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LOI NOI PAU
“Phan mém (tw do nguon mé) chudn muec trong thong ké va khoa hoc dit liéu"

R 14 phan mém (ciing goi 1a ngdn ngir 1ap trinh R) dé phan tich dit liéu dwoc xdy dung boi Ross Thaka va
Robert Gentleman tai The University of Auckland, New Zealand, tiép tuc dugc phat trién boi nhom R
Development Core Team. Phan 16n cac k¥ thuat phan tich trong kinh doanh déu dwgc R hd trg — tir Théng
ké dén Hoc mdy hay cac k¥ thuat Toi uu hoa. Bang chimg cho stic manh ciia R d6 1a nhing gidi thuong
va sy tan duong tir nhimng tap chi hay cong dong uy tin trén thé giéi nhu New York Times, Forbes,
Intelligent, Enterprise, InfoWorld va The Register; ciing nhu duoc tich hop phét trién boi cac tap doan
cong ngh¢ hang dau nhu Microsoft; Google; IBM; Oracle; Amazon-AWS.

R 14 mot phan mém hoan toan mién phi. Tuy mién phi, nhung chirc ning ctia R khong thua kém cac phan
mém thuong mai. Tat ca nhitng phwong phap, mé hinh ma cac phan mém thuwong mai c6 thé lam duoc thi
R ciing c6 thé 1am dugc. R c6 loi thé 1a kha nang phan tich biéu do tuyét voi. Khong mot phan mém nao
c6 thé sanh v6i R vé phan biéu do! Mot loi thé khac 1a R gan lién véi gidi hoc thuat, hau hét nhimg mo
hinh thdng ké méi nhat déu dwoc hd tro boi R. Trong cac bai bao cua tap chi hang dau vé cac phan mém
thong ké —Journal of Statistical Software— hau hét 1a vé R.

Noi mot cach van tat, cac li do chinh nén s dung R trong hoc thuét cing nhu thuc tién la: Mién  phi (va
ngudn mo); S6 1 trong cac phan mém mién phi; Canh tranh (thdm chi vuot trdi) so véi cac phan mém
thuong mai; Da sir dung nhiéu trong thuc tién (industry); Chay duoc trén nhiéu hé diéu hanh.

Nhung R ¢6 cai bat loi 1a ding 1énh (giéng nhu Matlab) chir khéng dung menu nhu Excel. Didu nay co
nghia 1a d6i v6i nguoi “luoi biéng” thi s& thiy R bét tién. Nhung Vo1 nguoi mu6n nim léy nhiing co ché
cin ban cua toan hoc, thi s& thich ngdn ngit nay ngay. [Thuc ra, néu phai lam viéc nhiéu thi ngudi “ludi
biéng” ciing s& thay viéc khong dung menu lai la vu dlem chtr khong pha1 nhuoc diém, vi dung léch thi s&
dugc copy & paste]. Mot nhuoc diém khac 1a R c6 rat nhidu “tac gia”, sé thu vién/package vao thang
1/2017 da hon 10.000; van dé nay sinh 1a 1am thé nao dé chon thu vién phtt hop nhat (ngoai cac thu vién
mic dinh/c6 sin). [Nhan manh 1a chi véi cac thu vién méc dinh, thi R da 1a du khi giai quyét cac mé hinh
“Sach giao khoa™].

Hién tai, RStudio (cling ngudn mo) 1a mot cong cu hd trg (IDE) rat duge wa thich (dic biét trong gido
duc) khi 1am viéc véi R. Cong cu RMarkdown ctia RStudio cho phép tao dong thoi cac loai tai li¢u tinh
va dong, bao gdm: HTML, PDF, Word, ... Cong cu Shiny ctia RStudio cho phép xdy dung cac ing dung
web (tuong tac) tir R.

Tai liéu ngan nay ching t6i viét dua theo muc Help ctia R & mdt so tai lidu trén internet nham giup céc
ban sinh vién lam quen véi viéc st dung mot phan mém toan hoc dé gidi cac bai todn cua hoc phan Toan
cao cap.
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Chii dé 0. Download va cai diit

Ban truy cdp vao trang chu: http://www.r-project.org/, click vao CRAN (dudi chit Download & cft bén
trai), ban s& dén trang CRAN Mirrors, click vao mot link (vi du ctia Thailand), click tiép Download R for
Windows, click tiép install R for the first time, click tiép Download R *.*.* for Windows s& download
duoc file R-*.* *-win.exe (*.*.* chi version tai thoi diém download), cai dit nhu cac phﬁn mém khac.

Sau khi cai dat, Shoutcut dé chay phén mém @ s& xuét hién trén Desktop, ban click dé chay phﬁn
mém. Cira s0 1énh cia phan mém s€ nhu hinh dudi, tai dau nhac “>” ban cé thé go cau 1énh va nhan Enter
() d€ yéu cau phan mém thyc hién cau 1énh.

e B s Pl Packages Wedes Heb

[l u] imfS] (o] 8]

! elp{i' Toe on-line help. or
=tart()” for an BTHL brogser isterface to help,
vpe ‘ui)! cooqumr R

Ghi chii:Ban ¢6 thé vao muc Help trén menu d@é sir dung cdc hirdng dan ciia R.



Chi dé 1. Tinh toan trén trwong sé thue

Cic phép toan trén truwdng sé thue 1a: cong (+), trir (-), nhan (*), chia (/), liy thira (%)

Céac ham thong dung:
Ham toan hoc Trén R Ham toan hoc Trén R
4 pi sin(x) sin(x)
e exp(1l) cos(x) cos(x)
x sqrt(x) tan(x) tan(x)
x| abs(x) cot(x) 1/tan(x)
In(x) ; Ig(x) log(x) ; log10(x) arcsin(x) asin(x)
log, x log(x, a) arccos(a) acos(a)
e exp(x) arctan(x) atan(x)
n! factorial(n) arccot(x) atan(1/x)
Mot s6 ky hiéu:

o 2et5=2%10"5; 2e-5=2%10"(-5)
e Inf; -Inf twong tng la duong vo cung; 4m vo cung
e NaN vict tat ‘Not a Number’: thwong mang nghia 1a khong xac dinh

VDI1. Tinh a= (3[51 + 4°- 1/6) (Ve + )

Cach 1: Tinh tryc tiép

Cach 2: Tinh gian tiep

> (sqrt(5.1)+4°5-1/6)*(exp(1/3)+pi)

> a=(sqrt(5)+4"5-1/6)*(exp(1/3)+pi)

>a . ##H(dé xem gid tri ciia a)

VD2. Tinh log;(4)
>log(4,3)

VD3. Tinh arcsin’(1/2) + cot(1) + cos’(2)

> (asin(1/2))"2+1/tan(1)+(cos(2))"3

VD4. Cho f(x)= (sin’(x) +x°)/(e*+1), tinh f(n/6)

Céch 1 : Tinh tryc ti€p

Céach 2 : Tinh qua ham s6

> ((sin(pi/6)) 2 +(pi/6)"2)/(exp(2*pi/6)+ 1)

> f<-function (x){((sin(x))"2+x"2)/(exp(2*x)+1)}
> f(pi/6)




Chii dé 2. Ma trin va dinh thic
1. Khai bao bién ma tran/vecto
VD: Khai bao vecto:
> A<-c(1,2,4) 4 >A J #iH#(xem vecto A)

VD: Khai bao ma tran c& 3x3:

>B<-matrix(c(11,4,20,4,9,8,3,6,9),nrow=3) | Hoac: Hoac:
>B  ###(xem ma trdn B) B<-matrix(c(11,4,3,4,9,6,20,8,9),3,3) | > y<-¢(11,4,20,4,9,8,3,6,9)
(Luu ¥ la R khai bdo ma trdn theo COT) > B<-matrix(y,nrow=3)

2. Cac phép toan trén cac phan tir ciia ma trin

Phan mém dang nhé cac bién A va B dugc khai béo & trén, ta khai bao thém bién C:
> C<-matrix(c(0,4,17,-2,5,8,3.5,8,-9.2),nrow=3)

Ta c6 thé thuc hién cac phép toan cong (+), trir (-), nhan (*), Iy thira (%)

VD: >B+C  hodc >D=B+C ! (¢ ddy ta di tao thém bién D = B+C)

VD: >B*C; >B*10; (luu y cdc phép todn nay la cho timg phan tir)

3. Phép nhin hai ma trin

VD: >B%*%C

4. Phép lity thira ma trin

Tao ham ldy thira tén 1a myfun

>myfun<-function(X,n){ if(n==1) X else {Y<-X; for(i in (2:n)){X<-X%*%Y}}; X }
VD: >myfun(B,10) J (tinh B")

5. Ma tran chuyén vi

VD: >t(B)

6. Tim hang ciia ma trin

VD: >qr(B)$rank

7. Tim ma tran nghich dio

VD: > solve(B)

8. Tinh dinh thirc (cia ma tran vuong)

VD: >det(B)




Chii dé 3. Hé phwong trinh tuyén tinh

e Dé giai hé PTTT, trudc hét ta cn cai dat thu vién matlib bang cach thuc hién 1énh trén R (may
tinh phai dang két noi internet):

> install.packages("matlib")

Phdn mém sé hién 1 bang CRAN mirror, ban chon 1 cai nao do6 roi OKE.
e Sau d6 phai goi thu vién matlib bing 1énh:

> library(matlib)

e MBbi lan sau chay R, dé giai hé PTTT, ban khong phai cai dt nita nhung van phai goi thu vién
matlib

xl + x2 + X3 = 6
VD1: Giai hé PTTT: {x1 — Xy =-1;
xl + xz + ZX3 = 9

Ta thuc hién nhu sau: Man hinh hién két qua la:
> A<-matrix(c(1,1,1,1,-1,1,1,0,2), nrow=3) xl =1
> B<-matrix(c(6,-1,9), nrow=3) 2 =2

> Solve(A, B, verbose = FALSE, fractions = TRUE) <3 = 3

Ghi chii: Trong vi du nay hé ¢é nghiém duy nhat: X=(1, 2, 3)

X1 +x,—x2=0
VD2: Giai hé PTTT: { L2 s

3x1 - X3 - 3
Ta thuc hién nhu sau: Man hinh hién két qua la:
> A<-matrix(c(1,3,1,0,-1,-1), nrow=2) xl -1/3*x3 = 1
> B<-matrix(c(0,3), nrow=2) x2-2/3*%x3 = -1
> Solve(A, B, verbose = FALSE, fractions = TRUE)

Ghi chu: Trong vi du nay hé co vo 56 nghiém: x; = 1+ 1/3x3 ; X, =-1+2/3x3;x3 € R



VD3: Giai hé¢ PTTT:

{xl +2x, +4x3 +6x, =1

—2Xx; + X3 — x4 =2
Ta thuc hién nhu sau: Man hinh hién két qua la:
> A<-matrix(c(1,0,2,-2,4,1,6,-1), nrow=2) xl +5*%x3 +5%x4 = 3
> B<-matrix(c(1,2), nrow=2) X2 - 1/2*x3 + 1/2*x4 = -1
> Solve(A, B, verbose = FALSE, fractions = TRUE)

Ghi chu: Trong vi du nay hé co vé so nghiém:

X1=3-5%X3—5%4; Xo=-1+1/2x3-1/2X4; X3 € R; x4 € R;



Chii dé 4. Dang toan phwong

VD1: Tim cac gia tri riéng cua DTP:

F(Xy; X5 X3) = 4x2 + 4x2 — 8x2 — 10x,x, + 4x,x3 + 4x, %3
Ta thuc hién nhu sau:
> A<-matrix(c(4,-5,2,-5,4,2,2,2,-8), nrow=3)
> eigen(A, symmetric = TRUE, only.values = TRUE)
$values
[1] 9.000000e+00 3.977446e-16 -9.000000e+00
$vectors
NULL
Ghi chii:Vi R chi cho cdc gid tri xdp xi (e-16 = 10°'°) nén DTP thuc chat ¢é cdc gid tri riéng la: 9; 0; -9
Pé tim cdc vecto riéng thi thay: only.values = FALSE
VD2: Xét tinh xac dinh diu ciia DTP:

F(X1; X2 X3) = -2x7 — 4x5 — 9x3 + 2x1x, — 8x,X3 + 2%, X3

Ta thuc hi€n nhu sau:
A<-matrix(c(-2,1,1,1,-4,-4,1,-4,-9), nrow=3)
> eigen(A, symmetric = TRUE, only.values = TRUE)
$values
[1] -1.407177 -2.179192 -11.413631
$vectors
NULL

Ghi chii: Céc gid tri riéng déu am nén DTP la xdc dinh ém.



Chu deé 5. Do thi cia ham so
o Ghi chii: Tham khéo Chii d@é 1 khi can vé cdc ham phikc tap.

o Phdn mém sé xudt ra do thi (trén I cira s6 khdc — R Graphic) nhw hinh duéi ( vdo File -> Copy to
the clipboard [hodc nhan vao do thi, CTRL+C] va paste vao word)

1. Ham 1 bién (2D)
VD: V& d6 thi ham sé: y = x* + 1 trén doan [-10; 10]

Thuc hién nhu sau:

> x<-seq(-10,10,length=200)
> y<-(x"2+1)
> plot(y,type=""

100
I

50
|

40

Indes

Ghi chii: Bién x la I day sé, bién y ciing la mét déy sé, ban gé thir x; roi g6 y.
2. Ham 2 bién (3D)
VD: V& d6 thi ham z=sin(x)*y vdi x € [0; 2], y € [0; 5]

Thuyc hién nhu sau:



> x<-seq(0,2*pi,length=200)
> y<-seq(0,5,length=200)

> f<-function(x,y){sin(x)*y}
> z<-outer(x,y,f)

> persp(X,y,z, theta=30, phi=30, expand=0.5, col= "lightblue", Itheta=120, shade=0.75,
ticktype="detailed", xlab="Truc x", ylab="Truc y", zlab="Truc z", main="Ve bang R")

Ve bang R




Chu dé 6. Giéi han

e Détinh gidi han, trudce hét ta can cai dat thu vién Ryacas b?mg cach thyc hién 1énh trén R (may
tinh phai dang két noi internet):

> install.packages("Ryacas")

Phdn mém s& hién 1 bang CRAN mirror, ban chon 1 cai nao d6 roi OKE.
e Sau do6 phai goi thu vién Ryacas bang 1énh:

> library(Ryacas)

e MBbi lan sau chay R, dé tinh giéi han, ban khong phai cai dat nira nhung van phai goi thu vién
Ryacas (Ryacas la thu vién cua R dung dé goi vao thu vién toan hoc Yacas)

e Ghi chii: Tham khdo Chii d@é 1 khi can tinh cho cdc ham phirc tap.

VD1: Tinh gidi han: lim,_q Sizx VD2: Tinh giéi han: lim,_,c, x? (1 — cos %)

Thuc hién nhu sau: Thuyc hién nhu sau:

>x <- ysym(uxn) >x <- ysym("x")
> lim(x"2*(1-cos(1/ I

> lim(sin(x)/x, x, 0) im(x"2*(1-cos(1/x)), x, Inf)
[1]1/2

(11

) Két qua: 1/2

Két qua: 1

VD3: Tinh gidi han: lim,_, ;o sinx VD4: Tinh giéi han: lim,_,_., x3

Thuyc hién nhu sau: Thuc hién nhu sau:

>x <- ysym("x") >x <- YSym(an)

> lim(sin(x), x, +Inf) > lim(x"3, X, -Inf)

[1] Undefined [1] —Infinity

Két qua: Khong ton tai lim Két qua: Am vo cing




Chii dé 7. Pao ham

®  Ghi chii: Tham khdo Chii dé 1 khi can tinh dao ham ciia cdc ham phirc tap.
1. Ham mét bién

VD 1: Tinh dao ham cép 1 va cap 2 ciia ham s6 f(x) =x* + 1

Pao ham cap 1 Pao ham cap 2
> D(expression(x*3+1), 'x') > D(D(expression(x"3+1), 'x'),'x")
3 *xN2 3*(2*x)

VD 2: Tinh dao ham ctia ham s6 f(x) =x’ + 1 tai x = 2.
> deriv(expression(x"3+1), 'x',function.arg = TRUE)(2)

[1]9 attr(,"gradient")
X

[1,] 12

Ghi chu: f(2) = 9; f(2) = 12
2. Ham nhiéu bién
VD1: Tinh cic dao ham riéng cép 1 va cAp 2 ctia ham s6 z = x* + xy

Pao ham cép 1:

’

Zy Zy
> D(expression(x"3+x*y), 'x') > D(expression(x"3+x*y), 'y")
3*¥xM2+y X
Pao ham cap 2:
Zyx Zyy Zyy

> D(D(expression(x"3+x*y), 'x'),'’x") | > D(D(expression(x"3+x*y), 'x'),'y") | > D(D(expression(x"3+x*y), 'y"),'y")

3*(2*x) [1]1 [1]0




VD2: Tinh cac dao ham riéng cép 1 va cap 2 ciia ham s6 z = x* + xy tai (1,2)

> deriv(expression(x"3+x*y), c("x","y"),function.arg = TRUE,hessian = TRUE)(1,2)

[1]3 attr(,"gradient") attr(,"hessian")
Xy »s X s Y
[1.]151 Xy Xy
[1.J61 [1,]10

Ghi chii: 2(1,2) = 3; z,(1,2) = 5; z,,(1,2) = I

Zyx (1,2) = 6; 2, (1,2) = 2,,(1,2) = 1;2,,(1,2) = 0



Chu dé 8. Gia tri 16n nhat — nhé nhat
e Ghi chii: Tham khdo Chi d@é 1 khi can tinh cho cdc ham phirc tap.
VD 1: Tim GTNN va GTLN cta ham y = x*+ 1 trén doan [-1, 1]
Ta thuc hi€n nhu sau:
> f <- function (x) {x"2+1}

> optimize(f, interval=c(-1, 1)) ### Tim GTNN

$minimum $objective

[1]-1.110223¢-16 [1]1

> optimize(f, interval=c(-1, 1),maximum = TRUE) ### Tim GTLN

$maximum $objective

[1] 0.999959 [1] 1.999918

Ghi chu: -Trong VD nay, ham $6 dat min =1 taix = 0 tuy nhién R chi cho cac gia tri xdp xi
(v6i -1.110223e-16 = -1.110223*10"° ~ 0)

-Trong VD nay, hdm 56 dat max = 2 tai x =1 hodc x = -1, tuy nhién R chi tim dwoc mot gia tri cia x =
0.999959, va cdc ket qua la xap xi.

VD 2: Tim GTLN cta ham y = 2x — 33\/ x2 trén doan [-2, 3/2]
Ta thuc hi€n nhu sau:
> f <- function (x) {2*x-3*(x"2)"(1/3)}

> optimize(f, interval=c(-2, 3/2),maximum = TRUE) ### Tim GTLN

$maximum $objective

[1]-1.118738e-06 [1]-0.0003255384

Ghi chii: Trong VD nay, ham sé dat max = 0 tai x = 0; tuy nhién R chi cho cdc gid tri xdp xi

(v6i -1.118738e-06 = -1.118738*10° ~ 0)



Chi dé 9. Tich phan ham mot bién
e Ghi chii: Tham khdo Chii d@é 1 khi can tinh tich phén ciia cdc ham phicc tap.
1. Tich phan thong thudng
VD: Tinh f11o xe*dx
Ta thuc hién nhu sau:
> f<-function(x) {x*exp(x)}
> integrate(f, lower=1, upper=10)
198238.2 with absolute error < 2.2e-09
Ghi chii: Két qua la 198238.2 véi sai s6 nhé hon 2.2%10°
2. Tich phén suy rong
VD: Xét tich hoi tu, phan ky cta [, = dx
Ta thuc hi€n nhu sau:
> f<-function(x){1/x"2}
> integrate(f, lower=1, upper=Inf)
1 with absolute error < 1.1e-14
Ghi chii:TPSR héi tu, gid tri la 1 véi sai s6 tuyét doi nhé hon 1.1*107

Infla +oo, -Inf li -co.



Chii @é 10. Phwong trinh vi phén

o Dé giai PTVP, trudc hét ta can cai dat thu vién deSolve béng cach thyc hién Iénh trén R (may
tinh phai dang két noi internet):

> install.packages("deSolve")

Phdn mém s& hién 1 bang CRAN mirror, ban chon 1 cai nao d6 roi OKE.
e Sau do6 phai goi thu vién deSolve bang 1énh:

> library(deSolve)

e MBbi lan sau chay R, dé giai PTVP, ban khong phai cai dit nita nhung van phai goi thu vién
deSolve

e Ghi chii: Tham khdo Chi d@é 1 khi phdi lam viéc véi cdc ham phirc tap.
1. Phuong trinh vi phéin cip 1
Ghi chii: Xét phwong trinh vi phén cap 1: dy/dx = f{x,y).

Gid sit ta cdn gidi PTVP dy/dx = x°. Phwong trinh nay c¢6 nghiém tong quat la y = x°/3 + C. Vi diéu kién
ban dau y(0) = 1 ta dwoc nghiém riéng y =x°/3 + 1. Ta sé vé do thi nghiém riéng nay.

(Phan mém R luu ham s6 duwdi dang bang, nén ta khong cé dwoc cong thire twong minh nhung van vé
duoc do thi).

VD1: V¢ dd thi nghiém riéng cua phuong trinh vi phan dy/dx = x> v&i diéu kién ban dau y(0) = 5 trén
mién [0, 100].

Ta thuc hién nhu sau:

> ham <- function (x, y,parms) {list(c(x"2))}

> dieukien <- c(y =5)

> ketqua <- ode(y = dieukien, func = ham,times = 0:100, parms = 0)

> plot(ketqua, type = "1", which = "y",lwd = 2, xlab = "Truc x", ylab = "Truc y",main = "PTVP")
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Dé hién thi cac gi tri cia ham y, ban thyc hién 1énh:
> ketqua
Ghi chii: times = 0:100 thé hién mién nghiém la [0, 100]

Phdn mém sé xudt ra do thi (trén 1 cita s6 khdc — R Graphic) nhw hinh trén (vao File -> Copy to the
clipboard [hodc nhan vao do thi, CTRL+C] va paste vao word)

VD2: V& d6 thi nghiém riéng ctia phuong trinh vi phan

v6i diéu kién ban diu y(4) = 2 trén mién [4, 10].

Ta thuc hién nhu sau:

> ham <- function (X, y,parms) {list(c(-x/(1-x"2)*y+x*sqrt(y)))}

> dieukien <- c(y =2)

> nghiem <- ode(y = dieukien, func = ham,times = 4:10, parms = 0)

> plot(nghiem, type = "1", which = "y",lwd = 2, xlab = "Truc x", ylab = "Truc y",main = "PTVP")
2. Phuong trinh vi phén cip 2

VD1: V& d6 thi nghiém riéng cta phuong trinh vi phén: y” — (1 — Yy’ +y =0, véi diéu kién ban diu
y(5) =2, y’(5) = 0 trén mién [5, 100].

Paty[1] =y, y[2] =y’, ta dwa PTVP vé hé:
v’ =yl2]
yI2" = (1=y[1])y[2] - y[1]



Ta thuc hién nhu sau:

> ham <- function (X, y,parms) {list(c(y[2], (1 - y[1]"2) * y[2] - y[1]))}
> dieukien <- ¢(y =2, y_phay = 0)

> nghiem <- ode(y = dieukien, func = ham,times = 5:100, parms = 1)

> plot(nghiem, type = "1", which = "y",Iwd = 2, ylab = "Truc y",main = "PTVP cip 2")

PTVP céap 2
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D¢ hién thi cac gi tri cia ham y, ban thyc hién lénh:
> nghiem
Ghi chii: times = 5:100 thé hién mién nghiém la [5, 100]

Phdn mém sé xudt ra o thi (trén I cua s6 khdc — R Graphic) nhuw hinh trén ( vao File -> Copy to the
clipboard [hodc nhan vao do thi, CTRL+C] va paste vao word)

VD2: V& dd thi nghiém riéng cua phuong trinh vi phén: y” — (1 — V)Y’ + y = e'sinx, voi diéu kién ban
dau y(4) =2, y’(4) = 0 trén mién [4, 10].

Ta thuc hi€n nhu sau:

> ham <- function (x, y,parms) {list(c(y[2], (1 - y[1]"2) * y[2] - y[1] + exp(1)"x*sin(x)))}
> dieukien <- c(y =2, y_phay =0)

> nghiem <- ode(y = dieukien, func = ham,times = 4:10, parms = 1)

> plot(nghiem, type = "I", which = "y",Iwd = 2, ylab = "Truc y",main = "PTVP cip 2")



Chii @é 11. Phwong trinh sai phan

e Dé giai PTSP, trudc hét ta cn cai dat thu vién deSolve bang cach thuc hién 1énh trén R (may tinh
phai dang két noi internet):

> install.packages("deSolve")

Phdn mém s& hién 1 bang CRAN mirror, ban chon 1 cai nao d6 roi OKE.
e Sau do6 phai goi thu vién deSolve bang 1énh:

> library(deSolve)

e MBbi lan sau chay R, dé giai PTSP, ban khong phai cai dat nira nhung van phai goi thu vién
deSolve

e Ghi chii: Tham khdo Chi d@é 1 khi phdi lam viéc véi cdc ham phirc tap.
1. Phuong trinh sai phan cép 1
Ghi chii: Xét phwong trinh sai phén cap 1: y(n+1) = fin,y(n)).

Gid sur ta can giai PTSP y(n+1) + 2y(n) = 0. Phuong trinh ndy c6 nghiém géng quat la y(n) = C(-2)". Voi
diéu kién ban dau y(2) = 3 ta dwoc nghiém riéng y(n) = %(-2)". Ta sé vé do thi nghiém riéng nay.

(Phan mém R luu ham s6 duwdi dang bang, nén ta khong cé dwoc cong thire twong minh nhung van vé
duoc do thi).

VDI1: Vé‘d(;) thi nghiém riéng cua phuong trinh sai phan y(n+1) + 2y(n) = 0 véi diéu kién ban dau y(2) =
3 trén mién [2, 20].

Ta thuc hién nhu sau:

> ham <- function (n, y,parms) {list(c(-2*y))}

> dieukien <- c(y=3)

> ketqua <- ode(y = dieukien, func = ham,times = 2:20, parms = 0, method = "iteration")

> plot(ketqua, type = "1", which = "y",lwd = 2, xlab = "Truc n", ylab = "Truc y",main = "PTSP")
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Dé hién thi cac gié tri cia ham y, ban thyc hién 1énh:
> ketqua
Ghi chii: times = 2:20 thé hién mién nghiém la [2, 20]

Phdn mém sé xudt ra do thi (trén I cira $6 khdc — R Graphic) nhw hinh trén ( vao File -> Copy to the
clipboard [hodc nhan vao do thi, CTRL+C] va paste vao word)

Giai PTSP chi khac PTVP ¢: method = "iteration”

VD2: V& do thi nghiém riéng cua phuong trinh sai phan y(n+1) = (n+1)y(n) + (n+1)!n; voi diéu kién ban
dau y(4) =2 trén mién [4, 10].

Ta thuc hién nhu sau:

> ham <- function (n, y,parms) {list(c((n+1)*y+n* factorial (n+1)))}

> dieukien <- c(y =2)

> nghiem <- ode(y = dieukien, func = ham, times = 4:10, parms = 0, method = "iteration")

> plot(nghiem, type = "1", which = "y",lwd = 2, xlab = "Truc n", ylab = "Truc y",main = "PTSP")
2. Phuong trinh sai phan cip 2

VD1: V& dd thi nghiém riéng cua phuong trinh sai phén y(n+2) - Sy(n+1) + 6y(n) =0, voi diéu kién ban
dau y(0) =2, y(1) =5 trén mién [0, 10].

Bt y[1] = y(n), y[2] = y(n+1), ta dua PTSP vé hé:
y[1] next =y[2]
y[2] next = 5%[2] - 6*y[1]

Ta thuc hién nhu sau:



> ham <- function (n, y,parms) {list(c(y[2], 5*y[2]-6*y[1]))}
> dieukien <- c(y =2, y_next =5)
> nghiem <- ode(y = dieukien, func = ham,times = 0:10, parms = 0, method = "iteration")

> plot(nghiem, type = "1", which = "y",Iwd = 2, ylab = "Truc y",main = "PTSP cép 2")
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D¢ hién thi cac gi tri cia ham y, ban thyc hién lénh:
> nghiem
Ghi chii: times = 0:10 thé hién mién nghiém la [0, 10]

Phan mém sé xudt ra o thi (trén I cia s6 khdc — R Graphic) nhuw hinh trén ( vao File -> Copy to the
clipboard [hodc nhan vao do thi, CTRL+C] va paste vao word)

Giai PTSP chi khac PTVP ¢: method = "iteration"”

VD2: Vé q& thi nghiém riéng cua phwong trinh sai phan: y(n+2) - Sy(nt1) + 6y(n) = n’+ 2n + 3, véi didu
kién ban dau y(3) =2, y(4) =5 trén mién [3, 10].

Ta thuc hién nhu sau:

> ham <- function (n, y,parms) {list(c(y[2], 5*y[2]-6*y[1]+n"2+2*n+3))}

> dieukien <- ¢(y =2, y_next =15)

> nghiem <- ode(y = dieukien, func = ham,times = 3:10, parms = 0, method = "iteration")

> plot(nghiem, type = "I", which = "y",lwd = 2, ylab = "Truc y",main = "PTSP cép 2")
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