7 - Str dung R cho tinh toan xac suat
7.1 Hoan vi (permutation)

Chuing ta biét 3! = 3.2.1 = 6, va 0!=1. N6i chung, cdng thirc tinh sé hoén vi cho
mot s6 n lan!=n(n-1)(n-2)(n-3)-..-1. Trong R cach tinh nay rat don gian Vvéi
Iénh prod () nhu sau:

Tim 3!
> prod(3:1)
[1] ©

Tim 10!
> prod(10:1)
[1] 3628800

Tim 10.9.8.7.6.5.4
> prod(10:4)
[1] 604800

Tim (10.9.8.7.6.5.4) / (40.39.38.37.36)
> prod(10:4) / prod(40:36)
[1] 0.007659481

7.2 Té hop (combination)
, n!
Cn = k! (n—k)!

T4 hop tinh bang ham choose(n,k) Thi du choose(5,2) = 10

7.3 Bién ngau nhién va ham phan phoi
Khi n6i dén “phan phdi” (hay distribution) 1a dé cap dén céac gia tri ma bién c6 thé
c6. Céc ham phan phoi (distribution function) 1a ham mé ta cac bién d6 mot cach hé
thong. “Co hé thong” ¢ diy c6 nghia la theo mot mo hinh toan hoc cu thé véi nhiing
thong sb cho truéc. Trong xac suat thong ké c6 kha nhiéu ham phan phéi, ching ta s&
em xét qua mot sé ham quan trong nhat va théng dung nhét: d6 1a phan phdi nhi phan,
phan phdi Poisson, va phan phdi chuan. Trong méi luat phan phéi, c6 4 loai ham quan
trong ma chung ta can biét:
ham mat do xac suét (probability density distribution):;
ham phan phéi tich lity (cumulative probability distribution);
ham dinh bac (quantile); va
ham mo phong (simulation).
R ¢6 nhimg ham dinh sin c6 thé ung dung cho tinh todn xé&c suat. Tén mdi ham duoc
goi bang mot tiép dau ngir dé chi loai ham phan phdi, va viét tit tén ctia ham do. Cac tiép dau
ngit 13 d (chi distribution hay xac suét), p (chi cumulative probability, x4c suét tich liy),
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g (chi dinh bac hay quantile), va r (chi random hay sé ngiu nhién). Cac tén viét tit 1a norm
(normal, phan phdi chuan), binom (binomial , phan phdi nhi phan), pois (Poisson, phan

phbi Poisson), v.v... Bang sau ddy tom tat cAc ham va thong s cho timg ham:

pphoi Mat do Tich liy Pinh bac M6 phong
Chuan dnorm(x, mean,sd) pnorm(g, mean, sd) gnorm(p, mean, sd) rnorm(n, mean, sd)
Nhi phan dbinom(k, n, p) pbinom(q, n, p) gbinom (p, n, p) rbinom(k, n, prob)
Poisson dpois(k, lambda) ppois(g, lambda) gpois(p, lambda) rpois(n, lambda)
Uniform dunif(x,min,max) punif(g, min, max) qunif(p, min, max) runif(n, min, max)
Negative dnbinom(x, k, p) pnbinom(q, k, p) gnbinom (p,k,prob) | rbinom(n, n, prob)
binomial
Beta dbeta(x, pbeta(qg,shapel, gbeta(p,shapel, rbeta(n,shapel,
shapel,shape2) shape2) shape2) shape2)
Gamma dgamma(x, shape, gamma(q,shape ggamma(p,shape rgamma(n, shape,
rate, scale) Jrate,scale) , rate, scale) rate, scale)
Geometric dgeom(x, p) pgeom(q, p) ggeom(p, prob) rgeom(n, prob)
Exponentia | dexp(x, rate) pexp(q, rate) gexp(p, rate) rexp(n, rate)
1
Weibull dnorm(x, mean, sd) pnorm(g, mean, sd) | qnorm(p, mean, sd) rnorm(n, mean, sd)
Cauchy dcauchy(x, location, pcauchy(q, gcauchy(p, rcauchy(n,
scale) location, scale) location, scale) location, scale)
F df(x, df1, df2) pf(q, dfl, df2) gf(p, dfl, df2) rf(n, dfl, df2)
T dt(x, df) pt(q, df) at(p, df) rt(n, df)
Chi- dchisq(x, df) pchi(q, df) gchisq(p, df) rchisq(n, df)
squared
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Chd thich: Trong bang trén, df = degrees of freedome (bac tu do);prob = probability
(x4c suat); n = sample size (sé luong mau). Céac thong sb khac cé thé tham khao
thém cho ting luat phan phdi. Riéng cac luat phan phdi F, t, Chi-squared con c6 mot

thong sé khéc nira 1a non-centrality parameter (ncp) duoc cho s 0. Tuy nhién ngudi

A

st dung c6 thé <cho mot thong sé6 khac thich  hop, néu

2
A

can.
7.3.1 Ham phan phdi nhi phan (Binomial distribution)

Nhur tén goi, ham phan phdi nhi phan chi ¢6 hai gia tri: nam / nt, song / chét, co / khung
v.v... Ham nhi phan dugc phat biéu bing dinh li nhu sau: Néu mét thir nghiém duge tién
hiinh n lan, mdi lan cho ra két qua hoic la thanh cong hodc la that bai, va gdm xdc suat
thanh cong dwge biét trude la p, thi xdc sudt cd & lan thir nghiém thanh cong la:
Plk|n,p)=Cip*(1- p}"_k Jtrongdd k=0,1,2,..., n. Trong R, ¢6 ham doinom (k,
n, ©) c6thé gitp ching ta tinh céng thirc Plk|n,p)= Cip*{l-p }"—_}' mot cach nhanh
chéng. Trong trudmg hop trén, ching ta chi cin don gian lénh:

> dbinom(2, 3, 0.&60)
[1] 2.452

Vi du 2: Ham nhi phén tich liy (Cumulative Binomial probability
distribution). Xdc suit thuéc chong lodng xXuong ¢o hi¢u nghiém la khoang 70% (tic la
p = 0.70). Néu chiing ta diéu tri 10 bénh nhan, xdc suat €O 101 thiéu & bénh nhin véi két
gua tich cuc la bao nhiéu? No1 cach khac, néu go1 X la s0 bénh nhin dwoc diéu tri thanh
cong, ching ta cén tim P(X = 8) = 7 Dé tra 1oi cdu hoi nay, ching ta sir dung ham

chinomi{k, n, p). Xin nhic lai rﬁng ham pbinom(k, n, p)cho chingta ALY =
k) Do do, PIXY=8)=1-PX=7). Thanh ra, dap sO béng R cho cdu hoi la:

> l-pbin m?, 10, 0.70)
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Vi dy 3: M6 phong ham nhi phﬁn Biét ring trong mot quén the dan s6 ¢o
khoanu 20% ngudi mic bénh cao huye ét 4p; néu ching ta tién hanh chon mau 1000 lan,
mdi lan chon 20 nguoi trong quan thé d6 mot cich ngiu nhién, sy phdn phéi s6 bénh
nhan cao huyét ap s& nhur thé nao? Dé tra loi cau hoi nay, chung ta ¢6 thé (g dung ham
rbinom (n, k, p) trongR véinhimg thong s0 nhur sau:

Trong lénh trén, két qua mé phong dugc tam thai chira trong d6i tugng tén la . Dé biét
b ¢6 gi, ching ta dém bing lénh table:

table (b)

LS

wm o

1

L o

(VRS
'

L O

o
w0

2

W o

W~
-0

W o

(04
N oW

22

45 147 1

oy O

Dong sO liéu thir nhat (0, 5, 6, .., 10) la s6 bénh nhan mic bénh cao huyél ap
trong s6 20 ngudi ma ching ta chon. Dong s0 liéu thir hai cho chiing ta biél s lan chon
mau trong 1000 l4n xay ra. Do do, c6 6 mau khong ¢6 bénh nhén cao huyét ap nao, 435
mau véi chi | bénh nhin cao huyét 4p, v.v... C6 I8 cach dé hiéu la v& d thi cic tan sd
trén bing lénh hist nhu sau:

> hist (b, main="Number of hypertensive patients™)

Mumber of hypertensive patients

20
1

150
1

Fraquancy

100
1

50
I

=

I T T T T 1
o 2 4 ] 8 10

7.3.2 Ham phan phéi Poisson (Poisson distribution)

Ham phan phéi Poisson, néi chung, rat gidng vai ham nhi phan, ngoai trir thong

s6 p thuong rat nho va n thuong rat 16n. Vi thé, ham Poisson thuong dugc st dung

de

mo ta cac bién sb rat hiém xay ra (nhu s6 ngudi mac ung thu trong mot dan s chang
han). Ham Poisson con dugc ung dung kha nhiéu va thanh céng trong cac nghién ciru ki

thudt va thi truong nhu sd lugng khach hang dén mot nha hang mai gio.

NDH

21



Vi du 4: Ham maéat d¢ Poisson (Poisson density probability function). Qua
theo ddi nhiéu thang, ngudi ta biét dugc ti 16 danh sai chinh ta cia mot thu ki danh may.
Tinh trung binh ctr khoang 2.000 chir thi thu ki danh sai 1 chit. Hoi x&c suit ma thu ki
danh sai chinh ta 2 chi¥, hon 2 chit 1a bao nhiéu?

Vi tan s6 kha thap, chiing ta c6 thé gia dinh ring bién s6 “sai chinh ta” (tam dat
tén 1a bién s6 X) 1a mot ham ngau nhién theo luat phan pho1 Poisson. O day, ching ta co ti
1¢ sai chinh ta trung binh la1 A =1). Luat phan phdi Poisson phét biéu ring xéac suat
ma X =k, véi diéu kién ti 18 trung binh A

p(X =k) = e™ X /k!

Do d6, dap s6 cho cau hoi trén la: e ™ /2! = 0,1839

tinh bang R mot cach nhanh chdng hon bang ham dpoi s nhu sau:
> dpois (2, 1)

[1] 0.1839397

Chuing ta ciing cd thé tinh xac sut sai 1 chit, va xac suit khong sai chit nao:

> dpois (1, 1)
[1] 0.3678794

> dpois (0, 1)
[1] 0.3678794
> dpois(2,1)

Ch y trong ham trén, chiing ta chi don gian cung cap thong sd k =2 va i = 1. Trén day la
xac suat ma thu ki danh sai chinh ta dung 2 chir. Nhung xac suat ma thu ki danh sai
chinh ta hon 2 chir (tic 3, 4, 5, ... chit) c6 thé udc tinh bang:

P(X >2)=P(X =3)+P(X =4)+P(X =5)+..

= 1- (X < 2) = 1-0.3678-0.3678-0.1839 =0.08

Bang R, ching ta c6 thé tinh nhu sau:

#P(X<2) > ppois(2, 1) [1] 0.9196986
#1-P(X <2)

> l-ppois (2, 1) [1] 0.0803014

7.3.3 Ham phan phéi chuan (Normal distribution)

Hai luat phan phél ma chung ta vira xem Xet trén day thugc vao nhém phan phéi
4p dung cho cac bién sb phi lién tuc (discrete distributions), ma trong do bién s6 co
nhitng gia tri theo bac thi hay thé loai. Ddi voi cac bién s lién tuc, co vai luat phén phdi
thich hop khac, ma quan trong nhat 1a phan phdi chuan. Phan phdi chuan la nén tang
quan trong nhét cia phan tich thong ké. C& thé ndi hau hét Ii thuyét thong ké duoc xay
dung trén nén tang cua phan phdi chuan.

Ham mat d6 phan phdi chuan c6 dang:

-

[1—,{1}

CEp| —————
'\J Tag : _I'J'

P[X=x|;:.crj]
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_ Vidus: Ham mat d phan phdi chuin (Normal density probability function).
Chiéu cao trung binh hién nay ¢ phu nt Viét Nam la 156 cm, vai d6 léch chuan la 4.6
cm

FProbability distribution of height in Wietnamese women
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>
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Bieu do 2. Phan phéi chiéu cao & phu nit Viét
Nam vé1i trung binh 156 cm va d6 léch chuan 4.6
em. Trung hoanh la chiéu cao va truc tung la xac
suat cho mai chiéu cao.

Biéu d6 trén duoce ve bﬁug hai 1énh sau day. Lénh dau tién nhim tao ra mot bién sb
height ¢6 gia tri 130, 131, 132, ..., 200 em. Lénh th hai la vé biéu d6 vdi dicu kién
trung binh 1a 156 cm va d@¢ 1éch chuan 1a 4.6 cm.

> height <- seg(l30, 200, 1)

> plot (height, dnormi{height, 15&, 4.
tvype="1",
ylab="f (height)”,
xlab="Height”,

a3}

]f
main="Probability distributicon of height in Vietnamese womsn")

Wi hai thong s6 trén (va biéu d6). chung ta ¢6 thé wdce tinh xdc suat cho bat cir
chiéu cao nao. Ching han nhwr xac suat mét phy ot Viét Nam ¢d chiéu cao 160 em la:

1 (160-156)’
exp| -~ ————

16y2x31416 T 2(a6)

= 0.0594

P(X= 160 | u=156. 6=4.6) =

Ham dnorm(x, mean, =d)trong R cd theé tinh toan xdac suat nay cho chiung ta mét
cach gon nhe:

> dnorm(l60, mean=15¢, sd=4.g)
[1] ©.05942343
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Ham x4&c suét chuan tich liy (cumulative normal probability function).
Vi hiéu cao 12 mét bién s6 lién tuc, trong thuc t& ching ta it khi ndo muédn tim xé&c suat cho
mot gia tri cu thé x, ma thuong tim xac suit cho mot khoang gia tri a dén b. Ching han
nhu ching ta mudn biét X4c suat chiéu cao tir 150 dén 160 cm (tic 12 P(150 < X < 160), hay
X4C Suit chiéu cao thap hon 145 cm, tic P(X < 145). Dé tim dap sb cac cau hoi nhu thé,
chung ta can dén ham xac suat chuan tich liy, dugc dinh nghia nhu sau:

Pla<X<b)=[ f(x)dx

Thanh ra. P(160 < X < 150) chinh 14 dién tich tinh ti¢ truc hoanh = 150 dén 160 cia biéu
d0 2. Trong R ¢6 ham pnorm(x, mean, =sd) ding d¢ tinh xac suat tich luy cho
mot phan phoi chuan rat ¢é ich.

pnorm(a, mean, sd)= r f[x)a’x = P(X < a | mean, sd)

Xéc suat chiéu cao phuy nit Viét nam thap hon hay bang 150 cm
> pnorm (150, 156, 4.6)
[1] 0.0960575 , ‘
Khoang 9,6% phu nir Viét nam thap hon hay bang 150 cm
Hay xac suét chiéu cao phu nir Viét Nam bang hodc cao hon 165 cm Ia:
> l-pnorm (164, 156, 4.6)
[1] 0.04100591
N6i cach khéc, chi c6 khoang 4.1% phu nit Viét Nam c6 chiéu cao bang hay cao hon 165
cm.

Vi du 6: Ung dung luat phan phéi chuin: Trong mot quan thé, ching ta biét
ap sudt mau trung binh 12 100 mmHg va d6 léch chuan la 13 mmHg, hoi: ¢6 bao nhiéu
nglroi trong quan thé nay c6 ap suat méau bang hoic cao hon 120 mmHg? Cau tra 10
bang R la:
> l-pnorm (120, mean=100, sd=13)

[1] 0.0619679
Tac khoang 6.2% nguoi trong quan thé ndy c¢d &p suat mau bang hodc cao hon 120
mmHg.

7.3.4 Ham phan phéi chuan chuan héa (Standardized Normal distribution)
Mot bién X tudn theo ludt phan phéi chudn véi trung binh binh g va phrong sai o
thwong dwoc viét tat la:
X~Nu. )

O day i va o tiy thude vao don vi do luong cua bién 6. Ching han nhu chiéu
cao duge tinh biang cm (hay m). huyét ap duoc do bang mmHg. tudi duge do bang nam.
v.v... cho nén d61 khi mé ta mot bién sé bﬁng don w1 gﬁc rat khoé so sanh. Mot cach don
gian hon la chuan héa (standardized) X sao cho sé trung binh 1a 0 va phuwong sai 1a 1.
Sau vai thao tac so hoe. ¢6 thé chnng minh dé dang ring. cach bién doi X d¢ dap vmg didu
kién trén la:
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Biéu @6 phéan phéi chidu cao cia phu nit Viét Nam cé thé mé ta bing mét don vi
mdi, d6 1a chi s6 z nhwr sau:

Probability distribution of heightin Vietnamese women

04

'
/ A\

]

a1
I
I

a0
I

Bieu @0 3. Phan phéi chuin héa chiéu cao & phu
nit Viét Nam.

Biéu d6 trén dwge vé bang hai 1énh sau day:

> height <- seqg (-4, 4, 0.1)
> plot (height, dnorm(height, 0, 1),
type:" " ,
ylab="f(z)"”
xlab="z",
maln—"Probability distribution of height in Vietnamese women")

V6i phan phéi chuan chuan ho, chling ta c6 mot tién loi la co thé ding no dé mo ta va so
sanh mat do phan phdi cta bat cir bién nao, Vi tat ca déu dugc chuyén sang chi sb z.

Trong biéu do trén, tryc tung la xac suit z va truc hoanh 1a bién s6 z. Chlng ta c6 thé
tinh todn xac suit z nho hon mot hing sé (constant) nao d6 dé dang bang R. Vi du,
ching ta mudn tim P(z < -1.96) = ? cho médt phan phdi ma trung binh 1a 0 va do léch
chudn1a 1.

> pnorm(-1.96, mean=0, sd=1)

[1] 0.02499790

Hay P(z < 1.96)=?
> pnorm(1l.96, mean=0, sd=1)
[1] 0.9750021

Do d6, P(-1.96 < z < 1.96) chinh la:
> pnorm(1.96) - pnorm(-1.96)
[1] 0.9500042
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NOi cach khac, x&c suat 95% la z nam gitta -1.96 va 1.96. (Chl y trong lénh trén
khéng cung cap mean=0, sd=1, bai vi trong thuc t€, pnorm gié tri mac dinh (default
value) cta thong sé mean la 0 va sd 1a 1).

Vi du 5 (tiép tuc). Xin nhic lai dé tién viéc theo ddi, chiéu cao trung binh ¢ phu
nit Viét Nam 12 156 cm va d6 1éch chuan 1a 4.6 cm. Do d6, mot phu nir ¢ chiéu cao 170
cm cling €0 nghia la z = (170 - 156) / 4.6 = 3.04 d¢ 1éch chuan, va ti 1é cac phy nir Viét
Nam c6 chiéu cao cao hon 170 cm 1a rat thip, chi khoang 0.1%.

> l-pnorm(3.04)
[1] 0.001182891

Tim dinh hrgng (quantile) cia mgt phan phoi chuan boi khi chung ta can
lam mét tinh toan dao ngugc. Chang han nhu chdng ta muén biét: néu xac suat Z nho
hon mot hang sd Z nao d6 cho trude bang p, thi z 1a bao nhiéu? Dién ta theo ki hiéu xéac
suét, ching ta muén tim z trong néu:

P(Z<2)=p

Dé tra 101 cAu hoi ndy, ching ta sir dung ham gnorm (p, mean=, sd=).
Vi du 7: Biét rang Z ~ N(0, 1) va néu P(Z < z) = 0.95, chling ta muén tim z.
> gnorm(0.95, mean=0, sd=1)
[1] 1.644854
Hay P(Z < z) = 0.975 cho phan phdi chuan véi trung binh 0 va do 1éch chuén 1:
> gnorm(0.975, mean=0, sd=1)
[1] 1.959964

8. Bieu do

Trong ngdn ngit R ¢6 rat nhiéu cach dé thiét ké mot biéu dd gon va dep. Phan 16n
nhitng ham dé thiét ké biéu d6 co san trong R, nhung mot sb loai biéu do tinh vi va phuc
tap khac co thé thiét ké bang cac package chuyén dung nhu lattice hay trellis c6
thé tai tir website cia R. Trong chuong nay tdi s& chi cach v& cac biéu do théng dung
bang cach sir dung cac ham phd bién trong R.

8.1 Sé liéu cho phan tich biéu do

Sau khi da biét qua moi trudng va nhitng lya chon dé thiét ké mot biéu do, bay
gio chling ta c6 thé st dung mot s6 ham thdng dung dé vé cac biéu d6 cho sb liéu. Theo
t6i, biéu dd co thé chia thanh 2 loai chinh: biéu d6 ding dé mé ta mot bién sé va biéu dd vé
mébi lién hé giita hai hay nhiéu bién s6. Tét nhién, bién s6 c6 thé 1a lién tyc hay khéng lién
tuc, cho nén, trong thyc té, chung ta c6 4 loai biéu d5. Trong phan sau ddy, toi s& diém qua
cac loai biéu dd, tir don gian dén phuc tap.

C6 18 cach tdt nhét dé tim hiéu cach v& dd thi bang R 1a bang mét dit liéu thyc té.
T6i s& quay lai vi du 2 (phan 4.2). Trong vi du d6, ching ta c6 dir liéu gom 8 cot (hay

bién sd): id, sex, age, bmi, hdl, 1dl, tc, va tg. (Chly, id la misb
ctia 50 di twong nghién ctu; sex 1a giéi tinh (nam hay nit); age 1a d6 tudi; bmi 4 ti
s6 trong lrong; hdl 14 high density cholesterol; 1d1 1a low density cholesterol; tc la
téng s - total — cholesterol; va tg triglycerides). Dit liéu dugc chua trong directory
directory c:/works/insulin dudi tén chol.txt. Trudc khi v& dd thi, ching ta
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bét dau bang cach nhap di liéu nay vao R.

> setwd (“c:/works/stats”)
> cong <- read.table(“chol.txt”, header=TRUE, na.strings=".")
> attach (cong)

Hay dé tién viéc theo ddi tdi s& nhap cac dir liéu d6 bang c4c 1énh sau day:

sex <- C (“Nam”, “NU”, “NU”, “Nam”, “Nam”, “NU”, “Nam”, “Nam”, “Nam”, “NU”,
“Nu", “Nam", “Nu", “Nam", “Nam", “Nu", “Nu", “Nu", “Nu", “Nu",
“Nu” “Nu” “Nu” “Nu”, “*Nam”, “Nam” “Nu”, “Nam” “Nu” “Nu”
4 ’ ’ ’ ’ ’ ’ ’ 4 ’
“Nu", “Nam", “Nam", “Nu", “Nu", “Nam", “Nu", “Nam", “Nu", “Nu",
“Nam", “NU", “Nam", “Nam", “Nam", “NU", “Nam", “Nam", “NU", “NU")

age <- c(57, 64, 60, 65, 47, 65, 76, 61, 59, 57,
63, 51, 60, 42, 64, 49, 44, 45, 80, 48,
61, 45, 70, 51, 63, 54, 57, 70, 47, 60,
60, 50, 60, 55, 74, 48, 46, 49, 69, 72,
51, 58, 60, 45, 63, 52, 64, 45, 64, 62)

bmi <- c¢( 17, 18, 18, 18, 18, 18, 19, 19, 19, 19, 20, 20, 20, 20, 20,
20, 21, 21, 21, 21, 21, 21, 21, 21, 22, 22, 22, 22, 22, 22,
22, 22, 22, 22, 23, 23, 23, 23, 23, 23, 23, 23, 24, 24, 24,
24, 24, 24, 25, 25)

hdl <- c¢(5.000,4.380,3.360,5.920,6.250,4.150,0.737,7.170,6.942,5.000,
4.217,4.823,3.750,1.904,6.900,0.633,5.530,6.625,5.960,3.800,
5.375,3.360,5.000,2.608,4.130,5.000,6.235,3.600,5.625,5.360,
6.580,7.545,6.440,6.170,5.270,3.220,5.400,6.300,9.110,7.750,
6.200,7.050,6.300,5.450,5.000,3.360,7.170,7.880,7.360,7.750)
1dl <- ¢(2.0, 3.0, 3.0, 4.0, 2.1, 3.0, 3.0, 3.0, 3.0, 2.0,
5.0, 1.3, 1.2, 0.7, 4.0, 4.1, 4.3, 4.0, 4.3, 4.0,
3.1, 3.0, 1.7, 2.0, 2.1, 4.0, 4.1, 4.0, 4.2, 4.2,
4.4, 4.3, 2.3, 6.0, 3.0, 3.0, 2.6, 4.4, 4.3, 4.0,
3.0, 4.1, 4.4, 2.8, 3.0, 2.0, 1.0, 4.0, 4.6, 4.0)
tc <-c (4.0, 3.5, 4.7, 7.7, 5.0, 4.2, 5.9, 6.1, 5.9, 4.0,
6.2, 4.1, 3.0, 4.0, 6.9, 5.7, 5.7, 5.3, 7.1, 3.8,
4.3, 4.8, 4.0, 3.0, 3.1, 5.3, 5.3, 5.4, 4.5, 5.9,
5.6, 8.3, 5.8, 7.6, 5.8, 3.1, 5.4, 6.3, 8.2, 6.2,
6.2, 6.7, 6.3, 6.0, 4.0, 3.7, 6.1, 6.7, 8.1, 6.2)
tg <- ¢(1.1, 2.1, 0.8, 1.1, 2.1, 1.5, 2.6, 1.5, 5.4, 1.9,
1.7, 1.0, 1.6, 1.1, 1.5, 1.0, 2.7, 3.9, 3.0, 3.1,
2.2, 2.7, 1.1, 0.7, 1.0, 1.7, 2.9, 2.5, 6.2, 1.3,
3.3, 3.0, 1.0, 1.4, 2.5, 0.7, 2.4, 2.4, 1.4, 2.7,
2.4, 3.3, 2.0, 2.6, 1.8, 1.2, 1.9, 3.3, 4.0, 2.5)

cong <- data.frame(sex, age, bmi, hdl, 1dl, tc, tg)

8.2 Biéu d6 cho mét bién sé r&i rac (discrete variable): barplot

Bién sex trong dit liéu trén c6 hai gia tri (nam va nu), tac 1a mot bién khong lién
tuc. Chling ta mudn biét tin sd cua gidi tinh (bao nhiéu nam va bao nhiéu nir) va vé mot
biéu d6 don gian. DE thuc hién ¥ dinh ndy, trude hét, ching ta can dung ham table dé
biét tan so:

> sex.freq <- table(sex)
>

sex.freq

sex
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Nam Nu
22 28

C6 22 nam va 28 nita trong nghién ciru. Sau d6 ding ham barplot dé thé hién tin sb

nay nhu sau:

> barplot (sex.freq, main="Frequency of males and females”)

Biéu trén ciing cd thé c6 duoc bang mot 1énh don gian hon (Biéu do 8a):

> barplot(table(sex), main="Frequency of males and females™)

Frequency of males and females

[=
7]

o -

Frequency of males and females

Mam

I T T T T 1
o — 10 15 =

Biéu do6 8a. Tan so giGi tinh thé hién bang
cot s0.

Biéu do 8b. Tan so gidi tinh thé hién bing
dong s0.

_ Thay vi thé hién tan s6 nam va nix bang 2 cot, chling ta ¢6 thé thé hién bang hai dong
bang thong so horiz = TRUE, nhu sau (xem két qua trong Biéu do 6b):

> barplot(sex.freq,

horiz = TRUE,

col = rainbow(length(sex.freq)),
main="Frequency of males and females”)

8.3 Biéu d6 cho hai bién sé ri rac (discrete variable): barplot
Age la mot bien so lién tuc. Chang ta co thé chia bénh nhan thanh nhiéu nhom
dua vao do tudi. Ham cut c6 chuc nang “cat” mot bién lién tuc thanh nhiéu nhém roi

rac. Chang han nhu:
> ageg <- cut(age, 3)
> table (ageq)
ageg
(42,54.7] (54.7,67.3] (67.3,80]
19 24 7

C6 hiéu qua chia bién age thanh 3 nhém. Tan sb cua ba nhém nay la: 42 tudi dén 54.7
tu6i thanh nhém 1, 54.7 d&én 67.3 thanh nhém 2, va 67.3 dén 80 tudi thanh nhém 3.
Nhom 1 ¢6 19 bénh nhan, nhom 2 va 3 ¢ 24 va 7 bénh nhéan.

Bay gio ching ta muén biét co bao nhiéu bénh nhan trong timg do tudi va timg gi6i tinh
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bang lénh table:

> age.sex <- table(sex, ageq)
> age.sex
ageg
sex (42,54.7]1 (54.7,67.3] (67.3,80]
Nam 10 10 2
Nu 9 14 5

Két qua trén cho thdy chung ta c6 10 bénh nhan nam va 9 nit trong nhém tudi thir nhat,
10 nam va 14 ntra trong nhom tuoi tha hai, v.v... D€ thé hién tan so cua hai bién nay,

chung ta van diing barplot:
> barplot (age.sex,
group”)

main="Number of males

and females in each age

Humber of males and females in each age group

41547

54.7.67.3) (E7.3,800

42,247

E4TET 3] {67.3,80]

Age group

Bieun @0 9a. Tan s6 gidi tinh va nhém tudi
thé hién bang cot so.

Bieu @0 9b. Tan s6 gidi tinh va nhém o1
thé hién bang hai dong sa.

Trong Bieu do 9a. moi ¢ot 1a cho mot @5 tudi. va phan dam cua cét la nt, va phan mau
nhat la tan s6 cua nam gi61. Thay vi the hién tin s6 nam ni trong moét cot. chung ta cung
¢o thé thé hién bang 2 ¢6t vo1 beside=T nhw sau (Bieu do 9b):

barplot (age.=sex, besids=TRUE,

8.4 Biéu d6 hinh tron

®xlak="Ags group")

Tan sb mot bién roi rac ciing c6 thé thé hién bang biéu db hinh tron. Vi du sau day vé

biéu dd tin s6 cua do tudi. Bidu dd 10a 1a 3 nhom do tudi, va Biéu do 10b 13 biéu d6 tan

s6 cho 5 nhém tudi:
> pie(table(ageq))
Thi du pie(table(cut(age,5)))
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Biéu d6 10a. Tan s6 cho 3 nhém tudi

Biéu d6 10b. Tan s6 cho 5 nhém tdi

8.5 Biéu @6 cho mét bién sé lién tuc: stripchart va hist

8.5.1 Stripchart

Biéu d6 strip cho chlng ta thay tinh lién tuc cua mot bién s6. Chang han nhu

chdng ta mudn tim hiéu tinh lién tuc cua triglyceride (tg), ham stripchart() s& gidp

trong muc tiéu nay:
> stripchart(tg, main=""Strip chart for triglycerides”, xlab="mg/L")

8.5.2 Histogram

Age 1a mot bién s lién tuc. Dé v& biéu d6 tin sb cua bién sb age, ching
ta chi don gian 1énh hist (age). Nhu da d¢ céap trén, ching ta c6 thé cai tién do
thi ndy bang cach cho thém tya d¢ chinh (main) va tya dé cua truc hoanh

(x1ab) va truc tung (ylab):
> hist (age)

> hist (age, main="Frequency distribution by age group",

xlab="Age group",

ylab="No of patients")

Histogram of age

Fraquancy
8
I

age

Frequency distribution by age group

Ho afpatients
L]
I

T T T T 1
40 50 &0 O &0

Age grouy

Biéu @6 11a. Truc tung la s6 bénh nhan (do6i
twgng nghién ciru) va truc hoanh la do tuoi.
Chang han nhw tuéi 40 dén 45 ¢6 6 bénh nhan.
tir 70 dén 80 tudi co 4 bénh nhan.

Biéu d6 11b. Thém tén bidu dd va tén cua truc
trung va truc hoanh bang x1ab va ylab.

Chuing ta ciing c6 thé bién dbi biéu d6 thanh mot do thi phan phdi xac suit bang ham
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plot (density) nhu sau (két qua trong Biéu do 12a):
> plot (density (age), add=TRUE)

Denal

density default(x = age)
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Bi€u @6 12a. Xac suat phan phoi mat do cho
bien age (do tuoi).

Biéu do 12b. Xac suat phan phoi mat dé cho

bién age (6 tudi) voi nhiéu interquartile.

(két
8.6

qua xem‘Biéu dd 12b):
Biéu do hép (boxplot)

Chuing ta c6 thé v& hai do thi chong 1én bang céch dung ham interquartile nhu sau

Pé v& biéu d6 hop cua bién sd tc, chling ta chi don gian lénh:

> boxplot (tc,

main="Box plot of total cholesterol™,

viab="mg/L")

Box plot of total cholesterol

Biéu do 13. Trong biéu dd nay. chiing ta thay median
(trmung vi)} khoang 5.6 mg.. 25% total cholestercl thap
hon 4.1. va 75% thap hon 6.2.

Total cholesterol thap nhat

Trong biéu do sau day, chling ta so sénh tc gitra hai nhém nam va nit:

> boxplot (tc ~ sex,

sex”,

ylab="mg/L")

main="Box plot of total cholestrol by
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Két qua trinh bay trong Biéu dé 14a. Ching ta co thé bién d6 giao dién cta d6 thi bang
cach dung théng sé horizontal=TRUE Vva thay ddi mau bang théng sé col nhu
sau (Biéu do 14b):

> boxplot (tc~sex, horizontal=TRUE, main="Box plot of

total cholesterol", ylab="mg/L", col = "pink")

Box plot of total cholesterol by sex Box plot of total cholesterol

mglL

mg/L

Biéu do 14a. Trong biéu d6 nay, ching ta | Biéu do 14b. Total cholesterol cho ting
thdy trung vi cua total cholesterol ¢ nir gidi| gii tinh, v&i mau sic va hinh hop nam
thip hon nam gidi, nhung d6 dao dong giira | ngang.

hai nhdm khdng khac nhau bao nhiéu.

8.7 Phan tich biéu d6 cho hai bién lién tuc

8.7.1 Biéu do tan xa (scatter plot)

Dé tim hiéu mai lién hé gira hai bién, chiing ta dung biéu do tan xa. Dé vé biéu do tan
xa vé mbi lién hé giita bién s6 tc va hdl, ching ta sir dung ham plot. Théng sd thir
nhit ctia ham plot 12 tryc hoanh (x-axis) va théng sé thir 2 1a truc tung. Dé tim hiéu
mbi lién hé gitra tc va hdl chung ta don gian 1énh: > plot(tc,hdl)

hdl
L

T T T T
3 4 5 a 7 8

Biéu 4o 15. MoOi lién hé gifta tc va hdl. Trong biéu dé
nay. chhing ta v& bien so0 hdl wén truc hung va ©o wrén
truc hoanh.
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Chling ta mudn phén biét gisi tinh (nam va nir) trong biéu d6 trén. Dé vé biéu d6 do,

ching ta phai dung dén ham ifelse. Trong lénh sau ddy, néu sex=="Nam” thi v& ki

tu s6 16 (6 tron), néu khdng nam thi vé ki tu s6 22 (tic 6 vudng):

> plot(hdl, tc, pch=ifelse(sex=="Nam", 16, 22))

Két qua 1a Biéu dd 16a. Chiing ta ciing c6 thé thay ki tu thanh “M” (nam) va “F”

nit(xem Biéu dd 16b):

> plot(hdl, tc, pch=ifelse(sex=="Nam", “M”, “F”))

hd
L]
-

Te

nal

dau.

Bicu do 16a. Moi lien he gitra tc va hdl theo
timg gioi tinh dwrge the hién bang hai ki hieu

Biéu do 16a. Moi lién he gitra tc va hdl theo
firng gioi tinh dwege the hién bang hai ki tir.

Chung ta ciing ¢6 thé v& mot dudng biéu dién hoi qui tuyén tinh (regression line)

qua cac diém trén bang cach tiép tuc ra cc 1énh sau day:

> plot(hdl ~ tc, pch=16, main="Total cholesterol and HDL

cholesterol", xlab="Total cholesterol",

bty:lllll)
> reg <- Im(hdl ~ tc)

> abline (reqg)

ylab="HDL cholesterol",

Két qua 1a Biéu do 17a dudi diy. Chung ta ciing c¢6 thé ding ham tron (smooth
function) dé biéu dién moi lién hé gitra hai bién s6. DO thi sau day st dung
lowess (Mot ham théng thuong nhat) trong viéc “lam tron” s6 liéu tc va hdl

(Biéu dd 17b).
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>plot (hdl ~tc,pch=16,

main="Total cholesterol and HDL cholesterol with LOEWSS

smooth function",
xlab="Total cholesterol",
bty:IIlII)
£f=2/3,

> lines (lowess (hdl, tc,

iter=3),

ylab="HDL cholesterol",

col="red")

Total cholesterol and HOL cholesterol
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Bifu @ 17a. Trong lénh trén. reg<-
Im(hdl~tc) co nghia la tim phwrong trinh
lién hé gitta hdl va tc bang linear model
(1m) va dSat két qua vao doi twong req.
Lénh thir hai abline (reg) véu cau R vé
duong thang tir phwong trinh trong reg

Biéu do 17b. Thay vi dung abline, chiung ta
dung ham lowess de thé hien moi lién he giira
tc va hdl.

Ban doc ¢o thé thi nghiém véi nhiéu théng s6 £=1/2, £=2/5, hay tham chi £=1/10

s& thay do thi bién doi mot cach “thu vi™.
8.8 Phan tich Bieu do cho nhiéu bien: pairs

Chuing ta cd thé tim hiéu méi lién hé gitra cac bién sé nhu age, bmi, hdl, 1d1 va

tc bang cach dung lénh pairs. Nhung trude hét, ching ta phai dua céc bién sé nay

vao mot data.frame chi gom nhitng bién sé c6 thé v& dugc, va sau d6 sir dung ham

pairs trong R.
> lipid <- data.frame(age,bmi,hdl,Idl,tc)
> pairs(lipid, pch=16)

Két qua sé 1a:
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8.9 Biéu do véi sai s6 chuan (standard error)
Trong biéu d6 sau day, chiing ta c6 5 nhom (bién sé x dugc mé phong chir khdng phai s6
liéu that), va mdi nhdm cd gia tri trung binh mean, va do tin cay 95% (lcl va ucl).
Thong thuong Icl=mean-1.96*SE va ucl = mean+1.96*SE (SE la sai s6
chuan). Chdng ta mudn vé& biéu d6 cho 5 nhdm véi sai s6 chuan d6. Cac 1énh va ham sau
day s& can thiét:
> group <- ¢(1,2,3,4,5)
> mean <-c(1.1, 2.3, 3.0, 3.9,5.1)
> Il <- ¢(0.9, 1.8, 2.7, 3.8, 5.0)
> ucl <- o(1.3, 2.4, 3.5, 4.1, 5.3)
> plot(group, mean, ylim=range(c(licl, ucl)))

> arrows(group, ucl, group, Icl, length=0.5, angle=90, code=3)
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