Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

MUuC LUC
LOI CAM ON
Trang
MO DAU ..ottt 1
NOIDUNG ..ottt ettt 5
CHUONG 1. GIOI THIEU SO LUQC VE MATLAB...........cccoocoovveviererrnan, 5
1.2. TONG QUAN ..ottt ettt e 5
1.1.1 Chuong trinh.........coooiiiiiii e 7
1.1.2 DONG IENN ..o 7
1.1.3 HAM SO vt 8
L.1i4 BICN SOuuivieeiceeiceeieeee et 9
1.2. MOT SO LENH CO BAN ....ooviiitiioeeeeeeeeeeeeee ettt 9
.21 LENI AN ..ot 10
1.2.2 Cac 1€nh trén ma tran Va VECLO ......uvvieiiiieeeiiiiiiiiiiiiieeeeeeeeeeerrinn e 10
1.2.3 CAC 18NN CAU ITC ..vovvvveeeievce e 10
1.2.4 VERINN ..ottt 12
1.2.5 M0t 88 181 KDAC.......ocvviveivieeicieieietcece e 13
1.2.6 Céc dang thirc (format) biu difn $6.........covieeeeeeieeeeieeee e, 14
1.3. CAC BAI TOAN ...ttt 14
Bal 1.3, L. i 14
Bl 1.3, 2. e 16
Bl 1.3.3 i 18
CHUONG 2. PA THUC TAYLOR...........coceoiiiiiiieiee e 22
2.1. DA THUC TAYLOR ....c.cooiiiiiiiiitiieieee e 22
VE AU 2.1 Lot ettt ettt 23
VT U 2.2ttt 24
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 5

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

VT AU 2. 1.3ttt ettt ettt ettt ettt en e, 25
VE AU 2. 1o ettt t ettt en e, 25
VT QU 2. 1.5ttt ettt ettt ettt ettt 26
CHUONG TRINH MATLAB ..ot tteteeeeeeteeee ettt ereee e, 27
Chuong trinh 2.1 ..eeooiiii e 28
Chuong trinh 2.2 ....ooiiiiiiiccic e 30
2.2. SAI SO TRONG DA THUGC TAYLOR ....vcveeieteeeeeeeeeeeeeeereeeee e, 31
IR 1Y 2.2. 1o, 31
VT QU 2.2 2ottt ettt ettt 31
VT QU 2.2 3ottt ettt ettt 32
VE AU 2.2.8 oottt ettt ettt 33
IR 1Y 2.2.5. oo, 35
GhiChU 2.2.6.. .. e 36
2.2.1 ChUBi S8 VO NI vttt ettt e, 36
DINN LY 2.2.7 oottt 38
DINN 19 2.2.8 oottt 38
CHUONG TRINH MATLAB .....ccooiiiiiiieiieeeee e 39
Chuong trinh 2.3 ... 39
Chuong trinh 2.4 ... 41
2.3. TINH GIA TRI SO CUA DA THUC ... 43
VT AU 2.3 Lt 45
2.3.1 MOt chuong trinh MAU ......ovevieieiieeecee et 46
CHUONG TRINH MATLAB ......cooiiieiiiieie e 47
Chuong trinh 2.5 ... 48
CHUONG 3. TIMNGHIEM .........cccoooviviiiiieeeeee e 51
DHNN LY 3. Lottt 51
NN LY 3.2 oottt 51
DHNN LY 3.3 oottt 51
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Trang 6


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

3.1. PHUONG PHAP CHIA DOl ........cooviviiiiieiiieeceeeeeee e, 52
3.1.1 MO ta phuong PhAP ......cooiiiieiiiiieee e 52
VA QU 3.3 oottt et et e e et et et et esee e e s et et e e s ee e e e eeeees 52
3.1.2 DANN 1A SA1 SO..vuverieeevereeeieieeeieiee st 53
CHUONG TRINH MATLAB ...t itetee oottt 53
Chuong trinh 3.1 ... 54
3.2. PHUGNG PHAP NEWTON ......oovetoteieeeeeeeeeeeee oottt enees e, 56
3.1.1 MO td phurong Phap......c.eevviiiiiiiiii 56
VA QU 3.2 Lottt e e e et et et es e e ettt e e 57
3.1.2 DANN 1A SA1 SO..vuvevieeeereeeietieeteee e, 58
CHUONG TRINH MATLAB ......c.cooiviiiieeieeceee et 59
Chuong trinh 3.2 ... 60
3.3. PHUONG PHAP CAT TUYEN ......ooiiiiieieiieeeees et es s, 62
3.3.1 MO td phuong Phap .....c.evvviiiiiiiiie e 62
B4 T L 0 T 63
3.3.2 DANN GIA SAT SO....vveveiieeeeieeeeee e, 64
CHUONG TRINH MATLAB .....ccooiiiiiiieiieeeee e 65
Chuong trinh 3.3 ... 65
3.3.3 HAM 56 Matlab fZer0..........ccevvivririeerieieieieieeee e, 67
CHUONG 4. PHEP NOQI SUY VA PHEP TINH XAP XI .......c.coooooviiein. 68
4.1. PHEP NOI SUY DA THUGC ..ot ettt 68
4.1.1 Da thlIC NOT SUY.....uvviiiiiiiiiiiee et 68
4.1.2 Su ton tai va duy nhét cua da thirc nodi SUY tevtvririrriereeeereeeerrerereereeeeeens 68
DINN LY 4.1 Lottt s s s e s eseeseeseeneeneareaees 68
4.1.3 Sai s6 noi Suy va chon NUL NOT SUY .vvvvvvvieeeniiiiiiiiiiiieiee e e s s ssniiinneeeeeens 69
NN LY 4. 1.2ttt r e s e s s e reen s 69
4.1.4 Da thlic n01 Suy Lagrange .........ccccceeviiiiiieiiiiiiiiie e 70
4.1.5 CAC tY S PHAN.......eiiiiiiiiiiiie e 70
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Trang 7


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

DINN LY 4,131 ettt ettt 71
CHUONG TRINH MATLAB ......c.cooooiiiiieeieeeteeeeeeeeee et 71
Chuong trinh 4.1 ..o 72
4.1.6 Cong thirc ndi suy ty sai phan NewWton .......c.uvvviiiieeerniiiiiiiiiiiiieeeeeeeane 73
CHUONG TRINH MATLAB.......cocoitiiiiiiieeeeee e 74
Chuong trNN 4.2 ..o 74
4.2. DA THUC CHEBYSHEV .....coooiiiieieeeeeeeeeeee et 75
CHUONG TRINH MATLAB ......cocooviiieieeeeeeeeeeeeeee e 77
Chuong trinh 4.3 ... 77
4.3. PHEP NOI SUY DUNG HAM GHEP TRON (HAM SPLINE) ................ 80
4.3.1 Phép n0i SUY SPINE ..ccooiiiiiiiiiiiiiiie e 81
4.3.2 Xay dung ham spline bac 3 N1 SUY.......cceeriiiiiiieriiiiiieen e 81
VI AU 4.3 Lottt 82
4.3.3 Chuong trinh MATLAB SPliNe ......ccoovviviiiiiiiiiiciiceec e 83
4.4. BAI TOAN XAP XI HAM THUC NGHIEM .....oooovoiiiieeeeeeeeeeeeeeeen, 84
4.4.1 Truong hop f(X)=AXHB oo 84
VI AU BB Lottt 85
4.4.2 Truong hop fX)IZAKZHBXFC oo 85
VI AU BB 21ttt 86
CHUONG TRINH MATLAB ......c.cooiiiieeceeieeeeee e ese s 86
Chuong triNN 4.4 ... 86
CHUONG 5. TICH PHAN SO VA VI PHAN ...........ccoovviiiiiirirerereeeennen 88
5.1. CONG THUC HINH THANG ......c.oovvevmeierieieeeseeeeeeese e, 88
5.1.1 Thibt 1P CONG thUIC ...cvvevvvecececeeieeee e, 88
VI QU 5. L. Lottt en st 88
VI QU 5. 120 ettt 88
5.1.2 DANN GIA SA1 SO..vcvrvvveverieieeeeesieete e e ettt en e, 90
VAU 5. 1.3 ettt 90
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Trang 8


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

5.1.3 Nhan X€t chung.........ccvviiiiiiiii 90
V2T T8 T SO 91
CHUONG TRINH MATLAB.......cocoititiiiiieeeeee et 92
Chuong trinh 5.1 ....cooiiiiiii e 92
5.2. CONG THUC SIMPSON .....coooiiiiiiiiiiiiieiteieteie et 94
5.1.1 Thiét 1P cONG thIIC ..cv.vveeeieeiceceeiee ettt e, 94
5.1.2 DANN I SAT SOu.uvevvvireeeeseeeeeiee ettt 94
5.1.3 Nhan X€t ChUNG........ccvviiiiiiii 95
CHUONG TRINH MATLAB ..ottt 96
Chuong trinh 5.2 ........eiiiiiiie e 96
5.3. CONG THUC TICH PHAN GAUSS ......coooivieiereeeeieeeeeeeeeeses s 98
5.1.1 Thidt 1P cONG thIIC ..v.vvieeeereeceeieecee e, 98
5.1.2 CONG thITIC SAL SO.....vuevvrieeriereeieeieeseeseresee s eses s eses e sen s eneeensnen, 99
CHUONG TRINH MATLAB ......cociiiiiiieeees ettt 99
Chuong trinh 5.3 ... 99
ChU thiCN ... e 100
Chuong trinh 5.38........uuiiiiiiiiii e 102
5.4, VIPHAN SO ..oooiieceieeeeee ettt 102
5.4.1 Viphan s6 ding phép N01 SUY ........cevvvrveereieeeeeeeeeeeeeseeeeeeeneneen. 103
CHUONG TRINH MATLAB ......c.coovivieireeeieeee e 105
Chuong trinh 5.4 ... 106
Chuong trinh 5.48........uuiiiiiiii e 107
Chuong trinh 5.4D........c.ooriii 108
Chuong trinh 5.4C.......uuiiiiiiiii e 110
CHUONG 6. GIAI HE PHUONG TRINH TUYEN TiNH ..........ccocecovnnen. 112
6.1. PHUONG PHAP GAUSS .....coovoiieeeieeeeeeieteeeee e eesie s, 112
VI QU 6. 1. Lottt 114
CHUONG TRINH MATLAB ......cocoovitieiieeeeee e 116
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Trang 9


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Chuong trinh 6.1 ......oooiiiiiii e 116
6.2. PHUONG PHAP NHAN TU LU .....ccoiiiiiiieiecceeeee s, 118
D T1e 10 A T FO RPN 118
VEAU 6.2. 2.ttt 119
CHUONG TRINH MATLAB ......cocoititiiiieeeeee e 119
Chuong trinh 6.2 .......ooiiiiiiiii e 119
VI AU 6.2.3 .ottt 122
Chuong trinh 6.28.........uuuiiiiiiiiii e 123
6.3. PHUGONG PHAP LAP ...oovoeioeeeeeeeeeeeeeeee ettt 123
Dinh nghia 6.3.1 ..o 124
VI AU 6.3.2. oottt 124
DINN LY 6.3.31 oottt ettt 124
Dinh nghla 6.3.4 ... 125
DN Y B.3.5. .ottt 125
VI QU 6.3.6. ettt 125
DINN LY 6.3.7 oottt 126
Dinh nghia 6.3.8 ... 127
VEAU 6.3.9. oottt 128
CHUONG TRINH MATLAB ......ccoviviemieeeeseeeeeeeese s 131
Chuong trinh 6.3 .......iiiiiiiii e 132
Chuong trinh 6.38........uuiiiiiiiieiiiiie e 133
CHUONG 7. GIAI SO PHUONG TRINH VI PHAN THUONG .................. 135
7.1. PHUONG PHAP EULER .......ccooviiiiiieieeseeeseeee e en s, 136
CHUONG TRINH MATLAB ......ccovitiiiieeeeeee e 138
Chuong trinh 7.1 ... 139
Chuong trinh 7.0@8.......cuuiiiiiiie e 141
7.2. PHUONG PHAP RUNGE — KUTTA ....cooviviiieiieeeeeee e, 142
CHUONG TRINH MATLAB ......cocoovitieiieeeeee e 145
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
Trang 10

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Chuong trinh 7.2 ....oooiiei e 145
7.3. PHUONG PHAP PA BUOC (MULTISTEP METHODS) .......cccovuve... 147
CHUONG TRINH MATLAB ......coiiiieeeeeeees ettt 149
Chuong trinh 7.3 ... s 149
7.4. BAI TOAN BIEN TUYEN TINH CAP HAL......cccccccovvieeeeiee e, 152
CHUONG TRINH MATLAB ......cocoitiiiiiieeeeeee et 153
Chuong trinh 7.4 ... 153
CHUONG 8. GIAI SO PHUONG TRINH PAO HAM RIENG...................... 156
8.1. BAI TOAN LAPLACE 1 CHIEU .....c.cooooiiiieeieieeeeeece e 156
8.1.1 BAITOAN ..ottt 156
8.1.2 PhAn rA DAl tOAN ....evveiiiiiiiiiiieeeee e 156
CHUONG TRINH MATLAB ......coiitiieie ettt 157
Chuong trinh 8.1 ... 158
8.2. BAI TOAN PARABOLIC 1 CHIEU........cocoiieeeiieeeeeeeeseeeeee e 159
8.2.1 BAITOAN «..vovvvee ettt 159
8.2.2 Phan rd Dai tOAN .........ccovivii i 160
CHUONG TRINH MATLAB ......cocooviviiireeeeeeeeeeeeeee e 161
Chuong trinh 8.2 ........uiiiiiiiiii e 161

8.3. BAC HOI TU VA PIEU KIEN BIEN NEUMANN CUA BAI TOAN
MOT CHIEU ..ottt ettt ettt e et et e ettt e et e et e e et e et et e et e eeeeinen, 165
8.3.1 BAC NOT t cv.vvevvececeeieeet ettt ettt 165
8.3.2 Diéu kién bién Neumann..............ccceevevreerereeuereeseeeseceeeseeese e, 167
CHUONG TRINH MATLAB ......ccovitiiiieeeeeee e 168
Chuong trinh 8.3 ... ..iiiiiiiiiii e 169
8.4. BAI TOAN LAPLACE 2 CHIEU .....c.cooooviiieeieieeeeeeeesee et 172
8.4.1 BaI TOAN ...uvvviiiiiciiiee et 172
8.4.2 Phan ra Dai 08N ........cooiviiiiiiiiiie e 172
CHUONG TRINH MATLAB ......cocoovitieiieeeeee e 174

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
Trang 11

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Chuong trinh 8.4 ... 174
8.5. BAI TOAN PARABOLIC 2 CHIEU.......ccceoveueieeieeeteeeeieeseeees oo, 179
8.5.1 Bal 08N ...uvviiiii ittt 179
8.5.2 PhAn rd Dai t0AN ......coovivviiii i 179
CHUONG TRINH MATLAB ......cootiiieieceeeeeee et 180
Chuong trinh 8.5 ....coiiiiiiii 180

8.6. BAC HOI TU VA PIEU KIEN BIEN NEUMANN CUA BAI TOAN HAI
(0] 5 11 210 0TS 186
CHUONG TRINH MATLAB ......cooiitieieiieieeees e, 187
Chuong trinh 8.6 ..........uiiiiiiiiiii e 187
KET LUAN L..oooooiiiieee ettt n st 191
1. NHAN DINH CHUNG .......ooooviiiiiiiiceeee e s s 191
2. MOT SO HUONG NGHIEN CUU TIEP THEO ...ooveeeveeeeeeeeeeeeeeeeeeeenn, 192

TAI LIEU THAM KHAO
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
Trang 12

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

DANH MUC CAC BANG

Trang
Bang 2.1. Xap xi Taylor ctia € quanh diém X = 0......cccococevvrrrrrieerieereeseeeeseeee e, 25
Bang 3.1. Phuong phép chia d6i d6i v&i vi du 3.1.1 .oeeeeeeecieeieecce e 52
Béng 3.2. Phuong phap Newton giai X° — X — 1= 0 .ovvvvveverieeseeeseeeeceesesesesiesesienns 58
Béng 3.3. Phuong phap cat tuyén giai X° — X — 1= 0 c.vevvverieerieeeeeee e 64
Bang 4.1. CAc Qi tri va cAc ty sai PhAN CUA COS(X) veervrevreruerrieerieriieiieesrieseeaeeaeeaeeas 73
BANZ 4.2, NOT SUY COS(X) 1uuutttrrrrteeaeaaiiiiiiiiiieeteeesssasiittsreeeeeeessssssbsbneseeeeeeessasnnnnsneeeeeens 74
Bang 4.3. Gii tri max|e” —¢, ()] sovrrnrnsnsnsininnnne 80
Bang 5.1. Céc vi du vé quy tAc hinh thang ...........c.c.cooeieieeeiieeieeee e 92
Bang 5.2. Cac vi du V& quy tAC SIMPSON .....cvvviveeeerieceeieeeeeeeseeee s st eses oo, 95
Bang 6.1. Vai két qua giai vi du 6.3.9 bang phuong phap Jacobi...........ccccceeervennnn... 130
Bang 6.2. Vai két qua giai vi du 6.3.9 bing phuong phap Gauss - Seidel .................. 131
Bang 7.1. Két qua giai s6 bang phuong phap Euler hién véin= 0, 1, ...,10.............. 140
Bang 7.2. Két qua giai s6 bang phuong phap Euler 4n véin= 0,1, ...,10................. 142
Bang 7.3. Két qua giai s6 bang cong thire (7.12) véin= 0,1, .., 10..c.ccccevivrrrennne.. 146
Bang 7.4. Két qua giai s6 bang phuong phap AB2 véin= 0,1, ...,10.....cccecervrumn.... 151
Bang 7.5. Két qua giai s6 bai toan bién tuyén tinh cip 2 véin= 0, 1, ...,10.............. 155
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 13

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

DANH MUC CAC HINH

Trang

Hinh 1.1. D3 thi ham $6 fR)=X2 + SIN(X) wvvreeeereieieeteeeeee et 15
Hinh 1.2. D6 thi ctia y=s(x) (xanh) va y=sin(x) (d0).......c.cecervrrrrrrerrrrrrrreirressesnsnns 17
(1T 0 USSP 19
HINN 38, bbb 20
(T 0 | TP 21
Hinh 2.1. D4 thi xap xi Taylor bac nhat ciia € quanh diém x =0.......ccocovevvvrerrvrrrnnee, 23
Hinh 2.2. D4 thi xdp xi Taylor bac nhat va bac hai cia € quanh diém x =0 ............... 24
Hinh 2.3. D4 thi xap xi Taylor ctia log(x)=In(x) quanh diém x =1 ......cococcvvvrrrvrrrnnne, 27
Hinh 2.4. D6 thi sai s6 trong x4p xi Taylor ctia € quanh diém x =0 ........cccocevevrunnee. 32
Hinh 2.5. D6 thi x4p xi Taylor ctia € quanh didm X =0 .......cccoceveverrrieeeieeeeereeeens 41
Hinh 2.6. D4 thi sai s6 trong xap xi Taylor cua log(x)=In(x) quanh diém x=1 ............ 43
Hinh 2.7. Cac Xap xi Taylor Cla SINHX) ....o.eveveeeeeeieieeseseeeeeeeeee s ese s s s s s 50
Hinh 3.1. Dang biéu dd ctia phuong phap NeWton ........cccceveveieieeeeeeeeeeeseseeeeeean 57
Hinh 3.2. Biéu d6 cua phuong phap cét tuyén: X; <O <Xy oo 62
Hinh 3.3. Biéu d0 clia phuong phap cat tuyén: @ < X, < Xgeevevereerererereresersnsesesnnas 63
Hinh 4.1. DO thi thé hidn RAM D05 SUY ....c.eeeeieeeeeeeeeeeeeeeeeeee e 79
Hinh 4.2. D6 thi dang diéu cta sai s§ trong phép N0L SUY ....cvvvvereeeeeeeeeieeeeeeeeeeeae 80
Hinh 4.3. D6 thi cia da thirc thuc nghiém f (mau xanh) va cac diém dit kién (mau

4 [0 ) IR PP PPPRP T PPPPRT 87
Hinh 5.1. DO thi clia £, £, £2 VA £ oo 107
Hinh 5.2. D6 thi thé hién cac diém (X) d€ f3=0......cccoevrvirrieeeiree e, 108
Hinh 5.3. D6 thi biéu thi diém cuc ti€u clia ham ..o 110
Hinh 5.4. D thi bi€u hién d0 1éch clia fVa Ku..eovvecviiicieceeeees 111
Hinh 7.1. Giai s6 (mau xanh), giai chinh X4¢ (AU d0).......cccvevevvrereieieerer s 141

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
Trang 14

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Hinh 7.2. Giai s6 (mau xanh), giai chinh xac (Mau d0).......c.cocvvevvvvvreerreeseeeeeeeeeen, 142
Hinh 7.3. Giai s6 (mau xanh), giai chinh X4¢ (AU d0).......ccccvvvrvvveieeeiiece s 147
Hinh 7.4. Giai s6 (mau xanh), giai chinh X4¢ (AU d0).......cccvevevvieieeeseiie e, 151
Hinh 7.5. Giai s6 (mau xanh), giai chinh xac (Mau d0)........c.cecvveveviereiieeeeeeeee e, 155
Hinh 8.1. Giai s6 (mau xanh), giai chinh x4c (MAU dO).......coevevevivirieiieee e, 159
Hinh 8.2a. Giai s6 (mau xanh), gidi chinh X4c (MAU d0)......ocevevevevireiieeee e, 163
Hinh 8.2b. Giai s6 (mau xanh), giai chinh X4c (MAU d0).......covevevrverereeeierieeeeeiereens 164
Hinh 8.3a. Pay 1a do thi cta —In(error(h)) VS —In(h) ......c.ccoveveveveerieeeereeeereneen 166
Hinh 8.3b. Giai s6 vdi N=10 (mau xanh), giai chinh xac (mau d)..........cccevrevrvrnnes. 170
Hinh 8.4a. DAY 12 PhEP GIAT SO ..v.vvvvevreerieieeceeeseee et 177
Hinh 8.4b. Day 1a phép gidi chinh XaC..........occoiiiiiiiiii e 177
Hinh 8.4c. Dy 12 0 thi clia phép ZIA1 SO ....vvveveveeeeeieeceeseee e en s 178
Hinh 8.4d. Day 1a d thi ctia phép giai chinh XAC .......ccovevevevereeiceees e 178
Hinh 8.5a. Day 12 0 thi clia phép ZIA1 SO ....v.vveveveeeeeiieee e 183
Hinh 8.5b. Dy 1a d6 thi ctia phép gidi chinh XAC .....cvovvveieieeeeeeeeeeeeeeeeee e, 184
Hinh 8.5¢. Dy 1a d0 thi ctia phép GIAT SO ....ovvveveveeeeieeeeeeeee e 185
Hinh 8.5d. Day 1a dd thi ctia phép giai chifth XAC ....ov.vviveeeeeeeeeeeeeeeee e 185
Hinh 8.6a. Day 1a dd thi ctia 101 gidi 6 thlr Nhat.........cooviviieeeceeeeeeeee e, 189
Hinh 8.6b. Dy 1a d6 thi ctia 101 iai $6 thir hai......coccovovveiieeeeeeeeeeeee e, 189
Hinh 8.6c. Dy 1a d6 thi ctia 101 iai chinh XAC ......c.ovovivieeeeeeeceee e 190
Hoc vién thuc hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
Trang 15

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

MO PAU

Giai tich sb hién dang phat trién manh va cang manh hon véi sy phat trién
cuc ky nhanh cua tin hoc. Cong nghé tin hoc va giai tich sé ¢6 vai trd rat quan
trong trong cac linh vuc, ngay ca trong thi truong ching khoan dang méi ndi &
Viét Nam va dién bién rat gay gat hién nay trong nén kinh té thi trudng, cling phai
nghién ciru nhiéu bai toan phwong trinh vi tich phan ngiu nhién ma khong thé
khong str dung kién thirc vé giai tich sb va tin hoc ung dung. O dy ching t6i
khong di vao nghién ctru bai toan vé thi truong chimg khoan ma chi mubn néi rd

vai tro cua giai tich sb va tin hoc.

Thuc té hién nay: Giai tich sd, cac phuong phap tinh trinh bay don thuan
bang kién thirc toan thi tai liéu va sach hién nay c6 rat nhiéu va phd bién. Tai liéu
va sach vé giai sd c&c bai toan bing cic chwong trinh mdy tinh hién ciing di c6
nhung bing MATLAB thi khong nhiéu va chuong trinh MATLAB dugc dua vao
con roi rac va chua huéng dan cho nguoi doc cach thuc hién mot chuong trinh cu

thé nhu thé nao.

Trong khi d6, MATLAB — 13 phdn mém nbi tiéng cua cong ty MathWorks,
la mot ngdn ngir hi€u nang cao cho tinh toan k¥ thuat. No tich hop tinh toan, hién
thi va lap trinh trong mot méi truong d& sir dung. Cac tmg dung tiéu biéu cua
MATLAB bao gdm: hd trg toan hoc va tinh toan; phat trién thuat toan; mé hinh,
moé phong; phan tich, khao sat va hién thi s liéu; d6 hoa khoa hoc va ky thuat;

phat trién tng dung véi giao dién d6 hoa.

Ngoai MATLAB co ban voi cic kha ning rat phong pht, phin mém
MATLAB con dugc trang bi thém cac ToolBox — cac goi chuong trinh (thu vién)
cho cac linh vuc ing dung rt da dang nhu x1r ly tin hiéu, nhan dang hé théng, XU

1y anh, mang no ron, logic md, tai chinh, t61 wu hoa, phuong trinh dao ham riéng,
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sinh tin hoc,... Pay 1a cac tap hop mi ngudn viét bang chinh MATLAB dya theo
cac thuat toan maéi, hiru hiéu ma ngudi dung co thé chinh stra hodc b sung thém
cac ham méi. MATLAB dugc thiét ké dé giai cac bai toan bang sé chir khong
nham muc dich chinh 1a tinh toan ky hiéu nhu MATHEMATICA va MAPLE. Tuy
nhién, trong MATLAB ciing c¢6 thé tinh toan ky hiéu dugc nhd cac ham trong
Symbolic Math ToolBox.

Trén thé gidi, MATLAB dugc cong dong han 1am trén thé giGi chdp nhan
rong rai nhu mot cong cu phuc vu cho giang day, nghién ctru toan hoc va phat
trién céac ung dung k¥ thuat. Hon 3500 truong dai hoc nhat 1a cac truong dai hoc
ky thuat da dwua MATLAB vao giang day va nghién ctru. Hién nay da co6 trén 700
dau sach vé MATLAB danh cho gido vién, sinh vién va cac nha chuyén mén. O
Viét nam, theo ching toi duoc biét, MATLAB di duoc dua vao giang day cho
sinh vién, hoc vién cao hoc hodc gidi thi€u tai mdot s6 khoa, truong dai hoc va cling
da xudt ban mot sd dau sach vé MATLAB danh cho sinh vién cac khéi khoa hoc
va k¥ thuat. Tuy nhién mtrc d6 phd bién cia MATLAB chua phai 13 cao. Nhat 13 &
ddng bang séng Ciru Long.

Vé6i vu thé vé tinh toan sb tri MATLAB rét thich hop cho viéc giang day
mon hoc giai tich sd, cac phuong phap s6 - mon hoc khong thé thiéu duge ddi véi
sinh vién toan, ly, cong nghé¢ thong tin va cac nganh k¥ thuat. Viéc st dung
MATLAB dé lap trinh cac thudt toan ctia mon hoc nay c6 cai loi la don gian, dé
dang v& cac d6 thi dé hién thi két qua va kiém tra két qua cac chuong trinh tu viét
s0 voi két qua ctia cac ham da cai dat sin vi MATLAB co ban chira dung rat nhiéu
cac ham tinh toan toan hoc. Tir d6, gop phan nang cao ning lyc day va hoc toan

trong cac trudng Pai hoc, dic biét 1a mon hoc giai tich s6 va phuong phap tinh.

Chinh vi thé, PGS.TS PANG PUC TRONG da khuyén t6i nén chon dé tai
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“GIAI SO BANG MATLAB”.

Trong luan vin nay, chung t6i sé trinh bay so luoc (khong di sau) vé ly
thuyét giai s6 ma chu trong vao cac chuong trinh MATLAB dé giai quyét bai toan

14
A

SO.

Pé thuc hién luin vin nay, chung t6i di tham khao tai liéu c6 lién quan
trong va ngoai nudc, phan tich, chon lgc va hé¢ théng hod thanh co s& 1y luan phuc

vu cho d¢ tai. Ngoai ra, ching toi con st dung cong nghé thong tin, internet.

Khi nhan dugc 10i khuyén tir PGS.TS DPANG PUC TRONG vé d¢é tai nay,
t6i bat dau tim hiéu so luge vé dé tai, chon dé tai. Sau do, nghién ciru nhitng tai
li¢u co lién quan roi phan tich, téng hop, chon loc nhitng ndi dung co ban phuc vu
cho dé tai. Lap dé cuong du kién, tim hiéu va chay thu mot $6 chuong trinh
MATLAB. Tién hanh sép Xép lai cac van dé, diéu chinh, bd sung cac doan chuong

trinh va viét hoan chinh thanh n6i dung cta luin vén.

No6i dung cua luan van dugc chia thanh 8 chuong. Chuong 1, gidi thi€u so
lugc vé MATLAB, mét sd dic tinh va mét sb 1énh duoc st dung trong cac chuong
trinh MATLAB trong luan vin nay. Chuong 2, trinh bay da thitc Taylor, cach thiét
1ap, cach xac dinh gia tri va sai sb cta da thirc Taylor, va cach uéc luong da thirc.
Chuong 3, trinh bay mdt s phuong phap tim nghiém thuc cua phuong trinh phi
tuyén, phuong phap chia d6i, phuong phap Newton va phuong phap cat tuyén.
Chuong 4, phép nodi suy va phép tinh xap xi, trong phan nay ching toi trinh bay
phép ndi suy da thtrc, da thirc Chebyshev, phép ndi suy dung ham ghép tron va bai
toan xap xi ham thyc nghiém. Chuong 5, tich phan s6 va vi phan, chung t6i trinh
bay mot s6 cong thirc tinh tich phan, cong thirc hinh thang, cong thitc Simpson va
cong thiic tich phan Gauss, va so lugc vé vi phan s6. Chuong 6, mot sé phuong

phap giai hé phuong trinh tuyén tinh nhu 1a phuong phap Gauss, phuong phap
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nhan tir LU va phuong phap lip. Chuong 7, mot sd phuong phéap giai s6 phuong
trinh vi phan thuong nhu la phuong phéap Euler, phuong phap Runge — Kutta va
phuong phap da budc ddi voi phuong trinh vi phan tuyén tinh cap mot, va giai bai
toan bién tuyén tinh cip hai. Chuong 8, giai s6 phuong trinh dao ham riéng dua
trén co s& phan ra cac bai toan, bai toan Laplace va bai toan Parabolic mdt chiéu

va hai chiéu cung véi viéc danh gid bac hoi tu va di€u ki€én Neumann ctia no.

Nhin chung ndi dung luin vin da trinh bay twong dbi day du cac noi dung
chuong trinh ctia mon hoc giai tich sé ciing nhu mén hoc phuong phap tinh cua
sinh vién chuyén nganh toén, sinh vién bach khoa va sinh vién nganh k¥ thuét.
Cung véi cac chuong trinh MATLAB ¢ ting muc s€ tao nén mot phong cach tuoi
ma&i hon, tich cuc hon, hi€u qua va hién dai hon trong viéc day va hoc mén giai
tich sb ciing nhu mén phuong phap tinh. Gop phan nang cao ning luc day va hoc
todn trong cac truong dai hoc. Pay cling 1a muc tiéu hudng tdi cia ching t61 khi

thuc hién luan van nay.
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NOQI DUNG
CHUONG 1
GI0I THIEU SO LUQC VE MATLAB

1.1. TONG QUAN

Nhu d3 biét, MATLAB duoc thiét ké dé giai cac bai toan bang sé chu
khong nham muyc dich chinh 1a tinh todn ky hiéu nhu MATHEMATICA va
MAPLE. Tuy nhién, trong MATLAB ciing c6 thé tinh toan ky hiéu duoc nho cac
ham trong Symbolic Math ToolBox (ching tdi khong trinh bay cu thé 1y thuyét

phan nay ma chi chii trong phan 1ap trinh).

Tén cia phan mém MATLAB la viét tit coa thuat ngit “MATrix
LABoratory”, dugc Cleve Moler phat minh vao cubi thip nién 1970, va sau d6 1a
chui nhiém khoa may tinh tai Pai hoc New Mexico. Pau tién nd dugc viét béng
FORTRAN dé cung cép truy nhap d& dang t6i phin mém ma tran duoc phat trién
boi cac dy an LINPACK va EISPACK. Sau d6 né duoc viét bang ngon ngit C trén
co s& cac thu vién va phat trién thém nhiéu linh vuc cta tinh toan khoa hoc va céc

ung dung ky thuat.

Steve Bangert 1 ngudi da viét trinh thdng dich cho MATLAB. Cong viée
nay kéo dai gin 1% nam. Sau nay, Jack Little két hop véi Moler va Steve Bangert
quyét dinh dua MATLAB thanh dy an thwong mai - céng ty The MathWorks ra
doi thoi gian nay — ndm 1984.

Nim 2004 MATLAB 7 phat hanh, c¢6 kha nang chinh xac don va kiéu
nguyén, hd trg ham 16ng nhau, céng cu vé diém, va c6 mdi truong phan tich sd
liu twong tac. Pén thang 12 nam 2008, phién ban 7.7 dugc phat hanh véi SP3 cai

thién Simulink cting v&i hon 75 san pham khac.
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Mot sé dic trung chinh cia MATLAB:

— MATLAB la ngén ngit thong dich. Vi thé n6 co thé lam viéc & hai ché do:
tuong tac va lap trinh. Trong ché do tuong tic MATLAB thyc hién tung 1énh dugc
gd trong cira sO 1énh sau ddu nhéc 1énh va két qua tinh toan duoc hién ngay trong
cira s0 nay, con dd thi duoc hién trong mdt cua s6 khac. Lénh tuong tac co thé 1a
don gian, thi du tinh sin(1.5) hodc vé& fplot('sin(1 ./ x)', [0.01 0.1]), co thé 1a cau
tric diéu kién, thi du if x<=0; y=0; else; y=1; end hoac céc cAu trac 1ap xac dinh
va khong xac dinh. Trong ché d6 1ap trinh mot tap 1énh dugc soan thdo va ghi
thanh mot tép dudi .m (m-file). Cac ham ciing dugc t6 chirc thanh cac m-file. Mot
chuong trinh ¢ thé gdm nhiéu m-file. Pé chay chuong trinh chi can go tén m-file
chinh trong cira s6 1énh ri Enter.

— Cac ham trong MATLAB co ban (khong ké cac thu vién chuyén dung duoc
goi 1a cac ToolBox) dugc chia lam 2 loai: ham trong va ham ngoai. Cac ham trong
1a cac ham duoc cai dat san (built-ins) tic 1a tdn tai dudi dang ma nhi phan nén ta
khong thé xem duoc ma ngudn cua chung, thi du cac ham sin, sqrt, log, clear,
clc,.... Day 1a cac ham hay duoc sir dung hodc cac ham doi hoi nhiéu thdi gian xur
ly. Cac ham ngoai 13 cac ham ton tai duéi dang ma ngudn ma ngudi dung c6 thé
tham khao hoac chinh stra, bd sung khi can thiét, thi du logl10, ode23, fzero,...

— Phan ttr dit liéu chinh cia MATLAB 1a c4c ma trin (mang) ma kich thuéc
ctia ching khong can khai béo trude nhu trong cac ngdn ngit lap trinh khac. Tuy
nhién, dé tang toc d6 xir Iy cin bao trude cho MATLAB biét kich thuée tdi da cua

mang dé phan b6 bo nhd bang mot 1énh gan, chang han A(20,30)=0.

Cac kha nang chinh cia MATLAB co ban:

— Thuc hién cac tinh todn toan hoc bao gém: ma tran va dai s6 tuyén tinh, da
thirc va noi suy, phan tich s6 lidu va théng ké, tim cuc tri ciia ham mot bién hodc
nhiéu bién, tim nghiém cta phuong trinh, tinh gan dung tich phéan, giai phuong

trinh vi phéan. ..
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— D6 hoa 2 chiéu va 3 chiéu: MATLAB cung cip rat nhiéu cac ham do hoa,
nhd d6 ta c6 thé nhanh chong v& dugc db thi ctia ham bat ky 1 bién hodc 2 bién, vé
duoc cac kiéu mit, cic contour, truong van téc,...Ngoéli ra MATLAB con vé& rat
t6t cac d6i twong 3 chiéu phtc tap nhu hinh try, hinh cau, hinh xuyén,..va cung cap
kha nang x1r Iy anh va hoat hinh.

— Xay dung giao dién ngudi dung: véi MATLAB 7 nguoi ding c6 thé dé
dang xay duyng giao dién g6m cac thuc don, nat 1€nh, hop thoai, hop chon,...ma

khong can phai viét ma nhu céc phién ban trudce day.

1.1.1 Chwong trinh

e Mot chuong trinh MATLAB thuong duoc soan trong cac M-file (cac file
c6 dudi .m).

e Dé chay cac dong lénh trong file Xyz.m nao do, ta vao cira s6 1am viéc va
g6 xyz roi Enter. Luu y: lic nay dudng din téi thu muc chira file xyz.m (va céc
file lién quan) phai duogc khai bao trong Current Directory cua MATLAB. Khi
méi khoi dong, thu muc nay mic dinh 1a Work trong chd cai dat Matlab (thuong
la C:\MATLAB7\work).

1.1.2 Dong Iénh

e Cic dong 1énh trong MATLAB duoc thyc hién tiép ndi nhau. Mbi dong
1énh thong thudng cb thé c6 ddu “ ; ” & cudi hodc khong. Néu dong 1énh khong co
dau “; ” & cudi thi két qua s& dugc xuat ra. Trong truong hop khong mudén nhin
cac két qua trung gian ma chi mudn xem két qua cudi cung, ta sir dung dau « ; ”
cho cac dong 1énh ma ta khong mudn xem két qua.

Vi dy: dong 1énh x=1+2 s& xuét ra x=3. Tuy nhién dong lénh Xx=1+2; s& khong

xut ra gi hét (mdc du gi tri cta bién X bay gid 1a 3).
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e Néumuén loai bé mot dong 1énh khi chay chuong trinh, ta c6 thé dé dau %
& dau dong 1énh. Thong thudng diu % duoc st dung dé ghi cac cha thich (chi
dung cho nguoi doc, may khong thyc thi).

1.1.3 Ham s6

e Ta co quyén viét sin(2) vi ham sin 13 mot ham d3 c6 san trong thu vién
MATLAB. Ngoai ra ta c6 quyén dinh nghia thém cic ham moéi, va sau khi dinh
nghia thi ta ¢6 quyén str dung cac ham méi ndy y hét nhu cac ham co ban nhu ham
sin.

e Ham sé xyz dugc viét trén file Xyz.m, c6 ct phap kiéu nhu:

function a=xyz(b,c) % day la ham xyz

Trong d6 b, ¢ 1a cac dit liéu nhap vao, a 13 gid trj tra vé (trong chuong trinh s&
c6 it nhat mot 1énh gan, chang han a = b + ¢;), dong chir day la ham xyz la chu

thich vé& cong dung cua ham xyz.

Vi du: ta thanh 1ap mot ham d6i do sang radian

function rad=change(do) % day la ham doi do sang radian.
rad=do*pi/180; % doi do sang radian.

Dit tén file 1a change.m. Néu ta d6i 45 d6 sang radian, chi can go:

>> rad=change(45)

Roi nhin Enter s& cho ta két qua

rad =
0.7854

Bay gid ta thir tao ham gidi phuong trinh bac hai ax® +bx+c =0, v6i tén
file la bachai.m. Trong d6 a, b, ¢ dugc dua vao khi goi chuong trinh.

function [x1,x2]=bachai(a,b,c)
delta=b”"2-4*a*c;
x1=(-b-sqgrt(delta))/(2*a); x2=(-b+sqrt(delta))/(2*a);
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Khi chay chuong trinh tir Command Windo, ta go
>>[x1,x2]=bachai(4,6,-7)
MATLAB sé& chay chuong trinh gidi phuong trinh bac hai v6i a=4, b=06,
c=-7, va cho két qua 1a

x1=
-2.2707
X2=
0.7707
Ta ciing c6 thé 1ap ham dé giai phuong trinh bac hai v&i cac hé sb thay do6i

dugc nhap tir ban phim theo yéu cau ctia timg phuong trinh.

e Pé xem cong dung ciia mot ham sé xyz (1a ham c6 sin trong thu vién hoic
do ta tu dinh nghia), ta vao cira s6 1am viéc va gd help xyz rdi Enter. Ta s& duoc

xem cac chu thich trong file xyz.m.

1.1.4 Bién s

e Céc bién duogc ky hiéu bang mot ky tu hodc 1 chudi ky tu. MATLAB phan
biét chir thuong va chir hoa.

e Cic bién thong thuong dugc dinh nghia trong 1 file duoc goi 1a bién dia
phuong (local variable). MATLAB ciing cho phép sir dung mot s bién toan cuc
(global variable). Bién toan cuc xx phai dugc khai bao 1a global xx, trong tit ca
cac file ma xx xut hién, c6 mot file dinh nghia xx, chang han gan xx=3.

e Bién i va j duoc mic dinh 1a s6 a0 don vi (i*2=-1). Tuy nhién, néu ta ding

1énh gan i=3 thi bién i s& mang gia tri 3.

1.2. MOT SO LENH CO BAN
Thu vién c6 san cia MATLAB rat phong phti va ¢6 thé ty hoc cac 1énh

trong MATLAB mot cach dé dang bang cach vao phan Help (hoic bam F1) cua
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chuong trinh. Trong cac chuong trinh ¢ phan sau ta chi can mot sd réat it cac 1énh

dudi day.
1.2.1 Lénh gan

C6 dang x=y. Chu y rang dé thuc hién 1énh gan thi X khong can phai khai
béo trude, ma ciing khong can co cung kiéu dir liéu véi y. Lénh nay don gian lam

cho x trd thanh mot copy cua y.
1.2.2 Cac I¢nh trén ma tran va vector

e Lénh A(m,n) tra vé phan tor dong m, cot N ctia matran A.

e Lénh A’ s& chuyén A thanh A",

e Lénh A=zeros(m,n) sé cho A la ma tran 0 c6 m dong va n cot. Tuong tu
cho Iénh ones(m,n).

e Lénh size(A) s& cho s6 dong va s cot cua A.

e L[énh B=f(A) s€ cho ma tran B cung ¢& voi ma tran A va
B(m,n)=f(A(m,n)).

e Lénh A+B, A*B cho phép cdng va nhan ma tran.

e Lénh A™(-1) cho nghich dao ma tran A.

Vi vector cling 1a ma tran nén ta cé thé dung lai cac 1énh cua ma tran, va

e Lénh X=[al,a2,a3] s& cho vector X cd X(n)=an, chi sé n danh tir 1.

e Lénh X=[a:b] s& cho vector X=[a,a+1,...,b]; a, b 1a cac sé nguyén.

e Lénh A\b tuong duong vai A%™N(-1)*b.

e Lénh norm(X,p) cho chuan cua X theo I°; norm(X) twong duong

norm(X,2) 1a chuan Euclide, va norm(X,inf) 1a chuén sup.

1.2.3 Cac Iénh céu tric
e L¢énhif co dang
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if (biéu thirc logic)
(Cac dong Iénh)
else
(Cac dong Iénh)
end

Luu v 1a else ¢ thé bo di dé duoc dang thu gon if ... end. Trong cac biéu
thire logic, ta c6 thé dung cac toan tir so sanh nhu == (equal), ~= (not equal), >=,
<=, ><, va cac toan tir logic nhu & (and), | (or)...

e Lénh for c6 dang
for i=a:b
(Cac dong I¢nh)

end

O day ban dau i=a, sau mdi budc ldp i s& duoc ting 1én 1, va i=b tai vong
1ap cudi cung.

e Lénh while c6 dang
while (biéu thirc logic)
(Cac dong Iénh)
end
Vong lap sé& ding khi biéu thirc logic tra vé gia tri 0 (sai).
e Céc lénh break, return va error:
Lénh break: két thuc su thuc thi vong 1ap for hoac while.
Lénh return: thuong dugc sur dung trong cac ham cia MATLAB, no cho phép
quay trd lai thuc thi nhitng 1énh ndm trong tac dung cua 1énh nay.
Lénh error(‘dong nhin’): két thuc viéc thyc thi 1énh va hién thi dong nhin
trén man hinh.
Xét vi du, chon mdt sd nguyén duong bat ky, néu sd chén thi chia cho 2, sb 1¢
thi nhan né voi 3 r6i cong 1. Lap lai qué trinh nay cho dén khi dugc két qua 1a 1.
Chuong trinh c6 trong file dk.m. Khi chay chuong trinh sé& thiy tac dung cta lénh

break (dirng chuong trinh khi nhap s6 4m hoic sd 0).
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Chuong trinh:
while 1
n=input(*Nhap vao mot so:");
if n<=0
break
end
while n>1
if rem(n,2)==0 % phan du cua n chia 2.
n=n/2
else
n=n*3+1
end
end
end

1.2.4 V@ hinh

MATLAB cung cip rat nhiéu cong cu v& hinh, tuy nhién ta c6 thé diung mot
s6 1énh don gian cho phép v& hinh tir dit liéu roi rac. Trudce tién ta c6 mot sd 1énh
v& hinh trong 2 chiéu:

e Lénh plot(X,Y) trong d6 X,Y 1a hai vector c6 cung ¢, s& v& bang cach ndi
cac diém co toa d6 (X(n),Y(n)).

e Mot sb option (co hodc khong, sau 1énh plot): Ta c6 thé dung xlabel(‘x’),
ylabel(‘f(x)’) dé ghi chi cho truc hoanh va truc tung. Ta c6 thé dung title(‘Tua de
cua hinh ve’) dé thém tira dé cho mét hinh. Ta ciing c6 thé dinh truéc mién hién
thi, chang han 1énh axis([0 1 2 3]) s& chi hién thi phan hinh v& trén hinh vuéng
[0,1]X[2,3]. Néu mudn d6 thi c6 mau do ching han, ta dung plot(X,Y, ‘r’).

e Trong trudng hop muén vé& nhiéu hinh, ta phai goi cac 1énh

figure(1)
plot(X1,Y1,’r’)
figure(2)
plot(X2,Y2,’b’)
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Khi d6 ta s& c6 hai hinh v& phan biét. Néu ta khong c6 cac 1énh figure,
MATLAB s& mic dinh ta dang v& trén figure(1) va do d6, néu ta v& nhiéu hinh thi
cling chi c6 hinh cudi cung dugc luu lai.

e Céc lénh hold on va hold off cho MATLAB biét ta mudn giir nguyén hién
trang dang c6 ciia mot hinh va thyuc hién céc Iénh de 1én, chéng han

figure(2)
plot(X1,Y1,’r’)
hold on
plot(X2,Y2,’b%)
hold off

S& v& d0 thi cua (X1,Y1) bang mau do, va dd thi tmg v6i (X2,Y2) bang mau
xanh trén cung mdt hinh vé. Néu khong c6 céac 1énh hold on, hold off, thi chi c6 dd
thi thir hai duoc vé lai.

e Ta ciing c¢6 thé dung 1énh plot(X1,Y1,’r’,X2,Y2,’b’) dé v& d6 thi tng voi
(X1,Y1) bang mau do, va d6 thi tng véi (X2,Y2) bang mau xanh trén cing mot

hinh v&. Cach v& nay thuong dung dé so sanh hai (hodc nhiéu) ham sé véi nhau.
Dé v& hinh trong 3 chiéu, ta c6 thé cac 1énh cho trudng hop 2 chiéu va

e Lénh surf(X,Y,Z) s& v& biang cach ndi suy tuyén tinh cic diém
(X(m),Y(n),Z(n,m)), trong d6 X,Y la hai vector va Z 1a ma tran vdi c& tuong
thich. Lénh surfc(X,Y,Z) ¢ chirc ning tuong tw, nhung thém “cai bong” xudng
day d6 thi.

1.2.5 M@t s6 1énh khac

e Lénh clear all dung dé xda tat ca cac luu trit tam cia MATLAB. N6
thuong duoc dung dé bat dau file .m chira chuong trinh chinh ctia ching ta (dé
mdi 1an chay thi khong bi anh hudng béi cac lan chay trude do).

e Lénh disp('thong bao") ding dé xuét cac thong bao.
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1.2.6 Céac dang thirc (format) bi¢u dién so

Format short: S6 dau phéy cé dinh, v&i 5 chi sd c0 nghia sau dau phéy
Format long: S6 dau phay c¢d dinh, vé6i 15 chir s6 c6 nghia sau ddu phay
Format shorte: S dau phay dong, v6i 5 chir sd c0 nghia sau dau phay

Format long e: S6 dau phay dong, voi 15 chir s6 c6 nghia sau dau phay

Format short g:  Lua chon tot nhat phay cb dinh hay dong véi 5 chir s6 c6 nghia

sau dau phay.

Format long g:  Lua chon t6t nhat phdy cb dinh hay dong voi 15 chir sb ¢
nghia sau dau phay

Format rat: Biéu thi s6 thuc vé s hitu ty gan nhét.

disp: Hién thi ndi dung cua bién.

Fprintf: Ham cho phép hién thi theo cac khudn dang chi dinh.

Sprintf: Ham tra vé xau ky tu in theo cac khuon dang chi dinh.

1.3. CAC BAI TOAN

MATLAB 1a mét ngdn ngir lap trinh rat dé sir dung, dic biét néu ta da biét
dung C hodc Pascal. N6 cho phép lam dugc kha nhiu viée trong toan dua trén

mot so rat it cac 1énh.

Bai 1.3.1 V& d6 thi ham s f(x)=x"2+sin(x) trén doan [0,1] bang cach lay 11
diém x =(i—-1)/10, i =1 10. Yéu ciu:

e Dinh nghia ham sb f(X)=x"2+sin(x) riéng trong file f.m. Sau d6 vé& dd thi
ham s trong file bail.m.

e Trén do thi ghi chu truc hoanh 1a “x”, truc tung la “x”*2+sin(x)”, dat tua dé
13 “Po thi ham sé f(x)=x"2+sin(x)”.

Chuong trinh:
% file f.m
function a=f(x);
a=x"2+sin(x);

% file bail.m
clear all
N=10;
X=[0:N]*1/N;
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Y=zeros(1,N+1);
for i=1:(N+1)

Y (i)=f(X(1));
end

plot(X,Y);

xlabel(*x");

ylabel(*x"2+sin(x)");

title("Hinh 1.1. Do thi ham so f(x)=x"2+sin(x).");

Chay file bail.m, cac file nay da co sin trong thu muc bail.3.1. Két qua:

Hinh 1.1. Do thi ham so f(}{j=}{2+sin|:}{j|.

w2 +5in(x)

Pé chay chuong trinh, ta lam timg budc sau:

e Mo cua sb lam viéc cia MATLAB.

e Viao 6 c6 chir Current Directory, ghi duong din chi téi thu myc, chang han
D\CAOHOC\ddtrong\luanvan-ct\ch1\cacbaitoan\bail.3.1\bail. Ta ciing c6 thé
kich vao dau .. dé MATLAB hién cdy thu muc roi chon thu muc
D\CAOHOC\ddtrong\luanvan-ct\chl\cacbaitoan\bail.3.1\bail; t&i dong >> trén

ctra sO lam viéc, go bail, roi Enter. Ta s€ thu dugc hinh v&€ nhu mong muon.
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e Pé luu hinh v& ndy vao may tinh, ta m¢ hinh vé& d6, vao File\Save As, r0i
dit tén va chon dinh dang thich hop (ching han .bmp hoic .ps). Hinh v& niy s&
duoc luu vao thu muc hién hanh 1a D\CAOHOC\ddtrong\luanvan-
ct\chl\cachaitoan\bail.3.1, v4i tén la hinhl1.1.bmp.

Bai 1.3.2 Ta biét rang x:zz(n_—l)sin(nﬂx),O<x<1, theo nghia trong L?(0,1).
7

n=1

Yéu cau:

e Viét file s.m dé dinh nghia ham s(x) nhu sau

M 9(_1\n .
s(x) = Z%sin(nnx) , trong d6 M 1a bién toan cuc (global).
n=1

o Viét file bai2.m, trong d6 dinh nghia M=20. Trén doan [0,1] 1éy N+1 diém
X, =({1-1)/10, i =1 N véi N=100. V& cac dd thi s(x) va y=x trén ciing mot hinh
VE.

e Tinh x4p xi céc sai sd Is(x)—x

Va ||s(x)—x dua trén céc dir liéu roi

12(0,0) L*(0,2)

rac tai cac diém X, . Néu nhan xét. D€ tinh sai s0, ta dung cac xap xi

N+1

h 2 1 2
Is() = X|. = \/E[|S(X)_X| dx ~ \/N—HZ|s(xi)—xi| ,

i=1

Is(x) — x

L = Sup [s(x) = x|~ sup [s(x)—Xx|.
xe[0,1] 1I<i<N+1

Chuong trinh: (cac file co trong thw muc bail.3.2)
% file s.m
function a=s(x);
global M
a=0;
for n=1:M
a=a+2*(-1)N(n+1)/n/pi*sin(n*pi*x);
end

% file bai2.m
clear all
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global M
M=20; N=100;
X=[0:N]*1/N; Y=zeros(1,N+1);
for i=1:(N+1)

Y (i)=s(X(1));
end
plot(X,X,'r", X,Y,'b";
xlabel(*x");
title("Hinh 1.2. Do thi cua y =s(x) (xanh) va y=x (do). *);
disp(‘error in L"2Y);
err2=norm(X-Y)/sqrt(N+1)
disp(‘error in L™Ninfinity");
errsup=norm(X-Y,inf)

Két qua: (chay file bai2.m; tit ca cac file c6 trong thu muc bail.3.2)

Hinh 1.2. Do thi cua y =s0) (xanh) va y=x (do).
1"“1‘ T T T T T T T T T

1.2+ .

0.a

0.6

0.4

0.2

I:l | | 1 | | | | | |
a 0.1 0.2 03 04 s 0B 07 ns 0% 1

X

Sai s6: err2 = 0.1242, errsup =1.
Nhén xét: su xap xi trong L? kha tot nhung x4p xi trong L~ thi khong tot, nguyén

nhan 13 tai diém x=1 thi s(1)=0.
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Ta ciing c6 thé v& dd thi bang cau triic 1énh don gian hon nhu chwong trinh
v& d6 thi cua bai 1.3.3. Ciing tir bai 1.3.3 nay chlng t6i s& 1am rd mot vai van dé
vé MATLAB.

Bai 1.3.3 V& dd thi ham sb

y(x)= sz(zx) ,véi —10< x<10.
X

Chuong trinh: (cac file cé trong thuw muc bail.3.3).

% file bai3.m

x=-10:0.2:10; % Chia [-10,10]thanh 101 diem, buoc nhay 0.2.
y=1/2*sin(2*x)./x;

% 'y la vecto co cung chieu dai cua vecto X, mang gia tri cua ham.

plot(x,y,'r.-") % Ve do thi voi mau do, duong .-.
grid % Ve cac duong dong tren do thi.
title("Hinh 1.3.%) % Dua tieu de len tren do thi.
xlabel(*x") % Dua nhan tren truc x.
ylabel(*sin(2x)/2x") % Dua nhan tren trucy.

Chay file bai3.m ta dugc Hinh 1.3.

Khi v& d6 thi, ham sé d3 cho duoc luong gia thanh cong tng véi mdi phan
tor trong ma tran x, ma tran (lxlOl); ngoai trur x(Sl) =0, noi ma co6 phép chia
cho sb 0 xay ra. Diéu nay c6 y nghia gi khong? Bang cach viét mot mé rong chudi
Taylor (s& dugc trinh bay chi tiét trong chuong 2) cho sin(2x) va chia toan bd
cho 2x, ta d& dang chimg t6 ring y(0)=sin(0)/0=1. MATLAB khéng dimg lai
& diém nay, ham plot() xir Iy phan tir y(51) duéi dang dit liéu bi thiéu (xem Hinh

1.3)
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sini2x) / 2x

0.4 | | | | i
-10 -5 -B -4 -2 0 2 4 B o 10
b

Mot cach dé khic phuc van deé tai x(51) =0, do la dat cac phﬁn tor zero
trong ma tran x véi eps, c6 nghia Ia,

x=-10:0.2:10;
x=x+(x==0)*eps;

Trong 1énh MATLAB thtr hai, mot thanh phﬁn cua ma tran x s€ dugc tang
boi eps lic biéu thirc logic (x==0) luong gia sang true. Nguoc lai thi cac thanh
phan cua x van giit khong thay d6i. By gid ma tran y duoc tao ra khong c6 18i va
sin(0)/0 lugng gia sang 1.

Ta co file bai3a.m, chi can thém dong 1énh x=x+(x==0)*eps; tir file bai3.m.
Chay file bai3a.m, ta dugc Hinh 1.3a, va chung ta di giai quyét dugc van dé tai

x(51)=0.

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 34

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Hinh 1.3a.

sinf2x) / 2x

0.4 j i
0 8 6 4 =2 0 2 4 & 8 10
H

Bay gio ta n6i thém vé cac truc cua dd thi. Trong Hinh 1.3 va Hinh 1.3a,
MATLAB d3 an dinh tu dong diy cac gia tri x va y dé cho d6 thi dugc v& lip day
khoang trdng c6 sin (tirc 13 xmin=min(x), xmax=max(x)). Dé thuc hién diéu do,
hang muc dit liéu thiéu tai y=0 phai duoc che gidu boi cac duong bién cua hinh
Hinh 1.3 va Hinh 1.3a. C6 1& diéu nay s& hién nhién hon khi diy cac gia trj cua y
trong Hinh 1.3 va Hinh 1.3a duoc dinh lai ty 1& dé chiém tron doan [-0.4, 1.2].

Nhu phan trén da néu, MATLAB cung cap ham axis dé kiém soat ty 1¢ va
dién mao clia cac truc trong d6 thi. Trong phan nay ching ta ding phép goi ham
axis([xmin,xmax,ymin,ymax]) dé cai dat ddy cac gia tri x va y trong biéu d6 hién

tai sang [xmin, xmax] va [ymin,ymax] tuong ung.

Ngoai ra, 1énh axis (‘equal’) thay doi kich thudc ctia hop 6 truc hién tai dé

cho céc gia so cua dau ki€ém trén céc truc x va y déu bang nhau. Tuong tu nhu vay,
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1énh axis(‘off’) s& tt tit ca cac nhan trén truc va cac ddu kiém. Cac nhén trén truc

va cac dau kiém dugc dua trd vé mdt lan nira véi axis(‘on’).

Véi file bai3b.m, chi can thém dong 1énh axis([-10 10 -0.4 1.2]) tur file
bai3a.m, sé& tao ra Hinh 1.3b dong nhat véi Hinh 1.3 va Hinh 1.3a, trong truong
hop ndy voi cic didy gid tri cia x va y bao gom cac doan
[-10,10] va [-0.4,1.2] twong tng va viéc lugng gia ding sin(Zx)/ 2x tai x=0.

Chay file bai3b.m ta dugc Hinh 1.3b.

Hinh 1.3b.
1.2 T T T T T T T | T

sinf2x) / 2x

Ghi chd: Trén day 1a phan gidi thiéu rat so lugc vé MATLAB, céc thong tin
Chuyén siau hon c¢6 thé tim thiy ¢ http://www.mathworks.com;

http://www.math.mtu.edu; http://www.math.ufl.edu/help/matlab-tutorial.
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CHUONG 2
PA THUC TAYLOR

2.1. PATHUC TAYLOR

Hau hét cac ham sé f(x) trong toan hoc khong thé dugc danh gia mot cach
chinh  xac. Vi du, hidy xem xét gia tri cua ham sb
f(x)=cosx, e*, hoac JX ma khong can st dung may tinh hoic may vi tinh. Dé
xéc dinh gid tri céc biu thire nhu thé, ching ta sir dung ham f (X) gin bang véi
f (x) va dé xac dinh gia tri hon. Loai phd bién nhét ctia ham xap xi f (X) la cac
da thirc. Chiing d& thuc hién va chung 14 phuong thirc hitu hiéu dé tinh gin ding
f (x) Trong sb cac da thire, da thire Taylor duoc sir dung rong rdi nhat. Pa thirc
Taylor trong d6i d& xay dung, va n6 thuong 1a bude dau tién dé dat dugc cac phép
tinh x4p xi hiéu qua hon. Pa thtc Taylor ciing quan trong trong nhiéu linh vuc

khac cua toan hoc.

Trong chuong ndy, chiing t6i s& trinh bay tom tit 1y thuyét vé chudi Taylor
va trinh bay cach st dung MATLAB nhu 14 mét cong cu thuc nghiém nhim tao

cho sinh vién mgt truc giac v€ su xap xi dia phuong ctia cac ham so.

Véi f(x) 1a mot ham sb cho trude, da thic Taylor duge xay dung dé
phong theo su bién thién ciia f(X) tai mot diém X = a nao d6 . Két qua, n6 s& gan

bang f(X) tai cac diém x gan véi a. Cu thé hon, ta tim mét da thirc bac nhat p,(X)

dé
a) = f(a),
pl' (a) (. ) 2.1)
pi(a)=f'(a).
Ta dé dang xac dinh duy nhat da thirc duoc cho boi
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Trang 37

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

p,(x)=f(a)+(x—a).f'(a). (2.2)
Vanhu vy, y = p,(X) 12 tiép tuyén ctia d6 thi y= f(x) tai x=a.
Vidu2.1.1 Cho f(x)=€*va a=0,thi p(x)=1+x.Dd thicuaa f va p, duoc

thé hién trong Hinh 2.1. Chua y rang p,(x) thi xp xi véi e* khi x gan 0.

Hinh 2.1. Da thi xap %i Taylar bac nhat cua e* quanh diem x =0,

—
251 .. ol
2t |
15F i
s |
05k |
ol— ' ' ' ' '

Tiép tuc cach lam trén, tim da thic bac hai p,(x) la ham x4p xi f(x) gin
X =a. Vi c6 3 hé sb trong cong thirc cta da thire bac 2, nén ta ¢6
p,(X) =b, +bx+b,x*.

Dé mo phong tot hon su bién thién cua f(X) tai x = a, ching ta can

p,(a) = f(a),
p'y(a)=f'(a), (2.3)
p",(a)=f"(a).
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Ta duoc, p,(x)=f(a)+(x—a)f '(a)+%(x—a)2 f"@a). (2.4)

Vidu2.1.2 Tiép tuc vi du trudc f(x)=e* vaa =0, ching ta co

pz(x):1+x+%x2.
Xem Hinh 2.2 @é so sanh f(x)=¢€* va p,(x)=1+Xx, pz(x):1+x+%x2_

Hinh 2.2. Do thi xap xi Taylor bac nhat va bac hai cua e* quanh diem x = 0.

T T T T T T f

pXA B o

2 - .
1.8 .

1 - .
0AakF .

I:I 1 L 1 1 1 1 1

1.5 1 04 0 04a 1 1.5
Tiép tuc cach thuc trén, cho p_(x) la da thiic bac n, va n6 can thoa
p(a) = FP(a), véi j=1n. (2.5)

Vi f(j)(x) 1a dao ham bac j cia f(x) va quy use f@(a)=f(a). Thi

p,(x)=f(a)+(x—a)f '(a)+(x_2—'a)2 f "(a)+...+_(x;:i)n £ (a)

_ (2.6)
" (x—a)' .
:Z—( - ) f(a).
o !
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Néu trong (2.6) chung ta can ghi chi mot cach rd rang sy phu thudc cua
khai trién vao diém a, chiing ta viét p,(x;a). Pa thitc p,(x) trong (2.6) dugc goi
1a da thire Taylor bac n dbi v6i ham s6 f(x) va diém xap xi a. [ Tuy nhién, chd y

rang da thirc p,(X) co bac that sy nhd honnnéu f™(a)=0]
Vidu2.1.3 Laicho f(x)=e*vaa=0,thi fO(x)=e*, f90)=1Vj>0

n_ oyl
P (x)=1+x+£x2+...+ix“= X (2.7)
" 2! ntt &

Bang 2.1 chtra cac gia tri cua p,(X), P,(X), p;(X) va e* tai nhitng gia tri
khéc nhau cua x trong doan [-1, 1]. Vé6i a ¢b dinh x, do chinh xac ting khi bic n
tang. Va vdi bac cua da thirc ¢ dinh, do chinh xéc giam khi x di chuyén raxaa=
0.

Bang 2.1. Xép xi Taylor cua € quanh diém x = 0.

X pl(x) pz(x) p3(X) e
-1.0 0 0.500 0.33333 | 0.36788
-05] 05 0.625 0.60417 | 0.60653
-0.1] 0.9 0.905 0.90483 | 0.90484

0 1.0 1.000 1.00000 | 1.00000
0.1 1.1 1.105 1.10517 | 1.10517
0.5 15 1.625 1.64583 | 1.64872
1.0 2.0 2.500 2.66667 | 2.71828

Vi du 2.1.4 Cho f(x)=e* va diém a bat ky, khong nhat thiét 1a 0, thi

fO(x)=¢e*, 9(0)=1,j>0. Ching ta c6 cong thirc
n Y
pn(x;a):ea[1+(x—a)+%(x—a)2+...+%(x—a)n :eazu.
H - j=0 J

Va nhu vay,
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0, (x:1) = e2% . (2.8)

Pa thitc p,_(x;1) x4p xi tot nhat khi x gin bang 1, va da thac p, (x;0) [duoc
cho trong (2.7)] thi xap xi t6t nhat khi x gan bang 0.

O day, khi thyc hién tinh toan s6, chung t6i thay thé cach xac dinh gia tri

mot ham s6, chang han nhu e* véi cach xac dinh gia tri mot da thiec.

Vi du 2.1.5 Cho f(x) =log(x), tirc 1a f(x)=In(x), va a =1, thi f(1)=0. Bang
phuong phap quy nap, véi j>1, ta cod

fOX) =(-D"(j —1)!%. Suyra, fOQ)=(-D"*(-D

Néu diéu nay dwoc ap dung vao (2.6), thi da thirc Taylor dugc cho boi

1 , 1 , 1l i
pn(x):(x—l)—z(x—l) +§(x—1) —..+(-1) H(X_l) o9
:Zn:(_lj)J (x—1)'.

D6 thi ctia log(x) va cac da thirc Taylor p,(xX), p,(X) va p,(x) dugc thé
hién trén Hinh 2.3.

Trong bai viét nay, chung toi dung 2 ky hiéu c6 nghia 13 “gan bang”. Ky
hiéu “~” thi thuong dugc dung chi sy gin dung cila cac biéu thic dai s6, vi du
x~5, nghia la x gin bang 5; vd ¢ ~1+x, x~0, nghia 13 €* gan bang 1+ x khi x
gin bang 0. Ky hiéu “=” thuong dugc dung voi s6, nhu
27 =6.2832; V168 =12.961. Ky hiéu “=" thudng duoc ding véi do sai sb tinh toan

thuce su.
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Trong MATLAB, log(x) 1a logarit ty nhién In(x) va logl0(x) 1a logarit thap
phan 1g(x).

Xuyén suot bai viét nay, ching td1 s€ phat biéu mot vai nhan xét chung

hodc cac qui tac dé su dung khi xem xét giai s6 cua cac bai toan.

NHAN XET CHUNG: Khi xem xét cach giai mot bai toan, néu khong

biét phuong phap giai truc tiép bai toan do6 thi hdy thay thé bang mot

. ; TR , 2.10
“bai toan xap xi” ma co thé gidi bang may tinh. (2.10)

Hinh 2.3. Do thi xap =i Taylor cua log(x)=Inix) quanh diem x = 1.
Y

0.a

0.6

0.4

0.z

0.2

0.4

0.5

CHUONG TRINH MATLAB: Sau diy 1a chuong trinh MATLAB, chuong
trinh ndy s& tinh toan mot vai xap xi da thirc Taylor ciia e* nam trong doan [-b, b],
véi gid tri cia b duge dua vao khi chay chuong trinh. Chuong trinh s€ xac dinh gia

tri cac da thirc Taylor bac 1, 2, 3 va 4 tai cac diém x duoc chon trong doan [-b, b],
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in gia tri x, gia tri dung cia e* VA cic sai s6 cua ching theo dang biéu bang. Két
qui s& dugc xuat ra trén cd man hinh dang sit dung khi chay file

exp_taylor simple.m trong cung thu muc véi file polyeval.m.

Chuwong trinh 2.1: X4c dinh gia tri da thuce Taylor.

%TIEU DE: Uoc luong da thuc Taylor cua exp(x) xung quanh x = 0.

% Vai uoc luong cua da thuc Taylor va sai so cua no voi bac tang dan. Xap xi %
cua ham exp(x) tren doan [-b,b].

% Initialize: Khoi chay

b = input(*Nhap so b vao de tao doan [-b,b], b=");

h = b/10; % Khoang cach giua hai so
X =-b:h:b; % x di tu -b den b voi buoc nhay la h
max_deg = 4; % bac cao nhat bang 4

% Tao ra cac he so cua ham exp(x) khi mo rong quanh diem a = 0.
% Nhung he so nay duoc luu tru trong mang c, voi do dai la max_deg+1.
c=ones(max_deg+1,1); % c la ma tran don vi, max_deg+1 dong, mot cot
fact = 1; % Gan cho bien fact gia tri bang 1
for i = 1:max_deg %Thuc hien vong lap for voi gia tri i di tu 1 den max_deg
fact = i*fact; % Lan luot thay the gia tri cua bien fact bang i nhan voi fact;
c(i+1) = 1/fact; % Gan gia tri cho cac phan tu c(i+1) bang 1/fact;
end % Ket thuc vong lap
% Tinh gia tri cua da thuc Taylor bacl, bac2, bac3, bac4 bang cach goi ham %
polyeval la mot file trong cung thu muc.
pl = polyeval(x,0,c,1); p2 = polyeval(x,0,c,2);
p3 = polyeval(x,0,c,3); p4 = polyeval(x,0,c,4);
% Tinh gia tri dung cua e”x va cac sai so trong khai trien da thuc Taylor
% tuong ung tung bac o tren
true = exp(X); errl = true-pl; err2 = true-p2; err3 = true-p3; err4 = true-p4;

% Ghi ket qua ra mang hinh. Ket qua ghi thanh mot ma tran, voi cac cot %tuong
ung voi gia tri X, gia tri chinh xac, sai so bacl, sai so bac2, sai so
% bac3, sai so bac 4. Ung voi moi gia tri x chay tren doan [-b,b] thichoral %
bang ket qua tuong ung.

diary exp_taylor % Ghi nho cac ket qua theo dinh dang ben duoi.

disp(" X exp(x) errl err2 err3 errd")
[X',true’,errl'err2'err3’,errd’]

diary off % Ket thuc viec ghi nho.

Két qua chay file exp_taylor simple.m, voib = 1.
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Nhap so b vao de tao doan [-b,b], b=1

X
ans =

-1.0000
-0.9000
-0.8000
-0.7000
-0.6000
-0.5000
-0.4000
-0.3000
-0.2000
-0.1000
0
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
1.0000

Ta c6 thé dinh dang lai s6 xuat ra man hinh va vi tri twong Gng cta cac so

exp(x)

0.3679
0.4066
0.4493
0.4966
0.5488
0.6065
0.6703
0.7408
0.8187
0.9048
1.0000
1.1052
1.2214
1.3499
1.4918
1.6487
1.8221
2.0138
2.2255
2.4596
2.7183

errl

0.3679
0.3066
0.2493
0.1966
0.1488
0.1065
0.0703
0.0408
0.0187
0.0048

0
0.0052
0.0214
0.0499
0.0918
0.1487
0.2221
0.3138
0.4255
0.5596
0.7183

err2

-0.1321
-0.0984
-0.0707
-0.0484
-0.0312
-0.0185
-0.0097
-0.0042
-0.0013
-0.0002

0
0.0002
0.0014
0.0049
0.0118
0.0237
0.0421
0.0688
0.1055
0.1546
0.2183

bang cach thay doan chuong trinh cudi béi

diary exp_taylor
disp(* x  exp(x)
for i=1:length(x)

errl

err2

err3

err3 err4

0.0345 -0.0071
0.0231 -0.0043
0.0147 -0.0024
0.0088 -0.0013
0.0048 -0.0006
0.0024 -0.0002
0.0010 -0.0001
0.0003 -0.0000
0.0001 -0.0000
0.0000 -0.0000
0 0
0.0000 0.0000
0.0001 0.0000
0.0004 0.0000
0.0012 0.0001
0.0029 0.0003
0.0061 0.0007
0.0116 0.0016
0.0202 0.0031
0.0331 0.0058
0.0516 0.0099

errd’)

fprintf(*%7.3f%10.3f%14.3e%014.3e%014.3e%14.3e\n’, ...
X(i),true(i),errl(i),err2(i),err3(i),errd(i))

end
diary off

ROi luu lai v6i tén exp_taylor.m.

Thi ta dugc bang két qua sau: (chay file exp_taylor.m)
Nhap so b vao de tao doan [-b,b], b= 1.
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X exp(x)
-1.000 0.368
-0.900 0.407
-0.800  0.449
-0.700  0.497
-0.600 0.549
-0.500 0.607
-0.400 0.670
-0.300 0.741
-0.200 0.819
-0.100  0.905

0.000 1.000
0.100 1.105
0.200 1.221
0.300 1.350
0.400 1.492
0.500 1.649
0.600 1.822
0.700 2.014
0.800 2.226
0.900 2.460
1.000 2.718

errl
3.679e-001
3.066e-001
2.493e-001
1.966e-001
1.488e-001
1.065e-001
7.032e-002
4.082e-002
1.873e-002
4.837e-003

err2
-1.321e-001
-9.843e-002
-7.067e-002
-4.841e-002
-3.119e-002
-1.847e-002
-9.680e-003
-4,182e-003
-1.269e-003
-1.626e-004

0.000e+000 0.000e+000

5.171e-003
2.140e-002
4.986e-002
9.182e-002
1.487e-001
2.221e-001
3.138e-001
4.255e-001
5.596e-001
7.183e-001

1.709e-004
1.403e-003
4.859e-003
1.182e-002
2.372e-002
4.212e-002
6.875e-002
1.055e-001
1.546e-001
2.183e-001

err3
3.455e-002
2.307e-002
1.466e-002
8.752e-003
4.812e-003
2.364e-003
9.867e-004
3.182e-004
6.409e-005
4.085e-006
0.000e+000
4.251e-006
6.942e-005
3.588e-004
1.158e-003
2.888e-003
6.119e-003
1.159e-002
2.021e-002
3.310e-002
5.162e-002

err4
-7.121e-003
-4.268e-003
-2.404e-003
-1.252e-003
-5.884e-004
-2.402e-004
-7.995e-005
-1.928e-005
-2.580e-006
-8.196e-008
0.000e+000
8.474e-008
2.758e-006
2.131e-005
9.136e-005
2.838e-004
7.188e-004
1.582e-003
3.141e-003
5.766e-003
9.948e-003

Dé chay duoc chuong trinh trén ta cn tao ham polyeval rdi luu vao cing
thu muc voi file chuong trinh trén, dugc dat tén la polyeval.m, dé xac dinh gia tri
cac da thie. Va né ciing duoc dung chung cho cac chuong trinh MATLAB cua

chuong nay.

Chuong trinh 2.2:

% Chuong trinh tao file polyeval.m

function value=polyeval(x,alpha,coeff,n);

% Ham tinh gia tri da thuc gom 4 bien duoc dua vao. Tinh toan cac gia tri da %
thuc Taylor tai cac diem duoc cho boi x, cach tinh theo ly thuyet trinh bay %trong
muc 2.3, voi alpha la diem tham chieu mo rong cua da thuc Taylor %(alpha tung
ung a trong ly thuyet), va n la bac toi da cua da thuc. Cac he %so duoc dua vao
thong qua bien coeff; va no bao gom n+1 phan tu coeff voi %coeff(1) la mot hang
so (gioi han) trong da thuc.

value=coeff(n+1)*ones(size(x));

z=x-alpha;

for i=n:-1:1
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value = coeff(i) + z.*value;
end

2.2. SAI SO TRONG PA THUC TAYLOR

Thuc hanh sir dung phép tinh xap xi da thitc Taylor d6i voi f(x), ching ta
can biét tinh chinh xac cua né. Pinh 1y sau day cho chung ta cong cu chinh dé
danh gia tinh chinh xac nay. Chung t6i trinh bay ching ma khong chimg minh vi

n6 dugc ghi trong hau hét cac gido trinh toén.

Pinh 1y 2.2.1 (Pinh 1y s6 du Taylor) Thira nhin rang f(X) c6 dao ham lién tuc
trong dogn a<X< [, va cho diém a thuéc doan do. Poi véi da thire T aylor
p,(X) (2.6), cho R (X)= f(X)— p,(X) biéu thi sé du trong phép tinh xdp xi f(X)
boi p,(X). Thi

(X _ a)m—l

(n+1)!

Véi ¢, la mot so nam giita a va x.

R, (X)= f™(c), a<x<p. (2.11)

Vidu2.22 Cho f(x)=e* vaa =0, da thitc Taylor dugc cho trong (2.7). Tu

dinh ly trén, sai s6 xap xi dugc cho boi

Xn+1
e*—p,(x)= &% nx0. (2.12)

(n+1)!

Vi ¢ nam giita 0 va x. Tir cong thirc nay, ching ta c6 thé chirng minh rang
dbi v6i mdi diém x cd dinh, sai s6 tién vé 0 khi n—o0; cang rd rang hon khi
|X| <1. Ciing tir cong thirc, cho thay rang d6i véi mdi gi tri ¢ dinh cua n, sai sd
tré nén 16n hon khi x di chuyén ra xa 0. Minh hoa diéu nay bang d6 thi, va ta v& do

thi sai s6 € — p,(X) sé& t6t hon v& d6 thi don gian ctia ham s6 e* va da thirc p, ()
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(phan 2.1), dé quan sat su xap xi cua chung. Piéu nay dugc minh hoa trong Hinh

2.4 cho cac sai s6 bac n=1, 2, 3, 4 nim trong doan [-1,1].

Hinh 2.4. Da thi sai so trong xap xi Taylor cua e* quanh diem x = 0.

I:IB T T T T T T T T T

bac 1

0.7

a1p

_I:Iz | | 1 | | | | | |
RO rang, bac cang cao thi sai s6 cang nho.

Vidu2.2.3 Truong hop dac biét ctua (2.12), cho x=1. Thi tir (2.7)

1 1 1
e = p”(l):1+1+5+§+'"+n_!'
Vatr (2.12)

C

e—pn(1)=Rn(1>=(ne+l)!.

Vi e<3, chiing ta c6 thé giéi han R (1) nhu sau

1 e 3
(n+1)! <Rl)= (n+1)! ) (n+1)!

Hoc vién thuc hign: Nguyén Vian Lam

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Dé tai: GIAI SO BANG MATLAB

Trang 47


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Diéu nay str dung bat dang thirc e° <e® <e'. Nhu mét vi du sd thyc, gia
dinh rang ching ta mudn tinh xap xi e boi p, (1) véi R (1) <10°°. Do d6, dé co thé

dat dugc sai s mong, gidi han trén can thoa

3 <10°°
(n+1)!

Piéu nay dang khi n>12; vi vay, p,(1) 1a mot phép tinh xap xi co dd
chinh x4c cao d6i vdi e.

Cong thirc (2.6) va (2.11) ¢o thé dugc dung dé hinh thanh phép tinh xap xi
va cong thirc s6 du cho hau hét cac ham sé chuin ma hay gip trong cac bai toan

cua sinh vién dai hoc.

Dé tham khao sau nay, chung t6i néu mét vai cong thire thuong gip

X2 Xn n+1
e =1+ X+—+..+—+ e’. (2.13)
2! nt (n+1)!
3 5 2n-1 2n+1
SIN(X) = X— >+ X () ()X cos(c).  (2.14)
31 5l (2n-1)! (2n +1)!
XZ X4 2n X2n+2
cos(X) =1——+"——..+(-1)" + (=)™ ———cos(c). (2.15)
2! 41 (2n)! (2n+2)!
1 ) ] n+1
—— =1+ X+ X +..+ X"+ : X #1. (2.16)
1-x 1-x
A+X)* =1+C x+C2x* +...+C X" + CI X" (L+c)* ", (2.17)

Trong tat ca cac cong thic, ngoai trir (2.16), diém ¢ nam giita 0 va x.

Vi du 2.2.4 Tinh xap xi cos(x) Vi |X| <7 l4, véi sai s6 khong 16n hon 10°. Vi

diém ¢ nam trong sd du cua (2.15) 1a khong xac dinh, va sai s6 mong muén la
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2n+2

IR, () gmﬂoﬁ véi |X| <7 /4.

(72_/4)2n+2

<107, n6 théa man
(2n+2)!

Pé bat dang thic nay dung, ching ta can c6

khi n> 3. Phép tinh xap xi mong mudn 1a

2
x*  x°

COS(X)zl—i +———.
21 41 6!

Nhiéu da thirc Taylor va $6 hang du khong dugce tao ra mdt cach truc tiép tu

(2.6) va (2.11). Thay vao d0, cac cong thic Taylor chudn trén dugc khéo 1éo thuc
hién dé dat duoc Xép xi Taylor cho cac ham sb khac. Vi duy, xem xét viéc xay dung
mdt phép tinh xap xi da thic Taylor d6i véi f (X) = e quanh diém x = 0. Hay bét
dau bang viéc thay thé x bang t trong (2.13), ta co
2 n tn+l

e mlt ey
2! nt (n+1)!

c

€.

Vi ¢ 1a mdt s6 nam gitra 0 va t. Piéu nay ding vdi moi so thuc t. Bay gio

thay t bang —x?, cho ra

—X2

:1_ X2 +X_4 X_G . (_1)n X2n N (_1)n+1x2n+2 .

e ——..
21 3! n! (n+D!

(2.18)

Vi ¢ 1a mot sd thoa —x? <c <0. Diéu nay cho phép tinh xap xi da thic
Taylor d6i véi e t6i béac 2n (va bac 2n+1). Néu chiing ta c6 gang xay dung phép
tinh xap xi Taylor tryc tiép, nhu dang cua phan 2.1, thi dao ham cua e nhanh
chéng tré nén khong thé kiém soat dugc. Nhu mot vi du hoi phtc tap hon mdt
chut cua viéc xay dung truc tiép phép tinh xap xi da thuc Taylor, chung ta xut

phat tir phép tinh xap xi d6i vdi log(1-t).

Bit dau bang viéc 1ay tich phan (2.16) tir 0 dén t
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t 1 t t Xn+1
_[—dx=j'(1+x+x2+...+x“)dx+j dx
5 1—X 9 5 1—X

t o n+l
_Iog(l—t)=t+1t2+1t3+___Jr 1 tn+1+J'X d
2 3 n+1 J1-x

n+1

1

t
log(l—t) = —(t+= t+ . —t" X
g(l—t) =—( 5 M )!

1-

(2.19)

Diéu nay ding khi 0<t<1. S6 hang du c6 thé duoc lam don gian bang
viéc ap dung dinh 1y gia tri trung binh tich phan, dé dat dugc
tn+2

t
I X dx= 1 j x”+ldx=(ij ,
1-x 1-cy, 1-c/n+2

V61 ¢ nam gitra 0 va t, va cling c6 gia tri dung khi —1<t<0.

Tom tét truong hop quan trong nay, ching ta co

1, 1 1 1 ) t"?
logd—t)=—(t+=t*+=t*+...+ —t") - | —— , 2.20
9(1-1) ( 2 3 n+1 ) (1—0Jn+2 ( )

Véi1 C, nam gitra 0 va t; va diéu nay dung khi -1<t<1.
Pinh ly 2.2.5 (Pinh 1y gia tri trung binh tich phan)

Cho w(x) la ham kha tich khong dam trén doan [a, b], va f(x) lién tuc trén

doan [a,b]. Thi ¢é it nhat mét diém c trong [a, b] sao cho

jl f(X).w(x)dx = f (c)iw(x)dx.

b
Dac biét, néu w(x)=1 thi j f (x)dx = f (c)(b-a).
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Ghi ch( 2.2.6 Khi chung ta néi vé gi6i han sai s trong mot lugng nao dé, thi hiy

noi gidi han sai so f(x)— p,(x), nghia la chiing ta tim mt sé M, sao cho

[ (X) = P, (x)[<M,.

Khi ching ta n6i dén gidi han sai sb trong doan a < x < /3, nghia la ching

ta mudn tim mot s& M, sao cho

max | f (x) — p,(X)| < M,.

asx<f

Hau hét cac vi du thi khong “dep” nhu vi du 2.2.3 , va néi chung ching ta

phai st dung céc gid tri tuyét ddi giai cac bai toan sai sb.
2.2.1 Chubi s6 vo han

Bang viéc sip xép lai cac sb hang trong (2.16), ching ta c6 duoc tong mot

cap sO nhan

n+1
I+ X+ X 4.+ X" = 1X . X=#1. (2.21)
—X

Cho n— o trong (2.16) khi |X| <1, chung ta c6 duoc mot cap sd nhan I

vO han

i:1+x+x2+...:2xj . X<l (2.22)
1-x 0
Pay ciing chinh 12 mot chudi s6 vo han.

Mot cach téng quat, chung ta nhéc lai rﬁng mot chudi vo han ZC P thi hoi
=0

n

tu néu tong ting phan S = ZCJ , N>0, la mot day hoi tu. Diéu nay cd nghia la
j=0

S=1imS,, ton tai va khi d6 ta c6 thé viét

n—o0

s=>c,. (2.23)

j=0
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Dbi voi cap s6 vo han trong (2.22) v6i X =1, téng timg phan dugc cho boi

(2.21) I

Khi |x| <1, r rang day {S,}co6 gid tri gi6i han 1/ (1-X) va vi thé ching ta
c6 thé néi chudi s6 vo han hoi tu voi gid tri nay. Khi |x|>1, day {S,} rd rang
khong hoi tu voi bt cur gia tri gi61 han nao; chiing ta noi chudi sb vo han phan ky
trong truong hop nay.

Gia dinh f(x) c6 dao ham bac bét ky tai x = a. Khi do,

X 2 . z(x—a) . NS -~ .
Chuoi s6 v6 han Z# f (@), dugc goi 1a su khai trién chudi Taylor
j=0

ciia ham sb f(X) quanh diém x = a.

9 \ n — J f
Va tong tung phan Zu f(a), 1a da thic Taylor p,(X).
j!

j=0
Day { pn(X)} 6 gidi han f(x) néu sai s6 dan vé 0 khi n — co. Tuc 13,
lim[f (x) - p,(x)]=0.

Trong trudng hop ndy, chiing ta cd thé viét
o (v _a\i
£(%) =Z@ £ (a). (2.24)
i J*

Nhu cac vi dy, ching ta ¢ thé chi ra rang cac s6 hang sai so trong (2.13)
dén (2.17) va (2.20) dan vé 0 khi n — oo khi gia tri x phu hop. Piéu nay dan dén
su khai trién Taylor sau

S Xj
exzz_— : —0< X< 00, (2.25)

j=0 JI
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0 (_1)j X2j+1

sinx=» ~———— | —00 < X <00, (2.26)
J-Z_c; (2j+D!
0 (1Y y2]
cosx:Z& , —00 < X < 00, (2.27)
o (2))!
@+x)*=>.Clx), —1<x<1. (2.28)
j=0
0 tJ
logl-t)=->"— , ~1<x<1. (2.29)
i=0
Chubdi s6 v6 han c6 dang Zaj(x—a)j (2.30)
j=0

dugc goi 1a chudi sb lity thira. Cong thirc Taylor 14 mot cach dé dat duoc nhimg
chudi sb nhu thé, nhung ching ciing c6 thé duoc tao ra bﬁng cach khac. Su hoi tu
ctia chung ¢ thé dugc xem xét mot cach truc tiép ma khong can nho vao cong
thirc sai s6 cia Taylor. Chang t6i nhéc lai 2 dinh Iy quan trong dugc dung dé xem

xét su hoi tu.
Pinh Iy 2.2.7 Gid dinh rang chudi sé (2.30) héi tu véi gid tri X,nao do. Thi
chudi s6 (2.30) ciing héi tu véi tdt ca cdc gid tri x théa |X— a| < |X — X0| :

an+l

an

Pinh Iy 2.2.8 Cho chudi s6 (2.30), gia dinh rang gidi han R = lim , ton tqi.

n—oo

Thi khi x thoa |x—a| < % chudi s6 (2.30) héi tu vé mét gidi han S(x). Khi R = 0,

chudi sé (2.30) héi tu véi bat ky sé thue x nao.
Vi du, ching ta hiy xem xét sy hoi tu ctia chudi sd lily thira trong cong thirc

(2.27). Cho t = X2, chiing ta c6 dugc chudi sb

g (Ezl)jj)t!j | 2.31)
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(-1)

Ap dyng dinh 1y 2.2.8 véi a, = e chung ta thiy R = 0.
]):
Vi thé chudi s6 (2.31) hoi tu véi bat ky gia tri ndo cia t, va khi d6 chudi sb

trong cong thic (2.27) hoi tu voi bt cr gia tri nao cua Xx.

CHUONG TRINH MATLAB: Chuong trinh MATLAB sau, vé& lan luot do thi
cac da thuc Taylor bac 1, 2, 3 va cac sai s bac 1,2, 3, 4 clia eX quanh diém x = 0
trén doan [-b, b], v&i b 1a gia tri dugce dua vao khi chay chuong trinh. Truong hop
b =1 s& vé ra cac Hinh 2.1, Hinh 2.2, Hinh 2.4, Hinh 2.5; va duoc luu véi file

plot_exp.m.

Chwong trinh 2.3:

% TIEU DE: Do thi cac da thuc Taylor cua exp(x) quanh diem x = 0.

% Day la do thi cua vai da thuc Taylor va sai so cua chung voi bac tang dan % cua
ham exp(x) tren doan [-b,b].

% Truoc het, neu nhap b = 1 ta duoc cac hinh da trinh bay trong ly thuyet.
disp(*Hay nhap b = 1 de duoc cac Hinh trong ly thuyet; Nhap xong nhan
Enter de tiep tuc.")

b = input(*Nhap gia tri cua b de tao [-b,b], b =");

h = b/100;
X = -b:h:b;
max_deg = 4;

% Tao ra cac he so cua ham exp(x) khi mo rong quanh diem a = 0.
% Nhung he so nay duoc luu tru trong mang c, voi do dai la max_deg+1.
¢ = ones(max_deg+1,1);
fact = 1;
for i = 1:max_deg
fact = i*fact;
c(i+1) = 1/fact;
end
% Tinh gia tri khai trien da thuc Taylor bacl, bac2, bac3, bac4 bang cach goi %
ham polyeval la mot file trong cung thu muc.
pl = polyeval(x,0,c,1); p2 = polyeval(x,0,c,2);
p3 = polyeval(x,0,c,3); p4 = polyeval(x,0,c,4);
% Tinh gia tri cua exp(X) va gia tri cac sai so cua cac da thuc Taylor.
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true = exp(X); errl = true-pl; err2 = true-p2; err3 = true-p3; err4 = true-p4;
% Ve lan luot do thi cac da thuc Taylor.

% Bac 1(Hinh 2.1)

plot(x,true,x,pl1,":",0,1,"m*");

title("Hinh 2.1. Do thi xap xi Taylor bac nhat cua e”x quanh diem x =0.")
axis(‘equal’)

legend(‘f","pl’,-1)

disp(*Ta da duoc Hinh 2.1. Vui long nhan Enter de ve tiep Hinh 2.2.")

pause

% Bac 1, 2 (Hinh 2.2)

hold off

plot(x,true,x,pl,":" x,p2,'--",0,1,"'m*")

title("Hinh 2.2. Do thi xap xi Taylor bac nhat va bac 2 cua e”x quanh diem x =0.")
axis(‘equal’)

legend('f',"pl","p2',-1)

disp(*Vui long nhan Enter de ve tiep Hinh 2.5.")

pause

% Bac 1, 2, 3 (Hinh 2.5)

hold off

plot(x,true,x,pl,":" x,p2,"--" x,p3,"-.",0,1,"'m*");

titel("Hinh 2.5. Do thi xap xi Taylor cua e”~x quanh diem x =0.")
axis(‘equal’)

legend(‘f*,"'pl",'p2","'p3’,-1)

disp(*Vui long nhan Enter de ve tiep Hinh 2.4.")

pause

% Ve do thi cac sai so (Hinh 2.4)

plot(x,errl,x,err2, ' x.err3,’--" x,err4, -.");

title("Hinh 2.4. Do thi sai so trong xap xi Taylor cua e”x quanh diem x =0.")
legend(‘bac 1',"bac 2',"bac 3','bac 4',0)

disp(*Nhan Enter de ket thuc.")

hold off

pause

disp("Hay chay chuong trinh voi nhung gia tri b khac nhau de thay ro van de
hon nhe. Chuc cac ban thanh cong. Bye!")

Két qua chay file plot_exp.m v&i b = 1, ta dugc cac hinh vé Hinh 2.1, Hinh
2.2, Hinh 2.4 va Hinh 2.5.

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 55

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Hinh 2.6. Da thi xap xi Taylar cua € quanh diem x = 0.

T T T T T i T f
25k S [ ol
2_ .
15F .
1_ .
05k .
I:I 1 L 1 1 1 1 1

Chuwong trinh 2.4: Chuong trinh MATLAB sau, v& db thi cac da thirc Taylor bac

1, 2, 3 va céac sai sb bac 1, 2, 3, 4 cta log(x) quanh diém x = 1 trén [a,b], O<a<1 va
b>1. Va dugc luu véi file plot log.m.

% TIEU DE: Ve do thi cua nhung da thuc Taylor cua log(x) quanh x = 1.
% Day la nhung do thi cua nhung da thuc Taylor rieng biet va nhung sai so % cua
no doi voi bac tang dan. Do la ham dac biet xap xi voi log(x) va duoc %khai trien
quanh diem x = 1. Khoang xap xi la [a, b] voi 0 <a <1 vab > 1. % Truoc het,
chung ta ve do thi cua nhung da thuc Taylor va tam dung va
% roi chung ta ve do thi cua nhung sai so cua chung khi nhan phim Enter. %
Neu chon a = 1/2, b = 2 thi ta duoc Hinh 2.3, Hinh 2.6.
% Khoi chay.
disp("Hay nhap a=1/2 va b=2 de duoc Hinh 2.3 va Hinh 2.6 trong ly thuyet.")
a = input('Khoi tao khoang [a,b], Nhap giatriavoi0<a<1,a=");
b =input('Nhapgiatrib>1,b=");
h = (b-a)/200; x = a:h:b; max_deg = 4;
¢ = zeros(max_deg+1,1);
sign =1;
for i = 1:max_deg

c(i+1) = sign/i; sign = -sign;end
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% Tinh gia tri khai trien da thuc Taylor bacl, bac2, bac3, bac4 bang cach goi %
ham polyeval la mot file trong cung thu muc.

pl = polyeval(x,1,c,1); p2 = polyeval(x,1,c,2);

p3 = polyeval(x,1,c,3); p4 = polyeval(x,1,c,4);

% Tinh gia tri dung cua In(x) va cac sai so trong khai trien da thuc Taylor %tuong
ung tung bac o tren.

true = log(x); errl = true-pl; err2 = true-p2; err3 = true-p3; errd = true-p4;
% Khoi tao de ve cac do thi cua cac da thuc Taylor.

% Xoa bo he truc toa do da co, xay dung he truc toa do moi va giua lai de ve %
do thi tren he truc toa do moi nay.

hold off

clf

m = 1.1*min([min(p1),min(p2),min(p3),min(p4)]);

M = 1.1*max([max(pl),max(p2),max(p3),max(p4)]);

axis([a,b,m,M])

hold on

% Ve do thi cua nhung da thuc Taylor.
plot(x,true,x,pl,":",x,p2,"--" x,p3,'-."); %, linewidth’,1.5,'markersize’,3);
plot([0 b],[0 0])

plot([0 0],[m/1.1 M/1.1])

plot([1 1],[m/1.1 0],":")

hold on

plot(1,0,*")

title("Hinh 2.3. Do thi xap xi Taylor cua log(x)=In(x) quanh diem x = 1.")
text(b+3*h,0,"x")

text(0,M,’y")

axis(‘equal’)

legend(‘log(x)","pl','p2",'p3’,-1) % Dua ghi chu len goc phai ngoai hinh ve.
disp(*Nhan Enter de tiep tuc.")

pause

% Khoi tao de ve do thi cac sai so. Xoa bo hinh da co, xay dung he truc toa %do
moi va giua lai de ve do thi %cac sai so tren he truc toa do moi nay.

hold off

clf

m = L.1*min([min(errl),min(err2),min(err3),min(err4)]);

M = 1.1*max([max(errl),max(err2),max(err3),max(err4)]);

axis([0,b,m,M])

hold on

% Ve do thi cac sai so

plot(x,errl,x,err2,':" x,err3,'--" x,err4,"-.");

plot([0 b],[0 0])

plot([0 0],[m/1.2 M/1.2])
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title("Hinh 2.6. Do thi sai so trong xap xi Taylor cua log(x) quanh diem x=1.")
text(b+3*h,0,"x")

text(0,M+.05*max(M,abs(m)),'y")

legend(*bac 1','bac 2',’bac 3','bac 4',0) % Dua ghi chu vao hinh ve.

Két qua chay file plot_log.m ta duoc Hinh 2.3, Hinh 2.6 véia=1/2, b =2.

ElfHinh 2.6. Do thi sai so trong xap i Taylor log(x)=In{x) quanh dierm x = 1.
0.2+

0.14

0.1 o o

0.05

-0.05

0.1

0148

-0.2

-0.25

0.3

2.3. TINH GIA TRI SO CUA PA THUC
Tinh gié tri s6 ciia mot da thirc ¢6 vé nhu mot cong viéc dé lam va dé minh
hoa cu thé, ching ta xem xét sy udc luong cua
p(X) =3—4x—5x>—6x> +7x* —8x°.

Pbi v6i mot nguoi 1ap trinh, phuong phap don gian nhat dé tinh toan gia tri
s6 13 udc tinh timg s6 hang doc 14p cua cac s6 hang con lai. Chinh xac hon, sd

hang cxX duoc tinh trong mot chuong trinh bdi c*x”k hodc c*x**k.
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Phuy thudc vao ngodn ngit may tinh dang duoc ding. Piéu nay doi hoi phép
nhén k voi hau hét cac trinh bién dich, mic du céc trinh bién dich thong minh hon
c6 thé tao ra mot mid hitu hidu hon. Véi phép tinh gan ding nay, s& co

1+2+3+4+5=15 phép nhan trong tinh toan gia tri cua p(x).

Phuong phap tht 2 cta tinh gia tri s6, hitu hiéu hon. Chung ta wéc tinh mdi

lity thira ctia x bang cach nhéan x voi liy thira trudce cia x,
x> =x(x%), x* =x(x%), xX* =x(x"). (2.32)

Vi thé, mdi s6 hang cx® thyuc hién 2 phép nhan khi k>1. Két qua tinh gia tri
ctia p(x) dung 1+2+2+2+2=9 phép nhan; tiét kiém dang ké hon phuwong phap thi
nhat, dic biét vdi cac da thirc bac cao hon.

Phuong phap thtr 3 13 phép nhan xép 16ng vao nhau (phuong phap t6 chim).
Vé6i phuong phap ndy, ching ta c6 thé viét va tinh gia tri sé cua p(x) theo dang
P(x) =3+ X(—4 + X(5+ X(—6 + X(7 —8x)))).

S6 cuia cac phép nhan chi 1a 5, tiét kiém hon phuong phap 2. Phuong phap
phép nhan xép 10ng vao nhau 14 tién trinh tinh gia tri sé dugc ua thich hon, va su
tién loi cia n6 tang 1én khi bac cua da thac 16n hon.

Hay xem xét da thirc tong quat bac n sau

p(x)=a, +ax+ax’ +..+ax", a #0. (2.33)

n

Néu chung ta sir dung phuong phap thir 2, vi lity thira ciia x duoc tinh nhu
trong (2.32), thi s6 phép nhan trong tinh gia tri s6 ciia p(x) bang 2n-1. Pdi véi

phuong phap phép nhan xép 16ng vao nhau, viét va uéc lugng p(x) theo dang

p(x) =g, +x(a, +x(a, +...+ x(a, ; +a,x)...). (2.34)
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Diéu nay chi st dung n phép nhan, tiét kiém khoang 50% so v&i phuong
phap 2. Do d6, chung t6i st dung phuong phap phép nhan xép 16ng vao nhau dé
thue thi trong chuong trinh MATLAB duoc cho & cudi phan 2.1.

Vi du 2.3.1 Tinh sé da thic Taylor p,(x), d6i voi log(x) gan diém a=1. Cong thirc

tong quét duoc cho trong (2.19), véi t dugc thay bang —(x—1). Tur do,

1 , 1 s 1 s 1 5
P = (=D~ S (=17 + (=17 - 3 (=D + Z(x-1)".

Cho w=x-1, va viét p,(x)=w(l+ W(-% + w(% + W(—% +éw)))).

Trong chuong trinh méy tinh, ban nén luu trit cac hé sé dudi dang s6 thap
phan, cho phii hop v6i dang s6 trong may.

Chung t6i cung cip thém mot s thuét toan chinh thire cho (2.34) béi vi nd
lién quan t6i cac chu dé khéc. Gid sir ching t6i mudn uée tinh p(x) tai mot sb z

nao d6. Xac dinh day hé sb b, nhu sau

b,=a,
bn—l =a,,t an’
b,,=a, ,+1zb (2.35)
b, =a,+zb,.
Thi p(z) =h,. (2.36)

Cac hé sb b; la cac phép tinh kéo dai trong mét cdp thich hop trong dau
ngodc & (2.34). Trong d6 b, , 1a phép tinh tin cting, va by 1a phép tinh cudi cling,
Khi nhin theo cach nay, phuong phap phép nhan xép 1ong vao nhau dugc goi 1a
phuong phép Horner; né quan hé gan vai phép chia tong hop, phép chia nay duoc

trinh bay trong cac bai viét vé dai sd so cip.
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Dung cac hé $6 trong (2.35), xac dinh da thtrc
p(X) =b, +b,x+0b,x* +...+b X", (2.37)
thi p(x) =b, +(x—2)q(x). (2.38)

Trong d6, q(x) 1a mot thuong sb tir phép chia p(x) béi x—z va by 1a s6
du. Két qua nay duoc dung dé lién két voi cac phuong phap khai cian da thic dé

giam bac cua mdt da thic khi can z dugc tim théy, tr d6 b,=0 va
p(X) = (x—2).q(X).
2.3.1 M6t chirong trinh miu

Chung t6i két thuc phan ndy bang viéc trinh mot chuong trinh  MATLAB

dé tinh x4p xi da thuc Taylor ddi v6i ham sd

:%E%(t)dt, x = 0. (2.39)
Véi Sint(0)=1. Ham sb nay duoc goi 1a “sine tich phan”. Chung ta bit dau bang
cach 14y x4p xi da thuc Taylor trong doan [-1, 1] d6i voi Sintx, doi héi rang sai s6
16n nhét trong doan [-1, 1] duwoc giéi han boi 5.10°. Bit ddu bang viéc sit dung
(2.14) dbi véi sin(t), v6i x duoc thay thé bang t. Dau tién xem xét trudng hop x>0.
Chia cho t va tich hop trén [0, X], ching ta co

X t2 t4 - 2n-2
Smtx_—j[l— TR (Zn_l)!]dt+R2n_2(x)
XZ X4 - X2n72
=133 tes Y G g TR (240)
t2n
Ran-2(X) = j( TR

Piém c; nam giita 0 va t. Vi |COS(Ct)| <1,taco
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X2n

(2n 1)|t 2n+11(2n+1)

|R2n 2(X)| j.( D" (2.41)

That d& dang thay rang gii han nay ciing dung khi x <0. Ta can, chon bac
n dé
|R2n_2 (X)| <5.10° (2.42)

1
2n+D1(2n+1)

Tur (2.41), ta c6 r‘n‘alx|R2n_2(x)| <

Chung ta chon n dé chan trén nay nhé hon hoidc bang 5.10°. Piéu nay dung
néu 2n+1>11. Vi dy, n>5 thi (2.42) duoc thoa. Pa thirc chung ta dung 1a

2 X4 XB X8

1-2_+ ~1<x<1. 2.43
TN TS (243)

Va khi xap xi ddi voi Sintx trong [-1, 1], thi sai sb ctia no thoa (2.42).

Pa thitc p(x) trén 1a mot ham s chén, nghia 1 p(—x) = p(X), VX, ta goi
1a da thirc chin; va cac da thire chin chi chira lily thira chin cua x. Vi thé ching ta
c6 thé wdc luong p(x) hiru hiéu hon bang cach uéc luong da thic bac 4, g(u)
bang cach thay u = x? trong p(X)

u? u® u’

U
u)y=1-— 2.44
9(u)= 18 600 35280 3265920 (2.44)

CHUONG TRINH MATLAB: Céc da thtic Taylor d6i v6i Sintx.

Céc da thirc Taylor p_(X) gan 0 cta Sintx 1a cic da thirc chan. Tién hanh
tuong ty voi viée rit gon (2.43) dén (2.44), chiing ta c6 thé rat gon bang x4p xi
1/2 s6 phép nhan can thiét dé udc luong nd. O ddy ching tdi cho mot chuong trinh
MATLAB plot_sint dé uéc lugng cac xap xi Taylor cta Sintx. Cac da thirc Taylor

c6 4 bac n khac nhau (¢ day cho bac 2, 4, 6 va 8) va tinh udc luong trong doan su
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dung cu thé [0,b](vi tinh d6i xtmg ctia ham chdn). Véi b 1a gia tri nguyén duoc

nhap vao khi chay chuong trinh.

Chuwong trinh 2.5:
% Tao file plot_sint.m
function ans = plot_sint_total
% TIEU DE:Khai trien da thuc Taylor cho ham "Sine tich phan™ quanh x =0
% Day la cac do thi cua vai khai trien da thuc Taylor va sai so cho cac bac
% tang dan. Da thuc Taylor trong truong hop nay chi gom cac khai trien co
% bac chan, duoc goi la cac "even polynomials: Cac da thuc chan”, nen do thi %
duoc ve doi xung khi x gan O va duoc trinh bay khi xap xi x=0. Vi vay,ta
% chi ve cac ham cu the xap xi cua Sint(x) tren doan [0,b], voi x = 0 cung cac
% diem mo rong cho viec tao cac da thuc Taylor. Chung ta ve do thi chi vai
% bac cua khai trien Taylor, co the duoc thay doi boi nguoi dung.
% De thay ro van de: Chay chuong trinh voi nhieu gia tri cua "b". Cung co %the
thay doi so bac cuc dai trong bien "max_degree", nham thu nghiem ket %qua voi
nhieu bac khai trien xap xi Taylor khac nhau.
% Bat dau chuong trinh.
b = input(*"Nhap 1 gia tri nguyen cho b de tao doan [0,b], nhap xong nhan enter;b=
);
h = b/200; x = 0:h:b; max_degree = 20;
% Xay dung cac he so Taylor cho "sine tich phan™ cua ham "Sint.".
c = sint_tay(max_degree);
% Xac dinh 4 bac gia tri can khao sat. Tat ca phai la bac chan, va phai nho % hon
hoac bang bien max_degree. Duoi day la cac bac 2, 4, 6 va 8.
degree=[2,4,6,8];
if max(degree) > max_degree

fprintf(*Vai gia tri bac khai trien lon hon bien max_degree = %2.0f\n’,...

max_degree)

return
end
% Khoi tao mot day chua dung cac gia tri da thuc. Hang #i thi mang gia tri
% cua bac da thuc degree=degree(i).
p = zeros(4,length(x));
% Tinh gia tri cac da thuc Taylor.
for i=1:4

p(i,:) = poly_even(x,c,degree(i)); end
% Thiet lap cho viec ve do thi Taylor.
hold off
clf
axis([0,b,0,1])
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hold on
% Ve do thi cac da thuc Taylor.
plot(x,p(1,:),x,p(2,:),":" . %,p(3,:),"--" . x,p(4,:),"-.")
plot([0,b],[0,0])
plot([0 0,[0 1])
title("Hinh 2.7. Cac xap xi Taylor cua Sint(x).")
text(1.025*b,0,x")
text(0,1.03,"y")
legend(strcat(*degree = *,int2str(degree(1))),...
strcat(‘degree = ',int2str(degree(2))),...
strcat(‘degree = ',int2str(degree(3))),...
strcat(‘degree = ",int2str(degree(4))),-1)
% De chay chuong trinh nay ta can lap mot chuong trinh tao file sint_tay.m % de
tinh cac he so cua (2.40) cua Sintx. Tao file sint_tay.m
function coeff=sint_tay(n)
% Ham coeff = sint_tay(n). Tinh toan cac he so cua khai trien xap xi Taylor %den
bac n cho ham "sine tich phan ". Bien n dua vao phai la 1 so nguyen %chan. Dau
ra la vector cac he so se co do dai m+1 trong do m=n/2. %Nguyen nhan la vi chi
co cac he so bac chan khac 0, va dieu nay phai duoc %xem xet, danh gia trong da
thuc Taylor.
m = double(int32(n/2));
if n~=2*m
disp(*Sai so trong poly_even(x,coeff,n):")
disp(*Tham so n phai la mot so nguyen chan.")
end
%
coeff = ones(m+1,1);
sign = 1;fact = 1;

for i=2:m+1
sign = -sign;
d = 2*i-1;

fact = fact*(d-1)*d;

coeff(i) = sign/(fact*d);end
% Chuong trinh plot_sint con su dung file poly _even.m de uoc luong bac
% cua da thuc don gian hon trong (2.44)
% Tao file poly_even.m
function value = poly_even(x,coeff,n);% Ham value = poly_even(x,coeff,n)
% Tinh toan gia tri so mot khai trien Taylor chan tai cac diem cho trong x, %voi n
la bac cua da thuc. Cac he so duoc chua trong coeff. Cac he so nay %phai la so
nguyen chan, va tham so n cung phai la so nguyen chan.
m = double(int32(n/2));
if n~=2*m
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disp(*Sai so trong poly_even(x,coeff,n):")
disp(*Tham so n cung phai la so nguyen chan.")

end

Xsq = X.*X;

value = coeff(m+1)*ones(size(x));
fori=m:-1:1

value = coeff(i) + xsq.*value;end

Két qua chay file plot_sint.m, v&i gid tri b = 6.

y Hinh 2.7. Cac xap xi Taylor cua Sint(x).

degree =2
------- degree =4
— — degree =G
— - — -degree =5

Trong cac chuong sau, chiing t6i chi trinh bay so luoc cac kién thic vé giai
tich s6. Voi mdi noi dung cdt 16i cia giai tich s, ching toi s& trinh bay mot
chuong trinh MATLAB chuan dé giai s6 nd. Ciing ¢6 mot s6 két qua cua giai tich
s6 chung t6i dung ma khong néu sy chimg minh cy thé vi ¥ tudng chinh cia chung

t6i 1a xay dyung nhiing chuong trinh MATLAB dé giai sb.
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CHUONG 3
TIM NGHIEM

Bai toan pho bién trong toan mg dung 13 tim nghiém thyc cta phuong trinh
f(x)=0.
(3.1)

Trong chuong ndy, ta gia dinh rang f (x) 12 ham thyc bién x. Nhu da biét
e Sbthuc a thoa f (a) =0 duoc goi la nghiém thuc ctia phuong trinh (3.1).
e Hoanh d¢ giao diém a ctia d6 thi ham s y = f(x) véi truc hoanh (néu co)
1a nghiém ctia phuong trinh (3.1).
e Hoanh d6 giao diém o« cua hai d6 thi ctia hai ham sé y=f (x) va

y=g(x) (néu c6) 1a nghiém ctia phuong trinh f (x)=g(X).

Ngoai ra, trude khi giai sé phuong trinh (3.1) ta ciing can phai biét phuong
trinh d4 cho c6 nghiém thuc hay khong? Mot trong nhitng tiéu chuin dé nhan biét

la céc dinh 1y sau
Pinh 1y 3.1. Gid sir ham s6 f :[a, b]—> R lién tuc va f(a).f(b)<0. Khi dé sé
ton tai o (a, b) sao cho f(a)=0.

Pinh ly 3.2. Gid sir ham s6 f:[a, b]—> R lién tuc, don diéu va f(a).f(b)<0.
Khi d6 sé ton tai duy nhat o € (a, b) sao cho f(a)=0.

Pinh ly 3.3. Gid st ham s6 f :[a, b] >R lién tuc, c¢6 dao ham khéng déi dau
trén khoang (a, b) va f(a).f(b)<0. Khi dé sé ton tai duy nhit a €(a, b) sao

cho f(a)=0.
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Chung t6i s& trinh bay mot vai phwong phap giai s don gian dé giai

phuong trinh (3.1).
3.1. PHUONG PHAP CHIA POI (BISECTION)
3.1.1 Mo ta phuong phap

Gia sir f(X) lién tuc trong doan a<x<b va f(a).f(b)<0. Khi d6, theo
dinh 1y 3.1 thi phuong trinh (3.1) ¢6 it nhat mot nghiém « trén khodng (a, b) va
v6i mot sai s6 co thé chip nhin duoc & >0. Thi phuong phap chia doi gdm cac
budc sau:

B1. Xéc dinh ¢ =(a+b)/2.

B2.Néu b—c<g, thichip nhan ¢ 1a nghiém va ding lai.

B3. Néu sign[f(a)].sign[f(b)} <0, thi dit a =c(sign: Ham dau hodc
dau).

Nguoc lai, dat b=c. Tré lai BI.

Vong lap sé dung lai khi |a —C| <¢& dugc thoa.

Vi du 3.1.1 Tim nghiém 16n nhat cua f (x) =x® —x—1=0, chinh x4c trong pham
vi £=0.0001.
e V&imot db thi, ta d& dang kiém tra 1<a <2. Chang ta chon a=1, b=2; thi
f(a)=-1, f(b)=61, trdi dau.

Bang 3.1. Phuong phép chia d6i ddi v6i vi du 3.1.1.

n a b c b-c f (c)

1 | 1.0000 | 2.0000 | 1.5000 | 0.5000 | 8.8906
2 | 1.0000 | 1.5000 | 1.2500 | 0.2500 | 1.5647
3 | 1.0000 | 1.2500 | 1.1250 | 0.125 | -0.0977
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4 | 1.1250 | 1.2500 | 1.1875 | 0.0625 | 0.6167
5 | 1.1250 | 1.1875 | 1.1562 | 0.0312 | 0.2333
6 | 1.1250 | 1.1562 | 1.1406 | 0.0156 | 0.0616
7 | 11250 | 1.1406 | 1.1328 | 0.0078 | -0.0196
8 | 1.1328 | 1.1406 | 1.1367 | 0.0039 | 0.0206
9 | 1.1328 | 1.1367 | 1.1348 | 0.0020 | 0.0004
10| 1.1328 | 1.1348 | 1.1338 | 0.00098 | -0.00096

Céac két qua cua thuat toan Bl dén B3 dugc thé hién trong Bang 3.1. Muc

n chi hang lién d6i twong tng v6i s6 1an 1ap di 1ap lai n cua cac bude B1 dén B3.

3.1.2 Panh gia sai s6

Cho a, b, va c, bicu thi cc gia tri duge tinh lan thtt n cla a, b Va ¢

tuong tng, b—a biéu thi d6 dai cua khoang gbc ma chung ta di bat dau véi no.

Ta duoc

(3.2)

bé biét dugc bao nhiéu lan 1dp 1a can thiét, gia sir rang ching ta muon cé

|a—Cn|Sg.

bicu nay s€ duoc thoa néu

Suy ra,

(3.3)

|a—cn|£2—1n(b—a).

1
—((b-a)<e.
2n( )<e

D61 voi vidu 3.1.1, ta can

IOQ(O 001)
n>————-~9097.
log 2

&
log 2

Vay, chung ta can ¢6 n =10 lan lap dé co két qua mong doi.
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CHUONG TRINH MATLAB: Thuyc thi phuong phap chia d6i boi ham bisect.
Ham s6 f duoc cho 13 mot ham sé ndi bo, nghia 1a n6 khong thé nhan biét duoc
d6i v6i cac chuong trinh MATLAB dugc luu trit trong cac file khac biét voi
chuong trinh nay. Chuong trinh li€n quan té1 viéc in bén trong cua cac budce trung
gian trong phuong phap chia doi, budc nay co thé bo qua. Két thiic chuong trinh,

in gia tri cta nghi€ém, gid1 han sai so va so lan 1dp dé c6 duoc két qua.

Chwong trinh 3.1:

function root=bisect(a0,b0,ep,max_iterate,index_f)
% Ham chia doi bisect(a0,b0,ep,max_iterate,index_f). Day la phuong phap lap
%chia doi nham tim nghiem cua phuong trinh f(x)=0.
% Ham f duoc dinh nghia ben duoi boi nguoi dung. Ham f phai thoa dieu kien lien
%tuc tren doan [a0,b0], va gia tri ham phai trai dau tai a0 va b0. Gia tri "ep" la gia
%itri sai so cho phep. (1) doan gioi han ban dau la phai dung du kien va (2) "ep"
%khong duoc qua nho de dam bao rang so lan lap khong qua lon. Hau het cac dieu
%kien nay khong duoc kiem tra trong chuong trinh! Tham so max_iterate la mot
%gioi han tren cho so lan lap can tinh toan (viec them tham so nay de tranh
chuong %trinh lap vo han do "ep™ qua be). Cach thuc hien goi ham f(x), theo cau
truc cua vi %du sau day
% root = bisect(1,1.5,1.0E-6,10,1)
% Tham so index_f xac dinh cu the mot ham nao duoc dinh nghia ben duoi duoc
% su dung de tinh nghiem (case 1, case 2 w..).
% Va sau khi thuc hien xong vong lap se cho ra cac ket qua sau (6 cot):
% count, a, b, ¢, f(c), (b-a)/2
% c vong lap hien tai va (b-a)/2 la gioi han sai so cua c.
% bien count cho biet so vong lap hien tai.
% -------mmmmm-- MOT KET QUA TINH TOAN SAU N VONG LAP BAO GOM: -------------
--%
% root=nghiem giai so.
% error_bound = pham vi sai so.
% 1t_count = so lan lap de co duoc nghiem tren.
% root = gia tri nghiem lay xap xi.
% Hay chay thu voi root = bisect(1,1.5,1.0E-6,10,1)
if a0 >=b0

disp(‘a0 < b0 gia tri chua thoa. Stop!’)

return
end
%
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format short e
a=ao0; b =bo;
fa = f(a,index_f); fb = f(b,index_f);
if sign(fa)*sign(fb) > 0
disp(‘f(a0) va f(b0) cung dau. Stop!")
return
end
%
¢ = (at+b)/2;
it count =0;
while b-c > ep & it_count < max_iterate
it count =it _count + 1;
fc = f(c,index_f);
% Thuc thi phuong phap chia doi. Nhan Enter roi nhan lien tuc phim bat ky tren
%may de di den ket qua can tinh.
iteration = [it_count a b ¢ fc b-c]
if sign(fb)*sign(fc) <=0
a=c;
fa = fc;
else
b=c;
fb = fc;
end
c = (atb)/2;
pause
end

format long
root=c¢
format short e
error_bound = b-c
format short
it_count
%% DINH NGHIA CAC HAM CAN TINH TOAN THEO CAU TRUC CUA MATLAB %%
function value = f(x,index)
% Dinh nghia mot ham f can tim nghiem boi nguoi dung. Co the mo rong them
case %5, case 6, case 7 vv... Tham so index_f khi goi ham co the la 1;2;3;4;5... tuy
viec Yomuon chon ham nao de tinh.
switch index
case 1
value = x.6 - x - 1;
case 2
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value = x - exp(-x);
case 3
value = sin(x) - exp(-x);
case 4
value = x.M-x-1;
end

Dung chuong trinh 3.1 gidi vi duy 3.1.1, ham dugc goi theo cu phap
root = bisect(1,2,0.0001,10,1).
Két qua sau 10 budc lap theo s& 1a

Nghiém: root =1.13427734375000.
Sai s6: error_bound = 4.8828¢-004.
S6 1an lap thuc té: it_count =10.
Nghiém xap xi: root =1.1343.

Chuong trinh trén dung dé giai vi du 3.1.1 va mét 16p cac phuong trinh sau voi
mot sai s6 ¢ thé chép nhan duge £=0.0001. Ta c6 thé thém vao hoac thay ddi cac

‘case i’ dé giai cac phuong trinh khac.

a. Nghiém ctia x =¢* (Chay chuong trinh véi root=bisect(0,1,0.0001,15,2)).
b. Nghi¢m dwong nhé nhét ciia e =sin(x). (root=bisect(0,1,0.0001,15,3))

c. Tat ca nghiém thyc cuia x*—x—1=0. (root=bisect(1,2,0.0001,15,4) va
root=bisect(-1,0,0.0001,15,4))

af (b)~bf (a)
f(b)~f(a)

phap cat tuyén (hay con goi 1a phuong phap day cung) .

Ch thich: néu thay ¢ = (a + b)/ 2 boi c= thi ta thu dugc phuong

3.2. PHUONG PHAP NEWTON

3.2.1 Mo ta phwong phap
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Trén Hinh 3.1, ta c6 x, 1a wéc dodn ban dau cta o, nghiém cua (3.1); x, la

nghiém cua pl(x) voi

Dan dén,

Két qua,

w X

Ta dugc x, xap xi voi « tot hon la x,. Lap lai tién trinh v6i x, nhu udc

doan ban dau. Dan dén

Téng quat ta co:

(3.4)

X, =x1—f'(x1)
a=x _f(xn), n=0,12,...
0 0 f'('xn)
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Pay 1a Phuong phap Newton dung dé giai (3.1). N6 ciing dugc goi 1a
phuong phap Newton-Raphson.

Vi du 3.2.1 Dung phuong phap Newton, giai phuong trinh trong vi du 3.1.1.
f(x)=x6—x—1, f'(x)=6x5—1.

Va vong 1ap dugc cho badi

Chung ta ding udc doan ban diu cia x, =1.5. Nhing két qua dugc thé
hién trong Bang 3.2. Cot “ x —x 7 la mot udc luong cua sai ) a—X, .
Nghiém ding 1a « = 1.134724138, va x, bing a véi 9 sé co nghia, tic la

£=1.0E-9. So sanh diéu nay vi nhitng két qua trudc d6 duge thé hién trong bang
3.1 d6i v6i phuong phap chia d6i. Quan sat thiy phuong phap Newton c6 18 hoi tu
cham lac dau. Tuy nhién, khi cac vong lap dén g?m nghi¢m hon, thi tdc do hoi tu

tang 1én, nhu duoc thé hién trong bang.

Bing 3.2. Phuong phap Newton giai x®* —x—1=0.

n| X flv) | x-x | a-x,
0 | 1.50000000 | 8.89R+1 | -2.00E-1 -3.65E-1
1 11.30049088 | 2.54E+1 | -1.19E-1 -1.66E-1
2 | 118148042 | 5.38E-1 -4.20E-2 -4.68E-2
3 | 1.13945559 | 4.92E-2 -4.68E-3 -4.73E-3
4 11.13477763 | 5.50E-4 | -5.35E-5 -5.35E-5
5 | 1.13472415 | 7.11E-8 -6.91E-9 -6.91E-9
6 | 1.13472414 | 1.11E-15 0 0

3.2.2 Péanh gia sai s6
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Gia thiét f (x) c6 dao ham dén cap hai lién tuc v6i moi x trong khoang lan
cén ciia @ VA f'(ar)# 0. Ding dinh 1y Taylor dé viét

£(@) = (5,)+ (@)1 (x,) 45 (@=x,) 1(c,). ¥6i ¢, nim gita o

va x .

Taco f(a)=0, chiahai vé cho f'(x,) dé cé duogc:

0= f(xn> ta—x +(a_x")2 f"(cn)
f'('xn) 2f'(x”)
o : f'(e)
et 100,018 0=, -, L)
X
i o =f"(e.)
Ha_y, a—xnﬂ—(a—xn) 2f'(xn) .

(3.5)

Cong thirc ndy néi 1én rang sai s trong X gin voi s6 hang cua ty 18 thirc
v6i binh phuong cua sai sb trong x . Khi sai s6 ban dau 1a da nho, diéu nay cho
thiy sai s trong nhirmg vong lap ké tiép s& giam rat nhanh chong. Cong thirc (3.5)
con duge dung dé ching minh sy hoi tu ciia phuong phap Newton, nhung ching

to1 bo qua no.

bé udc luong a—X,. Ta co, f(a) =0 va ap dung dinh 1y gia tri trung

binh
f(xn) =f(xn)—f(a) =f'(§n)(xn —a), voi & nam giita X vaa.
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(%) (%)

Suy ra, a—x =

Q

,v6i didu kien f'(x,)=f'(£,).

Két hop véi (3.5) ta duoc a—x =X —X.

n n+l n

(3.6)

Pay 1a cong thirc udc luong sai s6 chuan cho phuong phap Newton va dugc

dung trong chuong trinh MATLAB bén dudi.

CHUONG TRINH MATLAB: Thyc thi phuong phap Newton boi ham newton,
V61 uoc lugng sai sb va loai trur vong 1ap vo han. Tham sb nhap vao max_iterate 1a
giéi han trén vé sd vong lip duogc tinh; didu nay ngan chin su ¢b vé vong lap vo
han. Két thic chuong trinh, in gia tri ctia nghiém, gidi han sai sb va sb 1an lap dé

c6 duogc két qua.

Chuong trinh 3.2:

function root = newton(x0,error_bd,max_iterate,index_f)

% Ham newton(x0,error_bd,max _iterate,index_f). Day la phuong phap Newton %
de giai phuong trinh f(x) = 0. Ham f(x) va deriv_f(x) duoc cho truoc. Tham so
%error_bd duoc dung de kiem tra sai so, do chinh xac cho moi vong lap. Tham so
% max_iterate la gioi han tren (can tren) cua so lan lap thuc hien tren may tinh.
%Mot phong doan x0 ban dau duoc cho truoc.

% Doi voi ham f(x) da cho, chuong trinh duoc goi theo cu phap vi du nhu:

% root = newton(1,1.0E-12,10,1)

% Tham so index_f=1 chi ro ham duoc su dung la case 1.

% Chuong trinh in cac gia tri vong lap: iterate_number, x, f(x), deriv_f(x), error
% Gia tri x la gia tri phong doan ban dau cua nghiem va roi la gia tri cua vong lap
% hien tai. Bien error la: error = gia tri vong lap moi tinh toan duoc tru di gia tri
%vong lap ngay truoc do va do la uoc luong sai so cua vong lap; f(x), deriv_f(x)
lan %luot la gia tri cua ham f va dao ham cua no . Den day se quay lai de thuc hien
%tiep tuc vong lap cho den khi co duoc ket qua mong doi.

format short e % Dau phay dong voi 5 chu so co nghia sau dau phay.
error =1,
it_count = 0; % Vong lap ban dau.
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while abs(error) > error_bd & it_count <= max_iterate = %Kiem tra dieu kien
dau.
x = f(x0,index_f);
dfx = deriv_f(x0,index_f);
if dfx ==
disp(‘Phep chia cho 0. Stop’)
return
end
x1 = x0 - fx/dfx;
error = X1 - x0;
% Thuc hien phuong phap Newton. Nhan Enter roi nhan lien tuc phim bat ky tren
% may de di den ket qua can tinh.
iteration = [it_count x0 fx dfx error]
pause
X0 =x1;
it_count = it_count + 1;% Thuc hien lien tiep cac vong lap.
end

if it_count > max_iterate
disp(*So vong lap thuc te lon hon so vong lap cho phep, khong tinh duoc
nghiem.")
else
format long % Lay 15 chu so co nghia sau dau phay.
root = x1
format short e
error
format short
it_count
end

% Ham so doi voi phuong trinh dinh nghia cua bai toan tim nghiem.
function value = f(x,index)
switch index
case 1

value = X6 - x - 1;

case 2

value = x - exp(-X);
case 3
value = sin(x) - exp(-x);
case 4
value = x.M-x-1;

end
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% Dao ham cua ham so dinh nghia cua bai toan tim nghiem.
function value = deriv_f(x,index)

switch index
case 1
value = 6*xX."5 - 1;
case 2
value = 1 + exp(-X);
case 3
value = cos(x) + exp(-x);
case 4

value = 4*x."3-1;
end
Dung chuong trinh 3.2 giai vi du 3.2.1, ham dugc goi theo cu phéap
root = newton(1.5,1.0E-9,10,1).
Két qua sau 10 budc lip theo sé 1a

e Nghiém: root =1.13472413840152.

e Sai sé: error = 0.

e Sb lan lip thuc té: it_count =7.

e Nghiém x4p xi: root =1.1347.

Chuong trinh trén dung dé giai vi du 3.2.1 va mét 16p cac phuong trinh sau voi

mot sai s6 6 thé chép nhéan duge £=0.0001. Ta co6 thé thém vao hoic thay ddi cac
‘case i’ dé giai cac phuong trinh khac.

a. Nghiém cua x=¢e " .(Chay chuong trinh voi
root=newton(1,0.0001,15,2)).

b. Nghiém duong nho nhét cua

e =sin(x).(root=newton(0.5,0.0001,15,3)).

c. Tat ca nghiém thyc cia x*—x—1=0.(root=newton(1,0.0001,15,4) va
root=newton(-0.5,0.0001,15,4)).

3.3. PHUONG PHAP CAT TUYEN (SECANT)

3.3.1 Mo ta phuong phap
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Trén Hinh 3.2, Hinh 3.3, v6i x, va x, 1a hai uéc dodn ban dau cua o . Cét
tuyén y = p(x) qua hai diém (xo,f(xo)) va (xl,f(xl)) 12 mot xAp xi cua do thi
hamsb y= f(x) vanghiém x, cua y = p(x) 14 mot x4p xi méi cla «.

P N

y

Hinh 3.2. Biéu d4 ctia phuong phap cat tuyén: = <& < %o

y=r(x)

—
S
S

7 (%))

P

(=]

A 4

y
THinh 3.3. Biéu d6 ciia phuong phéap cat tuyén: <X <X

‘V><
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Ta co, y:p(x)zf(xl)_l_(x_xl) f(x)lc):j:(xo)
Giai p(xz):O,chﬁng ta c6 dugc
X%
X, =X, f(xl) f(x])—f(xo)

Tim x,, ching ta c6 thé bo x, vadung x,, x,, nhu mot tdp hop méi cua
cac gia tri xap xi cho «. Diéu nay dan dén mét gia tri duoc cai tién x,. Tiép tuc
tién trinh ndy ta c6 duoc cong thirc vong lap tong quat

X —X
n n—1

F(6)=f(5a)

xn+l = xn _f<xn)'
(3.7)
Day la phuong phap cat tuyén (hay phuong phap diy cung).

Vi du 3.3.1 Giai phuong trinh f(x)=x°—x—1=0.Phuong trinh da duoc sir dung
trudc day nhu mot vi du cho cd phuong phap chia déi va phuong phap Newton.

Cac két qua duoc cho trong Bang 3.3, bao gébm x —x , nhu mot udc luong cua

1
a—X,,.Vong lap x, bang a dugc lam tron toi 9 sé ¢6 nghia. Nhu v6i phuong
phap Newton dbi voi phuong trinh nay, cac vong lip truée khong hoi tu nhanh.

Nhung khi vong 13p tré nén gan hon voi «, tée d6 hoi tu ting 1én.

Bang 3.3. Phuong phap cat tuyén giai xX* —x—1=0.

n X f(xn) Xy =X | ETX
0 2.0 61.0

1 1.0 -1.0 -1.0

2| 1.01612903 | -9.15E-1 | 1.61E-2 | 1.35E-1
3| 1.19057777 6.57E-1 | 1.74E-1 | 1.19E-1
4 | 1.11765583 | -1.68E-1 | -7.29E-2 | -5.59E-2
5| 1.13253155 | -2.24E-2 | 1.49E-2 | 1.71E-2
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6 | 1.13481681 | 9.54E-4 | 2.29E-3 | 2.19E-3
7 | 1.13472365 | -5.07E-6 | -9.32E-5 | -9.27E-5
8 | 1.13472414 | -1.13E-9 | 4.92E-7 | 4.92E-7

3.3.2 Panh gié sai sé

Chung t6i xin trinh bay ngén gon van dé nay va bo qua viéc bién doi. Ta co

(3.8)

Ans0 ¢ nam gitta x va x _, va anso £ nam gitta sO 1on nhat va so nho
n n n—1 n

nhat ciia nhitng sO «, x , va x_ . Cong thirc sai sO gan giong vdi cong thicC sai sO
n n—

1
Newton (3.5). Cong thirc (3.8) c6 thé duoc dung dé co duge két qua sai sb xa hon

néu x, va x, duogc chon du gan vé6i o, sau do chiing ta c6 su hoi tu va

fim 25l | 7(@) =c,tai r=(V5+1)/221.62
" |a—xn ' 2f'(a)‘
(3.9
1.62
Nhu vay, ‘oe—xn+l zc‘a—xn‘ .
(3.10)

Két qua (3.10) c6 thé dugc dung dé dicu chinh udc luong sai sb.

a—-x . ~x —x_,vol x did gan véi nghiém.
n—1 n n ¢

n-1"

(3.11)
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Pay 1a cong thic udc luong sai sé6 duoc ding trong chuong trinh

MATLAB.

CHUONG TRINH MATLAB: Thuyc thi phuong phép cat tuyén boi ham secant,
v6i udc luong sai s va bao dam an toan d6i v6i vong lap vo han. Tham sb nhap
Va0 max_iterate 1a chin trén sé vong lip dugc tinh, diéu ndy ngin can viéc xay ra
cua mot vong 1ap vo han. Két thuc chuong trinh, in gi4 tri cia nghi¢m, gidi han sai

sO va s lan lap dé cé dugc két qua.

Chwong trinh 3.3:

function root = secant(x0,x1,error_bd,max_iterate,index_f)
% Ham so secant(x0,x1,error_bd,max_iterate,index_f)
% Day la phuong phap cat tuyen de giai phuong trinh f(x) = 0.
% Tham so error_bd dung de kiem tra su sai so cho su chinh xac cua moi vong
lap. % Tham so max_iterate la mot gioi han tren cua so vong lap can tinh toan. Hai
uoc %doan ban dau x0 va x1 duoc cho truoc.
% Doi voi ham so cho truoc f(x). Cach thuc hien chuong trinh, theo cau truc cua vi
% du sau day: root = secant(x0,x1,1.0E-12,10,1)
% Tham so index_f xac dinh cu the mot ham nao duoc dinh nghia ben duoi duoc
su % dung de tinh nghiem (case 1, case 2 wv..). Va sau khi thuc hien xong mot
vong lap % se cho ra cac ket qua sau: iterate_number, X, f(X), error
% Gia tri x la gia tri phong doan ban dau cua nghiem va roi la gia tri cua
% vong lap hien tai. iterate_number: so vong lap hien tai. Bien error la:
% error = gia tri vong lap moi tinh toan duoc tru di gia tri vong lap ngay truoc do
% va do la uoc luong sai so cua moi vong lap. Den day se quay lai de thuc hien
tiep % tuc vong lap cho den khi co duoc ket qua mong doi.
format short e
error =1;
x0 = f(x0,index_f);
it_count =0;
iteration = [it_count x0 x0]
while abs(error) > error_bd & it_count <= max_iterate

it_count =it _count + 1;

fx1 = f(x1,index_f);

if fx1 - fx0 ==
disp('f(x1) = f(x0); Phep chia boi 0; Stop")
return
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end

x2 = X1 - fx1*(x1-x0)/(fx1-fx0);

error = x2 - x1;
% Thuc hien phuong phap cat tuyen. Nhan Enter roi nhan lien tuc phim bat ky
%tren may de di den ket qua can tinh.

iteration = [it_count x1 fx1 error]

pause

X0 = x1;

x1 = x2;

fx0 = fx1;
end
if it_count > max_iterate

disp(*The number of iterates calculated exceeded")

disp(*max_iterate. An accurate root was not")

disp(‘calculated.”)
else

format long

root = x2

format short e

error

format short

it_count
end
% Ham so doi voi phuong trinh dinh nghia cua bai toan tim nghiem.
function value = f(x,index)
switch index
case 1

value = X.6 - x - 1;

case 2
value = X - exp(-x);
case 3
value = sin(x) - exp(-x);
case 4
value = x.M-x-1;
end
Dung chuong trinh 3.3 gidi vi du 3.3.1, ham dugc goi theo ct phap

root = secant(1,2,1.0E-9,10,1).
Két qua sau 10 budc lap theo sé& 1a

e Nghiém: root =1.13472413840152.
e Sai sd: error = 5.0195¢-012.
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e S0 lan lap thyc té: it_count =9.
e Nghiém xép xi: root =1.1347.

Chuong trinh trén dung dé giai vi du 3.3.1 va mot 16p cac phuong trinh sau
véi mot sai s6 o thé chép nhan duge £=0.0001. Ta c6 thé thém vao hoac thay doi

cac ‘case i’ dé giai cac phuong trinh khéc.

a. Nghiém cua x =e " .(Chay chuong trinh véi root=secant(0,1,0.0001,15,2)).
b. Nghiém duong nho nhit cua e’ = sin(x).
(root=secant(0.5,1,0.0001,15,3)).

c. Tat ca nghiém thuc cia x* —x—1=0.(root=secant(1.1,1.5,0.0001,15,4) va
root=secant(-1,0,0.0001,15,4)).

3.3.3 Ham sO MATLAB fzero

Matlab bao ham chudi thao tac tim nghiém fzero dé sir dung nhiing y tudong
lién quan dén phuong phap chia d6i va phuong phap cat tuyén. Nhu v6i nhiéu

chuong trinh Matlab, c6 vai chudi tap hop c6 thé thuc hién duoc.

Lénh root = fzero (f_name, [a, b]), tao ra mot nghiém trong doan [a, b],

tai noi n6 dugc gia thiét réng f(a).f(b) <0.

Lénh root = fzero (f_name, x0), tim mot nghiém cta ham s gan x0. Sai sb
c6 thé chép nhén mic dinh 13 d6 chinh xac t6i da cta may, mac du diéu nay co thé
dugc thay doi boi nguoi st dung. Py 1a chudi thao tac tim nghiém tuyét voi, két

hop voi1 viéc bao dam hoi tu voi hiéu qua cao.
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CHUONG 4
PHEP NOI SUY VA PHEP TiNH XAP Xi

4.1. PHEP NOI SUY PA THUC

4.1.1 Da thirc noi suy

Cho ham s f: [a, b] — R va trén doan [a, b] cho ta mot ludi cac diém
chia (cac diémnut) x,,i=0,1, ...,n: a<x, <x, <..<x, <b. Vi tai cac diém nut

x, ¢6 céac gia tri ham sO y= f(x) la y, = f(xl.) duogc cho dudi dang bang

X | Xo| X1 | Xo... Xp1 | Xp

YiYo|Yi| Y2..-¥n1 | Yn
Bai toan la tim da thac bac n

P (x)= zn:a,.x" ,sao cho P,(x,)=f(x,),i=0,...,n. (4.1)

i=0

Ta goi P, (x) la da thtrc ndi suy cua ham f (x) tai cac diém nut X, .
4.1.2 Sw ton tai va duy nhat ciia da thirc ndi suy

Pinh Iy 4.1.1 Trong tdt cd cic da thirc c6 bic< n, cé duy nhdt mét da thirc P (x)

thoa Pn(x,.):yl., i=0,1,...,n.

Chting minh

biat P, (x)= Zn:aixi . Theo gia thiét ta ¢6

i=0
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n [
J = — 2 n_ P —

E a;x; —Pn(xl.)—a0+a1xi+a2xi +..+ax' =y, Vi=0,n.

Jj=0

Pay 13 hé n+1 phuong trinh tuyén tihh Aa =y, v6in+1 4n 1a cac hé s6 cua
Pn(x) duogc sip xép thanh vecto cot, n+1 chiéu a= (ao, a,...,a, )T e R™', va ma

tran h¢ s6 cua hé nay la

2 n
I x, x5..x,
2 n

1 x x .x .- T nt
A= T vA y = (D Yooy, ) €RM

Mit khic, ~ det(A)=]](x,—x,)=0 (Dinh thitc Vandermon).

i.j=0
l¢j
Vay, ton tai duy nhat a= A’lgx la nghi€ém cua hé Aa = ;; Dinh 1y da duoc
chtirng minh.
4.1.3 Sai s6 ndi suy va chon nit ndi suy
Pinh ly 4.1.2 Gia su f(x) lién tuc trén [a, b] va c6 dao ham lién tuc dén cdp

n+1 trén [a, b]. Khi d6 ton tai ¢ thuc [a, b] sao cho

(x)= ”—(x? £ (e). (4.2)

Chuy
i) Sai s6 ndi suy f(x)—Pn (x) c6 thé danh gia
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, Vo1 M = max

asx<b

f(n+1) (x)‘ .

@, (x)

HORACE i

n+l)!

11) Sai s6 noi suy f (x)—Pn (x) phu thudc vao @, , (x), tic 1a phu thudc vao su

)

n+1

phan bd cac nit ndi suy x;. Do d6, can chon x; sa0 cho max (x)‘ 12 nho nhét.

a<x<b
Va chon x; 1a nghiém ctia da thirc Chebychev 1a cach chon t6i wu nhat (diéu nay s&

dugc 1am rd trong muc 4.2).

4.1.4 Da thirc noi suy Lagrange

Xét da thue L, (x) la da thirc bac n duogc cho trude boi

1 (o)« e ) e (o) w3
’ (%, —xp) (3 = x ) (%, =2y )X, — )
Voi L, (x) =0, = : khl: .i: J L (x) duoc goi l1a da thirc Lagrange co sé.
Y Y0 khi i)

Khi @6, da thire ndi suy Lagrange la

P, (x)=y,Ly(x)+yL (x)+...+y,L,(x). (4.4)
4.1.5 Cac ty sai phan

Cho ham sd y=f (x) xac dinh trén doan [a, b] va tai cac diém nit x, €0

cac gia tri ham sd y = f(x) la y, = f(xl.) duoc cho dudi dang bang

Y Yo [Yi] Y2...¥n1 | Yn

f(xl)_f(xo).

X=X

e Tysaiphancép l: f[x,, x|=
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f[xl’ xz]_f[xo’ xl] .

e Ty sai phan cap 2: f[xo, X, xz] =

Xy =X
e Ty sai phan cép 3: f[xo, X, Xy, x3]: f[xp X5 x3]_f[x0, X1 Xz].
X3 =X
e Tong quat, f[xo,..., xn] — f[xp..., xn]—f[xo,..., x’H]. (45)
X, —X,

Pay 14 ty sai phan cap n, doi khi con dugc goi 1a ty sai phan Newton.

Mbi quan h¢ cua cic ty sai phan bac cao hon ddi v6i dao ham cua bac
tuong tng dugc cho boi dinh 1y sau day.
Pinh ly 4.1.3 Cho n>1, va gid dinh f(x) c6 thé kha vi n lan lién tuc trén doan

a<x<f.Cho x,, x,...x, lan+1 s6 phdn biét trong [a, ,[)’] Thi

P x]= 21 c), (46)

Voi ¢ nam gita so nho nhat va so lon nhat cia cdc so x,, x,,..., X, .

n

CHUONG TRINH MATLAB: Uéc luong cac ty sai phan.

Cho mot tap hop cac gia tri f(xo),..., f(xn), ching ta can tinh mot tap

hop cac ty sai phan

f[xo, xl], f[xo, X, xz],..., f[xo, Xpsens xn].
Ham MATLAB duoc cho duéi dy cé thé duoc dung dé lam diéu do, bang
cach dung ham s6 duogc goi 1a

divdif_y = divdif(x_nodes,y_values).
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Tuy nhién cha y ring MATLAB khong thyc hién phép chia cho 0, va vi thé
vector nhap vao cac bién x_nodes va y values s& can duoc xac dinh nhu 13 céc

vector chira n+1 yéu td. Mot cach chinh xac hon, khi duoc cho trude cac nut
{xo, Xseers xn} va CAc gia tri ham s6 lién két, thi chung ta xac dinh dugc cac vector

nhdp vao x _nodes va'y values nhu sau

X _nodes = [xo, X[seees xn]
x_nodes(i)le._l, i=1,..,n+1

y_values=[f(x0),f(xl),...,f(xn)J
y_nodes(i)zf(xi_l), i=1..,n+1

Chwong trinh 4.1:

function divdif_y = divdif(x_nodes,y_values)

% Day la ham

% divdif_y = divdif(x_nodes,y_values)

% No se tinh toan cac ty sai phan cua ham. Gia tri cho truoc trong vector
%y _values, la gia tri cua ham f(x) tai nut da cho x_nodes. Voi,

% divdif_y(i) = f[x_1,....x_i], i=1,...m

% m la do dai cua x_nodes. Nhap vao gia tri cua X_nodes va y_values phu %hop
voi chuong trinh.

divdif_y =y values;
m = length(x_nodes);
for i=2:m
for j=m:-1:i
divdif_y(j) = (divdif_y(j)-divdif_y(j-1)) ...
/(x_nodes(j)-x_nodes(j-i+1));
end
end

Chay chuong trinh véi: X_nodes=[0.0 0.2 0.4 0.6 0.8 1.0 1.2];
y_values=[1.0 0.980067 0.921061 0.825336 0.696707 0.540302 0.362358];
Dé dugc D; trong bang 4.1.
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Bang 4.1. Cac gia tri va cac ty sai phan cua cos(x).

X, cos(x,.) D,
0.0 | 1.000000 | 0.1000000E+1
0.2 | 0.980067 | -0.9966711E-1
0.4 | 0.921061 | -0.4884020E+0
0.6 | 0.825336 | 0.4900763E-1

0.8 | 0.696707 | 0.3812246E-1

1.0 | 0.540302 | -0.3962047E-2

1.2 1 0.362358 | -0.1134890E-2

OB WINFP O] ~-

V6i D, = f[xpses x, ], i=0,1,2,...
4.1.6 COng thirc ndi suy ty sai phan Newton

Cho Pn(x) biéu thi da thtc ndi suy f(xl.) tai x, voi i=0, 1,..., n. Thi,
deg(Pn)Sn va Pn(xl.):f(xl.), i=0,1,...,n. Vi vay, cac da thuc ndi suy co

thé duoc viét nhu sau

Pn(x):f(xo)+(x—xo)f[x0, x1]+...
+(x—x0)(x—x1)...(x—xn_1)f[xo, Xpsees xn].

Day dugc goi 1a cong thirc da thirc ndi suy ty sai phan Newton .

(4.7)

Chu ¥ rang voi k>0,

> (x)=P, (x)+(x—x0)...(x—xk)f[x0, Xpsees Xps xk+l]. (4.8)
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Thi chung ta ¢ thé di tir bac k dén bac k+1 véi s6 lugng tdi thiéu cac phép

tinh, khi cac hé s ty sai phan duoc tinh toan.

Vi f(x) :cos(x), Béang 4.1 chua 1 tap hop cac nlt x,, cac gia tri ham
f(x,), va céc ty sai phan D, = f[x,,... x,], i=0. Va n6 duoc tinh biang viéc
dung chuong trinh MATLAB divdif dugc cho ¢ trén. Bang 4.2 chira cac gia tri cua
P (x) véi x =0.1,0.3, 0.5 doi véi cac gia tri khac nhau cua n. Gié tri ding cia
f (x) dugc cho trong hang cudi cing cua bang. Cac phép tinh duoc 1am bang cach

dung cong thirc ty sai phan Newton va dugc thyc hi¢n trong chuong trinh

MATLAB interp dugc cho dudi day.

Bang 4.2. Noi suy cos(x).

P,(0.1) P,(0.3) P,(0.5)
1 | 0.9900333 | 0.9700999 | 0.9501664
2 | 0.9949173 | 0.9554478 | 0.8769061
3 | 0.9950643 | 0.9553008 | 0.8776413
4 | 0.9950071 | 0.9553351 | 0.8775841
5 | 0.9950030 | 0.9553369 | 0.8775823
6 | 0.9950041 | 0.9553365 | 0.8775825
True | 0.9950042 | 0.9553365 | 0.8775826

CHUONG TRINH MATLAB: Uéc luong ty sai phan Newton cua da thtc ndi
suy. Dé gitp tao nén cac vi du gidng nhu trong Bang 4.1 va Bang 4.2, chiing toi
trinh bay chuong trinh MATLAB ndi suy sau day. Chuong trinh nén dugc thuc
hién truéc bdi ham s divdif ma duoc cho truée d6 trong phan nay. Nhu phan

divdif trudc do, chi y rang MATLAB khong thuc hién phép chia cho 0.

Chuong trinh 4.2:

function p_eval = interp(x_nodes,divdif_y,x_eval)

% Day la ham p_eval = interp(x_nodes,divdif_y,x_eval)

% No dung de tinh lop ty sai phan Newton cua da thuc noi suy bac m-1, tai %cac
nut duoc cho boi x_nodes, m la do dai cua x_nodes, va cac ty sai phan %duoc cho
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trong divdif_y. Nhung diem ma phep noi suy se duoc thuc hien %va duoc cho
trong x_eval; va o dau ra, p_eval chua dung nhung gia tri %tuong ung cua phep
noi suy da thuc .
%

= length(x_nodes);
p_eval = divdif_y(m)*ones(size(x_eval));

for i=m-1:-1:1
p_eval = divdif_y(i) + (x_eval - x_nodes(i)).*p_eval;
end

4.2. DA THUC CHEBYSHEV

Xét ham s6 7, (x) = cos(ncos™ (x)), véi x| <1 va neN. (4.9)
biat 6 =cos " (x) hay x =cos(0)voi 0<O<rx,thi: T, (x)=cos(nf).  (4.10)
Ta co,
T,(x)=co0s(0.0)=1; T;(x)=cos(8) =x; T,(x) =cos(20) =2x*—1. (4.11)
Tong quat véi n>1, ta co

T ( ) cos[ n+1 6’] cos(n9+9):cos(n@)cos&—sin(n@)siné’,

-
T, (x)=cos|(n-1)0 |=cos(nfd—0)=cos(nd)cosf+sin(nd)sind.
Tyt (x)+7,., (%) = 2005(n.0)cos(0) =24, (x),
T (x)=2xT (x)-T_ (x). (4.12)
Tir (4.12) ta tinh duoc
T, (x) =247, (x) Ty (x) =42 =31
T,(x)=2xT,(x)-T,(x)=8x"—8x* +1...
Nhu vy, T, (x) 1a da thic dai s, bic n va hé s cao nhat 1a 2™,
Pa thuc 7, (x) dugc goi la da thirc Chebyshev.

Nhéan xét
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T (x) =1 khi x=x =cos'Z, =0, 1, ..., n. Va T,(x,)=1 véi i chin va
n L n n 1

1) max

-1<x<1

T (x) =—1voi1lé.

n 1

ii) Goi E 1a tap cac da thirc hé sd thyc bac n (n>0). Xét phiém ham ¢:E — R",

T (x) 14 cyc tiéu phiém ham ¢ .

n-1"n

¢(P)=max|P(x), VP(x)e E.Khidé

-1=x<1

1
= 2}1—1 '

That vay, ta co go[%n (x)j

Gi st c6 da thirc P(x) e E sao cho: ¢(P(x))< TR

23_1 T (x)—P(x)} thi Q(x) la da thire bac<(n-1). Mat khac

Khi d6 xét Q(x) {

. i . \
véi x, =cos—, i=0, 1,..., n thi Q(x,)=

CcOSIT
n

S —P(xi)} c6 dau duong, &m luan

phién nhau. Vay Q(x) c6 it nhat n nghiém (vo 1y)m.
Do d6 néu chon méc ndi suy 1 nghiém ctia da thirc Chebyshev T, (x) thi
1 2 4 .
@, (x) = ?T”“ (x) la cuc tiéu phiém ham ¢ va phép noi suy s€ dat udc luong

tdt nhét.

iii) Trén doan [-1, 1], Y:M(x) co nghiém x; = cos 2i+1 7,i=0,n. Khi do
2(n+1)

phép ndi suy dat udc luong tt nhat 13

(). (4.13)

asx<b

‘f(x)_[)n(x)‘gﬁ,wﬁ M = max|f

Truong hop nay, trong chuong trinh MATLAB dung c, (x) thay cho P, (x) :
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. A . 2x—a-—
Neéu xét trén doan [a, b], dung phép bién do61 ¢ = xb;ab s€ dua doan
-a

a<x<b vé doan —1<r<1. Do d6 ching t6i trinh bay chwong trinh MATLAB
sau day trén doan [-1, 1].

CHUONG TRINH MATLAB: Chuong trinh tao ham noi suy bac n, ham dugc
dung trong chuong trinh la f(x) =" trén [-1, 1] (nguoi sir dung c6 thé thay thé

ham khac bang I¢nh gan cho fval ham mong muon), cdc moc ndi suy dugc chon la

nghiém cua da thirc Chebyshev va sai s6 16n nhat la max|e’ —c, (x)‘ Do1 s6 cua

-1<x<1
chuong trinh 1a n, chi s6 diém can tham chiéu dé tao ham noi suy. Khi chay
chuong trinh, nhén lién tiép Enter dé xem do thi cua da thic noi suy va dd thi thé
hién déng diéu cua sai sb trong phép noi suy (Hinh 4.1 va Hinh 4.2 13 két qua caa
truong hop n=2); trong cira s6 Command cia MATLAB s& in ra cic tham s tra vé
ctia chuong trinh 13 sai s6 cuc dai: maximum error, cac ndt: nodes, cac gia tri noi

suy tuong tng: fcn_values va cac ty sai phan ctia ham ndi suy: div_diff_fcn.

Chuong trinh 4.3:

function [nodes, fcn_values, div_diff_fcn] = chebyshev_interp(n)

% Day la chuong trinh tao ham noi suy bac n, fcn(x) tren doan [-1,1], duoc %cho
ben duoi nhu la mot chuong trinh con co diem nodes la nghiem cua da %thuc
Chebyshev bac n+1 tren doan [-1,1] va chuong trinh ve hai do thi, %mot la do thi
ham chinh xac va da thuc noi suy cua no tren mot hinh, va %hai la do thi the hien
sai so cua da thuc noi suy.

% Dau tien la viec tao cac nodes (cac hoanh do diem) va vi phan tuong ung %voi
tung diem do. n la tham so thay doi duy nhat cua chuong trinh, chi so % diem can
tham chieu de tao ham noi suy

% h la khoang cach giua hai hoanh do diem ke nhau. pi=3.1416

h = pi/(2*(n+1));

% Bien nodes la vecto chua cac hoanh do diem tham chieu gia tri nam tren

% [-1,1] thong qua tap gia tri ham cosin, n+1 diem nodes duoc tao

nodes = cos(h*[1:2:2*n+1]);

% fcn_values la vec to chua cac gia tri tung do diem tuong ung

fcn_values = fcn(nodes);
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% divdif() la ham co san trong matlab dung de tinh ty sai phan cua da thuc % noi
suy.

div_diff_fcn = divdif(nodes,fcn_values);

% Tao cac diem de ve do thi

x_eval =-1:.002:1;

true_fcn = fcn(x_eval);

y_eval = interp(nodes,div_diff_fcn,x_eval);

% Tao he truc de ve do thi cua ham va cac noi suy cua no. Gioi han do thi co %
hoanh do thuoc [-1.1,1.1], gia tri tung do duoc khao sat tren doan [m,M].

m = min([min(true_fcn),min(y_eval)]);

ifm>0
m=.9*m;
else

m=1.1*m; end
M = max([max(true_fcn),max(y_eval)]);
ifM<0

M = .9*M;
else

M =1.1*M; end
axis([-1.1,1.1,m,M])
hold on
plot(x_eval,true_fcn,'r',"LineWidth*,2)
plot(x_eval,y_eval,':","LineWidth',2)
legend(*True function’,"Interpolant*,0)
title("Hinh 4.1. Do thi the hien ham noi suy.")
hold on
plot(nodes,fcn_values,'.","LineWidth’,2,"MarkerSize',6)
hold off
disp(*Vui long nhan Enter de tiep tuc.")
pause
clf
% Tao cua so cho viec ve do thi sai so error.
error = true_fcn -y eval,
M = max(error);
ifM<0

M =.9*M;
else

M=1.1*M; end
m = min(error);
ifm>0

m=.9*m;
else
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m=1.1*m; end
axis([-1.1,1.1,m,M])
hold on
% Tao bieu do the hien sai so trong phep noi suy.
plot(x_eval,error,'r',"LineWidth*,2)
title("Hinh 4.2. Do thi dang dieu cua sai so trong phep noi suy.")
hold off
disp(*Vui long nhan Enter de tiep tuc.")
pause
% In ra man hinh sai so lon nhat.
disp(['maximum error = *,num2str(max(abs(error)))])
% Tao ham can tinh.
function fval = fcn(x)
fval = exp(x);

Két qua khi chay chuong trinh theo ct phap
[nodes, fcn_values, div_diff_fcn] = chebyshev_interp(2)

Hinh 4.1. Do thi the hien ham noi suy.

25F
2 -
161
1 -
True function
05 E £ (e Interpolant
r 1 1 1 1 1 1 1 1
-1 08 06 -04 -02 Q 02 04 s 08 1
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0.0

Hinh 4.2, Do thi dang dieu cua sai so trong phep noi suy.

0.04 -

0.02

-0.02

-0.04

08 -0.4

maximum error = 0.056468

nodes =

0.8660 0.0000 -0.8660
fcn_values =

2.3774 1.0000 0.4206
div_diff_fcn =

2.3774 15905 0.5320

oz

0.4 a.s5 o5 1

Vai gid tri sai sO cua chuong trinh dugc thé hién trong bang sau

Bang 4.3. Gia tri max e —c, (x)‘ :

n 1 2 3 4 5 6
max(erros) | 3.72E-1 | 5.65E-2 | 6.66E-3 | 6.40E-4 | 5.18E-5 | 3.62E-6
4.3. PHEP NOQI SUY DUNG HAM GHEP TRON (HAM SPLINE)

Mot han ché can ban cua céac da thic da xét 1a néu tang s6 moc noi suy 1én

thi bac cta da thirc ndi suy ciing ting theo. Piéu nay rat khong thudn tién trong

viéc tinh toan. Hon thé nita nguoi ta can lam cho cac do6 thi ciia ham ndi suy tron

muot trén tung doan con cua doan [a, b]. Dung ham spline trong phép ndi suy s€

giai quyét duoc cac van dé trén, tac 1a ghép cac da thic bac thép lai vo1 nhau
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nhung van dam bao dugc tinh kha vi lién tuc tai cac diém nat. O day chung t61 chi
trinh bay ham spline bac ba tu nhién vi n6 thuong dép tng yéu cau cua nhiéu bai

toan thuc té.
4.3.1 Spline bac ba

Cho n diém dir kién (xi, Vi), i=1, ..., N VA a=X;<Xp<....<X,=b. Tim ham s
s(x) xac dinh trén [a, b] nd1 suy dir kién: s(xi) =Yy, thoa cac diéu sau:
S1. s(x) 1a mot da thure ¢6 bac<3 trén mdi doan con [XH, XJ, ]=2,3,..,n.
S2. 5(x), s’(x) va s”(x) lién tuc vdi a<x<b.
S3. s”(x1) =s”(xy) = 0.

s(x) dugc goi 1a ham spline bac 3 tu nhién ndi suy dir kién {(xi, yi)} . Néu s(x)

chi théa S1 va S2, goi 1a ham spline bac 3 ndi suy dit kién {(x,. y;)}.
4.3.2 Xay dwng ham spline bac 3 tw nhién ndi suy

Pua vao céac bién s My, ..., M, vdi M = s”(xl.). (4.14)
Chung ta s& dién dat s(x) trong cac sb hang cua cac gia tri khong thé tinh
M, sau dé chuing ta s€ tao ra mot hé théng cac phuong trinh tuyén tinh dé tir do
x; |, nén ham

cac gia tri M; co thé tinh duoc. Vi s(x) 1a bac 3 trén mdi doan [xH,

50 s”(x) 1a tuyén tinh trén doan d6. Ham s tuyén tinh dugc xac dinh boi cac gia tri

cua no tai 2 diém va ching ta dung

s"(xj_l):Mj_l, s”(xj)zMj. (4.15)
Thi
x.—x\M. +lx—x., M.
s"(x):( ! ) ! ( ’1) -, x <x<ux,. (4.16)
X, =X,
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Bay gi¢ chiing ta s& hinh thanh nguyén ham thir 2 ciia s”(x) trén [ x ., x; |
va ap dung cac diéu kién noi suy
s(xjfl)zyjfl, s(xj):yj. (4.17)
Sau mot vai thao tac, diéu nay dua dén két qua trong da thirc bac 3
(x, _x)3 My +(x-x, )3 M, (x—x)y,+(x-x )y,

S\X)= +
(x) 6(x,—x,) X=X (4.18)

_é(xj —xj_l)[(xj _X)Mj—l +(x_xf—1)Mf]'

vOi x; ; <x <x;. Sau nhiéu phép don gian, di€u nay dan deén h¢ cac phuong trinh

tuyén tinh sau

'xj_xj—lM +'xj+l_xj—lM +xj+l_ij
6 3 e T
(4.19)
=2l LiTm 223 -,
Xjg =X, X=X
Céac n-2 phuong trinh nay cung vdi gia dinh trude (S3)
M =M =0. (4.20)

Cho phép tinh cac gid tri My, ..., M, va sau d6 tinh ham s6 noi suy s(x). Hé tuyén
tinh nay duoc goi 1a hé théng 3 duong chéo (tridiagonal) va c6 cac phuong phap
dic biét dé giai no.
Vidu 4.3.1 Timham spline bac 3 tu nhién noi suy dir kién
{(1L1),(2,172),(3,1/3), (4, 1/4)}.
S6 lugng cac diém 1a n=4; va tat ca x;—x;,,=1.Taco

M, /6+2M,/3+M,/6=1/3,
M,/ 6+2M,/3+M,/6=1/12.

Theo (4.20) suy ra M,=1/2, M,=0.
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Thay thé vao (4.18), chiing ta c6 duoc

Lx3—lx2—lx+§, 1<x<2,
12 4 3 2

1 5 3, 7 17

s(x)z —— X +—x" ——x+—, 2<x<Z3, (4.21)
12 4 3 6
—ix+l, 3<x<4
12 12

4.3.3 Chwong trinh MATLAB spline

Pé xay dung mot chuong trinh hoan chinh tim cac hé s cia spline bac ba
tu nhién chung ta can xdy dung va st dung chuong trinh giai hé phuong trinh véi
ma tran ba dudng chéo. Kién thirc nay ching tdi trinh bay & chuong 6. O day
chung t6i chi xin phép duoc gii thiéu goi chuong trinh MATLAB tiéu chuan
chtra ham ghép tron (function spline). N6 c6 mot vai chudi c6 thé thuc hién duoc;
chudi tiéu chuan 1a

y=spline(x_nodes,y_nodes,x)

Diéu nay tao ra ham spline bac 3 s(x) ma dd thi cua né di qua cac diém

{(&i, n ) li=1,..., n} , VO1 (&i, n, ):(x_node(i),y_node(i)).

Va n 14 chiéu dai cua x_nodes (va y nodes). Va vé6i gia tri x da cho, s& tinh
dugc gia tri y twong tmg cta ham spline. Néu dung cac phat biéu

pp=spline(x_nodes,y _nodes)

[breaks, coefs, I, k, d]=unmkpp(pp)

thi ta co thé dat duoc cac hé sb cua su biéu dién da thirc bac 3 cua s(x) trén moi
doan con dugc xac dinh boi toa do ké nhau trong x_nodes. Cac thong tin chi tiét

hon vé cac 1énh nay c6 thé dat duoc tir 1énh help cia MATLAB.

4.4. BAI TOAN XAP XI HAM THU'C NGHIEM
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Cho tap hop diém {M, (x,,y, )}, trong d6 cd it nhit hai diém nit x; va X;
khac nhau v&i i#j va n 1a rat 16n. Khi d6 viéc xay dung mot duong cong di qua tat
ca cac diém di cho s& khong c6 ¥ nghia thuc té. Thay vao d6 chung ta s& tim mot
ham f(x) don gian sau cho né thé hién t6t nhat dang diéu cua tap hop diém da cho
va khong nhat thiét phai di qua cac diém d6. C6 nhiéu phuong phap dé giai quyét
van dé nay, va mot trong nhimg phuong phap do, 1a phuwong phap binh phuong bé
nhat. Noi dung cua phuong phap nay 13 tim cuc tiéu cua phiém ham

g(f)zi(f(xk)—yk)zﬁmin. (4.22)

(Toéng binh plﬁong cac sai s6 13 bé nhat)

Dang ctia ham can xac dinh f(x) phu thudc vao nhiéu yéu t6. Cac dang don
gian nhat thuong gip trong thuc té 1a f(x) =Ax+B, f(x) = Ax> + Bx+C,
f(x)=A4e™, f(x)=Ax", f(x)=Acosx+ Bsinx, ... D¢ minh hoa cho phuong
phap, ching tdi trinh bay hai truong hop don gian dau va chuong trinh MATLAB

dé xac dinh ham da thirc xap xi thuc nghiém.

4.4.1 Trwong hop f(x) =Ax+B

Khi do (4.22) c6 dang g(A,B)= y (Ax+B-y,) - min.

k=1

Bai toan quy vé viéc tim cuc ti€u cua ham hai bién g(A,B). Toa do diém

dung cia ham dugc xac dinh tir hé g—i = 2—; =0 tuong duong voi

=1 =1
Azx/f +B2xk = Zxkyk
k=1 o =1

(4.23)
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2
Theo gia thiét bai toan ta c6 (Zxkj —nY x; #0. Do d6 hé (4.23) c6 duy nhat
k=1 k=1

nghiém A, B. Pay la hé s6 can tim.

Vidu4.4.1 Timham f(x)=Ax+B xp xi tt nhét dit kién

X|1(1(2/2]2|3|3|4|5]|6
Y|1|2]2/3|4]4|/5|5|6|7

Ta c6, n=10, > x, =29, >y, =39, > x; =109 va » x,.y, =140. Thé
k=1 k=1 k=1 k=1

vao (4.22) ta dugc

.Suy ra A=1.0803; B=0.7671.
109A+29B =140

Vay, f(x)~1.0803x+0.7671.

{29A +10B =39

442 Truong hep f(x)=Ax’+Bx+C

Khi d6 (4.22) ¢6 dang g(A,B,C)= y (Ax* +Bx+C- yk)2 —> min.

k=1

Hé xac dinh A, B va C la

AV X 4BY Y =,
k=1 k=1 k=1 k=1

Azn:x,f +an:x,f+Cixk =ixkyk (4.24)
k=1 k=1 k=1 k=1

AZn:x,f +Bixk +Cn= Zn:yk
k=1 k=1 k=1

Vidu4.4.2 Timham f(x) = Ax* + Bx + C xap xi tot nhat dir kién

x| 1 1 2 3 3 4 5
y 412418 |6.23|8.34 |8.38 | 12.13 | 18.32
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Tu bang dit kién va h¢ (4.24), ta c6

1061A +253B +65C =835.78 A=0.69
253A+65B+19C =211.04 .Suyra, < B=-0.71
65A+19B+7C =61.70 C =430

Vay, f(x)~0.69x" —0.71x +4.30.

Truong hop f(x) 1a da thuc bac m (m>2) ta cling thuc hién tuong tu va

trong MATLAB c6 ham polyfit cho phép ta xay dung nhiing da thurc nay.

CuU phép: f=polyfit(x, y, n). Trong do6 x, y la cic vector chira gia tri cta dir

kién, n l1a bac cua da thiurc f duoc tra vé bo1 ham.

CHUONG TRINH MATLAB: Xac dinh da thirc xap xi ham thuc nghiém.

Chwong trinh 4.4:

function testpolyfit

%x=[1122233456];y=[1223445567];n=1; % Vidu4.4.1.
x=[1123345];y=[4.12 4.186.23 8.34 8.38 12.13 18.32]; n=2; % Vidu4.4.2
%x=[1123445];y=[3469 12 13 20];n=3;% Da thuc bac ba.

f=polyfit(x,y,n)

x2 =1:.1:5;

y2 = polyval(f,x2);

plot(x,y,'ro*,x2,y2,"LineWidth*,2)

title("Hinh 4.3. Do thi cua da thuc f (mau xanh) va cac diem du kien (mau
do)’)

grid on

Két qua chay chuong trinh 4.4, giai vi du 4.4.2 v6i
x=[1123345];y=[4.12 4.18 6.23 8.34 8.38 12.13 18.32]; n=2;
ta duoc
f=
0.6929 -0.7064 4.2979

Tuc 14 da thice xap xi ham thuc nghiém

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 102

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc

Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Va d6 thi minh hoa 1a Hinh 4.3, v& d6 thi ciia da thic x4p xi ham thyc nghiém f(x)

f(x) ~0.69x> —0.71x +4.30.

va cac diém dir kién da cho.

Hinh 4.3. Do thi cua da thuc thue nghiem f (mau xanh) va cac diem du kien (mau do).
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CHUONG 5
TicH PHAN SO VA VI PHAN

Cho tich phan xac dinh

1(f)=[f(x)dx. (5.1)

Nhu di biét, v6i F (x) la mdt nguyén ham cua f (x) lién tyc trén [a, b] , ta
c6 cong thire Newton — Leibniz I(f) = F(b) —F(a).Y tuong chinh cua tich phan

s6 1a thay thé f (x) bang ham x4p xi Ma ta ¢ thé tinh duoc tich phan cua no.
51. CONG THUC HINH THANG
5.1.1 Thiét lap cong thirc

Xap xi f (x) bang da thic ndi suy tuyén tinh P, (x) cuanod tai a va b. Tich

phan cua P, (x) trén [a, b] 1a

7( f)=(b—a){w} (5.2)

2
Cong thirc nay co6 thé tinh duoc gan ding tich phan 7 ( f ) néu f (x) gin
nhu 13 duong thang trén [a, b]. Vanéu f(x)>0 trén [a, b] thi (5.2) 1a dién tich
hinh thang c6 hai day la f(a), f(b) va chiéu cao 1a (b - a) .

dx

I+x 5:3)

1
Vidu5.1.1 Tinh tich phan 1 :j
0

Gia tri thuc 1a 1 =log(2)=0.693147. Dung cong thic (5.2), ta c6
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1 1 3
TI:—[H—}:Z. (5.4)

Cong thirc nay gip phai sai s6 1a
[-T =-0.0569. (5.5)

D cai thién phép tinh xép xi 7;(f) trong (5.4), chia doan [a, b] thanh nhimmg doan

con cé cung do dai va ding (5.2) cho mdi doan nhé do.

Vidu5.1.2 Hay tinh gia tri | ctia vi du trude bang cach dung T ( f ) trén 2 doan

con ¢o cung dd dai. Vo1 2 doan con,

172 1
I:J' dx +J‘ dx 1
7 1+x 1/21+x
11 1+2/3 11 2/3+1/2
I =— ==
e
T, = H =(0.70833. (5.6)
24
I-T,=-0.0152. (5.7)

Sai s6 trong 7, chi bang % so véi T, trong (5.5)

Ta c6 cong thic téng quat, bang cach chia doan [a, b] thanh n doan con c6
cung d dai h=(b—a)/n boi cac diém chiax, =a+ jh, j=0,1,...,n; va trén mdi

doan con [xjfl, xj} ta thay f (x) boi da thirc ndi suy tuyén tinh. Thi

e[ L2 s )], o) este)] g

2 2
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Nhitng s6 han ¢ bén phai dugc két hop dé c6 cong thirc don gian hon

()= 3 ()4 F ()4 S (1)t £(3,)+ 7 (5) |- (69)

Day goi 1a cong thire hinh thang dé tinh xap xi (5.1).
5.1.2 Panh gia sai s6

M
<=

12(b—a)hz, M =max

a<x<b

£(x). (5.10)

1
Vidy5.1.3 Tich phan 7= _dx
o L+x

Taco f(x)=(1+x)", f'(x)=—(1+x) ", f"(x)=2(1+x)

Suy ra, M = max

0<x<1

fvv(x)‘zz, déndén ‘I(f)_Tn(f)‘S_(z):%

5.1.3 Nhan xét chung

v" Bai toan tich phan s6 c6 thé cho trudc sd6 doan chia n hodc cho trude sai

s6 & . Khi cho trudc sai sb ta tinh n nhu sau

v’ Trong (5.10), khi n—oo thi I(f)-T,(f)—>0. Do dé, néu n dugc
nhan doi lién tuc, thi gia tri cia ham s6 duoc dung trong mdi T, ( f ) s& bao gdm
tat ca gid tri cua ham trudc d6 dugce sir dung trong T ( f ), cang thé hién chinh xac

hon [ ( f ) Vi thé, trong chuong trinh MATLAB chlng t6i trinh bay theo y tudng
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nay. Bé minh hoa gia tri cia ham sb dung nhu thé nao khi gap déi n, ching ta hay

xet T,(f) va T,(f).

Tz(f)=h{f(2x°)+f(x1)+f(2xz)] (5.11)
Véi

hzb a,xozoz,x1 a+b,x2=b

2
T.(f)= { /(% )+f( D)+ f () +f(x)+ %x“)} (5.12)
Véi
b—a 3a+b a+b a+3b
s Xy =0, X, = Xy = , Xy = , x,=Db.
2 4

Trong (5.12), chi f(x,) va f(x,) can tinh gi4 tri vi cdc gié tri ciia ham s6

khac dugc tim ra tir (5.11).

Vidu5.1.4 Tinh T,(f) cua 3 tich phan

1

1Y = j e dx = 0.746824132812427. (5.13)
0

@ _[_dx (42

I :j - =tan™ (4)=1.32581766366803. (5.14)

I+x
(3) T dx 27
9= =3.62759872846846844.  (5.15)

0 2+cos( ) »\/?_;

Cac két qua dugc cho trong Bang 5.1, sai s6 trong céach tinh 1Y va 1?
giam theo hé s6 4 khi n gép doi. Viduthua 3, 1 ) , hdi tu nhanh hon rat nhiéu. Cac
dap sd cho n =32, 64 va 128 la dung dya theo gidi han béi sai s6 lam trong trén

may tinh (16 s6 thap phan), n6 ki hiéu bai dau * trong Bang.
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Bang 5.1. Cac vi du vé quy tic hinh thang.
I(l) 1(2) 1(3)

Sais6 | Tylé | Saiso6 | Tylé | Saisd Ty 1¢

2 | 1.55E-2 -1.33E-1 -5.61E-1

4 | 3.84E-3| 4.08 | -3.59E-3 | 5.09 | -3.76E-2

8 |9.59E-4| 403 | 5.64E-4 | 31.12 | -1.93E-4

16 | 2.40E-4 | 4.01 1.44E-4 | -9.90 | -5.19E-9

n

32 | 5.99E-5| 4.00 | 3.60E-5 | 3.89 * 0.04
64 | 1.50E-5| 4.00 | 9.01E-6 | 4.00 * -2.90
128 | 3.74E-6 | 4.00 | 2.25E-6 | 4.00 *

CHUONG TRINH MATLAB: Chiing t6i cung cdp 1 chuong trinh cho quy tic
hinh thang. Ching t6i tinh dwgc T,(f) khi n=n,,2n,, 4n,,..., 256n,, véi n,
duogc cho boi ngudi dung. Khi n duoc gip d6i thanh 2n, tat ca cac gia tri ciia ham
sd xuét hién trong T ( f ) cling c6 thé dung dé tinh cho T, ( f ) Chung t61 cling
chap nhan d6i véi mot sb tich phan ctia ham f (x), khi nguo1i sir dung dinh r6 tich
phan thong qua chuong trinh con f. Dong cht giai ciia chwong trinh néi ré cach

to chirc ciia chuong trinh.

Chuong trinh 5.1:

% Tao file trapezoidal.m

function [integral,difference,ratio]=trapezoidal(a,b,n0,index_f)

% Day la ham [integral,difference,ratio]=trapezoidal(a,b,n0,index_f)

% Chuong trinh su dung phuong phap hinh thang voi n diem chia nham uoc % tinh
ham f tren doan [a,b]. Nhung gia tri cua n duoc su dung la

% n =n0,2*n0,4*n0,...,256*n0

% Toan bo cac so tuong ung duoc tra ve trong vecto integral. Nhung gia tri % sai
phan tuong ung voi cac so trong vecto integral duoc tra lai cho vecto %difference
% difference(i) = integral(i)-integral(i-1), i=2,...,9

% Cac ghi nhan ve ti le dat ra cac muc giam duoc cho trong nhung gia tri ve %
phan nay. De su dung chuong trinh nay, dinh nghia tich phan su dung %trong ham
duoc cho ben duoi. Tham so index_f cho phep nguoi dung tinh % toan voi nhieu
ham can tinh tich phan khac nhau.

% Khoi tao cac vecto dau ra.
integral = zeros(9,1);
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difference = zeros(9,1);
ratio = zeros(9,1);

% Khoi tao cong thuc tinh tich phan theo quy tac hinh thang, n=2.
sumend = (f(a,index_f) +f(b,index_f))/2;
sum = 0;
% Khoi tao cho truong hop n0 > 2.
if(n0 > 2)

h = (b-a)/n0;

for i=2:2:n0-2

sum = sum + f(a+i*h,index_f);

end

end

% Tinh toan cac tich phan, viec thuc hien tien hanh cho tung truong hop %duoc bo
sung thich hop.
for i=1:9

n = n0*2/(i-1);

h = (b-a)/n;

for k=1:2:n-1

sum = sum + f(a+k*h,index_f);

end

integral(i) = h*(sumend + sum);
end
% Tinh toan vi sai phan cho quy tac hinh thang tuong ung voi so nguyen lan %
luong hinh thang duoc chia nho. Va ti le giam cua tung vi sai phan nay.
difference(2:9)=integral(2:9)-integral(1:8);
ratio(3:9)=difference(2:8)./difference(3:9);

function f_value = f(x,index)
% Day la dinh nghia cac ham tinh theo quy tac hinh thang viec lua chon ham % ap
dung tinh phu thuoc vao tham so index_f.

switch index
case 1

f value = exp(-x."2);
case 2

f value =1 ./(1+x."2);
case 3

f value =1 ./(2+cos(X));
case 4

f value =1 ./(2+sin(x))
case 5
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f_value = exp(x).*cos(x);
case 6

f_value = (x.”pi).*sin(sqrt(x));
end

5.2. CONG THUC SIMPSON
5.2.1 Thiét lap cong thirc

Ta xdp xi f (x) bang da thirc nodi suy bac hai 132(x) cia nd tai a,

c=(a+b)/2 va b.Khido

I(f)zj.Pz(x)dxzb;a{f(a)+4f(b;aj+f(b)} (5.16)

a

Téng quat, ta chia doan [a, b] thanh 2n doan con c6 cung do dai
h= (b—a)/2n boi cac diém chiaxj =a+ jh, j=0,1,...,2n; va trén mdi doan con

[xj_l, xj] ta thay f(x) bdi da thire ndi suy bac hai P, (x) . Ta duoc

I(f)~ ﬁ{f(a)+4nzl:f(x2i+1)+2nzl“f(x2i)+f(b)} =S, (f)- (6.17)

i=0 i=0

Day goi 1a cong thirc Simpson dé tinh xap xi (5.1).

5.2.2 Panh gia sai s6

M
1(F)=5,(5) < g5 (b, M =max|s™ (x). (5.18)
5.2.3 Nhéan xét chung
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v Bai toan tich phan s6 giai bang cong thirc Simpson c6 thé cho trudc so
doan chia 2n hoac cho trudc sai s6 ¢ . Khi cho trudc sai so ta tinh n nhu sau:

1(1)=5, (1|2 (b-a)h' <e.

v’ Trong (5.18), khi n—oo thi I(f)-T,(f)—0. Do d6, néu n dugc
nhan doi lién tyc, thi gia tri ctia ham s6 duoc dung trong moi S, ( f ) s€ bao gém
tat ca gia tri cua ham trudc d6 duoc st dung trong S, ( f ) , cang thé hién chinh xac
hon I(f). Vi thé, trong chuong trinh MATLAB chiing t6i trinh bay theo y tuéng

nay.

Voi I(l), 1% va 1 dugc cho trong vi du 5.1.3. bbi véi cac tich
phan 1Y va 1%, ty 16 sai s6 dd giam xudng theo hé sb 16. Pbi véi tich phan I

sai s6 hoi tu t6i 0 nhanh hon. Hay so sanh Bang 5.1 va bang 5.2 dé thiy rd van dé.

Bang 5.2 . Cac vi du vé quy tic Simpson.

I(l) 1(2) 1(3)

Sai s6 Ty 1é Sai s6 Tylé | Saisd Ty 16
2 | -3.56E-4 8.66E-2 -1.26
4 | -3.12E-5 | -895.93 | 3.95E-2 | 137.62 | 1.37E-1
8 | -1.99E-6 | 11.11 | 1.95E-3 | 344.93 | 1.23E-2 -2.76
16 | -1.25E-7 | 15.70 | 4.02E-6 | 160.49 | 6.43E-5 0.02
32 | -7.79E-9 | 1595 | 2.33E-8 | 63.90 | 1.71E-9 0.02
64 |-4.87E-10 | 15.99 | 1.46E-9 | 63.99 * 0.02

128 | -3.04E-11 | 16.00 | 9.15E-11| 64.10 * 0.02

n

CHUONG TRINH MATLAB. Chiing t6i cung cap mot chuong trinh MATLAB
cho quy tic Simpson. Chuwong trinh tinh  duogc S, ( f ) khi

n=n,,2n,, 4n,,..., 256n,, véi n, dugc cho béi ngudi ding. Khi n dugc gap doi

thanh 2n, tat ca cac gia tri ciia ham sb xuét hién trong S, ( f ) cling ¢6 thé dung dé
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tinh cho S,,(f). Ching ti ciing chip nhan ddi véi mot sb tich phan cua ham
f (x), khi nguoi str dung dinh ro tich phan thong qua chuong trinh con f. Dong

chu gidi cua chuong trinh noi rd céch t6 churc ciia chuong trinh.

Chuong trinh 5.2:

% Tao file simpson.m

function [integral,difference,ratio]=simpson(a,b,n0,index_f)

% Day la ham [integral,difference,ratio]=simpson(a,b,n0,index_f)

% Ham nay ap dung nguyen tac Simpson voi n tieu doan tinh toan ham f %tren
doan [a,b]. Cac gia tri n duoc su dung

% n =n0,2*n0,4*n0,...,256*n0

% Cac gia tri n phai khac khong #0. Gia tri tich phan tuong ung duoc tra lai %
trong vecto integral. Cac vi sai phan thuc hien giua cac phep tich phan %duoc luu
lai trong difference

% difference(i) = integral(i)-integral(i-1), i=2,...,9

% Trong viec su dung chuong trinh, dinh nghia tich phan cac ham cho ben %duoi
tham so index_f cho phep nguoi dung chon lua viec tinh tich phan %giua cac ham
khac nhau. Ratio la ty le cua cac vi sai phan.

% Dinh nghia vecto ket qua dau ra.
integral = zeros(9,1);

difference = zeros(9,1);

ratio = zeros(9,1);

% Dinh nghia cong thuc tich phan simpson.
sumend = f(a,index_f) + f(b,index_f);
sumodd = 0;

sumeven = 0;

% Khoi tao cho truong hop n0 > 2.
if(n0 > 2)
h = (b-a)/n0;
for i=2:2:n0-2
sumeven = sumeven + f(a+i*h,index_f);
end
end
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% Tinh toan so cac tich phan, cho moi truong hop bang viec bo sung thich %hop
vao truong hop tinh truoc do.

for i=1:9

n = (n0)*(27(i-1));

h = (b-a)/n;

sumeven = sumeven + sumodd;

sumodd = 0;

for k=1:2:n-1

sumodd = sumodd + f(a+k*h,index_f);

end

integral(i) = h*(sumend + 4*sumodd + 2*sumeven)/3;
end

% Tinh toan cac sai phan cua qua trinh tinh toan tich phan simpson va ti le % giam
cua cac vi sai phan nay.

difference(2:9)=integral(2:9)-integral(1:8);
ratio(3:9)=difference(2:8)./difference(3:9);

function f_value = f(x,index)
% Day la dinh nghia cac ham tich phan. Viec lua chon ham ap dung tinh
% phu thuoc vao tham so index_f.
switch index
case 1
f_value = exp(-x."2);
case 2
f value =1 ./(1+x."2);
case 3
f value =1 ./(2+cos(x));
case 4
f value = 1 ./(2+sin(x));
case 5
f_value = exp(x).*cos(X);
end

5.3. CONG THUC TICH PHAN GAUSS

5.3.1 Thiét 1ap cong thirc
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Céc k¥ thuat tich phan sd nhu cong thirc hinh thang, cong thirc Simpson s&
khong hiéu qua trong tinh toan phan tir hitu han vi su phic tap khi dung phép anh
xa. O ddy, ching t6i trinh bay cong thirc tich phan Gauss (Gauss — Legendre) s&
thich hop hon va d6 13 mot cong cu chuan dé phat trién cac phan tir anh xa. Trong
khudn kho bai viét nay, chung toi trinh bay dbi v6i truong hop mot chiéu dé giai

s tich phén (5.1).

Trong cong thirc tich phan Gauss, ngudi ta luén gia st rang tich phan cua

ham f (x) duogc 1y trén doan —1 < x <1. That vy, bang cach dit

b+a b-a
X = + z,
2 2
. f 0 b+a b-—a \b—a
thi !f(x)dxz_jlf( S t} S—dr.
Van dé dat ra 1a tim n s6 Xps Xyyuens X, e[—l, 1] van sb Wiy Wypeees W, dé
1 n
1(£)= [ f(x)dx =Y wif(x)=G,(f). (5.19)
-1 i=l1

Va la cong thirc ding v&i moi da thic c6 bac <2n—1.

Trong do, n diém x; goi la cac diém Gauss va chon theo thir tu la nghi¢m
ctia da thirc Legendre, cac hé s6 twong ung w, goi la cac trong s6 va 1a nghiém cua

h¢

n —_ — j+1 J—
DO e ) My sy}
i=1

j+1

Cong thirc (5.19) 1a cong thire tich phan Gauss.
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Vai két qua ban dau

e n=l I(f jf )dx ~2f(0)=G,(f).

R L e e

e 1<f):jf<x> o N YOL RE RO

5.3.2 Cong thirc sai sd

2 (n!)4 M, M = max

[(2n)!] (2n+1) asxsh

1()-G,(f) <

£ (x)‘. (5.20)

CHUONG TRINH MATLAB: Tinh tich phin bing céng thitc Gauss.

Chuong trinh 5.3:

% Tao file gaussint.m

function [G,xi,wi]=gaussint(a,b,n,index_f)

% Ham gaussint(a,b,n,index_f), tinh tich phan cua mot ham tu diem a den %diem
b su dung n diem chia, quy tac Gauss duoc tien hanh cho ham bac %2*n-1.

% a,b - Gioi han tinh tich phan.

% n - Bac cua cong thuc.

% G - Giatritinh tich phan theo cong thuc Gauss

% xi,wi - Cac diem Gauss va cac trong so, phep tinh xac dinh tren doan[-1,1]

% index_f - Tham so lua chon ham nao de tinh tinh phan.

% Kiem tra doi so nhap vao khi goi chuong trinh, phai co it nhat 3 doi so.

If nargin < 4, n=4; end;

If nargin<3, error(*Ham phai co it nhat 4 doi so."); end;
u=(1:n-1)./sgrt((2*(1:n-1)).~2-1); % Tao ma tran cot u.
[ve,xi]=eig(diag(u,-1)+diag(u,l1)); % vc la tri rieng, xi la vecto rieng cua %
ma tran tong cua diag(u,-1), diag(u,1); voi diag(u,k) la lay phan tu tren %duong
cheo thu k cua u.
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[xi,k]=sort(diag(xi)); % Lay xi la cac phan tu tren duong
%cheo chinh, tra ve ma tran cot va sap tu nho den lon; xi chinh la nghiem %cua da
thuc Legendre.

wi=2*vc(1,k)"."2; % Tinh wi; A’ la chuyen vi ma tran A.
x=(a+b)/2+((b-a)/2)*xi; % Doi bien de tinh tich phan Gauss.
f=fcn(x,index_f)*(b-a)/2; % Tinh f theo cong thuc Gauss.
G=wf(:)"*f(:); % Tinh tich phan theo cong thuc Gaus

function f_value = fcn(x,index)
% Day la dinh nghia cac ham tinh tich phan.Viec lua chon ham ap dung tinh
% phu thuoc vao tham so index_f.

switch index
case 1

f_value = exp(-x."2); %%][0,1]
case 2

f value =1 ./(1+x."2); %%][0,4]
case 3

f value =1 ./(2+cos(x)); %%][0,2*pi]
case 4

f value =1 ./(2+sin(x)); %%][0,2*pi]
case 5

f_value = exp(x).*cos(x); %%][0,pi]
case 6

f_value = (x.”pi).*sin(sqrt(x)); %%[0,pi]
end
Chu thich

> Caba chuong trinh 5.1, 5.2 va 5.3 déu c6 thé chon ham dé tinh tich phan
e index f=1,2,3 ladungcase 1,2,3 dé tinh I(l), 1(2), 9,
, 2 dx
e index f=4 la dung case 4 d¢€ tinh / ®) = I —=1 ®,
2 +sin (x)

0

e index_f=5, 6 1a ding case 5, 6 d¢ tinh Iex.cos(x)dx, Ix”.sin(\/;)dx.
0 0

» Chuong trinh 5.3 dya trén y tudng chinh sau
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Y tuong chinh cia viéc giai bai toan tim x, €[-1,1] va w, théa (5.19) la
chon x; 1a nghiém cua da thic Legendre. Da thirc Legendre P, (x) xac dinh theo

cong thirc truy hoi sau

2n+1
(x)— n+1

Fy(x)=1 B(x)=

P

n+l

xP

n

Ciing c6 thé xac dinh cac da thic Legendre bang cong thirc
1 " n
Po(x)zl,Pn(x)z d ((xz—l) ),n=1,2,....

n!2" x"
Vai da thirc Legendre ddu tién

B (x)=L R (x)=x;
P(x)=3¢ 3
P(x) =35 ~3x;
P(x)= 2 2

Tinh chit quan trong cua da thirc Legendre 13 né c6 n nghiém thuc phan

biét ndm trong [-1, 1] va ddi xing qua gbc toa d. Khi dé cac w, 1a nghiém cua hé

PREC

j+1

(n—l).

DPinh thitc ctia h¢ nay 1a dinh thitc Vandermond D = H(xl. - xj) #0.

i>j

j=0,1,...,

Vi vay, w, xac dinh duy nhéat.
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Chuing t61 cung cap mot chuong trinh tim cac hé so cua da thuc Legendre
va tinh nghiém cua céac da thirc 6. Tham s6 dua vao 1a n, bac cua da thirc can tim.

Ham tra vé 1a da thuc Legendre bac n va cac nghiém ctia no.

Chwong trinh 5.3a:
% Tao file legendre.m

function [p,r]=legendre(n)

if n<0, error(*Bac da thuc am.");end;

p1=[1]; p2=[1 0]; pp=p2;

if n==0, p=p1, r=[ ]; return; end;

if n==1, p=p2; r=[0]; return; end;

for i=2:n
m=length(pl)+2;
for j=m:-1:3, p1(j)=p1(j-2); end;
p1(1)=0; p1(2)=0;
p=(2*i-1)/i*conv(pp,p2)-(i-1)/i*p1;
pl=p2; p2=p;

end;

r=roots(p);

5.4. VIPHAN SO

acs ()= =)
x+h)—f(x)
h

Do do, f(x)= S =D, f(x) (5.21)

Cong thirc (5.21) 1a cong thirc xap xi dao ham cua f (x)
Dung dinh 1y Taylor dé khai trién f (x + h) tai x, taco
n h
f(x+ h) = f(x)+hf'(x)+?f”(c) - f'(x)—Dh (x) = —Ef”(c) . (5.22)

Véi ¢ nam gilta x VA x+Ah.
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Véi h>0 thi (5.21) goi 14 cong thirc sai phan tién va sai sb 1a g f"(c).

— -h
Thay h boi —h vio (5.21) ta duge f'(x)~ () £ (=) va goi 14 cong thite
. A e A~ N h " , . N  n N
sai phan lui va sai so cling la 5 f (c) vOl ¢ nam gira x va x—h.
5.4.1.  Viphan so dung phép ndi suy

Léy Pn(x) la da thirc nd1 suy bac n cua f(x) tai n+1 diém Xgs oees X, bé

tinh f'(x) tai x=t, ta dung f'(t) an'(t). (5.23)

Chéng han véi n=2, t=x1, Xg=X1 — h, Xo=x1+h, thi

(5.24)
X—X

221 () =2f ()]

PZ"(x) f(xz)_zf}fle)"'f(xo)' (5.25)
Tu (5.24), ta duoc

=3fx,)+4f(x,th)—f(x,+2h

£(x)~P(x,)= (x,)+ 4/ o )-1 ) (5.26)
' ' flx,+2h)— f(x,

F(x)=P(x)= ( 2}3 () (5.27)

' ' flx,)=4f\x,+h)+3f(x,+2h
Fi(x)=PR(x,)= (x,) =4/ 2h) ( ) (5.28)
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Cong thirc (5.26) goi 1a cong thic sai phan tién; cong thire (5.27) goi 1a

cong thirc sai phan hudng tim va thudng viét dudi dang

' f(x+h)—f(x—h
oo L= saon)

(5.29)

Cong thirc (5.28) goi 1a cong thirc sai phan ui va thuong duoc viét

o F(x—2R)—af(x—h)+3f ()
S (x)= 2h |

(5.30)

Dbi voi dao ham cap hai, ding (5.25) ta viét

. f(x+h)—2f(x)+f(x—h)
1) 2h

(5.31)

Day goi 1a cong thuc sai phan huéng tdm dbi v6i dao ham cap hai cua

f(x) tai x.

Lam twong ty nhu dbi voi (5.21), sai sd trong (5.26), (5.27) va (5.28) 1an
n " n

luot la: ?f”'(co), 5 —f”'(cz) VOl ¢, €, C, e[xo, xz].

f"(c,) va 3

Céc cong thirc phan vi phan s6 s& duoc dung o phan sau, ¢ day ching toi s&
gi6i thiéu van dé lién quan dén Symbolic MATLAB, né rat dé ap dung va co thé

ap dung vao chuong trinh toan Trung hoc phé thong.
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CHUONG TRINH MATLAB: Vi di c6 chuong trinh MATLAB d¢ tinh céc ty
sai phan va moi lién hé giita cac ty sai phan va dao ham, nén chung t6i chi trinh
bay thém mot vai chuong trinh st dung bién Symbolic va huéng dén ung dung nd
vao chuong trinh toan Trung hoc phd thong, dong thdi cling gbp phan 1am ndi bat
thém cac cong dung cuia MATLAB. Symbolic MATLAB la thu vién cac phép toan
kiéu ky tu dugc dua vao moi truong s6 hoc cia MATLAB; n6 1am phong phu va
tién ich thém vai nhiéu kiéu tinh toan khac cho phan tinh sé va db hoa da c6 trude
day trong thu vién MATLAB (Thong tin chi tiét xin xem Tai liéu tham khao tiéng
Viét [3]). Chiing ta hiy cu thé hoa vin dé véi bai toan co ban sau va cac chuong

trinh MATLAB duéi day 1a dé giai bai toan nay.

Cho ham f (x)= #, voi X €[-27; 27], day ciing 1a mién xac dinh
S5+4cosx

mic nhién cua Symbolic MATLAB. Tinh f', f" va f™, vé& két hop cac do thi
caa f, f', f"va f™. Ngoaira

a. Timxdé f™=0 va vé do thi minh hoa.

b. Xac dinh diém cuc tiéu cua f .

c. Tinh hai lan nguyén ham cta f", so sanh v&i f va néu nhan xét.

Chuwong trinh 5.4: (Céc file chuong trinh ¢6 trong thu muc viphanso.)
% Chuong trinh tao file diff.m.
% Tieu de: Tinh dao ham cap 1, cap 2, cap 3 cua ham f va ve do thi ket hop_syms

X % Khai bao x la bien Symbolic.
f=1/(5+4*cos(x));

f1=diff(f); % Dao ham cap 1 cua f.

f2=diff(f,2); % Dao ham cap 2 cua f.

pretty(fl); % Viet f1 o dang quen thuoc cua toan hoc.
pretty(f2); % Viet f2 0 dang quen thuoc cua toan hoc.
f3=diff(f,3); % Dao ham cap 3 cua f.

f3=simple(f3); pretty(f3); % Viet dang thu gon cua f3.
% Ve ket hop, chia mien ve do thi thanh hai dong, hai cot.
subplot(2,2,1)
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ezplot(f) % Ve f voi mien xac dinh mac nhien.
title(*Do thi cua ham f.")

subplot(2,2,2)

ezplot(fl)

title(*Do thi cua ham f1, dao ham cap 1 cua f.")
subplot(2,2,3)

ezplot(f2)

title(*Do thi cua ham f2, dao ham cap 2 cua f.")
subplot(2,2,4)

ezplot(f3)

title("Do thi cua ham f3, dao ham cap 3 cuaf.")

> Két qua chay file diff.m ta dugc lan luot f', f" va f™ va Hinh 5.1.

sin(x)
R
2
(5 + 4 cos(x))
2
sin(x) cos(x)
32 - R
3 2
(5 + 4 cos(x)) (5 + 4 cos(x))
2 2

sin(x) (96 sin(x) + 80 cos(x) + 80 cos(x) - 25)

(5 + 4 cos(x))

Hinh 5.1. Po thicia f, f', f"va f™.
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Do thi cua ham 1. Do thi cua ham f1, dao ham cap 1 cua f.
1 1
0.8 . 0.5
0.5 0
0.4
0.4
0.2
-5 1] 5 -5 1] 5
H X

Do thi cua ham f2, dao ham cap 2 cuaf Do thi cua ham {3, dao ham cap 3 cuaf.

1 ]
0.4 j\ T 2

o ; 0

0.5

-1

I 0 5 I 0 5
® X
Chuwong trinh 5.4a: (Céac file chuong trinh c6 trong thu muc viphanso.)
% Chuong trinh tao file diffa.m.
% Tieu de: Tim cac diem x lam cho dao ham cap 3 cua f bang 0 va ve do thi.

syms X
f=1/(5+4*cos(x));
f3=diff(f,3); % Dao ham cap 3 cua f.
f3=simple(f3); % Viet dang thu gon cua f3.
pretty(f3);
z=solve(f3); % Giai phuong trinh 3=0.
format; % Lay 5 chu so le.
x0=double(z) % Chuyen ma tran, bieu thuc Symbolic ve dang so.
ezplot(f3) % Ve do thi f3 kieu bien Symbolic voi mien xac dinh mac nhien.
hold on; % Giu he truc toa do vua ve cho cac hinh sau.
plot([-2*pi,2*pi],[0,0],"g-.") % Ve duong "dut khuc" mau xanh la cay voi
£3=0.
title("Hinh 5.2. Do thi hien thi tat ca cac diem (x) de f3=0")
%% % x0=[x0-2*pi x0 x0+2*pi]; % Lay tat ca cac diem lam cho f3=0.
plot(x0,0*x0,"kx") % Ve diem dau "Xx" mau den de f3=0.
plot(x0, 0*x0,'ro") % Ve diem dau "0" mau do de f3=0.
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB
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Két qua chay file diffa.m ta duogc lan luot f3 va cac gid tri x=x0 dé f3=0 va
Hinh 5.2 nhu sau

2 2
sin(x) (96 sin(x) + 80 cos(x) + 80 cos(x) - 25)
A e
4
(5 + 4 cos(x))
X0 =
0
0+ 2.4381i
0 - 2.4381i
2.4483
-2.4483
Hinh 5.2. Do thi hien thi cac diem () de f3=0
3 - .
2 - .
1 - -
a & &
RS -
a2k 4
3k 4
: i ; ; 2 4 :

Chuwong trinh 5.4b: (Cac file chuong trinh c6 trong thu muc viphanso.)
% Chuong trinh tao file diffb.m.

% Tieu de: Xac dinh cac diem cuc tieu cua ham f va ve do thi.

syms X

f=1/(5+4*cos(x));

f1=diff(f); % Dao ham cap 1 cua f.
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fl=simple(fl); % Viet dang thu gon cua f1.

pretty(fl);

z=solve(fl); % Giai phuong trinh f1=0.

format; % Lay 5 chu so le.

xct=double(z) % Chuyen ma tran, bieu thuc Symbolic ve dang so.
fct=subs(f,x,xct) % Thay tat ca cac bien x trong f boi xct.
ezplot(f)

axis([-2*pi 2*pi 0 1.1]) % Xac dinh he toa do voi [xmin xmax ymin ymax].
ylabel(*f")

title("Hinh 5.3. Do thi bieu thi cuc tieu cua ham f.")

hold on

%% %xct=[xct-2*pi xct xct+2*pi]; % Lay tat ca cac diem cuc tieu.
plot(xct,fct,'ro")

plot(xct,fct,"kx") % Ve diem dau "x" mau den la diem cuc tieu.

text(-2,0.05,'diem cuc tieu dia phuong') % Xuat diem cuc tieu dia phuong tai
% toa do x=-2, y=0.05.

Két qua chay file diffb.m ta duoc lan luot fl, diém cuc tiéu xct va gia tri
cuc ti€u fct va Hinh 5.3 nhu sau

sin(x)
/R
2
(5 + 4 cos(x))
Xct =
0
fct =
0.1111
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Hinh 5.3. Do thi bieu thi diem coc tieu cua ham f

1 - .
0.8+ .
0.6+ .
0.4+ .
0.2+ .

diem cuc tieu dia phuong

D | | | | | | |

£ -4 -2 1] 2 4 B

K

Chuwong trinh 5.4¢: (Cac file chuong trinh ¢6 trong thu muc viphanso.)
% Chuong trinh tao file diffc.m.
% Tieu de: Tinh lien tiep hai lan nguyen ham cua f2 la k va so sanh voi f.

syms X

f=1/(5+4*cos(x));

f2=diff(f,2); % Tinh dao ham cap hai cua f.
h=int(f2); % Tinh nguyen ham lan thu nhat cua f2.
k=int(h); % Tinh nguyen ham lan hai cua f2.
pretty(k)

%%% hoac k=int(int(f2)); % Tinh tich phan boi 2 cua f2.
d=f-k;

pretty(d)

simplify(d) % Do lech giua k va f o dang toi gian.
ezplot(f,k) % Ve do thi ham bieu thi do lech cua f va k.

title("Hinh 5.4. Do thi bieu thi do lech cua f va k")

Két qua chay file diffc.m ta duoc 1an luot k, d, do 1éch cua f va k ¢ dang tbi
gian va Hinh 5.4.
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2
tan(1/2 x) +9
1 8
_______________ I
5 + 4 cos(x) 2
tan(1/2 x) +9
ans =
1
Hink 5.4. Da thi bieu thi do lech cua fya k.
01k J
02k J
03k J
04k J
=

aslk J
a6 J
0.7+ -
nak J

1 1 1 1 1 1

] 0.2 0.4 0.6 0.8 1

Nhan xét

Khi tinh hai 1an nguyén ham ctia £’=f2 s& léch nhau mot ham tuyén tinh

dang cyx+C,. Do d6 d6 léch ¢ dang t6i gian giita f va k bang 1 13 phu hop.
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CHUONG 6
GIAI HE PHUONG TRINH TUYEN TiNH

Trong chuong nay, chung toi trinh bay mot sé phuong phap giai hé phuong
trinh dai s6 tuyén tinh (hay 14 hé phuong trinh tuyén tinh)

Ax=b. (6.1)

Véi gia thiét rang det A =0, tirc 1a hé (6.1) ludn c6 nghiém duy nhit x=A"b.
Tuy nhién trong nhiéu truong hop viéc tim ma tran nghich ddo A™' s& kho khan
hon nhiéu so vé6i viée giai truc tiép hé phuong trinh di cho. Ching t6i s& trinh bay
mot s phuong phap giai truc tiép nay, va ta chi xét hé gdm n phuong trinh véin
an, tac 1a A 1a ma tran vudng cép n; vector nghiém x va vector ty do b 1a céc

vector cot n chiéu.
6.1. PHUONG PHAP GAUSS

Dau tién ta xét cac truong hop don gian khi ma tran hé sb A cua hé (6.1) co

dang dac biét.

Truong hop don gian nhit 1a A c6 dang dudng chéo

a, 0 0
A 0 a, 0
0 0 a,,
Khi d6, nghiémcuahé¢la x, =—, i=1,2,...,n. (6.2)
a.

Trudng hop tiép theo 13 A c¢6 dang tam giac trén
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a; & ... &,
A: 0 a22 a2n
0 0 a,,
Khi d6, nghi¢m cua h¢ l1a
bn
X =

nn

X, :i(bkk — z aijj], k=n-1,...,1.

Qi J=k+1

Cuoi cung la ma tran hé s6 A c6 dang tam giac dudi

a, 0 .. O
A _ aZl a22 O
anl an2 ann
Khi @6, nghi¢m cua h¢ 1a
b
x, =—,
all
1 k-1
x, =—1| b, —Zak/.x/ L k=2,...,n.
D =1

Bay gio chung t61 sé trinh bay phuong phap Gauss. Noi dung ctia phuong
phap 1a st dung cac phép bién dbi so cip theo hang dé chuyén vé mot hé phuong

trinh tuong dwong ma ma tran hé s6 c6 dang tam giac. Cac phép bién doi so cap

thuong hay sur dung la

e Nhéan mot hang cho mot sé khac khong.
e Hoan chuyén hai hang cho nhau.

e Cong mdt hang cho mot hang khac da nhan vi mot s6 khac khong.
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Xét hé
a,x, ta,x,+...+a, x = bl

a, X, +a,x,+...ta, x = b2

ax ta,x,+...+a x =b

nn n n

Do detA =0 nén mdt trong cac sd a, , a

,» ---» @ phai khac khong. Gia

1’
st a;, #0, ldy phuong trinh thir &, k = E@ trr cho phuong trinh mgt da nhan véi
m, =a,la

;> ta dugc hé mdi co dang

a,x, +a,x,+...+a x = b1

(1) ., _
Ay, X, +...+a,)x = b2

a(l)x2 +...+ a(])x =b

n2 nn""n n
A (1 ) I G A . T
Trong cac so agz), ey ar(lz) phai c6 mot s6 khac khong vi det A= 0. Gia st

(1)

aglz) #0, con néu co asz) #0 va a,, =0 thi ta thuc hién phép hodn chuyén hai
phuong trinh tht p va tht hai cho nhau; tiép tuc bién d6i nhu trén cho n — 2
phuong trinh cudi véi hé sé nhan vao 1a m, = a,(;) / aglz). Va tiép tuc tién trinh cho
dén phuong trinh thir n, ta duoc hé

a,x,+a,x,+...+a, x =b,

(1) 0, —
a,X,+...+a, x =Db,

(n—l) _ b

bay la hé ma ma tran h¢ s6 o dang tam giac trén va giai theo (6.3).

Vidu 6.1.1 Giai hé
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4xl +3x2 +2x3 +x, =1
3)61 +4x2+ 3)c3 +2x4 =1 65)
2x1 +3x2 +4X3 +3x4 =—1

x, +2x, +3x3 +4x, =-1

Qua mot s6 phép bién ddi so cap trén dong theo phuong phap Gauss (Cac

dong bién ddi s& duoc thé hién trong vector piv ctiia chuong trinh 6.1)

4 32 1)1y (4 3 2 1 1

3432 me2 10 7/4 372 5/4 | 14| Y

2 3 4 3[-1 0 3/2 3 5/2|-3/2

12 3 4[-1 0 5/4 5/2 1/45|-5/4
4 3 2 1 1 4 3 2 1 1
0 7/4 3/2 5/4| 14| , g |0 7/4 3/2 5/4| 1/4
0 0 12/7 10/7|-12/7| 0 0 12/7 10/7|-12/7
0 0 10/7 20/7|-5/4 0 0 0 5/3| 0

Ta thu dugc nghiém cta hé (6.5) la x, =0, x,=-1, x, =1, x, =0.

Nhu d3 trinh bay & trén, néu a(lz) =0 va aglz) =0 thi ta thuc hién phép hoan
p

chuyén hai phuong trinh tht p va thir hai cho nhau. Dé tranh truong hop nay, ta
c6 thé cai tién phuong phap Gauss theo huéng nhu sau. Tai mdi budc, khi chon
phan tir dé bién doi, ta s& chon phan tir ¢6 tri tuyét doi 16n nhat, sao cho khong
triung hang va cot véi nhimg phan tir d3 chon trudc d6. Phan tir nhu vay thuong
duoc goi la phﬁn tor chinh hay phﬁn ttr troi. Sau d6 ta s& thuc hién bién ddi cho cac
phan tir trén cung cot voi phan tir trdi bang khong. Qua n budc nhu vay ta s& thu
dugc nghi¢m cua h¢ da cho. Pay goi 1a phuong phdp Gauss voi phép truc ting

phan (Partial Pivoting).
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CHUONG TRINH MATLAB: Ching t6i trinh bay chuong trinh MATLAB
ding phuong phap Gauss dé giai hé (6.1) v6i phép truc ting phan. Pé chay
chuong trinh ta can phai nhdp vao ma tran h¢ s6 A va vector b. Két qua tra vé 1a x
la vector nghiém; lu 1a mdt ma tran ma cé chira phﬁn tor clla ma tran tam giac trén
va ma trn tam giac dudi, ma trdn tam giac trén 1 két qua tir phép khtr Gauss véi
phép truc timg phan, va cac s nhan duoc dung trong phép khir 1a cic phan tir ciia
ma trdn tam giac dudi; piv 1a vector ghi lai phép hodn vi dugc thyc hién trong

phép truc timg phan. Chuong trinh 6.1 duoc goi theo cti phap

[x,lu,piv] = GEpivot(A,b).
Chuong trinh 6.1:

function [x,lu,piv] = GEpivot(A,b)

% Day la ham [x,lu,piv] = GEpivot(A,b), su dung phuong phap khu Gauss % voi
phep truc tung phan de giai he phuong trinh tuyen tinh Ax=b.

% Tri dau vao

% A: he so ma tran vuong

% b: vecto cot phai

% Giaividu6.1.1voi: A=[4321;3432;2343;1234];b=[11-1-1]

% Hay chay thu voi cac tri khac de test chuong trinh
%A=[1103;21-11;3-1-12;-123-1];b=[41-34];
%A=[1-12-1;2-23-3;1110;1-14 3];b=[-8 -20 -2 4];

%A=[21-12; 45-36;-25-26;411-48]; b=[5942];

% Ket qua dau ra

% x la vecto nghiem

% lu - la ma tran tich hai ma tran tam giac tren U, va tam giac duoi L ghi lai
% ket qua, va cac he so nhan dung trong cac phep bien doi.

% piv la pivoting vector ghi nhan phep hoan vi trong phep bien doi.

% Kiem tra thu tu ma tran va kich thuoc hang, cot cua ma tran A.
[m,n] = size(A);
ifm~=n
error(*Ma tran khong phai ma tran vuong.")
end
m = length(b);
ifm-~=n
error(*ma tran va vec to khong co kich thuoc phu hop.")
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end
% Khoi tao ban dau cho vector pivoting.
piv = (1:n)";
% Cac buoc khu he so
for k =1:n-1
%Tim yeu to lon nhat trong cot pivot, ben duoi vi tri cua pivot cung cac chi % so
toi da cua cac thanh phan do.
[col_max index] = max(abs(A(k:n,k)));
index = index + k-1;
if index ~= k
% Chuyen sang dong thu k cung chi so, trong cot k den n. Tuong tu cho cot b
tempA = A(k,k:n);
A(k,k:n) = A(index,k:n);
A(index,k:n) = tempA;
tempb = b(k);
b(k) = b(index);
b(index) = tempb;
temp = piv(Kk);
piv(k) = piv(index);
piv(index) = temp;
end
% Dinh dang sau do luu lai thanh cac phan tu trong cot pivot, ben duoi %duong
cheo chinh.
A(k+1:n,k) = A(k+1:n,k)/A(k,K);

% Tien hanh cac buoc khu, dau tien sua doi ma tran, va sau do bo sung cho b
for i = k+1:n
A(i,k+1:n) = A(i,k+1:n) - A(i,K)*A(Kk,k+1:n);
end
b(k+1:n) = b(k+1:n) - A(k+1:n,K)*b(k);
end
% Thiet lap ma tran tam giac tren cua he tuyen tinh.
X = zeros(n,1);
x(n) = b(n)/A(n,n);
fori=n-1:-1:1
x(D)=(b(i)-A(i,i+1:n)*x(i+1:n))/A(i,i);
end
% Ghi nhan lai ma tran phan tich LU voi viec bien doi dong.
lu=A;

6.2. PHUONG PHAP NHAN TU LU
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Noi dung cia phuong phdp nay la phan tich ma tran A thanh tich cia hai
ma trdn, ma tran tam gidc dudi L va ma tran tam giac trén U . Khi do6 viéc giai hé

(6.1) s& dua vé viéc giai hai hé
Lg=bvalUx=g. (6.6)

Pinh 1y 6.2.1 Néu A la mét ma trdn khéng suy bién, thi bao gio ciing ton tai mot
ma tran P khong suy bién sao cho ma trgn PA phan tich dwoc thanh hai ma trdn,

ma tran tam giac dudi L va ma tran tam gidc trén U, tuc la
PA=LU. (6.7)

C6 nhiéu phuong phap phan tich A= LU, tuy nhién ta thudng xét trudng
hop ma trin L ¢ cac phan tir trén dudng chéo chinh bang 1 va goi day 1a phan ra

Doolittle. Khi do L va U c6 dang

1 0 0 O u, u, u,
[ 1 0 O u u
L=|" va U= 2 an (6.8)
Lo, ... 1 0O 0 ... u,
Vi,
u,=a, (ISan),
. :ﬁ (2 <i< n),
ull
i-l (6.9)
=4 Lo, (1313]),
k=1
1 =
y =—[au — l:kukjj (1<] < z)
ii k=1
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Nghiém cua h¢ Lg=>b xac dinh theo cong thirc (6.4) va nghi€ém cua hé

Ux = g xéc dinh theo cong thuc (6.3).

Vidu 6.2.2 Dbi voi hé (6.5), tacod

1 0 0O 0 4 3 2 1
3/4 1 0O O . 0O 7/4 3/2 5/4
= va U = .
1/2 6/7 1 0 0O O 12/7 10/7
1/74 5/7 5/6 1 0O O 0 5/3

T
)

T
Ma b=(1,1,-1-1) , nén nghiém cia Lg=b la g=(11/4,-12/7,0)

din dén hé Ux =g c6 nghiém 1a x=(0, 1,~1,0) .

CHUONG TRINH MATLAB: Ching ti trinh bay chuong trinh 6.2 dé giai h¢
(6.1) bang phuong phap nhan tir LU. Déi sb cta chuong trinh 13 ma trdn hé s6 A
va vector cot b. Két qua tra vé 1 c4c ma tran | va u theo phan tich (6.8), cac
vector nghiém g va x cta (6.6) va x ciing chinh 14 nghiém can tim cta hé (6.1).

Chuong trinh dugc goi theo ct phap
[l,u,0,x] = LUfactor(A,b).

Chuwong trinh 6.2:

function [l,u,g,x] = LUfactor(A,b)
% Day la ham [l,u,g,x] = LUfactor(A,b), dung de giai he (6.1) theo pp LU.
%Giai vi du 6.2.2 theo cu phap
% [l,u,g,x] = LUfactor([4321;3432;2343;1234],[11-1-1])
% Kiem tra cac doi so nhap vao khi goi chuong trinh
if nargin< 2, error("Cho ma tran he so"); end;
% Phan tich lu theo cong thuc (6.9)
N=length(b);
I=zeros(N); u=zeros(N);
for i=1:N, I(i,i)=1; end;
for j=1:N
u(1.j)=A(1.j);
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end,
ifu(1,1)==0
error(‘Khong the phan tich duoc.");
end,
for i=2:N
I(i,1)=A(i,1)/u(1,1);
end,
for i=2:N-1
for j=i:N
sum=0;
for k=1:i-1
sum=sum+I(i,K)*u(k,j);
end;
u(i,j)=A(,j)-sum;
end;
if u(i,i)==0
error(*Khong the phan tich duoc.");
end;
for j=i+1:N
sum=0;
for k=1:i-1
sum=sum+I(j,k)*u(k,i);
end;
1(,1)=(A(Q,i)-sum)/u(i,i);
end;
end;
sum=0;
for k=1:N-1
sum=sum-+I(N,k)*u(k,N);
end;
U(N,N)=A(N,N)-sum;
% Giai he Ig=b theo dang ma tran he so tam giac duoi, cong thuc (6.4).
g = zeros(N,1);
9(1) = b(1)/1(1,1);
for k=2:N
sum=0;
for j=1:k-1
sum=sum+I(k,j))*g(j);
end;
9(K)=(b(k)-sum)/I(k,k);
end;
% Giai he ux=g theo dang ma tran he so tam giac tren, cong thuc (6.3)
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x = zeros(N,1);
X(N) = xX(N)/u(N,N);
for k=N-1:-1:1
sum = 0;
for j=k+1:N
sum=sum-+u(k,j)*x(j);
end;
X(K)=(g(k)-sum)/u(k,Kk);
end;

> Phuong phap nhan tir LU 4p dung rat hiéu qua cho truong hop ma

tran hé s A c6 dang ba dudng chéo.

Dé tranh trung lip trong ky hiéu, ta viét lai hé (6.1) trong trudng hop nay 1a
Ax =d (chuong trinh 6.3 giai hé theo cach viét nay), véi

11 12 O O 0

a21 a22 a23 O 0

a, a 0 0

32 33
A=
an—],n—l n—1,n
a a
n,n—1 n,n

Khi @6 phan ra Doolittle cho ta

1 0 0 0 w, u, O 0
L, 1 0 .. 0 0 wu, uy; ... 0

L={0 I, 1 .. 0(vau=/0 0 u, .. O
0O 0 O 1 0 0 O u

Khi do, tir cong thirc (6.9) ta cé
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Uy = a5y =y by =ay Tug;
U =4, _li,i—l Ui i=23,...,m (6.10)
Wy =05 by =ag, lu, 1=23,...,n-1.

Va theo phan tich LU thi ta can giai hai hé Lg=d va Ux =g, theo cong
thirc (6.4) va (6.3). Cu thé 1a

e H¢ Lg=d thi g =d,, g =d,—l .8, j=2,..n.

x.:m, j=n—1,.,1.

n,n’ Jj

e Hé¢Ux=gthix =g /u

u..
JJ

Vidu 6..2.3 Gidi hé¢ Ax=d, véi

21 0 00
1 2100
A=|0 2 2 1 0|vad=[54,3,21].
0 01 2 1
0 00 1 2

Ap dung (6.10), (6.4), (6.3) ta tinh duoc

1 0 0 0 O 2 1 0 0 0
1/72 1 0 0 O 0 3/2 1 0 0
L= 0 2/3 1 0 of(vaU={0 0 4/3 1 0
0 0 3/4 1 O 0 O 0 5/4 1

0 0 0 4/5 1 0 O 0 0 6/5

T

Nghiém ctia Lg=d 12 g=(5,3/2,2,1/2,3/5)
He Ux =g c6nghiém 1a x=(5/2,0,3/2, 1/2,0)T.

Tiép theo, chiing t6i trinh bay chwong trinh 6.2a dé giai hé (6.1) khi né c6
dang hé thong ba dudng chéo. Trong truong hop dic biét nay, thay vi dua vao ma

tran hé sd A, ta s& dua vao ba vector, a chita cac phén tr trén duong chéo chinh
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cia A, b 1a duong chéo nam trén dudng chéo chinh va ¢ 1a duong chéo nam dudi
duong chéo chinh; vector cot tir do 1a d; N 1a s6 phuong trinh va ciing 13 sé an cua
hé. Két qua tra vé 1a céac vector, 1 chtra cac phan tir cia dudng chéo dudi dudong
chéo chinh cta L; u va v chita cac phan tir cia dudng chéo chinh va dudng chéo
trén duong chéo chinh cua U ; g la nghiém ctia Lg=d va x la nghiém ctia Ux =g
va cting chinh 1a nghiém cta hé (6.1). Chuong trinh dugc goi theo cu phap
[l,u,v,g,x]=tridiag(a,b,c,d,N).
Chuong trinh 6.2a:

function [l,u,v,g,x]=tridiag(a,b,c,d,N)
% Ham dung de giai he (6.1) dang ba duong cheo.
%Giai vi du 6.2.3, [l,u,v,g,X]=tridiag([22222],[1111],[1111],[54321],5)
if nargin < 5, error(*Ham co toi thieu 5 doi so."); end;
% Kiem tra cac doi so khi goi chuong trinh.

% Phan tich lu.
u(1l)=a(1);v(1)=b(1);1(1)=c(1)/u(1);
g(1)=d(1);
for i=2:N-1

u(i)=a(i)-1(i-1)*v(i-1);

v(i)=b(i);

[(i)=c(i)/u(i);

g(i)=d(i)-1(i-1)*g(i-1); end;
% Giai he lg=d va ux=g.
u(N)=a(N)-1(N-1)*v(N-1);
g(N)=d(N)-1(N-1)*g(N-1);
X(N)=g(N)/u(N);
for i=N-1:-1:1

x(1)=(g(i)-v(i)*x(i+1))/u(i); end;

6.3. PHUONG PHAP LAP

Trude tién, ching t6i trinh bay phan 1y thuyét vé chuan vector va chuan ma

tran.
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Trong khong gian tuyén tinh R". Chuén cta vector x € R" 1a mot so thuc,
ky higu 1a |||, thoa cac diéu kién sau
. VxeR”,HxHZO,‘xH:O<:>x=O.

ii. VxeR" VAeR, sz =/1qu.

iii. Vx,yeR",Hx+y‘ =HxH+HyH
Trong R" c6 rat nhiéu chuan, ¢ ddy chung toi chi néu hai chun sau
n
HXH1 =‘xl‘+‘x2‘+...+‘xn‘:Z‘xi‘. (6.11)
i=1
Hx” =max(‘x Hx ‘,...,‘x D :max‘x.‘. (6.12)
e 1 2 n I<isn | !

Pinh nghia 6.3.1 Chuén ma tran tuong ung véi chuan vector duoc xac dinh theo

cong thuc

- ] -] 619

|

. 2 4 3 . 9
Vi du 6.3.2 Xéc dinh chuan cua ma trdan A = (2 J tuong Ung voi chuan cua

mist vector, Vi moi x = [’“j < &, 520 chor [x] =]+ =1. Ta ce
x2
|Ax], =[4x, +3x,|+[2x, +x,| <6]x | +4|x,| = 2|x | +4 <6 > |4] =6.
Tir (6.13) ta co: [Ax]| <|A].[]-

Pinh Iy 6.3.3 Chuadn ciia ma trdn theo céng thirc (6.13), twong ting véi chudn

vector duwoc xac dinh nhw sau:

HAH rlrgjzlx Z‘al..‘ : (6.14)
ol = S| 619
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o0

Pinh nghia 6.3.4 Xét day cac vector {x(’")} voi x" e R". Ta néi day céac

m=0

vector ndy hoi tu vé& vector x khi m —+oo néu va chi néu Hx(m) —xH — 0, khi
m — +oo (hoi tu theo chuan). Ta viét: ,Llirolo A =x. Ta cling 6 thé noi diy céc
vector {x(m)} hoi tu vé vector x theo chuin di cho.

Pinh ly 6.3.5 D&y céc vector {x(m)} héi tu theo chudn vé vector x khi m — +owo

khi v chi khi {x,ﬂ’”)} héi tu vé x, . k =1Lon (héi tu theo toa d).

Xét hé (6.1), Ax=>b c6 nghiém x=A"'b. Cho b mot sb gia Ab, khi do

nghiém x tuong tmg s& c6 sd gia Ax, va AAx =Ab < Ax=A"'Ab. Viy,

e =" mp] < 4 s va [ =[xl < a] o

Suy ra, = < ||AHHA‘H‘ (6.16)

S6 k(A)=Cond(A)= HAHHA‘IH 1<k(A) <400, (6.17)

1a s6 diéu kién cta ma tran A. S6 diéu kién ctia ma tran dic trung cho tinh 6n dinh
cua h¢ (6.1). Gia tri k(A) cang gan véi sb 1 thi hé cang 6n dinh. S6 diéu kién cang
16n thi h¢ cang mat 6n dinh.

Trong cac chuong trinh MATLAB cua muyc 6.4, ching toi dung sé diéu

kién nay dé kiém tra budc lap co thé chép nhan duoc dé dung viéc tinh toan va

xuat két qua cudi cung.

Vidu 6.3.6 Xét cac hé
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1 2 . . 1
Ax=b vOi A= ,b= 3 co nghiémla: x=| |.
1 2.01 3.01 1

3 -17
Ax=b,v01 b= co nghiém la: x = .
3.1 10

Taco k,(A)=1207.0121. Do d6, b~ b, nhung x, x khac nhau rit xa.

Bay gid chung ta di giai hé (6.1) theo phuong phap lap, trude hét ta chuyén

hé vé dang twong duong x =Tx+c, v61 T 1a ma trdn vuong cap n va ¢ la mot

vector da biét. Xuit phat tir vector ban dau P , ta xay dyng mot day céac vector

{ x(m)} theo cong thirc 1ip
m=0
Ao e m=1,2,3,.. (6.18)

Ta c6 dinh 1y sau

Dinh 1y 6.3.7 Néu |T| <1 thi déy lap cac vector xdc dinh theo cong thirc (6.18)
(0)

s€ hoi tu vé nghiém x  hé véi moi vector lap ban dau x"’ . Khi do ta cé cdc cong

thiee danh gia sai so nhuw sau

m

)

, (6.19)

i [+

m

mfl)

(6.20)

2 i

Bay gid ching ta s& xét mdt dang ma tran hé s6 cua hé (6.1) ma co thé

chuyén vé dang x=Tx +c.
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Dinh nghia 6.3.8 Ma tran A duoc goi la ma tran duong chéo trd1 nghiém ngat
néu né thoa man diéu kién sau day

n

2

j=l g

(6.21)

a,|<[a]-
ij ii

Khi d6 detA =0 Va a, 0, Vi=1,n. Xét h¢ phuong trinh Ax=b véi A 1

ma tran duong chéo trdi nghiém ngat. Khi d6 ta phéan tich ma tran A thanh

11 12 1n
A — a21 Cl22 a2n

anl 2n nn

a, O 0 0 0 0 0 -a, -a,,
| 0 a, 0 |9, 0 0 _ 0O O -a,,

0O O a. -a, -—a, 0 0 0 0
=D-L-U

Chu y rang do a.#0,Vi=1,n nén detD=0. Va nhu vay ton tai ma tran

nghich dao:
1/a, 0 .. 0
s | 0 Va, . 0
0 0 1/a,
Khi do, Ax=b<(D-L-U)x=b. (6.22)

Tiép theo ching t6i s& trinh bay mot vai phuong phap dé chuyén phuong

trinh (6.1) vé dang x =Tx+c. T hé (6.22) ta co

sz(L+U)x+b N x:D’l(L+U)x+D’lb.
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Ky higu: T, =D™'(L+U) va ¢, = D"'b. Khi d6 theo (6.18) thi

A =T e m=1,2,3,... (6.23)
Phuong phap 1ap dua trén cong thic lap (6.23) dugc goi 1a phwong phap

Jacobi . Dang twong minh cta cong thie (6.23) la

k) :i(_l aijx(k) _ i aijx(k) +biJ’ i= 1,_” (6.24)

j=1 Jj=i+l

Do A 1a ma tran dudong chéo trg1 nghi€ém ngat, nén

n
a,
L]
j=1,j#i

<1

a

=max

a. .

L
1<i<n a

i il

n
HTH - HD‘l(L+U)H =max Y
J oo 0 1<i<n =1,

il

Diéu nay c6 nghia 1a phuong phap Jacobi ludn hoi tu véi moi vector lip ban

0)

dau x( :

Vidu 6.3.9 Xét h¢ phuong trinh

10x, - x, + 2x = 6

-x, + llx, — x;, + 3x, = 25

2x, - x, + 10x, - x, = -II
3x, — x;, + 8, = 15

C6 nghiém duy nhit1a x"=(1,2,~11) . Theo (6.24), dé chuyén tir hé Ax=>b vé

dang x=T.x+c, taco
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1
X, = E<b1 +x, —2x3)
6
X, :H(b2 +x, +x, —3x4) ,_ 75
1 S TR
x3=E(b3—2xl+x2+x4) s
1
X, :§(b4 —3x, +x3)
Hay,

X = 0.100x, —0.200x; +0.600
x, =0.091x, +0.091x, — 0.273x, +2.273
x, =0.200x, +0.100x, +0.100x, —1.100
X, = —0.357x, + 0.125x3 +1.875

0 0.100 -0.200 0 0.600

, 0.091 0 0.091 -0.273| . 2.273
Taco, T = va c. = .
/ —-0.200 0.100 0 0.100 ! -1.100

0 -0.375 0.125 0 1.875

Cong thuc 1ap theo phuong phap Jacobi cé dang:

A = 0.100x" —0.200x") +0.600
2 = 0,091 +0.091xM - 0,273 +2.273
2 20,200 +0.100x" +0.100x") ~1.100
A = ~0.357x" + 01251 +1.875

Chon chuan v6 cing va ta ¢ HT]H =1/2, tirc 1la phuong phap hoi ty, va

chon vector K0 = (0, 0, O,O)T. Bang 6.1 cho két qua tinh toan bang phuong phap
Jacobi d6i véi vi du 6.3.9 ctia 5 1an lap dau va lan lap tha 10, 12.

10) *

Sai s6 thuc sy 1a Ayl =2.0x107,

0

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 145

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc

Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

Bang 6.1. Vai két qua giai vi du 6.3.9 bang phuong phéap Jacobi.

k1 2 3 4 5 10 12
x*)'| 06000 | 1.0473 | 0.9326 | 1.0152 | 0.9890 | 1.0001 | 1.0000
AW | 22727 | 1.7159 | 2.0533 | 1.9537 | 2.0114 | 1.9998 | 2.0000
x| -1.1000 | -0.8052 | -1.0493 | -0.9681 | -1.0103 | -0.9998 | -1.0000
Ta c6 d4nh gid Hx(“))— <11/132H (10) _ 0) =80x107 <107,

Trong truong hop tong quat va trong chuong trinh MATLAB ching toi
danh gia theo cong thirc (6.16), tirc 1a néu cho trudc pham vi sai s6 1a § thi qua

trinh 1dp s€ dung lai khi

2 <0.

Nhu di trinh bay & chuong 1, dé xir Iy trudng hop méu sd bang 0, trong
MATLAB chdng t6i dung
H (k+1) _x(k)

Tro lai cong thic (6.24), dé tinh cac toa do cua vector lap x(k+]), chdng ta

<O
+eps

st dung toa do cua P Nhung véi i > 1, thi xfkﬂ) da duoc tinh va x4p xi nghiém

- , * N K k , X, k+1 A ” . .7 . <\
chinh xac x, s€ tot hon xf ). Do do, dé tinh xf ) ta nén su dung lai cac gia tri vira

A (k”) . Taco

tinh xong x**Y, !

i—1 n
k+1 (k1) (k) .
( Zal]x Zal.jx +bl.], i=1n
ii

j=1 Jj=i+l

(6.25)
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Phuong phap 1ap dua trén cong thirc 1ap (6.25) duoc goi 1a phwong phap

Gauss — Seidel. Trong vi du 6.3.8, cong thirc 1ap Gauss — Seidel c6 dang

A = 0.100x" —0.200x") +0.600

2 20,0916 +0.091xM - 0.273x) +2.273
2 =0.200x") +0.100x" +0.100x") ~1.100
A = ~0.357x" +0.125x1 +1.875

Bang 6.2 cho két qua tinh toan bang phuong phap Gauss — Seidel déi voi
vi du 6.3.9 ctia 7 lan lap dau.

Bang 6.2.Vai két qua giai vi du 6.3.9 bang phuong phap Gauss — Seidel.

k 1 2 3 4 5 6 7
xfk) 0.6000 | 1.0302 | 1.0066 | 1.0009 | 1.0001 | 1.0001 | 1.0000
xgk) 2.3273 | 2.0369 | 2.0036 | 2.0003 | 2.0000 | 1.9998 | 2.0000
xgk) -0.9873 | -1.0145 | -1.0025 | -1.0003 | -1.0000 | -0.9998 | -1.0000
xgk) 0.8789 | 0.9843 | 0.9984 | 0.9998 | 1.0000 | 0.9998 | 1.0000

So sanh voi Bang 6.1, ta thiy dén lan lap thtr 5, nghiém thu dugc bing
phuong phap Gauss — Seidel t6t hon nhiéu so v6i phuong phap Jacobi. Hon thé
nita, &n lan 13p tht 6 thi phuong phap Gauss — Seidel dd cho nghiém chinh xac,
con phuong phéap Jacobi thi dén l1an lap thi 12.

CHUONG TRINH MATLAB: Ching  t6i trinh bay hai chuong trinh

MATLAB. Chuong trinh 6.3, cho phuong phap Jacobi va chuong trinh 6.3a, cho
phuong phap Gauss-Seidel dé giai hé phuong trinh tuyén tinh (6.1). Cac d6i sd va
két qua dau ra cia chuong trinh dugc giai thich cu thé trong chuong trinh. Chuong

trinh s€ dung lai khi
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(k)

—X

[

= < &, &-sai s6 cho phép.

H (k+1)
X +eps

0

Chwong trinh 6.3:

function [x, iflag, itnum] = Jacobi(A,b,x0,delta,max_it)

% function [x, iflag, ithnum] = Jacobi(A,b,x0,delta,max_it)
%Chuong trinh thuc hien phep lap Jacobi de giai he phuong trinh tuyen tinh
%Ax=b

%

% % Gia tri dau vao

% A: cac he so ma tran vuong A

% b: Vecto cot phai b

% xO0: vector lap ban dau,

% delta: uoc luong sai so cho phep giua cac lan lap lien tiep.
% max_it: so lan lap toi da cho phep trong gioi han sai so tren

% Khi ta da nhap cac tri dau vao, chuong trinh co the goi theo cu phap
% [x, iflag, ithum] = Jacobi

% Giai vi du 6.3.9.

A=[10,-1,2,0;-1,11,-1,3;2,-1,10,-1;0,3,-1,8];

b=[6;25;-11;15];

max_it=12;

x0=[0;0;0;0];

delta=0.0001;

% Tri dau ra

% X: vecto nghiem

% iflag: 1 neu sai so thoa man sai so uoc luong cho phep khi so lan lap nho %hon
max_it , -1 neu nguoc lai

% itnum: so lan lap duoc su dung de tinh ra x.

% Khoi tao cac gia tri dau tien
% n la do dai (so cac phan tu trong) ma tran cot b
n = length(b);

% khoi tao gia tri dau cho bien iflag, k.
iflag=1; k=0;

% tao vecto voi cac phan tu la duong cheo ma tran A
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diagA = diag(A);

% Hieu chinh A sao cho cac phan tu duong cheo cua no bang 0
A = A-diag(diag(A));

% Qua trinh lap, tinh toan theo cong thuc (6.24)
while k < max _it

k = k+1;

x = (b-A*x0)./diagA;

% Kiem tra dieu kien dung chuong trinh.
relerr = norm(x-x0,inf)/(norm(x,inf)+eps);
X0 =x;
if relerr < delta

break
end

end

%

itnum = k;

if (itnum == max_it)
iflag = -1;

end

Chuong trinh 6.3a:

function [xiflag,itnum] = GS(A,b,x0,delta,max_it)
% Chuong trinh su dung phuong phap lap Gauss-Seidel de giai cac he phuong %
trinh tuyen tinh Ax=b

% Gia tri dua vao:

% A: cac he so ma tran vuong A

% b: Vecto cot phai b

% XO0: vector lap ban dau,

% delta: uoc luong sai so cho phep giua cac lan lap lien tiep.
% max_it: so lan lap toi da cho phep trong gioi han sai so tren

% Khi ta da nhap cac tri dau vao, chuong trinh co the goi theo cu phap
% [x, iflag, ithum] = GS

% Giai vi du 6.3.9.

A=[10,-1,2,0;-1,11,-1,3;2,-1,10,-1;0,3,-1,8];

b=[6;25;-11;15];

max_it=6;
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x0=[0;0;0;0];
delta=0.0001;

% Tri dau ra

% X: vecto nghiem

% iflag: 1 neu sai so thoa man sai so uoc luong cho phep khi so lan lap thuc % te
nho hon max_it, -1 neu nguoc lai

% itnum: so lan lap duoc su dung de tinh ra x.

% Khoi tao cac gia tri dau tien
% n la do dai (so cac phan tu trong) ma tran cot b
n = length(b);
% khoi tao gia tri dau cho bien iflag, k, nghiem x
iflag = 1; k=0; x = x0;
% Qua trinh lap, tinh toan theo cong thuc (6.25)
while k < max _it
k = k+1;
X(1) = (b(1)-A(1,2:n)*x0(2:n))/A(1,1);
fori=2:n
ifi<n
x(i) = (b(i)-A(i,1:i-1)*x(1:i-1) ...
-A(1Li+1:n)*x0(i+1:n))/A(I,1);
else
x(n) = (b(n)-A(n,1:n-1)*x(1:n-1))/A(n,n);
end
end
% Kiem tra dieu kien dung chuong trinh.
relerr = norm(x-x0,inf)/(norm(x,inf)+eps);
X0 = x;
if relerr < delta
break
end
end
%
ithum = Kk;
If (ithum == max_it)
iflag = -1;
end
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CHUONG 7
(GIAI SO PHUONG TRINH VI PHAN THUONG

Nhiéu bai toan ciia khoa hoc ky thuat din dén viéc giai phuong trinh vi
phan thuong. Bai toan don gian nhit va c6 nhiéu ung dung thyuc té d6 I bai toan
Cauchy hay con goi 13 bai toan diéu kién dau ctia phuong trinh vi phan cép 1.

Bai toan: Tim nghiém Y =Y (x) thoa

T A (7.1)

Chung t6i chi quan tAm dén cac phuong phap giai s6 cho bai toan (7.1) véi
gia thiét ring chung c6 day du cac diéu kién dé dam bao su ton tai va tinh duy nhit

nghiém cua bai toan.

v' Déi voi bai todn hé phuong trinh vi phan cdp 1. Tim Yi(x), ..., Ym(X) trén

doan x, <x <b, thoa

Yl(x) YI,O f](X, Ziseens Zm)

Y, (X) Y. o £ (x, F A zm)

% T IS AA o~ X 1N: . s
Vo1 z= [zl,zz,..., zm] , thi bai toan h¢ trén sé dua veé bai toan (7.1).
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v' Con ddi voi bai toan phuong trinh vi phan cap m

d’”Y dY d’”‘lY . o

Y, =Y, Y, (x,)=Y,,
Y, '=Y, Y, (x,)=Y"",

Y, '=f(xY...Y,) Y (x)=Y,"".

Va do d6 lai dwa vé bai toan Cauchy (7.1).

Sau ddy chung t6i trinh bay mot vai phuong phap pho bién dé giai (7.1), tir

muc 7.1 dén muc 7.3 va bai toan bién tuyén tinh cép hai & muc 7.4.
7.1. PHUONG PHAP EULER

Dé tim nghiém gan dung cua (7.1), chia doan [xo, b] thanh N doan nho

bﬁng nhau bai cac diém chia x,=x,+nh,n=0,N; x, =b; hz(xN —xo)/2. Ky

hiéu: Y, 1a gia tri cua nghiém dung Y (x,) va y(x,)=y, =Y,. Taco

Y'( —[Y (x+n)-Y(x)], Y'(x,)=F(x,.Y(x,)).
Dan dén, —[ n+l Y(xn )] ~ f(xn, Y(xn)),
Hay, Y(x,,)=Y(x,)+ hf(xn, Y(xn)). (7.2)
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Nhu vay, Y, ® Y=Y, +hf(x,,y,),n=0,(N-1). (7.3)

Cong thirc (7.3) 13 cong thtrc Euler dé giai sé phuong trinh (7.1). Cong thirc
nay cho ta phép tinh mot cach don gian y | khi biét y, ma khong phai giai mot
phuong trinh nao. Vi vay, phuong phap Euler sit dung (7.3) 1a mgt phuong phap

hién.

Nguoi ta chimg minh duoc rang sai s6 trong (7.3) tai x, la

(7.4)

Danh gia (7.4) chi c¢6 gia tri Iy thuyét vi tinh M tuwong ddi phirc tap. Trong
thuc hanh ngudi ta xac dinh sai s6 bang cach “ tinh hai 1an” nhu sau: lan tht nhét
tinh bang cong thirc (7.3) voi bude h, nhan duoc y, (h) 1a gia tri gAn dang cua Y,
sau do lai tinh 1an tht hai v6i budc h/2, nhan dugc y,, (h/2) 1a gia tri gan dung

cua Y , va sai s6 duoc xac dinh boi
V2 (h12) =Y, | =]y, (h12) -y, (1), (7.5)

Nhu vay, cong thire (7.3) c6 vu diém 1a tinh toan don gian nhung do chinh

xéc thap (sai s6 bac 1). Dé ting do chinh x4c cta nd, ta lam nhu sau:
Ap dung cong thitc Newton — Leibnizt Y ( n+1) Y(xn) = Y'(x)dx.

Ap dung cong thuc (5.2), thi Y(xm)—Y(xn)z%[Y'(xn+l)+Y'(xn)].

h

Két hop (7.1), thi ¥ (x,,,)=~ Y(xn)+5[f(xn+l, (%)) + £ (%, (x,)) |
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Hay, Yoy =y,+h ,n=0,(N-1). (7.6)

f(xn7yn)+f(‘xn+l’yn+l)
2

Cong thire (7.6) dugc goi 1a cong thirc Euler cai tién. Ngudi ta chimg minh

dugc rang trong sai s trong (7.6) dugc danh gia la

< MK, (M 1a hang s6 duong khong phu thudc h). (7.7)

Y -y,

Nhu viy, d6 chinh x4c cta (7.6) s& tot hon (7.3) vi n6 c6 do chinh xac bac
hai. Tuy nhién viéc tinh toan theo (7.6) phtc tap vi dé giai tim y,., ta phai thong
qua viéc giai phuong trinh dai sé phi tuyén (néu f phi tuyén), nén phuong phap
Euler ding (7.6) 1a phuong phap an. Ngoai ra, dé khai thac nhitng uu diém va khic
phuc nhuoc diém cua hai cong thirc (7.3) va (7.6), ta thay y,., trong (7.3) vao vé
phai cua (7.6), ta duogc

F(x03,)+ (%003, + 1 (x,.,))

5 , n=0, (N— 1). (7.8)

yn+1 :yn+h

CHUONG TRINH MATLAB: Dung phuong phap Euler dé giai s6 bai toan

y':y—x2+1, 0<x<2,
{y(O) =0.5.
V61 n=10, budc h=0.2 va nghiém chinh xac1a ¥ (x) = (x + 1)2 —-0.5¢".
Chung tdi cung cap hai chuong trinh MATLAB dé giai so bai toan dudi
day bang phuong phap Euler 1an luot ding (7.3) va (7.8). Pé chay chuong trinh ta
can tao cac file tao ham fcn va Yex va luu va cing thu muc véi céac file chuong
trinh euler_hien.m va euler_an.m (céc file co trong thu muc euler) . Két qua tra vé

la cac vector cot N dong gdm co gia tri cic diém chia x, gia trj giai s6 twong Ung
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y, gia tri chinh xdc Y va sai sd err, dugc biéu thi trong Bang 7.1 va Bang 7.2 va
v& d6 thi minh hoa, Hinh 7.1 va Hinh 7.2. Ham duoc goi theo cti phap

[x,y,Y,err] = euler_hien(fcn) va [x,y,Y,err] = euler_an(fcn).
Chuong trinh 7.1:

% file fcn.m; Tao ham fcn(x,y)
function a=fcn(x,y)
a=inline("'y-x"2+1");
% Gia tri tra ve cho ham hai bien a(x,y) de gan cho ham fcn.
% file Yex.m; Tao ham chinh xac Yex(x)
function a=Yex(x)
a=(x+1)"2-0.5*exp(x);
% Chuong trinh giai bai toan Cauchy bang phuong phap Euler hien
% Tao file euler_hien.m
function [x,y,Y,err] = euler_hien(fcn)
% Day la ham [x,y,Y err] = euler_an(fcn)
% Ham giai so bai toan Cauchy theo phuong phap Euler hien.
% Cac doi so la: x0, y0, h, x_end=xN.
% Output:
% Vector x duoc xac dinh thong qua cac diem:
% x(1)=x0, x(j)=x0+(j-1)*h, j=1,2,...,N
% voi X(N) <= x_end-h, x(N)+h >x_end-h
% Vector y duoc tinh tuong ung theo x thong qua ham fcn, bang (7.3).
% Vector Y duoc tinh tuong ung theo x thong qua ham Yex.
% Vector err duoc tinh bang cong thuc err(i)=abs(Y (i)-y(i)).

% Nhap cac doi so theo yeu cau tung bai toan.

x0=0;y0=0.5;

h=0.2; x_end=2;

% Khoi tao cac gia tri

N = fix((x_end-x0)/h)+1 % Dem so diem chia.

x = linspace(x0,x_end,N)"; % Chia [x0, x_end] thanh N diem.

% Giai so y=y(x)
y = zeros(N,1);

y(1) = y0; % Danh so y(1)=y0 dan den tinh y(2),...,y(N).
fori=2:N

y(i)=y(i-1)+h*feval(fcn,x(i-1),y(i-1)); % Giai so theo cong thuc (7.3).
end

% Giai chinh xac Y=y(x)
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X=x;Y = zeros(N,1);
for i=1:N
Y (i)=Yex(X(i)); % Tinh chinh xac bang ham Yex.
end
% Tinh toan cac sai so.
err = zeros(N,1);
for i=1:N
err(i)=Y (i)-y(i);
end

% Ve do thi phep giai so va phep giai chinh xac tren cung mot hinh.
plot(x,y,'b", X,Y,'r")

xlabel("x")

ylabel(*Phuong phap Euler hien")

title("Hinh 7.1. Giai so (mau xanh), giai chinh xac (mau do).")
legend('y","Y",-1)

Két qua chay chuong trinh 7.1 theo ct phap [x,y,Y,err] = euler_hien(fcn).

Bang 7.1. Két qua giai s6 bang phuong phap Euler hién véi n=0, 1,...,10.

X, v, Y err
0 0.5000 | 0.5000 0

0.2000 | 0.8000 | 0.8293 | 0.0293
0.4000 | 1.1520 | 1.2141 | 0.0621
0.6000 | 1.5504 | 1.6489 | 0.0985
0.8000 | 1.9885 | 2.1272 | 0.1387
1.0000 | 2.4582 | 2.6409 | 0.1827
1.2000 | 2.9498 | 3.1799 | 0.2301
1.4000 | 3.4518 | 3.7324 | 0.2806
1.6000 | 3.9501 | 4.2835 | 0.3334
1.8000 | 4.4282 | 4.8152 | 0.3870

2.0000 | 4.8658 | 5.3055 | 0.4397
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Hinh 7.1. Giai s0 (mau xanh), giai chinh xac (mau do).
55 T T T

- ¥

[y ]
T
|
=

Phuong phap Euler hien
— g [N =N
in F i 0 i = i
1 1 1 1 1 1 1

—_
T
|

|:|5 | | 1
a 0.5 1 1.5 2

Chuong trinh 7.1a: Giai bai toan bang phuong phap Euler an.

Ta chi can thay doan chuong trinh giai s6 theo cong thtrc (7.3) thanh (7.8)
nhu sau

% Giai so y=y(Xx)
y = zeros(N,1);
y(1) = y0; % Danh so y(1)=y0 dan den tinh y(2),...,y(N).
fori=2:N
y(1)=y(i-1)+h*feval(fcn,x(i-1),y(i-1));
y(i)=y(i-1)+h*(feval(fcn,x(i-1),y(i-1))+feval(fcn,x(i),y(i)))/2;
% Giai so theo cong thuc (7.8).
end

Loi giai chi tiét xin xem trong thu muc euler.

Két qua chay chuong trinh theo ca phap [x,y,Y,err] = euler_an(fcn).

Bang 7.2. Két qua giai s6 bang phuong phap Euler 4n véi n=0,1, ..., 10.
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xl’l

Y

Y

err

0

0.5000

0.5000

0

0.2000

0.8260

0.8293

0.0033

0.4000

1.2069

1.2141

0.0072

0.6000

1.6372

1.6489

0.0117

0.8000

2.1102

2.1272

0.0170

1.0000

2.6177

2.6409

0.0232

1.2000

3.1496

3.1799

0.0304

1.4000

3.6937

3.7324

0.0387

1.6000

4.2351

4.2835

0.0484

1.8000

4.7556

4.8152

0.0596

2.0000

5.2331

5.3055

0.0724

Hinh 7.2. Giai 50 (mau xanh), giai chinh xac (mau do).

m
i

Phuong phap Euler an
kA [N =N
F in 0 i i i n

—
iy |
T

- ¥

0.5 '
a

0.5

Phuong phap Runge — Kutta 1a phuong phap giai bai toan (7.1) theo cong

thirc xap xi

X

7.2. PHUONG PHAP RUNGE - KUTTA

1.5
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Y(xn +h) 2y +iAJ.K;,
j=1
K| =hf(x,. y,).
K3 = hf (xn +a,h, y, + B, K} ) (7.9)
K" = hf(xn +ah, y + B, K +,B32K§),

2

Kzlt; :hf(xn +0!Mh, Y +ﬂM1K1n +IBM2K; +"'+ﬂMaM—1Kfr‘l4—1)'

Trong do6 cac h¢ so6 A, a;, ﬂj ;» dugc xac dinh bang cach dat

M
p(h)=Y(x,+h)-y, — AK:.

j=1

Ham go(h) , phu thude h c6 dao ham dén cép m. Gia tri tuy¢t ddi cua go(h)

1a sai sb tuyét di cua gid tri gan dang tai x,+h.Chiy rang (p(O) =0, do do:

— /' 1 " 1 (m) m m
o(h) = (0)h+ 20" (0) +...+— 0" (0)h +o(h").

Cachésd A, a,, B, duge xac dinh theo di€u kién:

0'(0)=¢"(0)=..=¢"(0)=0. (7.10)

Khi do, go(h) = o(h’"). Chiing ta s€ xét vai truong hop thuong duge dung
trong giai sb.
e Truong hgp 1. M=m=1, khi d6 cong thtrc (7.9) c6 dang
Y(x,+h)=y, +AK/, K'=hf(x,,y,).
Xac dinh hé s6 A, véi
qo(h) = Y(xn +h)—yn —-AK] = y(xn +h)—yn —Alhf(xn, yn) :

Diéu kién (7.10) tré thanh
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qp'(o) = Y'(‘xn)_Alf('xn’ yn) zf‘(‘xn’ yn)_Alf(‘xn’ yn)’ nén Al :1
bay la truong hgp ctia cong thire Euler (7.3).

e Truong hop 2. M=m=2, khi d6 cong thirc (7.9) c6 dang
Y(xn + h) ~y +AK'+AK),
K =hf(xn, yn),
K} =hf (x, +ah, y, +B,K}).
Cachésdcantim A, A, a,, f,, dugc xac dinh theo diéu kién (7.10).
qo(h) = y(xn +h)—yn -AK'-AK).

Tinh ¢'(h), ¢"(h) va ap dung ¢'(0)=¢"(0)=0, ta dugc hé:

1-A -A, =0,
1-2a,A, =0,
1-28, A, =0.

Hé nay c6 vo s6 nghiém. Trong d6 hai bd nghiém twong tng véi hai cong
thirc thuong dung la
i 1
. A=A S a, = B, =1. Ta dugc

Y(xn+h)zyn+%([(ln +K§),

K;’:hf(xn, yn),
K} =hf (x,+h, y,+K}).

Pay la cong thirc Euler cai tién (7.5).

. 1
. A =A=1, a2=ﬂ21=5.Tadu’QC
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e Truong hgp 3. M=m=4, ta co

y(x,+h)~y, +K+K],

K =hf(x,. y,); (7.11)
K} =hf(x,+h/2, y,+K]'12).
Y(x,+h)~y, +—(K] +2K] +2K] +K}),

K'=hf(x, yn),

K =hf(x,+h/2, y,+K]12), (7.12)

Cong thirc (7.12) goi 1a cong thirc Runge — Kutta cip 4.

CHUONG TRINH MATLAB: Ching t6i trinh bay mdt chuong trinh

MATLAB dé giai sb bai toan (7.1) bang cong thirc Runge — Kutta cip 4. Cong

thirc nay c6 do chinh xac béc 4, t6t hon phuong phap Euler. Ching toi 14y cing

bai toan cy thé ciia phuong phap Euler dé tién viéc so sanh. Két qua cho do chinh

x4c cao, sai s6 khong dang ké va db thi gan nhu trung l4p nhau thanh mét, két qua

thé hién trong Bang 7.3 va Hinh 7.3 . Céu tric chuong trinh ciing gidng nhu

chuong trinh 7.1 va chwong trinh 7.1a, chi khac nhau & cach tinh gia tri giai sb

vector y. Chung t6i trinh by cho khac biét ndy, con chi tiét xin xem trong thu muc

rk. Chuong trinh dugc goi theo cu phap
[x,y,Y err] = rk4(fcn).

Chwong trinh 7.2:

function [x,y,Y,err] = rk4(fcn)
% Day la ham [x,y,Y err] = rk4(fcn)

% Ham giai so bai toan Cauchy theo phuong phap Runge-Kutta (bac 4).

% Cac doi so la: x0, y0, h, x_end=xN.
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% Output:

% Vector x duoc xac dinh thong qua cac diem:

% Xx(1)=x0, x(j)=x0+(j-1)*h, j=1,2,...,N

% voi X(N) <= x_end-h, x(N)+h >x_end-h

% Vector y duoc tinh tuong ung theo x thong qua ham fcn, bang (7.12).
% Vector Y duoc tinh tuong ung theo x thong qua ham Yex.

% Vector err duoc tinh bang cong thuc err(i)=abs(Y (i)-y(i)).

% Nhap cac doi so theo yeu cau tung bai toan.

x0=0;y0=0.5;
h=0.2; x_end=2;

% Kbhoi tao cac gia tri

N = fix((x_end-x0)/h)+1;
x = linspace(x0,x_end,N)";

% Giai so y=Yy(x)
y = zeros(N,1);
y(1) = y0;
fori=2:N

K1=h*feval(fcn,x(i-1),y(i-1));

% Dem so diem chia.

% Chia [x0, x_end] thanh N diem.

K2=h*feval(fcn,x(i-1)+h/2,y(i-1)+K1/2);
K3=h*feval(fcn,x(i-1)+h/2,y(i-1)+K2/2);
K4=h*feval(fcn,x(i-1)+h,y(i-1)+K3);
y(i)=y(i-1)+(K1+2*K2+2*K3+K4)/6;

end

Két qua chay chuong trinh 7.3 theo cu phap [x,y, Y err] = rk4(fcn).
Bang 7.3. Két qua giai so6 bang cong thuc (7.12), voi n=0, 1, ..., 10.

% Giai so theo cong thuc (7.12).

% Danh so y(1)=y0 dan den tinh y(2),...,y(N).

X

n

Vi

Y

n

err

0

0.5000

0.5000

0

0.2000

0.8293

0.8293

0.0053

0.4000

1.2141

1.2141

0.0114

0.6000

1.6489

1.6489

0.0186

0.8000

21272

2.1272

0.0269

1.0000

2.6408

2.6409

0.0364

1.2000

3.1799

3.1799

0.0474

1.4000

3.7323

3.7324

0.0599

1.6000

4.2834

4.2835

0.0743

1.8000

4.8151

4.8152

0.0906

2.0000

5.3054

5.3055

0.1089
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Hinh 7¥.3. Giai s0 (mau xanh), giai chinh xac (mau do).
55 T T T

- ¥

4.5

35

2458

FPhuong phap Runge-Kutta bac 4
(8]
1

181 .

|:|5 | | 1
a 0.5 1 1.5 2

7.3. PHUONG PHAP PA BUOC (MULTISTEP METHODS)
Tiép tuc xét bai toan (7.1). Ta co

Y(xn+1)—Y(xn) = Y'(x)dx. (7.13)

Phuong phap da budc 1a tén goi chung cua hai phuong phép: Adams —
Bashforth (AB) va Adams — Moulton (AM). Y tudng chinh ctia hai phuong phap

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 163

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

nay la xap xi g(x) boi da thure ndi suy bac q cua no tai cac diém {xn, X, yeees X, q}

(AB)va {x,.,. x,.... x,,.,} (AM). Chdng t6i trinh bay phuong phap AB.

n—q+l1

Da thire ndi suy tuyén tinh cua g(x) tai {x,, x,,,} 12

p(x)= %[(xn —x)g(x, )+ (x—x,_)g(x, )J (7.14)
Do do, ;:r g(x)dx ~ ;r D (x)dx = %g(xn)—gg(xn_l) :
Suy ra, Y(x,,)= Y(xn)+g[3 F (5 Y (5,)) = £ (50 ¥ (3,2)) ]
Vay, Vi1 =V +§|:3f(xn’ yn)_f(‘xn—l’ yn—l):l .
Hay, Yot =V +g[3y =] (7.15)

Cong thuce (7.15) goi 1a cong thirc AB bac 2.

Hoan toan tuong tu ta co

Phuong phap AB ,
g | Bac Cong thuce giai so6
0| 1 Yot = Yu T Y,
1| 2 Yo =Y, +h[3Y', =¥, 4]12
2 3 Vo1 =V +h[23y'n_16y'n—1+5y"n—2]/12
3 4 Vo1 =V +h[55y'n—59y'n_1+37y"n_2—9y 'n—3]/24

Bac ¢ day 1a bac cua phuong phap va cling 1a bac cua sai so.

Pbi voi phuong phap AM ta co

Phuong phap AM
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q | Bac Cong thirc giai s6

0| 1 Yo =Y, thy',

1| 2 Yo =V HA[Y, 0+, ]2

2 | 3 Yt =V, HR[5Y 8y, =", /12

3| 4 | 3=y, +h[9y,, 19y, =5y", +y', ,]/24

CHUONG TRINH MATLAB: Ching t6i trinh bay mdt chuong trinh
MATLAB dé giai s6 bai toan (7.1) bang cong thirc AB bac 2. Cu thé, ching toi
cling ldy cung mot bai toan cua cac phuong phap trude dé tién viéc so sanh. Pé
chay chuong trinh ta can tao céc file tao ham fen va Yex va luu va cing thu muc
véi céc file chuong trinh AB2.m, cac file c¢6 trong thu muc AB; & day ching t61
trinh bay doan chuong trinh chinh tao file AB2.m. Két qua tra vé 1a cac vector cot
N dong gom gia tri cac diém chia x, gia tri giai sb twong Gng y, gia tri chinh xac
Y va sai s& err, duoc biéu thi trong Bang 7.4 va v& d6 thi minh hoa, Hinh 7.4.
Ham duoc goi theo ct phap

[x,y,Y,err] = AB2(fcn).

Chuong trinh 7.3:

% Tao file AB2.m

function [x,y,Y,err] = AB2(fcn)

% Day la ham [x,y,Y,err]=AB2(fcn).

% Dung de giai so bai toan Cauchy 7.1 bang cong thuc AB bac 2.
% Cac doi so la: x0, y0, h, x_end=xN.

% Ham duoc goi theo cu phap [x,y,Y,err]=AB2(fcn).

% Output:

% Vector x duoc xac dinh thong qua cac diem:

% x(1)=x0, x(j)=x0+(j-1)*h, j=1,2,...,N

% voi X(N) <= x_end-h, x(N)+h > x_end-h

% Vector y duoc tinh tuong ung theo x thong qua ham fcn, bang (7.15).
% Vector Y duoc tinh tuong ung theo x thong qua ham Yex.

% Vector err duoc tinh bang cong thuc err(i)=abs(Y (i)-y(i)).

% Nhap cac doi so theo yeu cau tung bai toan.

x0=0;

Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

Trang 165

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

y0=0.5;
h=0.2;
X_end=2;

% Khoi tao cac gia tri
N = fix((x_end-x0)/h)+1; % Dem so diem chia.
x = linspace(x0,x_end,N)*; % Chia [x0, x_end] thanh N diem.

% Giai so y=y(x)
y = zeros(N,1);

y(1) = y0; % Danh so y(1)=y0 dan den tinh y(2),...,y(N).
ftl = feval(fcn,x(1),y(1));

y(2) = y(1)+h*ft1; % Tinh y(2)theo truong hop g=0.

fori=3:N

ft2 = feval(fcn,x(i-1),y(i-1));
y(i) = y(i-1)+h*(3*ft2-ft1)/2; % Giai so theo cong thuc AB bac hai.
ft1l = ft2;

end

% Giai chinh xac Y=y(x)
X=X;
Y = zeros(N,1);
for i=1:N

Y (i)=Yex(X(1)); % Tinh chinh xac bang ham Yex.
end
% Tinh toan cac sai so.
err = zeros(N,1);
for i=1:N

err(i)=Y (i)-y(i);
end

% Ve do thi phep giai so va phep giai chinh xac tren cung mot hinh,
plot(x,y,"b", X)Y,'r")

xlabel(*x")

ylabel(*Phuong phap AB bac 2")

title("Hinh 7.4. Giai so (mau xanh), giai chinh xac (mau do).")
legend('y',"Y",-1)

Két qua chay chuong trinh 7.4 theo cu phap [x,y,Y,err] = AB2(fen).
Bang 7.4. K&t qua giai so theo phuong phdp AB2, v6i n=0, 1, ..., 10.
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X

n

Y

Y

err

0

0.5000

0.5000

0

0.2000

0.8000

0.8293

0.0293

0.4000

1.1780

1.2141

0.0361

0.6000

1.6074

1.6489

0.0415

0.8000

2.0798

2.1272

0.0474

1.0000

2.5870

2.6409

0.0538

1.2000

3.1192

3.1799

0.0608

1.4000

3.6642

3.7324

0.0682

1.6000

4.2075

4.2835

0.0759

1.8000

4.7314

4.8152

0.0838

2.0000

5.2140

5.3055

0.0914

Hinh 7.4. Giai =0 (mau xanh), giai chinh xac (mau do).

8.5 T

4.5

35

2.4

Phuong phap AB bac 2
(8]

181

- ¥

0.5 '
a

0.5

1.5

7.5. BAI TOAN BIEN TUYEN TINH CAP HAI
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Trong phan nay chung tdi trinh bay phuong phép sai phan hiru han giai bai
toan bién cta phuong trinh vi phan thuong tuyén tinh cap hai v6i diéu kién bién
duogc cho ¢ hai diém c6 dang

p(x)Y”(x)+ q(x)Y'(x)+r(x)Y(x) = f(x), a<x<b, (7.16)
Y(a)=g,,Y(b)=g,. .
Cho NeZ", hz(b—a)/N, chia doan [a, b] thanh N doan d0 dai h boi
N+1 diém x, =a+ih, 0<i<N. Véi f =f(x). p=p(x), ¢=4q(x),
r= ( ) va Y, = Y( ) y; =Y,. Ta éap dung cong thirc sai phan huéng tdm (5.27)

va (5.31), ta co

Y'(xi):%+o(h2), (7.17)
Y'(x,)= Yo _2; Y +o(h*). (7.18)

Thay vao (7.16) v6i x = x;, ta dugc

ham 2ty g Xt Ly ()= (7.09)

pi h2

Ak =2y + V. =Y.
Dan dén, pl.yl+l h)z)l y"1+ql.y‘“2hy"l+1;yi=ﬁ, 1I<i<N-1.

Cung véi diéu kién bién, ta thu duoc

2p, P, q P 4
Cy,_ +Ay +B, A=r-—2iL p=2i4 1 Cc=t_1
y -1 y yl+1 f 1 i h2 i h2 2]1 i h2 2h
Yo =84 Vv = 8> 1<i<N-1
Véii=1: Ay, +By,=f-Cg,.

Voii=N-1: C\ vy, +Ay Yo =Fva—Byo&,-

Ta gidi s6 y= [yl,...,yN_l ]T tr h¢ Ay =b. Trong do6, A 1a ma tran ba duong

chéo
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A B 0 0 0
C, A B 0 0 ?—Aga
2
L0 G 00|
0 0 0 A, B, :“‘Z_B
O 0 CN72 AN?I N-1 N—lgb

CHUONG TRINH MATLAB: Ching tdi trinh bay chuong trinh MATLAB d¢
giai s6 bai toan bién tuyén tinh cip hai (7.16) véi bai toan cu thé

(1+2°)Y "+ 2xY = (1+x7 )Y =2~ (147 )log(1+x7), 0<x<],

{Y(O) =0, Y(1)=log(2).

Lo1 giai chinh xac 1a Yex = log(l + xz) :

Céc ddi s6 cua chuong trinh 7.4 1a a, b, ga, gb, n va cac ham dang inline {}
1a f, p, q, r; cac ham nay duoc tao ra theo timg bai toan cu thé, cung vdi file Yex.m
va luu cung thu muc vaéi file chuong trinh btb2.m. Céc file ham c¢6 trong thu muc
btb; ¢ day chung t6i chi trinh bay doan chuong trinh chinh tao file btb2.m. Két qua
tra vé& 1a cac vector cot N dong gém gid tri cac diém chia x, gia trj giai sé twong
mg y, gia tri chinh xac Y va sai s err, dugc biéu thi trong Bang 7.5 va do thi

minh hoa Hinh 7.5.
Ham duogc goi theo cu phap [X,y,Y,err]=btb2(p,q,r,f,a,b,ga,gb,n).

Chwong trinh 7.4:
function [x,y,Y,err]=btb2(p,q,r,f,a,b,ga,gb,n)
% Day la ham x,y,Y ,err]=btb2(p,q,r,f,a,b,ga,gb,n); giai bai toan bien cap hai.
iIf nargin<9, error(*Ham co it nhat 9 doi so."); end;

% Kiem tra cac doi so nhap vao khi goi chuong trinh.
% Khoi tao ban dau:
h=(b-a)/n; N=n+1,
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x=linspace(a,b,N); % Chia doan [a, b] thanh n+1 diem.
y(1)=ga;y(N)=gb; % Dieu kien bien.

% Tinh cac he so cua ma tran ba duong cheo.

for i=1:n-1, A()=r(x(i+1))-2*p(x(i+1))/h/h; end; % Duong cheo chinh giua
for i=1:n-2, B(i)=p(x(i+1))/h/h+q(x(i+1))/2/h; end; % Duong cheo tren

for i=1:n-2, C(i)=p(x(i+2))/h/h-q(x(i+2))/2/h; end; % Duong cheo duoi

% Tao cac gia tri cua ma tran b:

for i=1:n-1, b(i)=f(x(i+1)); end,
b(1)=b(1)-(p(x(2))/h/h-q(x(2))/2/h)*ga;
b(n-1)=b(n-1)-(p(x(n))/h/h+q(x(n))/2/h)*gb;

% Giai so y theo he ma tran ba duong cheo:

z=tridiag(A,B,C,b,n-1);

for i=1:n-1, y(i+1)=z(i); end;

X=X"; y=y"; %Chuyen vi X, y de ket qua xuat ra dang cot.

%Giai chinh xac Y=y(x)
X=X;
Y = zeros(N,1);
for i=1:N
Y(i)=Yex(X(i)); % Tinh chinh xac bang ham Yex.
end
% Tinh toan cac sai so.
err = zeros(N,1);
for i=1:N
err(i)=abs(Y(i)-y(i));
end
% Ve do thi phep giai so va phep giai chinh xac tren cung mot hinh.
plot(x,y,'b", X,Y,'r")
xlabel(*x")
title("Hinh 7.5. Giai so (mau xanh), giai chinh xac (mau do).")
legend('y',"Y",-1)

Két qua giai bai toan cu thé trén, chay chuong trinh theo cti phap
, [x,y,Y err]=btb2(p,q,r,f,0,1,0,l09(2),10).
Bang 7.5. K&t qua giai so bai todn bién tuyén tinh cap 2, n=0, 1, ..., 10.

xn yn Yn er};m’3
0 0 0 0
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0.1000

0.0097

0.0100

0.2044

0.2000

0.0389

0.0392

0.3141

0.3000

0.0858

0.0862

0.3459

0.4000

0.1481

0.1484

0.3232

0.5000

0.2229

0.2231

0.2692

0.6000

0.3073

0.3075

0.2028

0.7000

0.3986

0.3988

0.1372

0.8000

0.4946

0.4947

0.0798

0.9000

0.5933

0.5933

0.0339

1.0000

0.6931

0.6931

0

Hinh 7.5. Giai 50 (mau xanh), giai chinh xac (mau do).
0.7 .

Hoc vién thuc hign: Nguyén Vian Lam

CuuDuongThanCong.com

Dé tai: GIAI SO BANG MATLAB

https://fb.com/tailieudientucntt

Trang 171


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

CHUONG 8
GIAI SO PHUONG TRINH DAO HAM RIENG

Trong chuong nay chung toi dung phuong phap phan rd dé giai sé6 mot sb
phuong trinh dao ham riéng. Chiing t6i ban nhiéu vé cac bai toan mot chiéu, va &
cac bai toan hai chiéu chung t6i trinh bay so lugc vé ¥ tudng chinh cua phuong
phap tinh dé thiét 1ap chuong trinh giai s6. O mdi bai toan, chiing toi trinh bay mot
chuong trinh MATLAB dé giai sé mot bai toan cu thé dé lam rd ¥ tuong cua
phuong phép va chuong trinh MATLAB duoc dung dé giai sd bai toan d6. CO
nhiéu phuong phap giai sé khac nhau, chung t6i khong trinh bay chi tiét cac
phuong phap giai s6 ndy ma chi néu ra sy thay doi chuong trinh MATLAB nhu
thé nao khi c6 sy thay d6i nho trong cach xay dung cong thirc tinh. Cu thé 13 cac
thay ddi vé cach thiét 1ap ma tran giai sb trong chuong trinh MATLAB. Trén co s&
d6, chung ta c6 thé thay dbi cac dit kién phu hop dé dung chuong trinh MATLAB

nay giai s6 cac bai todn tuong tu.

8.1. BAI TOAN LAPLACE 1 CHIEU

8.1.1 Bai toan
Tim ham s6 u(x) trén [0, 1] thoa man

u"'(x)=f(x),xe[0/],
u(0) =a,,u(d) =a,.

8.1.2 Phén ra bai toan
Cho N e€Z",h=1/N = Ax. Ta chia doan [0, 1] thanh N doan d¢ dai h boi
N+1 diém
x, =@i-Dh, i=1,2, ,N+1.
Ta sé& tinh xap xi U =[u(x),....u(X.,)]" . C6 hai truong hop
Truong hop diém bién. V&ii =1,i = N +1 ta c6 ngay
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u(xl) =, U(XN+1) =a.

Vay

U@®=a, UN+1=a.

Truong hop diém trong. Véi i = 2,N, ta su dung cong thirc x4p xi

u(x—h)=2u(x)+u(x+h) _

e u"(x).
va thu dugce u(x,_,) —2u(x) +u(x,,) = f(x)h*.
Vay U@i-1)—2U (@) +U(i+1) = f(x)h’.
Tom lai, ta co AU=b,
trong do
10 0 E
1210 0 f (x,)h®
A 01210 . 0 f (x,)h?
0 01-21 f (X )h?
0 01 a

Hé phuong trinh ndy c6 nghiém duy nhit U = A,

CHUONG TRINH MATLAB:

Xét bai toan

u"(x) = -z*sin(zx), x €[0,1],
u(0)=0, u(@) =0.

Phuong trinh nay c6 nghiém chinh xac la u, (X) =sin(zx). Chuong trinh

dudi day sé giai xap xi phuong trinh trén bang cach phan rid véi N=20 va so sanh

v&i nghiém chinh xac.

Chuwong trinh 8.1: CAc file dudi diy co trong thuw muc laplaceld.

% file f.m
function a=f(x);

a=-pi2*sin(pi*x); % Tao ham f.
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% file uex.m

% Giai chinh xac U.

function a=uex(x);

a=sin(pi*x); % Tao ham uex.

% file laplaceld.m
% Chuong trinh giai phuong trinh Laplace mot chieu.

clear all % Xoa tat ca cac gia tri cu.

N=20; % Chia doan [0, 1] thanh 20 doan.

h=1/N; % Khoang cach giua hai so (hay buoc nhay)
a0=0;

al=0; % Gia tri bien.

X=[0:N]*h; % Tao N+1=21 diem chia.

% Tao ma tran A. Dau tien tra A ve ma tran zeros (N+1)x(N+1), sau do se % lan
luot gan cac vi tri dau, cuoi la 1 va cac gia tri con lai tu vong lap for.
A=zeros(N+1,N+1);
A(1,1)=1;
A(N+1,N+1)=1;
for i=2:N
A(l,i-1)=1;
A(i,i)=-2;
A(i,i+1)=1;
end
% Tao ma tran b. Tuong tu voi tao ma tran A.
b=zeros(N+1,1);
b(1)=a0;
b(N+1)=al;
for i=2:N
b(i)=f(X(i))*h"2;
end
% Giai he AU=b.
U=A\b; % Giai so U.
% Giai chinh xac Uex.
Uex=zeros(N+1,1);
for i=1:(N+1)
Uex(i)=uex(X(i));
end;
% Ve do thi cua U va Uex tren cung mot hinh.
plot(X,U,'b", X,Uex,'r");
xlabel(*x");
legend(*U","Uex’,-1);
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title("Hinh 8.1. Giai so (mau xanh) va giai chinh xac (mau do)".);

% Tinh sai so; err2: la sai so trong L"2 va errmax la sai so trong L"(vo cung)
disp(*error in norm L”~2 and in norm sup’) % Hien thong bao trong (* ).
err2=norm(U-Uex)/sqrt(N+1)

errmax=norm(U-Uex,inf)

Két qua, chay file laplaceld.m.

Hinh 8.1, Giai so0 {mau xanh) va giai chinh xac (mau da).
1.4 . :

e

1.2+ .

0.6} .

04} -

0.2r .

I:I 1 1 1 1
a 0.2 0.4 0.& 0.a 1

H

Sai sb trong chuan L2 va trong chuén sup 13 err2 = 0.0014, errmax =0.0021.

8.2. BAI TOAN PARABOLIC MQT CHIEU

8.2.1 Bai toan
Tim ham sd u(x, t) trén [0,1]x[0,T] théa mén
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ou _ou? .

i ay+ f(xt), in(xt)e(0)x(0,T),
u(x,0) =uy(x), x €[0,1],

u(o,t) = g, (1), t>0,

uLt) =g,(t), t>0.

8.2.2 Phan ra bai toan

Cho M,NeZ" ,h=1/N=Ax,k=T/M =At. Trén [0,1] iy N+1 diém
x, =(@{—1h, i=1,N+1, vatrén [0, T] iy M+1 diém 7, = (r— Dk, r=LM +1.

Ta s& tinh xap xi U, =[u(xX,, t,),u(X,, t.),..., U(Xpoy, £.)]

Giasidaco U, , tatinh U, . Ky kiéu: U (i) =u(x,, )

Chi y 1 U, da dugce cho tir diéu kién dau, U, (i) =u,(x ), 1<i <N +1.
Co hai truong hop
Trudng hop diém bién. Véi i=1,i=N+1 , ta c6 ngay

u(x, t)=0,(t), ulxy. t)=0,().

Vay U ()=0,(t), U, (N+1)=g,(t), 2<j<M+L

Truong hop diém trong. Véi i = 2,N, tasu dung cong thirc x4p xi

%(X, ) ~ u(x, t)—l:(x, t—k),
ou y t)~u(x+h, t)—2u(x, t)+u(x—h, 1)
ox2 T h? '

Suy ra

u(x, )—u(x, 1—k) _ g u(x+h,t)-2u(x,t)+u(x—nh,t) N
k ) h?

f (x, t) :
Nhan hai vé cho A va chuyén vé ta duoc

2 2
—au(x—h, t)+(2a+%ju(x, t)—au(x+h, t) ~ hzf(x, t)+%u(x, t—k).
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2 2

—au(xl._], tr)+(2a+%)u(xi, tr)—au(xm, tr) ~ hzf(xl., tr)+%u(xi, tr_l).

Hay, voi c=h?/k +2a,
2

—aUr(i—1)+cUr(i)—aUr(i+1)zhzf(xl.,tr)+%U ().

r—

Téomlaitacd: AU, =b hay AU =b. Hé c6 nghiém duy nhit: U=A"b.

10 . 0 o) 2
a c-a0 . 0 {0, 1) +U,, ()
0-a c-a 0..0

A: , br:
.
0 .. 0 -a c -a f(xN,tr)h2+Ur_1(N)?
0 0 1

gZ (tr)
CHUONG TRINH MATLAB:

Xét bai toan cu thé
U, =u, in (x,t) €(0,1)x(0,T),
u(x, 0) =sin(zx), xe[0,1],
u(0,t)=u(@,t)=0, t>0.

Phuong trinh nay c6 nghiém chinh xac la u, (X,t) = e sin(zx) . Chuong

trinh du6i day giai s6 phuong trinh trén v6i T=0.1, bang cach phan rd véi
Ax=1/20, At =1/100.

Chuwong trinh 8.2: Cdc file dwdi ddy co trong thw muc Heatld.

% file f.m.

function a=f(x,1t);

a=0; % Tao ham f(x,t).
% Dieu kien dau (file u0.m).

function a=u0(x);

a=sin(pi*x); % Tao ham f(x,t).
% Dieu kien bien trai (file g1.m).

function a=g1(t);

a=0; % Tao ham g1(t).
% Dieu kien bien trai (file g2.m).
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function a=g2(t);

a=0; % Tao ham g2(t).
% Nghiem chinh xac (file uex.m).

function a=uex(x);

a=exp(-pi2*t)*sin(pi*x); % Tao ham uex(x,t).

% Chuong trinh giai phuong trinh Parabolic 1d.
% Duoi day la file heatld.m.

clear all;

T=0.1;

M=10; % Chia khoang thoi gian thanh 10 khoang.

k=T/M; % Khoang cach giua hai thoi diem lien tiep .

N=20; % Chia khoang khong gian thanh 20 khoang.
h=1/N; % Khoang cach giua hai diem lien tiep (buoc nhay).
X=[0:N]*h; % Luoi khong gian.

R=[0:M]*k; % Luoi thoi gian.

a=1; % He so trong pt dau.

c=h"2/k+2*a;
% Tao vecto dieu kien dau.
U=zeros(N+1,1);
for i=1:(N+1)
U(i)=u0(X(i));
end
% May tinh giai so U tai t=T.
for r=2:(M+1)
% Tao ma tran A va vector b
A=zeros(N+1,N+1);
b=zeros(N+1,1);
A(1,1)=1;
b(1)=g1(R(r));
A(N+1,N+1)=1;
b(N+1)=g2(R(r));

for i=2:N
A(i,)=c;
A(i,i-1)=-a;
A(l,i+1)=-a;
b(i)=f(X(i),R(r))*h"2+U(i)*h"2/K; % Giai U tai t=R(r-1).
end
%solve AU=b
U=A\b; % Giai U tai t=R(r).
end

% Giai chinh xac Uex.
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Uex=zeros(N+1,1);
for i=1:(N+1)
Uex(i)=uex(X(i),T);
end;
% Ve do thi giai so va giai chinh xac tren cung mot hinh.
plot(X,U,'b", X,Uex,'r");

xlabel(*x");
title(* Hinh 8.2a. Giai so (mau xanh) va giai chinh xac (mau do).");
legend(*U","Uex’,-1); % Dua ghi chu vao do thi.

% Tinh cac sai so: err2 trong L"2 va errmax trong L*(vo cung).
disp(*Sai so trong chuan L”2 va trong chuan sup")
err2=norm(U-Uex)/sqrt(N+1)

errmax=norm(U-Uex,inf)

Két qua chay file heatld.m trong thu muc Heat1d.

Hinh 8.2a. Giai =0 {mau xanh) wa giai chinh xac (mau da).

0.4

035

0.3}

025}

0.2+

01ar

0.1

0.0&

I:I 1 1 1 1
a 0.2 0.4 0.& 0.a 1

o

Sai s6 trong chuan L2 va trong chuan sup 1a err2 =0.0125, errmax =0.0182.

Céc bai toan tuwong tu ta ¢ thé sir dung chuong trinh nay dé giai, chi can

thay thé cac dir kién cho pht hop v6i dau bai. Cu thé, xét bai toan
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u =u, +(L+47°)e'sin(2zx) in (x,t) e (0,1)x(0,1),
u(x,t)=0 on (x, t) €[0,1]x{0,1},
u(x, 0) =sin(2zx) on [0,1].
Phuong trinh nay c¢6 nghiém chinh xac 1a u_(t, x) =€'sin(2zx) . Hay tinh Xap
xi u(0.1, x) phwong trinh trén bang cach phan rd voi Ax=1/20,At=1/100. Ding
chuong trinh 8.2 dé giai, ta giir nguyén doan chuong trinh giai phuwong trinh
Parabolic 1d (tirc 13 gitt nguyén file heat1d.m) va thay doi cong thirc tinh ham cho
phu hop vai bai toan.
Két qua chay file heatld.m trong thu muc Heat1d-1.

Hinh 8.2b. Giai so (mau xanh) va giai chinh xac (mau do).

1.5
— U
Llex
1 »
D&+
|:| E
O5F
At
_1 5 1 1 1 1
a 0z 0.4 0& 0.8 1
H
Sai s6 trong chuan L2 va trong chuan sup 1a err2=0.0060, errmax=0.0087.
Chuong trinh chi tiét xin xem trong thu muc Heat1d-1.
Cac file tao ham cta bai toan nay duoc viét nhu sau
% file f.m.
function a=f(x,1t);
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a=(1+4*pi™2)*exp(t)*sin(2*pi*x); % Tao ham f(x,t).
% Dieu kien dau (file u0.m).

function a=u0(x);

a=sin(2*pi*x); % Tao ham f(x,t).
% Dieu kien bien trai (file g1.m).

function a=g1(t);

a=0; % Tao ham g1(t).
% Dieu kien bien trai (file g2.m).

function a=g2(t);

a=0; % Tao ham g2(t).
% Nghiem chinh xac (file uex.m).

function a=uex(x);

a=exp(t)*sin(2*pi*x); % Tao ham uex.

Gilt nguyén file heatld.m.

8.3. BAC HOQI TU VA DIEU KIEN BIEN NEUMANN CUA BAI
TOAN MOQT CHIEU

8.3.1 Bac hoi tu
Bay gid ta quan tAm dén sai sd gitta 101 giai s6 va 101 giai chinh x4c. Thong
thuong sai ) nay dugc tinh theo chuan L? hodc L”. Cau héi 1a su hoi tu cua sai sb
vé& 0 phu thudc thé nao t6i cic mesh-sizes h=1/N =Ax va k=T /M =At? Trong
hau hét cac trudong hop, ta co:
e Bai toan trong 8.1.1 c6 bac hoi tu 1a O(h*), trong d6 O(h?) < const.h? khi
h— 0. Ly do la ta di dung cong thic x4p xi

u(x —h)=2u(x)+u(x+h) _
n )

u"(x).

e Bai toan trong 8.2.1 c6 bac hoi tu 1a O(max{k,h’}). Ly do 1a ta da sir dung

hai x4p xi
X, t)—u(x, t—k
% (x, 1) < U6 =006 oK),
ot k
o%u u(x+h, t)—2u(x, t) +u(x—h, t)
~ 2 X, t) ~ > .
OX h
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Trong d6 xap xi thtr nhat c6 bac O(K), xap xi thi hai c6 bac O(h?). Nhu
vdy, ta nén chon k =ch?, v6i ¢ 1a hiang s6 duong khong qua 16n, dé bac hoi tu
cling 1a O(h?).

e Kiém tra bac hoi tu bing MATLAB

Ham s6 s(h) thuge O(h®) nghia la: [s(h)| < const.h? khi h —0.

Diéu nay twong duong véi: —In(| s(h) ) = —2In(h) +const khi h—0.

O day cac ddu — dugc thém vao dé thu duogc cac sé duong. Ta co thé kiém tra
bt dang thirc thir hai bang cach v& db thi cua —In(s(h)|) theo —In(h) khi h —0.
Néu d6 thi ndy c6 dang duong thing thi hé s goc cua dudng thang chinh 13 hé sb
hoi tu (xem hinh v& minh hoa, Hinh 8.3a.)

Hinh 5.3a. Day la do thi cua -Inferrorh]) %S -In(h).
1':' T T T T T

945 .

0.5 .

-Inferrar)
)
T
]

E 1 1 1 1 1 1 1 1
2.2 2.4 2B 2.8 3 3.2 3.4 3.6 3.8 4

-Inih)
8.3.2 Piéu kién bién Neumann
Ta xét bai toan trong 8.1.1 véi diéu kién bién phirc tap hon

{u "(x) = f(x),x [0,1],
u'(0)=a,, u@)=a,.
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Khi d6, ta can c6 su diéu chinh dé xay dyng ma trdn A va vector b. Chd
khac biét 14 tai diém x, =0 ta phai st dung mot cong thirc xap xi. Ta c6 hai cach
lam.

Céch 1. Ta c6 thé sir dung xap xi don gian (Taylor bac 1)
U(x.)—u(x) =u'(x) =ah.

11 L 0 ah
1210 .. O f (x,)h?

Khi do, Al|01-220 .0 0 e f (x,)h?
0 01-21 l]:(XN)hZ
0 01 a

Tuy nhién, cach lam nay cho bac hoi tu chi la O(h).

Céch 2. Dung khai trién Taylor béc 2 ta c6

. . h2 h2
u(x,)—u(x)=u'(x,)h+u (Xl)?+0(h2) ~ a,h+ f(Xl)?-
Vay
hZ

11 0 ah+ f(Xl)?
1'2 1 O 0 f(Xz)hZ
01210 .. 0

A= , b=| f(x)h?
0 .. 0121 f ’
o . 01 ()

a

Céch lam nay cho bac hoi tu 1a O(h?).
CHUONG TRINH MATLAB :
Xét phuong trinh sau trén (0,1)

u—u"=(1+7%)cos(zx),
u(0)=1u()=-1.
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e Viét ham solve.m nhan dir liéu N, giai xdp xi bang cich phan rd ung voi
Ax=1/N, tra vé& 101 giai xap xi va sai sb (chuan sup) Véi 1oi giai chinh xéac (1a
cos(zx) ).

e Cho N=10. V& @6 thij 101 giai s6 va 15i giai chinh x4c trén cing 1 hinh v&, va
tinh sai s (trong chuan sup)

e Cho N=10, 20, 30, 40, 50, v& d6 thi cAc sai s6 dé kiém tra bac hi tu.

Chung t6i trinh bay cach phan ra bai toan va phan chuong trinh dé kiém tra bac
hoi tu (v& Hinh 8.3a va Hinh 8.3b). Chuong trinh ddy du xin xem trong thu muc
bachoituld.

Phan rd bai toan. Cho NeZ" ,h=1/N =Ax. Ta chia doan [0,1] thanh N
doan @6 dai h boi N+1 diém x, = (i — )k, i=12,,,N +1.

Ta s& tinh xap xi U =[u(x),....u(x,,)]" . Ki hi¢u: U(i)=u(x,).
Trudng hop diém bién. Véii=1,i=N+1 ta co ngay
u(x) =ay, U(Xy.;) =a,.
Vay U®=a, UNN+D=a,.
Truong hop diém trong. Vi i =2, N, ta st dung cong thirc xap xi

u(x—h)=2u(x)+u(x+h) _

hz u"(x)
| —_— 2 —_—
Suy ra, u(x—h)+(2 +:2 Ju(x) —u(x+h) ~U(X)—u"(x) = ()
va thu dugc —u(x_)+(2+h*u(x)—u(x,,) ~ f(x)h*
Vay U@i-D)+@2+h*)U()-U(i+1) = f(x)h?.
hay UG- —(Q2+h*U () +U (i +1) =—f (x)h?
Tom lai, ta co
AU =b,
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10 .. 0 a,
1410 0 —f (x,)h?

Al|01A10 .0 e —f(x,)h?
0 0111 :f(XN)hz
0 01 a,

Trong do, a0=1, al=-1, A=—(2+h?) va f(x)=(1+~z°)cos(zX).
Hé phuong trinh ndy c¢6 nghiém duy nhiat U = A,
Chuong trinh 8.3 :

Chuong trinh ddy du xin xem trong thu myc bachoituld. O day ching toi

chi trinh bay chuong trinh tao file plotsame.m
% Chuong trinh kiem tra bac hoi tu.
% Tao file plotsame.m
clear all
global a0
global al % a0, al la bien toan cuc.
a0=1; al=-1,
% Giai so doi voi N=10
N=10;
X=[0:N]*1/N; % Tao luoi diem.
[U,errmax]=solve(N); % Giai so U va sai so, nam trong file solve.m.
Uex=zeros(N+1,1); % Giai chinh xac.
for i=1:(N+1)

Uex(i)=uex(X(1));
end
figure(1)
plot(X,U,'b", X,Uex,'r");
xlabel("x");
title("Hinh 8.3b. Giai so voi N=10 (mau xanh) va giai chinh xac (mau do).");
disp(‘error in sup norm’);

errmax

pause % Tam dung, cho den khi go phim bat ky.
% Tinh cac sai so voi N=10, 20, 30, 40, 50.

M=5;

numN=[1:M]*10;

err=zeros(1,M);

for i=1:5
[U,err(i)]=solve(numN(i));
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end

% Do thi error VS mesh-size

figure(2)

plot(log(numN),-log(err))

xlabel(*-In(h)");

ylabel(*-In(error)’);

title(*"Hinh 8.3a. Day la do thi cua -In(error(h)) VS -In(h).");

Két qua chay file plotsame.m ta dugc Hinh 8.3a. va Hinh 8.3b.

Hinh 8.3b. Giai =0 wai M=10 {mau xanh) va giai chinh xac (mau do).

1 T T T T T T T T T

0.a

0.6

0.4

0.2

-0.2

0.4

0.5

0.8

_1 1 1 1 1 1 1 1 1 1

a 0.1 nz2 03 04 05 0B 07 08 089 1

Sai s6 errmax =0.0017.
Céch xtur ly diéu kién bién Neumann cho bai toan Parabolic cling tuong tu.

Ngoai ra, trong bai toan Parabolic néu tir cong thire xap xi

u(x, )—u(x, 1—k) _ g u(x+h,t)-2u(x,t)+u(x—nh,t) N
k ) h?

Nhan hai vé k roi chuyén vé, ta duoc

f(x, t).

ka

e t)+[1+2h_’§“ju(x, D~ 1)k (5, 1) (k).
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Hay,

—cu(xl._l, tr)+(1+20)u(xl., t,)—cu(xm, tr) ~ kf(xl., tr)+ u(xl., tr_l), c=kal I .
Vay, —cU, (i—1)+(1+2c)U, (i)=cU,(i+1) = kf (x,. )+ U, (i)
Toéomlaitaco: AU, =b hay AU =b. Hé c6 nghiém duy nhit U=A"b.

trong d6 ¢ =ka/h?,

1 0 0 . 0
— 1+2c —c 0 9,(t,)
f (%, t)k+U,(2)
0O -c 1+2c -c 0 .. 0 -
' ' f (X, t)k+U, (N
0 ..0 -¢  1+2¢c -c (tN Jk+U L (N)

Khi d6 trong chuong trinh 8.2 ta chi can thay doan chwong trinh tao ma tran
A va vector b nhu sau

c=a*k/h/h;
% May tinh giai so U tai t=T.
for r=2:(M+1)
% Tao ma tran A va vector b
A=zeros(N+1,N+1);
b=zeros(N+1,1);
A(1,1)=1; b(1)=g1(R(r)); A(N+1,N+1)=1;b(N+1)=g2(R(r));
for i=2:N
A(i,i)=1+2*c; A(i,i-1)=-c; A(i,i+1)=-c;
b(i)=f(X(i),R(r))*k+U(i);end % Giai U tai t=R(r-1).
%solve AU=Db
U=A\b; % Giai U tai t=R(r).
end
Chuong trinh chi tiét xin xem trong thu muc Heat1d-2 va Heat1d-3.

8.4. BAI TOAN LAPLACE 2 CHIEU

8.4.1 Bai toan
Tim ham s u(x.y) trén Q=(0,1)x(0,1) thoa min
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o°u  &u .
—+—=f(x, in Q,
o oy (x,y)
u=g(x Yy) on 0Q.

8.4.2 Phan ra bai toan

Cho NeZ*,h=1/N.Tachia Q thanh cic 6 vudng canh h boi (N +1)°
diém

X =((J-Dh,(N+1-i)h), i,j=1,2,...N+1.
Ta s& tinh xap xi U = (u(x;));;- Co hai diém quan trong,
e Danh lai chi s0. Dé viét lai U nhu mot vector, ta can mot song anh
{4,2,...N+3x{,2,...N+13—>{L2,..,(N +1)°}.
Mot cach don gian la sir dung
change(N,i, ))=(N+D(i-2)+ j.
Ghi chl. Cach danh sb nay twong tmg véi thir ty « tir dién », tirc 13
LD<@L2)<..<ILN+D<(2D)<(2,2)<..<(N+1L,N+1).

Mait khac, ta cling c6 thé st dung bat ctr song anh nao khac. Ta s€ viét lai

bai toan dudi dang : AU =b, trong d6 A 1a ma tran (N +1)° x(N +1)*.

Minh hoa vi tri cac diém X; trén hinh vudng [0,1]x[0,1]
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Xa1 X42 X43 Xa4

Minh hoa céch danh s lai

O——C—®)
C—E——®

®

®

e Ap dung cong thirc Taylor. Véi x; €Q, taco

(=)
&/
()
=/
®)

®)
&
=)

u(x )+U(Xi—1,j)+u(xi,j+1) +U(Xi,j—1) _4U(Xij) ~ AU(Xij)h2 .

i+, j
CHUONG TRINH MATLAB:

Xét bai toan
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2 2
2—2 +% =-27°sin(zx)sin(zry), 0<Xx,y<1,
X
u(x,y)=0, x=0,1ory=0,1.
(o1 giai chinh xac 1a u_ (X, y) =sin(zx)sin(zx).)

Chwong trinh 8.4:

% file f.m ; Tao ham f(x, y).

function a=f(x,y)
a=-2*pi™2*sin(pi*x)*sin(pi*y);

% file uex.m ; tao ham uex(x,y), giai chinh xac.
function a=uex(x,y)

a=sin(pi*x)*sin(pi*y);

% file change.m; tao ham change(N.,i,j), danh lai chi so diem.
function num=change(N,i,j)
num=(N+1)*(i-1)+j;

% Chuong trinh tao file laplace2d.m.

clear all;

N=20:h=1/N;

% Tao luoi.

X=[0:N]*h; Y=1-X;

% Tao ma tran A va vector b.
A=zeros((N+1)"2,(N+1)"2);
b=zeros((N+1)°2,1);

for i=1:(N+1)
for j=1:(N+1)
id=change(N,i,j); % chi so cua diem (i,j)
idlelf=change(N,i,j-1); % chi so cua diem nam ben trai diem (i,j)
idright=change(N,i,j+1); % chi so cua diem nam ben phai (i,j)
idup=change(i-1,)); % chi so cua diem nam tren (i,j)

iddown=change(N,i+1,j); % chi so cuadiem nam duoi (i,})
if ((I>1)&&(I<N+1)&&(j>1)&&(j<N+1))
A(id,id)=-4;

A(id,idlelf)=1;

A(id,idright)=1;

A(id,idup)=1;

A(id,iddown)=1;

b(id)=f(X(j),Y(i))*h"2;
else

A(id,id)=1;
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b(id)=g(X(),Y(i)); end
end
end

% Day la phep giai so
U=A\b; % Giai he AU=b

% Ve do thi cua loi giai so.
% Dong nhat vector U voi matran UU thong qua cach danh lai chi so.
UU=zeros(N+1,N+1);
for i=1:(N+1)
for j=1:(N+1)
UU(i,j)=U(change(N,i,j)); end
end
figure(1)
surfc(X,Y,UU);
xlabel(*x");
ylabel('y");
title("Hinh 8.4a. Day la phep giai so.")
pause
% Ve do thi cua loi giai chinh xac.
% Tinh toan ma tran UUex tuong ung voi phep giai chinh xac.
UUex=zeros(N+1,N+1);
for i=1:(N+1)
for j=1:(N+1)
UUex(i,j)=uex(X(j),Y(i)); end
end
figure(2)
surfc(X,Y,UUex);
xlabel(*x");
ylabel('y");
title("Hinh 8.4b. Day la phep giai chinh xac.");
% Tinh sai so.
% Tinh toan ma tran Uex tuong ung voi phep giai chinh xac.
Uex=zeros((N+1)"2,1);
for i=1:(N+1)
for j=1:(N+1)
Uex(change(N,i,j))=UUex(i,j); end
end
disp(‘error in norm sup’)
errmax=norm(U-Uex,inf)
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Chu thich
e Minh hoa cho céc chi sb
idup
idleft id idright
iddown

e Dong A(id, .) ciia ma trin A twong Gng v&i phuong trinh phan ra tai diém

id = (i, j), tirc 1a tai diém x; voi change(N,i, j)=id.

Két qua, chay file laplace2.m dé giai bai toan trén véi N=20 1a Hinh 8.4a
va Hinh 8.4b; v&i sai s6 trong chuan sup 13 errmax =0.0021.

Trong chuong trinh 8.4 ndy ta chi can thay doan chuong trinh tao file f.m
va uex.m thi s& duogc 101 giai cua bai toan méi v6i dd thi 1a Hinh 8.4c va Hinh
8.4d. Loi giai chi tiét xin xem trong thu muc Laplace2d-1.

Bai toan duogc xét ¢ day la

o°u o ) ) ) . )
yJFW =16cos“(zx)z" -8z +4sin(zX)7° +48y—24, 0<X,y<l],
u(x,y)=0, x=0,1ory=0,1.

(1o giai chinh xéac 1a u_ (x, y) = (2sin(zx) —1)* +(2y —1)°

% file f.m ; Tao ham f(x, y).

function a=f(x,y)
a=16*cos(pi*x)"2*piN2-8*pi2+4*sin(pi*x) *piN2+48*y-24;
% file uex.m ; tao ham uex(x,y), giai chinh xac.

function a=uex(x,y)

a=(2*sin(pi*x)-1)"2+(2*y-1)"3;
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Hinh 3.4a. Day la phep giai so.

Sai s6 trong chuan sup 14 errmax =0.0021.
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Hinh 8.4c. Day la do thi cua phep giai so.

Sai s6 trong chuan sup 14 errmax =0.0168.
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8.5. BAI TOAN PARABOLIC 2 CHIEU

8.5.1 Bai toan

Tim ham s6 u(x,y,t) tren Qx[0,T], Q=(0,1)x(0,1), théa min

u, =aAu+ f(x, y,1), in (x, y,t) e Qx[0,T],
u(x, y,t)=g(x, y,t), onoQx[0,T],
u(x, y,0)=u,(x, y).  on Q.

8.5.2 Phén ra bai toan
Khéng giam tinh téng quat, ta giai bai toan trén véi a=1.

Cho M\NeZ",h=1/N,k=T/M. Trén hinh vudng Q 1iy (N +1)? diém
(x.y,)={(i-Dh(j-1Dh}, 1<i,j<SN+1. Tren [0,T] ldy (M+1) diém
t,=(r=Dk,r=1,2,... M+1.Ta s& s& tinh xdp xi U, ={u(x, y,, tr)}m S
higu U, ; | =u(x;, y;, t,). Khi do, nghi¢m xap xi U, dugc viét dudi dang ma tran

(N+1)x(N+1) la

UN+1,1,r UN+1,N+1,r

Piéu kién dau u(x, y, 0)=u0(x, y), 0<x, y<1, véi u0, ; =u0(x,.y,),

”01 1 MOI,NH
U =
MONH,I t MONH,NH
Ta dung cong thirc xap xi
Hoc vién thie hign: Nguyén Vin Lam Dé tai: GIAI SO BANG MATLAB

CuuDuongThanCong.com https://fb.com/tailieudientucntt

Trang 195


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ludn van Thac si Todn hoc Huéng dan khoa hoc: PGS.TS Pang Dirc Trong

_u(x y, t+k)—u(x, v, t)

t "~ k ]
u(x+h, y, t)=2u(x, y, t)+u(x—h, y, t)
XX h2 !
_u(% y+h, t)=2u(x y, t)+u(x, y—h, t)

y "~ h2

Khi d4nh s6 lai béi quy tdc change(N, i, j)=(N +1)(i—1)+ j, thi
X =(x,., yj), 1<i, jSN+1vaU, =(u(x; t));-
Khi d6, voi x; € Q ta co
u(x;, t)—u(x;, t,,)
k

~u (%, t),
va
UKy 0 B ) HFUG L 0 £ ) FUK a0 B +UCK 0 1) —4U(x;, ) = Au(xg, t)h?,
suy ra
(hZ/k+4)u(xJ, t)—u(, t) Uy ) —u(X ;0 ) —ulX 4 t)
~ f(x;, t,)h* +u(x;, t._).h* 7k,

ij? r-1
Nhu vy bai toan duoc viét lai dudi dang AU =b.

CHUONG TRINH MATLAB:
Giai s6 u(x,y,1) cua bai toan:
U, —Au = (L+27°)e" sin(zx)sin(zy), in (x, y,1) eQx[0,T],
u(x, y, t)=0, on oQx[0,T],
u(x, y, 0) =sin(zx)sin(zy). on Q.
Loi giai chinh x4c 1a u, (X, y, t) =e€'sin(zx)sin(zy) .

Chuong trinh 8.5: Cadc file co trong thw muc Heat2d
% file f.m ; Tao ham f(x,y,t).

function a=f(x,y,t)
a=(1+2*pi™2)*exp(t)*sin(pi*x)*sin(pi*y);

% file uex.m; Tao ham chinh xac .

function a=uex(x,y,t)

a=exp(t)*sin(pi*x)*sin(pi*y);
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% file u0.m; tao ham u0. Day la dieu kien dau.
function a=u0(x,y)

a=sin(pi*x)*sin(pi*y);

% file g.m.

function a=g(x,y,t)

a=0;

% file change.m. Viet lai chi so diem.
function num=change(N,i,j)
num=(N+1)*(i-1)+j;

% Chuong trinh chinh giai phuong trinh Parabolic hai chieu.
% file heat2d.m
clear all;
T=1; M=100; k=T/M;
N=10; h=1/N;
% Tao luoi.
X=[0:N]*h; Y=[0:N]*h; R=[0:M]*k;
% Dieu kien dau, tao U tai t=0.
U=zeros((N+1)"2,1);
for i=1:(N+1)
for j=1:(N+1)
id=change(N,i,j);
U(id)=u0(X(), Y (D));
end
end
% Tinh U tai t=T
for r=1:M
% Tao ma tran A va vector b.
A=zeros((N+1)"2,(N+1)"2);
b=zeros((N+1)"2,1);

for i=1:(N+1)
for j=1:(N+1)
id=change(N,i,}); % chi so cua diem (i,j)
idlelf=change(N,i,j-1); % chi so cua diem nam ben trai diem (i,j)
idright=change(N,i,j+1); % chi so cua diem nam ben phai (i,j)
idup=change(N,i-1,j); % chi so cua diem nam tren (i,j)

iddown=change(N,i+1,j); % chi so cuadiem nam duoi (i,})
If ((1>1)&&(I<N+1)&&(J>1) & &(J<N+1))
A(id,id)=h"2/k+4;
A(id,idlelf)=-1;
A(id,idright)=-1;
A(id,idup)=-1;
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A(id,iddown)=-1;
b(id)=f(X(j),Y (i),R(r))*h"2+U(id)*h"2/K;

else
A(id,id)=1;
b(id)=uex(X(j),Y(i),R(r));

end

end
end

% Giai he AU=b.
U=A\b; %Day la phep giai U tai t=R(r).
end

% Tinh toan cac sai so.
Uex=zeros((N+1)"2,1);
for i=1:(N+1)
for j=1:(N+1)
id=change(N,1,j);
Uex(id)=uex(X(j),Y(i),T);
end
end
disp(*error (in norm max)")
errmax=norm(U-Uex,inf)
% Ve cac do thi.
UU=zeros(N+1,N+1);
for i=1:(N+1)
for j=1:(N+1)
UU(i,j)=U(change(N,i,j));
end
end
figure(1)
surf(X,Y,UU);
axis([01 010 3])
hold on
title("Hinh 8.5a. Day la do thi cua phep giai so.")
hold off
disp(*Vui long nhan phim bat ky de tiep tuc’)
pause % Dung thuc thi chuong trinh cho den khi an phim bat ky.

% Tao ham gia tri dung de ve do thi.
UUex=zeros(N+1,N+1);
for i=1:(N+1)
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for j=1:(N+1)
UUex(i,j)=Uex(change(N,i,j));

end

end

figure(2)

surf(X,Y,UUex);

axis([010103))

xlabel(*X");

ylabel("Y");

zlabel(*Z');

hold on

title("Hnh 8.5b. Day la do thi cua phep giai chinh xac. ")

hold off

end

Két qua chay file heat2d.m véi Ax=1/10, At =1/100va giai u(x, y,1).

Hinh 8.5a. Day la do thi cua phep giai so.
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Hnh 8.5b. Day la do thi cua phep giai chinh xac.
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Sai s6 trong chuan sup 14 errmax = 0.0052.

Hay thay ddi gia tri N, M dé c6 nhimg két qua giai s6 khac nhau.

Bai toan tuong tu sau ciing giai sb u(x,y,1) véi Ax=1/10, At =1/100.

U, —Au = (L+57%)e' sin(2zx)sin(ry),, in (x, y, t) eQx[0,T],
u(x, y,t) =0, on oQx[0,T],
u(x, y, 0) =sin(2zx)sin(zy). on Q.

Co6 101 gidi chinh xac 1a u_ (X, y, t) =€'sin(2zX)sin(ry).

Ta chi can thay d6i cac ham trong chuong trinh 8.5 theo yéu cau bai toan sé&
duoc két qua . Cu thé 1a cac ham f, u0 va uex.
function a=f(x,y,t); a=(1+2*pi”2)*exp(t)*sin(pi*x)*sin(pi*y);
function a=uex(x,y,t); a=exp(t)*sin(pi*x)*sin(pi*y);

function a=u0(x,y,t); a=sin(pi*x)*sin(pi*y);
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Céc file ¢6 trong thu muc Heat2d-1. Két qua
Hinh 5.5c. Day la do thi cua phep giai so.

Sai s6 trong chuan sup 14 errmax =0.0722.
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8.6. BAC HOQI TU VA DPIEU KIEN BIEN NEUMANN CHO BAI
TOAN HAI CHIEU

e Tuong ty nhu trudng hop 1 chiéu, trong trudng hop 2 chidu bai toan trong
8.4.1 cling c6 bac hoi tu la O(h?) va bai toan trong 8.5.1 ¢6 bac hoi tu 1a
O(max{k,h*}).

e Xét bai toan trong 8.4.1 véi diéu kién bién Neumann

Au=f inQ,
u=g, onl,
a—u:g1 onT,.

Trong d6 T, =[0,1]x{0,1}.T", ={0,1}x[0,1]. Khi dé, ta cin c6 su diéu chinh dé
xdy dung ma tran A va vector b. Chd khac biét 1a khi diém X; thudc bién I';. Ta
xét, chang han khi x;; thudc {0}x(0,1).

X ja

Xi X
Xi,j+l

Phuong trinh twong tmg voi diém x; la gi? Mot cach don gidn, ta c6 thé
dung x4p xi

U(Xi+1,j) - U(Xij)
h

Tuy nhién, cach lam nay cho bac hdi tu chi la O(h). Dé dat duoc bac hoi tu

~ gl(xij) :

la O(h?), ta can mot tinh toan tinh té hon. Str dung cac xép xi

2u(x

i+, ]

)—2u(xu)=291<xu)h+§i;<xij>h2 ~o(m),

U(Xi,j+1) + U(Xi,j—l) - 2u(xij):2i§li(xij)h2 +0(h?),

ta thu duoc
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20(X,y ;) +U(X 1,0) FU(X 1) —4u(x;)=29, (x;)h + Au(x;)h* +O(h?) .

i+, ]
Bai toan Parabolic ta cling lam tuong tu.

CHUONG TRINH MATLAB :
Chung tdi trinh bay mér bai todn Laplace cé xir Iy diéu kién bién Neumann.
Xét bai toan sau trén (x,y) e Q=(0,1)x(0,1)

U—AU =—(4+47°)sin(zx) — (4+1677) cos®(zX)
+8y° —12y* — 42y +87° + 28,

u(x,0) =u(x,1) = (2sin(zx) -1)> +1,

u@,y)=Q2y-2°+1 u (0,y) =—4xr.

Bai toan nay co 101 giai chinh xac la u_ (x, y) = (2sin(zx) -1)* + (2y -1)%).
e V6i h=Ax=1/30, ching t6i giai bai toan theo hai cach xap xi diéu kién
bién Neumann tai bién {x =0}.
e So sanh 2 10 giai s6 va 161 giai chinh xac: v& hinh (v& 3 hinh: Hinh 8.64a,
Hinh 8.6b va Hinh 8.6c) va tinh sai s (trong L* va L?).
Dué6i ddy ching t6i trinh bay phan chinh cta chuong trinh. Loi giai chi tiét
xin xem trong thu muc bachoitu2d.

Chwong trinh 8.6:

% Loi giai so thu nhat.
% Tao ma tran A va vector b.
A=zeros((N+1)"2,(N+1)"2);
b=zeros((N+1)"2,1);
for i=1:(N+1)
for j=1:(N+1)
id=change(N,i,});
idlelf=change(N,i,j-1);
idright=change(N,i,j+1);
idup=change(N,i-1,j);
iddown=change(N,i+1,});
If ((1>1)&&(I<N+1)&&(J>1) & &(J<N+1))
A(id,id)=-4-h"2;
A(id,idlelf)=1;
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A(id,idright)=1;
A(id,idup)=1;
A(id,iddown)=1,;
b(id)=-f(X(j),Y (i))*h"2;
else if ((j==1)&&(i>1) &&(i<N+1))
A(id,id)=-1;
A(id,idright)=1;
b(id)=g(X(),Y(i))*h;
% Day la cach xu ly dieu kien bien Neumann theo xap xi bac 1.
else
A(id,id)=1;
b(id)=uex(X(), Y (i));
end
end
end
end
Ul=A\b; % Giai he AU=b

% Loi giai so thu hai. Su khac biet la tai bien x=0.
J=1; % tuong duong voi x=0
for i=2:N
id=change(N,i,j);
idlelf=change(N,i,j-1);
idright=change(N,i,j+1);
idup=change(N,i-1,));
iddown=change(N,i+1,));
A(id,id)=-4-h"2;
A(id,idright)=2;
A(id,idup)=1;
A(id,iddown)=1;
b(id)=2*g(X()),Y (1))*h-f(X (), Y (1)) *h"2;
% Day la cach xu ly dieu kien Neumann theo xap xi bac hai.

end
U2=A\b; % Giai he AU=b
Két qua chay file bachoitu.m trong thu muc bachoitu2d.
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Hinh 8.5a. Day la do thi cua loi giai so thu nhat.
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Hinh 8.6c. Day la do thi cua loi giai chinh xac.
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Sai sb trong L infinity va L2 cua 101 giai s6 tht nhat 1a

errsup =0.4843 va err2 =0.1510.

Sai sb trong L infinity va L2 cua 101 giai s6 tht nhat 1a

errsup =0.0071 va err2 =0.0029.

Nhin xét: Trong bai ndy, 16i giai thir nhit xap xi khong tdt tai bién {x =0} so véi

101 gidi xap xi thir hai.
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KET LUAN

1. NHAN DINH CHUNG

Trong luan vin ndy, chiing t6i da trinh bay cic van dé co ban cua Giai tich
s va Phuong phép tinh. Trong mdi chwong, mdi muc ching toi déu trinh bay
chuong trinh MATLAB dé giai s6 cac bai toan. Cac chuong trinh MATLAB duoc
chlng t6i viét & dang md, c6 nghia 1a nguoi st dung co thé chon lya hodc bd sung
phuong trinh dé giai hay chon ham dé tinh cho phu hop véi yéu cau thyuc té. Nhu
vay voi luan van nay, néu dugc két hop dé dua vao giang day mon hoc Giai tich sb
hodc Phuong phap tinh trong céac truong Pai hoc sé giip cho cac mén hoc nay trd
nén sinh dong va hiéu qua hon rat nhiéu so voi cach giang day truyén théng. Boi
& tuc ngit ¢ cau: “Tram nghe khong bang mot thiy”, “Mot hinh anh c6 gia tri hon
ngan 101 néi”; ma & day, ngudi hoc ¢6 thé thuc hanh dé kiém tra cy thé cac van dé
minh vira hoc mot cach truc tiép bﬁng MATLAB duya trén co sé la cac chuong
trinh MATLAB cua ching t6i da trinh bay trong luan van nay. Ngoai ra, tir cac
chuong trinh MATLAB cua chung t6i, nhu dd néi ngudi hoc ¢ thé chon Iya hodc
bd sung phuong trinh dé giai hay chon ham dé tinh cho phu hop véi yéu ciu cu thé
clia ting bai toan, va ciing c6 thé dua vao d6 dé 1ap cac chuong trinh MATLAB
turong tw dé giai cac bai toan theo ¥ riéng ctia minh. Piéu nay s& gitip ning cao
duoc hiéu qua giang day cho mon hoc, phat huy tinh tu hoc, tinh itng dung va phat
trién tu duy cua hoc sinh, sinh vién; dap tmg yéu cau cua B Gido Duc — Pao Tao
vé viéc tng dung cong nghé thong tin vao giang day trong cac trudng hoc va nang

cao nang luc day va hoc toan trong cac trudong Pai hoc hién nay.

Qua luan vin nay, toi thuc sy bat dau 1am quen voi cong viéc doc tai lidu
khoa hoc mot cach nghiém tdc va cd hé thong tir su chi dan tan tinh cta Thay
DANG PUC TRONG. Tdi da hé thong lai duoc cac van dé co ban vé Giai tich so,
tiép can dugc cac kién thic vé MATLAB va lap trinh trong MATLAB, va di tu
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diéu chinh, bo sung dé cac chuong trinh MATLAB phu hop véi céu trac va muc
tiu cua luan van nay; théy dugc tac dung rat tich cuc cua viéc ung dung cong

nghé thong tin vao hoc tip va giang day.
2. MOT SO HUONG NGHIEN CUU TIEP THEO

Ngoai nhitng nhan dinh trén, khi tim hiéu vé noi dung ciia luan vin nay, toi
d4 phét hién mot s6 van dé c6 thé tiép tuc nghién ctru sdu hon. Ching han nhu
> Nghién ciru chuyén sau cc van dé vé Giai tich sd.
> Lap trinh dé giai s6 phuong trinh dao ham riéng bang ciu trac ham
trong MATLAB.
> Giai s6 phuong trinh tich phan bang MATLAB.

A\

Giai s6 phuong trinh toan tir baing MATLAB.
> Van dung két hop ngdn ngit 14p trinh C véi MATLAB trong giai sd.
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