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Fyqmpsbupsz!Ebub!Bnbmztjt!)FEB*!

EFQBSUNFOU!PG!CJPDIFNJTUSZ!

EFQBSUNFOU!PG!!NPMFDVMBS!HFOFUJDT!

!
!

Fyqmpsbupsz!Ebub!Bnbmztjt!xjui!S!

Cpsjt!Tufjqf!

Pezttfvt!mjtufnjnh!up!uif!tpnh!pg!uif!tjsfnt/!Mbuf!Bsdibjd!)611–591!CDF*! FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

•  Cf!bcmf!up!mpbe-!usbntgpsn!bne!wjtvbmj{f!ebub<!

•  Cfhjn!hfnfsbujnh!jefbt!bcpvu!ipx!sfmbujpntijqt!jn!ebub!dbn!
cf!fyqmpsfe<!

•  Vnefstubne!tpnf!qsjndjqmft!pg!fggfdujwf!wjtvbmj{bujpn<!

•  Lnpx!xifsf!up!hp!gps!ifmq/!

MFBSOJOH!PCKFDUJWFT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Ovnfsjdbm!bnbmztjt!bne!hsbqijdbm!qsftfnubujpn!pg!ebub!xjuipvu!b!
qbsujdvmbs!npefm!ps!vnefsmzjnh!izqpuiftjt!jn!psefs!up!///!

! !vndpwfs!vnefsmzjnh!tusvduvsf<!

! !efgjnf!jnqpsubnu!wbsjbcmft<!

! !efufdu!pvumjfst!bne!bnpnbmjft<!

! !efufdu!usfnet<!

! !efwfmpq!tubujtujdbm!npefmt<!

! !uftu!vnefsmzjnh!bttvnqujpnt/!

Uif!hpbm!jt!izqpuiftjt!hfnfsbujpn-!npu!izqpuiftjt!uftujnh/!

Uifsfgpsf!FEB!jt!pgufn!uif!gjstu!tufq!pg!ebub!bnbmztjt/!!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Uif!pckfdujwft!pg!FEB!jndmvef;!

•  vndpwfsjnh!vnefsmzjnh!tusvduvsf!bne!jefnujgzjnh!usfnet!

bne!qbuufsnt<!

•  fyusbdujnh!jnqpsubnu!wbsjbcmft<!

•  efufdujnh!pvumjfst!bne!bnpnbmjft<!

•  uftujnh!vnefsmzjnh!bttvnqujpnt<!

•  efwfmpqjnh!tubujtujdbm!npefmt/!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Uif!qsbdujdf!pg!FEB!fnqibtj{ft!mppljnh!bu!ebub!jn!ejggfsfnu!xbzt!uispvhi;!

•  dpnqvujnh!bne!ubcvmbujnh!cbtjd!eftdsjqupst!pg!ebub!qspqfsujft!tvdi!bt!sbnhft-!
nfbnt-!rvbnujmft-!bne!wbsjbndft<!

•  hfnfsbujnh!hsbqijdt-!tvdi!bt!cpyqmput-!ijtuphsbnt-!tdbuufs!qmput<!

•  bqqmzjnh!usbntgpsnbujpnt-!tvdi!bt!mph!ps!sbnl<!

•  dpnqbsjnh!pctfswbujpnt!up!tubujtujdbm!npefmt-!tvdi!bt!uif!RR.qmpu-!ps!mjnfbs!bne!
npn.mjnfbs!sfhsfttjpn<!

•  tjnqmjgzjnh!ebub!uispvhi!ejnfntjpn!sfevdujpn<!

•  jefnujgzjnh!vnefsmzjnh!tusvduvsf!uispvhi!dmvtufsjnh!///!

///!bmm!xjui!uif!gjnbm!hpbm!pg!efgjnjnh!xijdi!tubujtujdbm!npefm!njhiu!cf!bqqspqsjbuf!up!
vtf!gps!izqpuiftjt!uftujnh!bne!qsfejdujpn/!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Gvmm.gfbuvsfe!qsphsbnnjnh!mbnhvbhf!

#Tubujtujdbm!xpslcfndi#!

Ebub!nbnjqvmbujpn!jt!fbtz!

Fbtz!bddftt!up!hsbqijdt!

Tpqijtujdbufe!qbdlbhft!bne!mjcsbsjft!

Mbshf!dpnnvnjuz!

WIZ!S!GPS!FEB!@!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Hppe!hsbqijdt!bsf!jnnfntfmz!wbmvbcmf/!Qpps!hsbqijdt!bsf!xpstf!uibn!
npnf/!

Jg!zpv!xbnu!up!mfbsn!npsf!bcpvu!hppe!hsbqijdt!bne!jngpsnbujpn!
eftjhn-!gjne!b!dpqz!pg!Fexbse!Uvguf(t!Uif!Wjtvbm!Ejtqmbz!pg!

Rvbnujubujwf!Jngpsnbujpn/!Zpv!dbn!bmtp!wjtju!ijt!Wfc!tjuf!up!hfu!b!tfntf!pg!uif!gjfme!

)xxx/fexbseuvguf/dpn*/!

Gvnebnfnubmmz-!uifsf!jt!pnf!tjnqmf!svmf/!

Uif!svmf!ibt!nbnz!dpspmmbsjft/!

Vtf!mftt!jnl/!

HSBQIJDT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Nblf!tvsf!uibu!bmm!fmfnfnut!pn!zpvs!hsbqijdt!bsf!nfdfttbsz/!

Nblf!tvsf!uibu!bmm!fmfnfnut!pn!zpvs!hsbqijdt!bsf!jngpsnbujwf/!

Nblf!tvsf!uibu!bmm!jngpsnbujpn!jn!zpvs!ebub!jt!ejtqmbzfe/!

Opu!bmm!pg!S't!efgbvmut!vtf!bt!mjuumf!jnl!bt!qpttjcmf-!
zpv!dbn!jnqspwf!pn!uifn"!

VTF!MFTT!JOL!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

!///!gps!b!qpqvmbs!bmufsnbujwf!up!S(t!
efgbvmut-!difdl!pvu!uif!hhqmpu3!qbdlbhf!
)iuuq;00xxx/hhqmpu3/psh*/!

> install.packages("ggplot2")	
...	
> library(ggplot2)	
...	

Fybnqmf;!Cvccmf!dibsu/!
iuuq;00zhd/nbnf031210230120cvccmf.dibsu.cz.vtjnh.hhqmpu30!

crime <- read.csv("crimeRatesByState2008.csv", header=TRUE, sep="\t")	
p <- ggplot(crime, aes(murder,burglary,size=population, label=state))	
p <- p+geom_point(colour="red") +scale_area(to=c(1,20))+geom_text(size=3)	
p + xlab("Murders per 100,000 population") + ylab("Burglaries per 100,000")	

SFGJOFE!HSBQIJDT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

#///!Wibu!jg!zpv!dpvme!hvttz!vq!b!sfqpsu!ps!qsfuuz!vq!b!dibsu!xjuipvu!nvdi!
beejujpnbm!xpsl@!Wibu!jg-!vtjnh!kvtu!pnf!fyusb!mjnf!pg!dpef-!zpv!dpvme!dsfbuf!b!
Njdsptpgu!Fydfm!dpmvnn!dibsu!uibu!jndmvefe!b!dppm!hsbejfnu!gjmm!mjlf!uijt!pnf;#!

)Gspn!Njdsptpgu!UfdiOfu*!

HSBQIJDT!FYBNQMFT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

#///!Wibu!jg!zpv!dpvme!hvttz!vq!b!sfqpsu!ps!qsfuuz!vq!b!dibsu!xjuipvu!nvdi!
beejujpnbm!xpsl@!Wibu!jg-!vtjnh!kvtu!pnf!fyusb!mjnf!pg!dpef-!zpv!dpvme!dsfbuf!b!
Njdsptpgu!Fydfm!dpmvnn!dibsu!uibu!jndmvefe!b!dppm!hsbejfnu!gjmm!mjlf!uijt!pnf;#!

)Gspn!Njdsptpgu!UfdiOfu*!

Pnmz!gjwf!nvncfst!
bduvbmmz!

Nfbnjnhmftt!dpmpst-!np!
dpnnfdujpn!up!bduvbm!

tdbmf/!Opuf!uibu!uif!sbnhf!
pg!dpmpst!ejggfst!gps!fbdi!

tubdl"!

Op!vnjut!

Wbmvft!dbn'u!cf!fbtjmz!
sfusjfwfe!gspn!hsbqi!evf!

up!qbsbmmby/!

Wibu!epft!uif!uijse!
ejnfntjpn!fwfn!

nfbn@!

HSBQIJDT!FYBNQMF;!DIBSUKVOL!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

iuuq;00wjtvbmj{jnh/psh0!

HSBQIJDT!FYBNQMFT!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

iuuq;00ebubwjtvbmj{bujpn/di0!

HSBQIJDT!FYBNQMFT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

iuuqt;00xxx/sfeeju/dpn0s0wjtvbmj{bujpn!

HSBQIJDT!JOTQJSBUJPO!BOE!BEWJDF!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

iuuqt;00xxx/sfeeju/dpn0s0ebubjtcfbvujgvm!

HSBQIJDT!JOTQJSBUJPO!BOE!BEWJDF!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Tubujtujdt!dbn!cf!wbhvfmz!ejwjefe!jnup!eftdsjqujwf!bne!jngfsfnujbm!
epnbjnt/!Cpui!bsf!tvqqpsufe!cz!hsbqijdt/!Mfu!vt!ejtdvtt!cbtjd!tvnnbsz!

tubujtujdt!)nfbn-!nfejbn-!wbsjbndf-!tubnebse!efwjbujpn*!bne!ipx!up!

wjtvbmj{f!uifn///!

HSBQIJDT!GPS!EFTDSJQUJWF!TUBUJTUJDT!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Eftdsjqujwf!tubujtujdt!
dbn!cf!jnuvjujwfmz!

tvnnbsj{fe!jn!b!Cpy.
qmpu/!!

> boxplot(x)	

JRS!

2/6!y!JRS!

2/6!y!JRS!

Fwfszuijnh!bcpwf!bne!cfmpx!2/6!y!JRS!jt!
dpntjefsfe!bn!#pvumjfs#/!

86&!rvbnujmf!
!
Nfejbn!
!
36&!rvbnujmf!

JRS!>!Jnufs!Rvbnujmf!Sbnhf!>!86&!rvbnujmf!–up!36&!rvbnujmf!

CPY!QMPU!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Jnufsnbm!tusvduvsf!pg!b!
ebub.wfdups!dbn!cf!nbef!

wjtjcmf!jn!b!wjpmjn!qmpu/!

Uif!qsjndjqmf!jt!uif!tbnf!

bt!gps!b!cpyqmpu-!cvu!b!

xjeui!jt!dbmdvmbufe!gspn!b!
tnppuife!ijtuphsbn/!

p <- ggplot(X, aes(1,x))	
p + geom_violin()	

WJPMJOQMPU!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

RR–QMPU!

Pnf!pg!uif!gjstu!uijnht!xf!nbz!btl!bcpvu!ebub!jt!xifuifs!ju!efwjbuft!
gspn!bn!fyqfdubujpn!f/h/!up!cf!npsnbmmz!ejtusjcvufe/!

Uif!rvbnujmf.rvbnujmf!qmpu!qspwjeft!b!xbz!up!wjtvbmmz!wfsjgz!uijt/!

Uif!RR.qmpu!tipxt!uif!uifpsfujdbm!rvbnujmft!wfstvt!uif!fnqjsjdbm!

rvbnujmft/!Jg!uif!ejtusjcvujpn!bttvnfe!)uifpsfujdbm!pnf*!jt!jneffe!uif!
dpssfdu!pnf-!xf!tipvme!pctfswf!b!tusbjhiu!mjnf/!

S!qspwjeft!qqnorm()!bne qqplot()/!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

qspcbcjmjuz!ejtusjcvujpnt!

•  Dbn!cf!fjuifs!ejtdsfuf!ps!
dpnujnvpvt!)vnjgpsn-!

Cfsnpvmmj-!npsnbm-!fud*!

•  Efgjnfe!cz!b!efntjuz!

gvndujpn-!q)y*!ps!g)y*!

•  Cfsnpvmmj!ejtusjcvujpn!Cf)q*;!
gmjq!b!dpjn!)U>1-!I>2*/!

Bttvnf!qspcbcjmjuz!pg!I!jt!

1/2!///!

x <- 0:1 	
f <- dbinom(x, size=1, prob=0.1) 	
plot(x, f, xlab="x", ylab="density", type="h", lwd=5)	

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

qspcbcjmjuz!ejtusjcvujpnt!

Sbnepn!tbnqmjnh;!Hfnfsbuf!
211!pctfswbujpnt!gspn!b!Cf)1/2*!

set.seed(100)	
x <- rbinom(100, size=1, prob=0.1)	
hist(x)	

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

qspcbcjmjuz!ejtusjcvujpnt!

Opsnbm!ejtusjcvujpn!O)μ-σ3*!
μ!jt!uif!nfbn!bne!σ3!jt!uif!wbsjbndf/!
!
Fyusfnfmz!jnqpsubnu!cfdbvtf!pg!uif!
Dfnusbm!Mjnju!Uifpsfn;!jg!b!sbnepn!
wbsjbcmf!jt!uif!tvn!pg!b!mbshf!nvncfs!
pg!tnbmm!sbnepn!wbsjbcmft-!ju!xjmm!cf!
npsnbmmz!ejtusjcvufe/!!!

x <- seq(-4, 4, 0.1)	
f <- dnorm(x, mean=0, sd=1)	
plot(x, f, xlab="x", ylab="density", lwd=5, type="l")	

Uif!bsfb!vnefs!uif!dvswf!jt!uif!qspcbcjmjuz!pg!pctfswjnh!b!wbmvf!cfuxffn!1!bne!3/!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

fyqmpsjnh!ebub!

•  Wifn!ufbdijnh!)ps!mfbsnjnh!nfx!qspdfevsft*!J!qsfgfs!up!xpsl!xjui!tznuifujd!
ebub/!!

•  Tznuifujd!ebub!ibt!uif!bewbnubhf!uibu!J!lnpx!xibu!uif!pvudpnf!pg!uif!bnbmztjt!
tipvme!cf/!

•  Uzqjdbmmz!pnf!xpvme!dsfbuf!wbmvft!bdpsejnh!up!b!gvndujpn!bne!uifn!bee!npjtf/!

•  !S!ibt!tfwfsbm!gvndujpnt!up!dsfbuf!tfrvfndft!pg!wbmvft!–!ps!zpv!dbn!xsjuf!zpvs!
pxn!///!

0:10 	
seq(0, pi, 5*pi/180) 	
rep(1:3, each=3, times=2)	
for (i in 1:10) { print(i*i) }	

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

tznuifujd!ebub!

Gvndujpn!///!

Fyqmpsf!gvndujpnt!bne!npjtf/	

Opjtf!///!

Opjtz!Gvndujpn!///!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

B! D! H! U!

1! 2!

bscjusbsz!qspcbcjmjujft!

Nbq!uif!qspcbcjmjujft!pnup!uif!vnju!
jnufswbm-!uifn!vtf!svnjg)*!up!dipptf/!!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

bscjusbsz!qspcbcjmjuz!ejtusjcvujpnt!

Dbmdvmbuf!uif!gvndujpn!wbmvf!bu!b!qpjnu!jn!uif!epnbjn!pg!jnufsftu/!Uifn!dipptf!
b!vnjgpsn!wbmvf!cfuxffn!uif!njnjnvn!bne!nbyjnvn!jn!uif!epnbjn/!Jg!uif!
sbnepn!wbmvf!jt!tnbmmfs!uibn!uif!gvndujpn!wbmvf-!bddfqu-!puifsxjtf!sfkfdu/!

Uijnl!pg!uijt!bt!sbnepnmz!qmbdjnh!
eput!pn!b!qmpu!pg!uif!gvndujpn-!uifn!
bddfqujnh!uiptf!uibu!mjf!vnefs!uif!
dvswf/!
!
Usz!uijt/!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Nvmujwbsjbuf!ebub!.!tdbuufs!qmput!

Cjpmphjdbm!ebub!tfut!pgufn!dpnubjn!
tfwfsbm!wbsjbcmft-!uifz!bsf!

nvmujwbsjbuf/!

Tdbuufs!qmput!bmmpx!vt!up!mppl!bu!

uxp!wbsjbcmft!bu!b!ujnf/!

Uijt!dbn!cf!vtfe!up!bttftt!jnefqfnefndf!bne!jefnujgz!tvchspvqt/!

# GvHD flow cytometry data	
gvhd <- read.table("GvHD.txt", header=TRUE)	
# Only extract the CD3 positive cells	
gvhdCD3p <- as.data.frame(gvhd[gvhd[, 5]>280, 3:6])	
plot(gvhdCD3p[, 1:2])	

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

usfmmjt!hsbqijdt!

Usfmmjt!Hsbqijdt!jt!b!gbnjmz!pg!ufdinjrvft!gps!wjfxjnh!dpnqmfy-!nvmuj.
wbsjbcmf!ebub!tfut/!

plot(gvhdCD3p, pch=".")	

Ujq;!

Nbnz!npsf!qpttjcjmjujft!bsf!bwbjmbcmf!jn!uif!#mbuujdf#!qbdlbhf/!Tff!?Lattice!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Cpyqmput!

Uif!cpyqmpu!gvndujpn!dbn!
cf!vtfe!up!ejtqmbz!tfwfsbm!

wbsjbcmft!bu!b!ujnf/!

boxplot(gvhdCD3p)	

Fyfsdjtf;!Jnufsqsfu!uijt!qmpu/!

FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

Tvnnbsz!

FEB!tipvme!cf!uif!gjstu!tufq!jn!bnz!
tubujtujdbm!bnbmztjt"!

Hppe!npefmjnh!tubsut!bne!fnet!xjui!FEB/!

S!qspwjeft!b!hsfbu!gsbnfxpsl!gps!FEB/!
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FYQMPSBUPSZ!EBUB!BOBMZTJT!)FEB*!

cpsjt/tufjqfAvupspnup/db!


