5!

Qvcmjtife!pnmjnf!2:!Nbz!3124!

#wjTOF!bmmpxt!wjtvbmj{bujpn!pg!ijhi.ejnfntjpnbm!tjnhmf.dfmm!
ebub!pn!b!uxp.ejnfntjpnbm!nbq/!\///^!Wifsfbt!wjTOF!qmput!

sftfncmf!dpnwfnujpnbm!cjbyjbm!qmput-!uifjs!vujmjuz!dpnft!gspn!

dpncjnjnh!bne!sfqsftfnujnh!jngpsnbujpn!gspn!bmm!

ejnfntjpnt!tjnvmubnfpvtmz/!\///^!Wf!jmmvtusbufe!ipx!wjTOF!

dbn!cf!vtfe!up!dibsbdufsj{f!ifufsphfnfjuz!xjuijn!dbndfs!
tbnqmft-!nbsl!ejtfbtf!qsphsfttjpn!gspn!ejbhnptjt!up!sfmbqtf-!

bne!jefnujgz!sbsf!dbndfs!qpqvmbujpnt!mvsljnh!bnpnh!

qsfepnjnbnumz!ifbmuiz!dfmmt/#!

BMUFSOBUJWFT!

EJNFOTJPO!SFEVDUJPO!

Efwfmpqfe!jn!Hfpgg!Ijnupn't!mbc!bu!VpgU/!

Nbudift!kpjnu.qspcbcjmjujft!)•ejtubndft*!pg!
ebub!qpjnut!jn!ijhi.ejnfntjpnbm!ebub!bne!
mpx.ejnfntjpnbm!fncfeejnh!tqbdft/!

S.dpef!bwbjmbcmf;!

!

Wbn!efs!Nbbufn!'!Ijnupn!)3119*!Wjtvbmj{jnh!Ebub!vtjnh!u.
TOF/!Kpvsnbm!pg!Nbdijnf!Mfbsnjnh!Sftfbsdi!:;368:.3716!

Dsbct!ebub!

Fyfsdjtf;!Fyqmpsf!utnf!

install.packages("tsne")	
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U.TUPDIBTUJD!OFJHICPVS!FNCFEEJOH!)UTOF*!

EJNFOTJPO!SFEVDUJPO!

cpsjt/tufjqfAvupspnup/db!


