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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

RBF: Radial Basis Function.
MQ: Multi Quadric.

IMQ: Inverse Multi Quadric.
Gauss: Gaussian.

W33: Wendland’CS.

rms: Root mean square.

Q: Mién hinh hoc.

: TAp cac cac tdm trong mién va trén bién Q.

(x]

Zin: TAp cac tAm nam trong mién Q.

Z,: Bo tam gdm & va . Ky higu: Zp = {¢, &), ..., &}
JZ: Tap cac tAm nam trén bién Q.

{: Tam thudc E;,;.

&: Tam dia phuong cia ¢ va thuoc Z.

o: Goc gitra tia £&; va tia £&;, .

@: G6c 16n nhit gitia tia &; va tia £&;41.
a: Géc nhd nhit gitta tia C&; vatia (& .
: Tong binh phuong céc goc o;.

g: Ham trén bién.

f: Ham vé phai dao ham.

w: véc to trong sb.

u: Nghiém giai tich.

R": Khong gian n chiéu.

A: Gia tri riéng ciia ma tran.

¢: Ham c¢G s6 ban kinh.



iv

&: Ma tran noi suy.

&: Tham s6 hinh dang.

A: Ma tran ctia hé phuong trinh dai s6 tuyén tinh.

b: Véc to vé phai clia hé phuong trinh dai s6 tuyén tinh.
x: Nghiém cta hé phuong trinh dai s6 tuyén tinh.

A+ 81A: Ma tran nhiéu.

b + 8b: Vé phai nhiéu ctia hé phuong trinh dai s6 tuyén tinh.
x + 61x: Nghiém nhiéu.

E: Ma tran don vi.

X: B0 tam phan biét tung d6i mot.

k: S6 céc tam &; can thiét trong tap ;.

m: S6 céc tAm nam trong 1an cin ctia  véi m > k.

y: Gidi han géc déu ma c6 thé chip nhan dudc.

s: Ham ndi suy co sé ban kinh.



MUC LUC

0] MO0 8 570 Y-V

1 970) K o7 0. 10 ). T

DANH MUC CAC KY HIEU, CAC CHU VIET TAT]..............

LOIMO DAUL .« e oot e e,

Chuon

8 1 Kiln thifC CO ST e v v v eernineeeeerrniieeeeeernnneeeeeenns

1.1,

B\ait()énn(’}iSuy.ocooooooooooooooooooooooouoooooouoooooouoooooo

1.2.

Noi suy dir liéu phan tan trong khong gianR?|..................

1.3.

NOi suy voi ham cédsébankinh|..........ccoviiiiiiininnnnnn..

131 Ham cosdban kinh|. ...
1.3.2.[Noi suy ham co s6 ban kinhl. ............ ...

1.4,

Ham xac dinh duwong va ma tran xac dinh duongl...............

1.4.1.[Ma tran xdc dinh duong|. .. .........ooooiuiiiiiii i
1.4.2.[Ham xdc dinh duong. .. ........oouuiiiuiin e
1.4.3.|Ham ban kinh xdc dinh duong|... ...

1.5,

SaiSﬁo.oooooo.oooooo.ooooooooooooooooooooooooooooooooooooooooo

1.5.1.[S6 gan diing va sai s6| .......................................................
1.5.2.|Chif s6 c6 nghia va chit s6 dang tinl. . ...............oviiiiiiieinaenn...
1.5.3.|Céch viet 50 gan dlng|. ... ..............ouuiiiiii
1.5.4.1S@1 SO QUY TrON. . .« .ottt ettt et et e e e e
1.5.5.|SU AN trUYEN SAE SO/ . . oottt ettt ettt
1.5.6.|Céc loai sai s6 mac phai khi gidi mot bai todnthuc t&)..........................
1.5.7.|Céc loai danh gia sai s6 phuong phap | .......................................

1.6.

Hé phuong trinh tuyén tinh{.........viiiiiiiiiiiiiieeenn...

1.7,

Mot s6 phuong phap giai hé phueng trinh tuyén tinh|..........

1.7.1.|Phuong phap Gaussian] .....................................................
1.7.2.[Phucng phap 1dp Jacobif. . ..............ooiiiiii

1.8

Su on dinh clama tran h€ S0, ....oovviininiieinenenennnneanns

ii

iii

DN A W W

o)}

19
20

25



vi

1.9/Mét so khai niém ve dao ham, vi phan cua ham so nhieu bién|.. 28

1.9.1. D20 hAM THENG| . . . ...\ttt ettt ettt 28
1.9.2.[Vi phan toan Phan|. . .. .........ooiiiuiii et 29
1.9.3.1D20 ham va vi phin cAp cao|. . ........ ... 30
Chuong 2.Phuong phap chon tAm cho tinh x4p xi dao ham béi ndi suy RBF
32

2.1,Véc to trong s6 tir ndi suy ham c6 sé ban kinh|................. 32
2.2,Mot s6 cach chon b tAm Noi SUY|. .. vvvvvrrriiiiiiiieeeeennnn. 34
2.2.1.[Tiéu chuéin lang giéng gan nhfl................. ... 35
2.2.2.Tiéu chuan n diém tunhién|. . ... 35
2.2.3.[Tiéuchuan4 gécphantul.........................................L 35
2.2.4.Tiéu chudn goc d@uf. ... ...............ooii 35
2.3,Tham s6 hinh dang ciaham RBF|..........ccccvvvvvnnnnnnn.. 39
2.4/Xap xi dao ham nho véc to trong so béi noi suy ham RBF|...... 39
P G L | 40

Chuong 3. [Thi nghiem S0/, . ... vvvvuiiiiiiiiiieeeeerrenrnnninnnnns 42
3.1 The nghi€m|....cuvuiniininininiererereeeeeeaeeeeosncncncnns 43
311 [R3i rac hGa bai tOAN. . ... ..ottt 43
3.1.2.|Cac ham thtr va mién Q tucong 11’ng| .......................................... 43
3.1.3.Muc dich ctia thi nghiéml. . ............. ... ... 45
3.2,Tinh x4p xi d20 ham AP 1].....coovnnnnnnnnnn. 45
33 Tinh xap xidaoham cap 2/......cccvvieieieneeeenencncncncnnns 46

3.4/Ap dung giai phuong trinh Poisson véi diéu kién bién Dirichlet. 48

KET Lt

RIS (T LT | 52

JAN . ¢ ettt e ttieeeetiieeernneeeernnaeeesnneeessnneeennnns 53

TAI LI

EUTHAM KHAOL ....vvveiiiiieeiiiiieeeeiieeeeenns 54




vii

DANH SACH BANG

[1.1 Mot s6 ham co sd ban kinh dung trong luan vin, trong d6 r = |
e—xell| - - o o 6
[1.2 Mot so ham co sé ban kinh v6i tham s6 hinh dang § >0/ . . . . . . 6
3.1 Céac ham st dung trong thii nghiém tinh xap xi dao ham cap 1|. . . . 46
3.2  Sai sO rms cla xap xi dao ham cap 1 d6i véi ham ;.| . . . . . . . . 46
13.3  Sai sO rms clia xap xi dao ham cap 1 doi véiham u,.| . . . . . . . . 47
13.4  Sai sO rms ctia xap xi dao ham cap 1 doi véihamus| . . . . . . .. 47
3.5 Céc ham st dung trong thi nghiém tinh xap xi dao ham cap 2[. . . .48
3.6  Sai sO rms ctia xap xi dao ham cap 2 doi véi hamuy| . . . . . . .. 48
3.7 Sai sO rms clia xap xi dao ham cap 2 doi véi ham u,.| . . . . . . . . 49
3.8 Cdc ham st dung trong thtt nghiém tinh xap xi gidi phuong trinh |
Poisson| . . . . . ..o 49
3.9 Sai s0 trung binh binh phuong E d6i v6i ham uy . . . . . . . .. .. 50
13.10 Sai so trung binh binh phuong E doi véiham u».|. . . . . . . . . .. 50

13.11 Sai so trung binh binh phuong E doi véi ham us.|. . . . . . ... .. 51




LOI MO PAU

Nhiéu hién tuong khoa hoc va k¥ thuat din dén cdc bai toan can phai tinh
xap xi dao ham. Mt trong céc cach tinh xip xi dao ham 1a dua trén ndi suy
ham sd. Trong nhitng nim gan day, nhiéu nha khoa hoc st dung ndi suy ham co
s6 ban kinh (RBF-Radial Basis Function) [2] d€ giai c4c bai toan lién quan dén
dao ham.

Pé tinh x4p xi dao ham dua trén ndi suy RBF, ngudi ta can chon dugc bd
tam noi suy. Hién nay, c6 mot s6 thuit todn chon tim thuong dudc st dung,
xem [3] va cdc tai liéu tham khdo cta né. V6i mdi cach chon tdm déu cho ta
chét lugng x4p xi dao ham riéng biét. Trong khudn khé luan vin nay, ching toi
chi xét trong trudng hop 2 chiéu. Bdi vi trong trudng hop 1 chiéu, ndi suy RBF
khong phat huy tac dung.

Muc ti€u cua luan van tap trung vao viéc ching to rang:

e Trong trudng hop cac tim phan b tuong d6i déu va ham cé do dao dong
it thi ta c6 thé chon k tAm gan nhét véi 4 < k < 12. Trong trudng hop nay

ta ¢6 thé chon cdc tAm nam trén 2 hinh vanh khuyén gan ¢ nhit.

e Trong trudng hop cac tam phan bd phan tan va ham c6 do dao dong manh
ma dung bd tam E; khong theo cach chon cua thuat toan chon tam trong
[3] véi s6 tim xung quanh ¢ 12 6 thi c6 thé cho két qua khong t6t. Chang
han nhu néu ding bod tim B¢ la 6 tam gan ¢ nhét thi c6 thé cho két qua

khong t6t hoic cdc diém nam trén vanh khuyén thi nhét.

Vi vay, khi dung thuat toan chon tam, chung t6i s€ khao sat xem chon gia tri
tham s6 k trong thut todn 12 bao nhiéu 1a da.
N&i dung luan vin bao gdm 3 chuong: Chuong 1, trinh bay mot s6 kién thiic

co s6 lién quan dén luan vin; Chuong 2, trinh bay phuong phép tinh x4p xi dao



ham dua vao ham RBF; Chuong 3, trinh bay su 4nh hudng ctia b tim dén do
chinh x4c cta x4p xi dao ham.

Do thdi gian thuc hién luan viin khong nhiéu, kién thtic con han ché nén khi
lam luan vin khong tranh khéi nhitng han ché va sai sét. Tac gid mong nhin
dudc su gép y va nhitng y kién phan bién ctia quy thay c6 va ban doc. Xin chan

thanh cam on!

Thdi Nguyén, ngay thdng nam 2016

Lam Van Tri



Chuong 1

Kién thitc cg s6

Trong chuong nay chiing t6i trinh bay céc kién thiic co s lién quan dén luan
vin, bao gdom: Khai niém bai toan ndi suy; Noi suy dit liéu phan tan; Noi suy
v6i ham ¢6 sé ban kinh; Khai niém ham xac dinh duong va ma tran xac dinh
duong; Su &n dinh clia ma tran hé s va cubi cling 12 cdc khdi niém lién quan

dén dao ham.
1.1. Bai toan noi suy

Mot trong céc bai toan co ban ctia gidi tinh s 12 noi suy ham s6 [[1]. Bai todn
nay thuong gdp trong cac trudng hop sau:

i. Can phuc hoi ham s6 f(x) d6i v6i moi diém x thudc khoang [a,b] néu chi
biét gia tri cia né tai mot s6 diém xo, x1, ..., X, € [a,b]. Nhiing gid tri nay thuong
la cac gia tri quan sat, hoac do dac dudc.

ii. Khi ham f(x) cho bdi cong thifc qua phiic tap chang han

o)
xX+1)?
flx) = {) e’—l—sin(xt)dt

va can tinh f(x)Vx € [a,b]. Khi d6 ngudi ta tinh gan ding f(x) tai mot sb diém
roi xay dung cong thiic ndi suy dé€ tinh céc gia tri khac.
iii. Ngoai ra, noi suy ham s6 con dudc st dung dé xay dung cac cong thiic
tinh dao ham, tinh tich phan s6 hoic tim gan ding nghiém cta phuong trinh.
Bai todn ndi suy ham mot bién s6 dudc phat bi€u nhu sau: Trén doan [a, b]

cho tap cdc di€ém nit a < xg < x1 < ... < x, < b va tai cdc diém nay cho céc



gia tri f(x;),i =0,...,n clia ham f(x). Can xay dung ham g(x) dé tinh va tring
v6i ham f(x) tai cac diém nuit trén tic 1a g(x;) = f(x;),i = 0,...,n. Mot s6 dang
ham g(x) thudng dugc dung dé€ ndi suy ham sb 1a

- Pa thic dai sb.

- Ham hitu ti tdc 12 phan thic dai s6.

- ba thuc lugng giac.

- Ham Spline ttic 1a ham da thic tiing mau.
1.2. Néi suy dir liéu phan tan trong khong gian R?

Cho bd dit liéu (x;,y;), i =1,2,...,n, x; € R?,y; € R, trong d6 x; 1a cac vi tri
do, y; 1a cac két qua tai vi tri do. Cho By, Bs, ..., B, 1a cic hAm co s& ctia khong
gian tuyén tinh cdc ham d bién lién tuc [2, 3, [5, 9]. Ky hiéu

n
F =span{Bi,B,...,B,} = { Y CiBy, Cr € R} .
k=1

Bai toan ndi suy la tim ham Pf € F sao cho

Pf(xi)=y;, i=1,2,..,n. (1.2.1)
ViPf e F nén
n
Pf(x)) =Y CiBi(x), x€RY, (1.2.2)
k=1

tr (T2.1) va (T.2.2) ta c6

AC =y, (1.2.3)

trong do

Bl(xl) Bn(xl)
A= R (1.2.4)

Bi(xn) ... Bu(xp)



C= (017"'7Cn)T7 y = (yl7"'7yn)T-

Hé phuong trinh (T.2.3)) va (1.2.4) ¢6 nghiém duy nhat néu det(A) # 0, cau héi

dit ra 1a chon co s& {By,B;,...,B,} nhu thé nao d€ diéu kién trén dugc thda

man? Trong trudng hop nay d = 1 thi ta c6 thé chon co s 1a
{B1,By,...,B,} = {l,x,xz, ...,x”_l} :

Pinh Iy 1.2.1. (Mairhuber Curtis) Gid sit rang Q C R?, d > 2, chita mot diém
trong. Khi do khong ton tai khong gian Haar ciia cdc ham lién tuc trén

[2] 3, 5] [9].
Trong do, khong gian Haar dudc dinh nghia nhu sau:

Dinh nghia 1.2.1. Cho Q C R va F C C(Q) la khong gian tuyén tinh hitu
han chiéu c6 co sé la {By,Ba, ...,B,}. Ta néi F la khong gian Haar trén Q néu
det(A) # 0 vdi moi bo tdm phdn biét tieng doi mot x1,xy,...,x, trong Q, trong
do ma trdn A duoc dinh nghia bdi [9].

Su ton tai ctia khong gian Haar dam bdo tinh kha nghich clia ma trin ndi
suy, nghia 1 ton tai duy nhit nghiém cta Bai todn ndi suy (1.3.1). Khong gian
cac da thic mot bién bac n — 1 chinh 1a khong gian Haar n chiéu véi tap dit liéu
(xj3vj),j=1,...,n; xj, yj €R.

Dinh ly Mairhuber Curtis cho thiy rang néu mudn giai dugc bai todn noi suy
dit liéu phan tdn nhiéu bién thi cd sé can phu thudc vao cac vi tri dif liéu. DE
thu dudc cic khong gian x4p xi phu thudc dit liéu, chiing ta can xét cac ham xac

dinh duong va ma tran xac dinh duong.



1.3. NGoi suy véi ham co s6 ban kinh
1.3.1. Ham co s6 ban kinh

Dinh nghia 1.3.1. Mt ham ¢ : R? — R duoc goi la ham co s bdn kinh (RBF)

néu & do ton tai mot ham @ : [0,+o0) — R sao cho

¢(x) = @([Ixll2),

trong do ||x||» la chudn Euclid [2,13, 13, 9].

Tén ham Viét tat Pinh nghia
Multiquadric MQ Omg(r) =V 1+7r?
Inverse multiquadric | IMQ | @jmg(r) = 1/V1+7r2

2

Gaussian Gauss Og(r)=e"

Béang 1.1: Mot s6 ham co s& ban kinh dung trong luan vén, trong d6 r = [|x — x|

Vi ham @(x) van 1a xdc dinh duong khi r dugc nhan mot s6 16n hon khong,
nén mot tham s hinh dang § > 0 dugc dua vao ham ¢ va ta c6 Bang|1.2|tuong

2,

ung.

Tén ham Viét tat DPinh nghia
Multiquadric MQ Omg(r) = V82 + 12
Inverse multiquadric | IMQ | @jmg(r) =1 / V82412
Gaussian Gauss g (r) = e/ 8)*

Bang 1.2: M6t s6 ham co s& ban kinh v6i tham s6 hinh dang 8 > 0.

1.3.2. Noi suy ham co sé ban kinh
Ta ky hiéu
D (x) = P(x—x3) = ¢(||x — x| |)v6i k= 1,2,...,n, x € RY. (1.3.1)
Khi do, ndi suy ham s dua trén cidc ham co s ban kinh c6 nghia 1a tim ham

Pf Zqu)k ZCk(P |2 — xz])
k=1



théa man diéu kién noi suy (T.2.1).

Chuay 1.3.1.

- Ham co sé phdi gan lién voi doi tugng nghién citu. Vi vdy, dé’ gidi phuong
trinh dao ham riéng thi cdc ham co sé bdn kinh phdi la cdc ham khd vi lién tuc
va thdm chi la khd vi lién tuc vé han lan.

- Dé bai todn noi suy co nghiém duy nhdt, ta can chon ham ¢ phit hop sao
cho det(A) # 0.

1.4. Ham xac dinh duong va ma tran xac dinh duong
1.4.1. Ma tran xac dinh duong
Pinh nghia 1.4.1. Ma trdn gid tri thuc, doi xiing A = (A ) dugc goi la xdc dinh

duong néu dang toan phuong tuong iing khong dam, tic la:
n n
Z Z cjckAjx > 0, vdi c = (c1,c2, .,cn) R
j=lk=1
hay tuong duong
T fe T n
c¢'Ac >0 vdi c = (cy,c2,...,¢n)" €R".
Ddu bang chi xdy ra khi va chi khi ¢ = (0,0, ...,O)T [2, 13, 5] [9].

Tinh chit quan trong clia ma tran xdc dinh duong 1a cic vécto riéng clia nd
ducong va ma tran xac dinh duong 1a khong suy bién.
Véi co s& By, néu Bai todn ndi suy 1.3.1 tao ra ma tran noi suy A xic dinh

duong thi hé (T.2.3) c6 nghiém duy nht.
1.4.2. Ham xac dinh duong

Dinh nghia 1.4.2. Ham & : R? — R lién tuc, dwoc goi la xdc dinh dwong trén

R? néu va chi néu né la ham chdn va véi moi bo tam phdn biét ting doi mot



X = {x1,x2,...,x,} C R va moi véc to C = (cy,cz,...,¢,) € R" thi dang toan

phuong
zn:zn: ickP(x )>0 (1.4.1)
j=lk=1

va cong thitc (I.4.1) la déng thitc khi va chi khi ¢ la véc to 0 [22, 3, 5] 9].

Dinh nghia 1.4.3. Ham mét bién ¢ : [0,] — R dugc goi la xdc dinh duong trén
R? néu ham nhiéu bién tuong ting ®(x) = ¢(||x||), x € RY, la xdc dinh duong
[2} 13, 5] 19].

Tir dinh nghia trén va tinh chit clia ma tran xdc dinh duong ta thiy c6 thé st

dung cac ham xac dinh duong B, = ®(x — x;) la ham cd sd va khi do ta co:

Pf(x) = Z cr P (x — xy). (1.4.2)
k=1

Ma tran ndi suy A = [A jx]m, VO A jy = Bi(xj) = P(x; —xx); j,k=1,...,n.
1.4.3. Ham ban kinh xac dinh duong
Dinh nghia 1.4.4. Mot ham dugc goi la ham bdn kinh xdc dinh duong néu né
vita la ham bdn kinh vua déng thoi xdc dinh duong [2, 3, 5, 9].

Gia st ®(x) la ham xac dinh duong va dugc xac dinh theo cong thirc (1.3.1).

Khi d6 ma tran cta bai toan ndi suy theo ham ®(x) c¢6 dang

®(0) e D(x1—xy)
A= : (1.4.3)
d(x,—x1) ... P(0)

Theo dinh nghia ham xac dinh duong thi det(A) # 0.



1.5. Saisb
1.5.1. S6 gan diing va sai s6

Trong thuc té va trong tinh toan, thong thudng ngudi ta phai 1am viéc véi cac

gia tri gan ding cla cic dai luong. Céc gid tri gin ding nay nhin dudc bing
cdc phép do dac, bang thi nghiém, hoic do thuc hién cac phép tinh chia khong
hét nhu 1/3, 1/7,..., phép khai cin nhu v/2, v/5, ...
Dinh nghia 1.5.1. (Dinh nghia 1.1 [1]) S6 a duoc goi la sé gdn diing hay sé
xdp xi ciia sé ding A (tikc gid tri dung ciia dai lugng can quan tam) va ky hiéu
la a ~ A, néu a sai khdc A khéng ddng ké. Néu a < A thi a duoc goi la xdp xi
thiéu, con néu a > A thi a duoc goi la xdp xi thira ciia A.

Thi du: D6i v6i sd A = V2 thi gy = 1.41 1a Xﬁp xi thiéu, con @, = 1.42 1a
xap xi thira vi v2 = 1.4142135623...; d6i v6i s6 m = 3.1415926535... thi 3.14
1a x4p xi thiéu, con 3.15 1a x4p xi thira.

Dinh nghia 1.5.2. (Dinh nghia 1.2 [[I]]) S6 A = |A — a| duoc goi la sai s6 tuyét
doi ciia s6 gan diing a .

Thong thudng s6 ding A khong biét nén ta cling khong biét chinh xac sai s
tuyét d6i clia s6 gan ding a , ma chi c6 thé danh gid né. Vi thé ta coi danh gia
t6t nhit c6 thé A, clia A = |A — a| 12 sai s6 tuyét ddi clia a. Nhu vay, sai so tuyét
ddi ctia a 12 sd A, bé nhit c6 thé biét dugc thda mén diéu kién

|A —a| <A,. (1.5.1)
Tir bat dang thifc trén suy ra

a—A, <A<a+A,. (1.5.2)

D€ don gian ngudi ta thuong viét A = a+ A, d€ 4m chi ring A, 1a sai sb tuyét

doi cua a.
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Thi du: Néu coi a = 3.14 1a x4p xi cta 7 thi sai s6 tuyét d6i 1a A, < 0.002.
Sai so tuyét d6i khong phan anh ddy dd miic dd chinh xdc cta phép do hodc
tinh toan. Chang han, do chiéu dai ctia hai thanh sat biang cung mot thudc do ta

nhan dudc cac két qua sau:

[y =115.6cm=40.1cm,
[{=7.5cm=+0.1cm.

Tuy sai s6 tuyét ddi ctia hai phép do trén 12 nhu nhau (= 0.1 cm) nhung 16 rang
12 phép do thi nhét chinh xdc hon. D€ thé hién diéu d6 ta dua vao khai niém

sau.

Dinh nghia 1.5.3. (Dinh nghia 1.3 [1]) Sai s6 tuong doi ciia s6 gan ding a, ky
hiéu bdi 98, la

SZA: |A —da
Al |A]

(1.5.3)
Vvdi gid thiét la A # 0.

Tuy nhién, do s6 A va A khong biét nén trong thuc hanh ta sé chap nhan sai

s6 tuong dbi ctia s6 gan ding a 1a s6
Oy = — (1.5.4)

Chu y rang sai so tuyét ddi c6 cung thi nguyén véi véi A, con sai so tuong dbi
khong c6 thit nguyén. Ngudi ta thudng tinh sai s6 tuong d6i bang phan trim. Vi

thé

A
5, = —= x 100%.

~ al
Tré lai phép do chiéu dai ciia cdc thanh sit ta thay rang sai sd tuong ddi ctia /
1a 8§ = 5 x 100% = 0.09%, clia I 1a & = %% x 100% = 1.33%. RS rang la
8 nhé hon rat nhiéu so véi & va phép do thid nhit chinh xdc hon nhiéu so véi

phép do thu hai.
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1.5.2. Chir sb c6 nghia va chir s6 dang tin

Mot s6 viét & dang thap phan c6 thé gdm nhiéu chit sb. Chang han s6 20.15
c6 4 chit s6; $6 3.1412 ¢6 5 chit sd.
Dinh nghia 1.5.4. (Dinh nghia 1.4 [1]) Nhitng chit sé cé nghia ciia mot sé la

nhitng chit sé cua so do ké'tir chit sé khdc khong ddu tién tinh tir trdi sang phdi.

Thi du: Trong cac s6 sau, nhiing chit s6 dudc gach dudi 12 nhiing chit s6 c6
nghia: 12.57; 20.15 ; 0.03047 ; 0.304500 .

Gia st a 1a sO gan ding cta A va a c6 biéu dién

+0,00,_...0 0y, 0_10_>...0_,

tuc la
a==4(0n 10"+ 0 1. 10" T+ + 0. 10+ 09 100 + 1. 107+ o, 107 L)
=+) o.10°
N
(1.5.5)

trong d6 ¢ 12 nhitng s& nguyén tir 0 dén 9.

Dinh nghia 1.5.5. (Dinh nghia 1.5 [1|]) Trong biéu dién (1.5.3)) ciia a chit s6 o
dugc goi la chit so ddng tin (hay chit sé diing) néu A, < % 10%, va goi la chit so

nghi ngo néu A, > % 10%, trong do A, la sai s tuyét doi ciia a.

Tir dinh nghia trén suy ra rang néu o 1a chit s6 dang tin thi moi chit sb c6
nghia bén trai n6 déu 1a dang tin, va néu o 12 dang ngd thi moi chit s6 bén phai
n6 déu 1a dang ngo.

Thi du: S6 gan ding a = 3.7284 v6i A, = 0.0047 c6 3 chif s6 ddng tin 12 3, 7 va

2, con céc chit s6 8 va 4 1a dang ngo.
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1.5.3. Cach viét s6 gan ding

C6 hai cach viét s6 gan dung.
a) Cach 1: Viét kém theo sai sd a + A,
Céach nay thudng dung d€ viét cac két qua do dac, thuc nghiém, trong dé A, 14
sai sb cta thiét bi do.
Thi dy: 150 cm # 0.1 cm; 65 kg + 0.1 kg
b) Cach 2: Viét theo quy u6c: moi chit s6 c6 nghia déu ddng tin, c6 nghia la sai
s6 tuyét ddi A, khong 16n hon mot ntta don vi & hang cubi cling.

Thi dy: Theo cdch ny ta viét a = 23.54 néu A, < 5 x 1072 = 0.005.
1.5.4. Sai s6 quy tron

Khi thuc hién cic tinh todn néu s6 a ¢6 qua nhiéu chil s6 trong biéu dién thap
phan, chang han a = 3.14151926535, thi d€ cho thuan tién ngudi ta thu gon sd
nay bang cach bd bt mot s6 chit s6 cudi dé€ dudc mot s6 ¢’ ngan gon hon va
gan ding nhit véi a. Viéc lam nay dudc goi 12 quy tron hodc 1am tron sb. SO
0, = |a— d’| dugc goi 1a sai s6 1am tron.

Dudi day 1a quy tac lam tron s6 nham bao dam cho sai sb lam tron khong
VUgt qua nifa don vi ctia chit s6 cubi cuing dudc giit lai:

e Néu bo di nhiéu chit s6 khac 0 va chit sd bd di dau tién > 5 thi thém vao

chit s6 giif lai cudi cing mot don vi, con néu chit s6 bd di dau tién < 5 thi

dé nguyén chit so giif lai cudi cling.

e Néu chi bo di mot chit s6 5 thi chit s6 dudc giit lai cudi cung néu 1a chit s6
18 thi ting thém 1, con néu 1a chan thi gilf nguyén.

Thi du: Dbi v6i s6 a = 3.14151926535 ta lam tron thanh 3.141519, 3.14152,
3.1415, 3.142, 3.14 néu can gitt lai 6, 5, 4, 3 hoac 2 chu sd sau dau cham
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thap phan. Sai s6 1am tron tuong ng khong vuot qua % x 1076,
10744 x 1073, 2 x 1072,

S6 12.25 ta lam tron thanh 12.2 véi sai s6 12 0.05 = 1 x 1071,
Bay gid gia st a 1a x4p xi clia A vdi sai s6 tuyét dbi 1a A,. Gia st ta 1am tron a
thanh o’ véi sai s6 1am tron 1a 6, tic 1a |a’ —a| < 6. Khi d6 sai s6 tuyét dbi

ciasb a’ 1a
Ay = ’A—a'| = ‘A—a—|—a—a’| < |A—a\—|—’a—a" <A, +6,.

Nhu vay viéc quy tron thudng 1am ting sai s6 tuyét dbi. Piéu nay din dén
két cuc 1a sau khi 1am tron mot s6 chit s6 dang tin trd nén dang ngd.
Thi du: Cho a=0.35 v6i A, = 0.003. Do d6 céc chit s6 3 va 5 1a dang tin. Sau khi
lam tron thanh @’ = 0.4 tacé Ay = A, + 6, = 0.00340.05 =0.053 > % x 1071,
Vi thé chit s6 4 trong @’ 1a dang ngd. Trong trudng hop nay khong nén quy tron

sd a.
1.5.5. Su lan truyén sai s

a) M dau

Trén day ta da dinh nghia cic loai sai s6 cia mot s6 gan ding. Trong thuc
té tinh toan cac dai lugng gan dung thudng xuit hién trong mot biéu thiic phiic
tap. Thi du thé tich cta hinh ciu dugc tinh bang V = ¢7d?, trong d6 ta chi biét
x4p xi clia s6 7 va dudng kinh d. VAn dé dit ra 1 biét sai s6 ctia 7 va d, liéu ta
c6 thé tinh dudc sai s6 ctia V khong. Mot cach tdng quat, van dé dit ra 1a sai s6
clia cdc dit liéu dau vao lan truyén va din dén sai s6 ctia két qua tinh toan nhu
thé nao?

Dé gidi quyét van dé nay xét ham sd u ctia 2 bién s6 x va y: u = f (x,y). Gia
st x 12 x4p xi cuia gid tri ding X, y 1a xap xi cta gia tri ding Y va ta coi u 1a xip

xi cua gia tri ding U = f (X,Y). Biét sai sO v€ x va y, hay tinh sai s0 cla u.
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Ky hiéu Ax = x — X 12 sb gia clia x, con dx 1a vi phan ctia bién x. Theo dinh
nghia vé sai s6 tuyét doi, ta c6 |Ax| < A, . Theo cong thiic vi phan ctia ham

nhiéu bién ta co:

du du
Tu day
du du
du~ —Ax+—A
" 0x + dy Y
Suy ra
u ou
A, = |=—|A —|A 1.5.6
|ax| X+|ay| y ( )

b) Sai s6 ctia tong

Chou=x+y.Taco % = 1,% = +1. Do do, tu (1.5.6]) suy ra
Ay = A+ Ay (1.5.7)

Nhu vay, sai s6 tuyét d6i cia mot tdng dai s6 bang tdng cdc sai sb tuyét dbi clia
cac s hang.

Thi du: Gia st x = 3.6,y = 6.4 13 hai s6 da dudc lam tron. Tinh téng ctia ching
va x4ac dinh sai s6 cua tong thu dugc.

That vay, vi x va y da dudc 1am tron dén mot chit s6 sau diu chAm thap phan
nén sai sd tuyét doi cta ching 1A A, = A, =0.05.Dodé6 u=x+y=3.6+6.4 =
10.0 v6i sai s0 tuyét doi la A, = A+ A, = 0.1, tic lau = 10+0.1.

Chii y: Xét trudng hop u = x — y va x,y ciing du. Liic dé ta c6

A AcHA
jul  e=y]

Oy

Ta thiy ring néu |x — y| rit bé thi sai sd tuong ddi rat 16n.
Thi du: Gia st x = 15.29 va y = 15.14 12 hai s6 da dudc 1am tron. X4c dinh sai
s6 tuong dbi clia x,y va clia hiéu hai sb trén.

Ta cé hidu u =x—y=1529—15.14 = 0.15. Do x va y da dudc 1am tron dén
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2 chit s0 sau diu chdm thap phan nén sai s tuyét dbi clia ching 1a A, = A, =

0.005. Vi thé sai s tuyét d6i clia hiéu 1a A, = A, + A, = 0.01. Do d6 sai 0

tuong dbi cta hiéu la 5, = |Au”| = 8(1); 0.066 trong khi sai sd tuong dbi cta x
vay tuong ting 1 8, = £ = §995 = 0.000327, 8, = ﬁ = 900 — 0.000330. Ro

rang 12 sai s6 tuong dbi ctia hiéu 16n gip 200 1an sai sd tuong ddi cia ting sb x
va y. Trong tinh todn ngudi ta cd gang tranh viéc trir hai s6 gan nhau bang cach
bién d6i biéu thic ctia hiéu (trong nhiing trudng hop cé thé dugc).

¢) Sai s6 cuia tich

Gié st u = xy. Ta ¢6 2 5 —y,a = x. Tu (I.5.6) suy ra
Ay = [y]Ac+[x]Ay.
Do d6 8, = A /lul = Ae/|x| + A,/ y] = 8+ 8. Vay
8y = 8+ 5, (1.5.8)

Ta c6 quy tac: Sai s6 tuong ddi ciia mot tich bang tong cdc sai sé twong doi ciia
cdc thita s ciia tich.
Thi dy: Gia st X va Y la hai canh cua mdt hinh chit nhat ma do dai cua ching
(tinh bang cm) dudc 1am tron dén mot chit s6 sau diu cham thap phan 12 15.6 va
8.2. Héi gia tri thuc su ctia dién tich ctia hinh chit nhat ndm trong khoang nao?
Ky hiéu x = 15.6,y = 8.2. Nhu vy x 1 gid tri gin diing ctia X va y 1a gia tri
gin ding cta Y vdi sai s6 tuyét dbi 1a 0.05. Do do sai s6 tuong dbi clia chiing
la 8 =92 =0.0032, §,=%% =0.0061. Theo (I.5.9) sai s6 tuong déi ctia
tich 1a 6, = 0.0032 + 0.0061 = 0.0093. Vi u =x xy = 15.6 x 8.2 = 127.92
nén sai s tuyét doi ctia u 1a A, = |u| 8, = 127.92 x 0.0093 = 1.19. Do dé,
X XY =127.92+1.19, tic la gia tri thuc su cda dién tich cua hinh chit nhat
niam trong khoang tir 126.73 dén 129.11.

d) Sai s6 ciia thuong



Chou=ux/y.Tacd

Ju 1 du  x
dx y'dy )
Tu (1.5.6) suy ra
X
Au::‘—‘Av—+ = 1A,
y
Do do
A 1 X 1 1
oA = (oA 5] a) Bl =15 Ak || Ay
|ul X y y xl|x y
Suy ra
8jy = S+ 5. (1.5.9)

Ta c6 quy tic: Sai s6 twong doi ciia mot thuong bdng tong cdc sai sé tuong doi
ciia sé chia va sé bi chia.
e) Sai s0 cua ham bat ky

Cho ham u = f(x1,x2, ..., X,). Theo cong thiic vi phan ctia ham nhiéu bién ta

cO:
du u u
du = 8x1dx1+ 3 2dX2-|- -+ axnd
Tu day ta co
u u u
Au~ —Ax1 + —Ax —Ax,
oxq 1+ oxy 2t ox;,
Suy ra
du du du
Au A_x A ¢ e Ax . 1. .1
‘8 1+‘a , + +|8xn . (1.5.10)

Thi du. Tinh sai so tuyét ddi va sai so tuong ddi ctia thé tich hinh cau:

1
V=_nd
67[

néu cho dudng kinh d = 3.7+ 0.05cm va © = 3.14 4 0.0016.
That vay, xem 7 va d 1a dbi s6 cia ham V, ap dung (1.5.9) va (I.5.10) ta c6
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Sy = 8z + 38, (Hé s 1/6 khong anh hudng dén sai s6 tuong dbi), 5, = M =
0.0005, 6, = & = 0.0135. Suy ra oy = 0.0005+ 3 x 0.0135 = 0.04. Gia tri
gan ding ctia thé tich1a V = 671:d3 26.5cm?. Do dé, ta tinh dudc sai s6 tuong
dbictiandla Ay = V| x &y =26.5x0.04 = 1.06 ~ 1.1cm>. Vithé V =26.5+

1.1cm?.
1.5.6. Cac loai sai s6 mac phai khi giai mét bai toan thue té

Nhu da biét, d€ nghién citu mot ddi tuong thuc té, chﬁng han mot dbi tuong
vat ly nhu dong chay trong song, hién tuong dan nhiét trong mot thanh vat chit,
hay mot dbi tugng kinh té-xa hoi,... ngudi ta thudng xay dung mo hinh toan hoc
clia d6i tuong va nghién ctiu ddi tuong thong qua md hinh. Do tinh chit phiic
tap ctia d6i tuong nén ngudi ta khong thé dua hét tat ca cac yéu tb lién quan vao
mo hinh, ma budc phéi loai bd nhitng yéu té6 khong quan trong va anh hudng it
dén dbi tuong. Két qua 12 ngudi ta chi nhan dudc mo hinh todn hoc phéan anh
gan ding ddi tugng can nghién ctu. Sai s mac phai trong qua trinh nay goi 1a
sai s6 mo hinh.

Khi da ¢6 mo hinh toan hoc, thuong la cac phuong trinh vi phan, tich phan
hoidc phuong trinh dai sd,... ngudi ta phai giai né. N6i chung ngudi ta khong
nhan dudc 10i gidi ding ctia mot bai toan ma chi c6 thé nhan dudc 16i giai gan
ding biang mot phuong phéap nao day, thi du phuong phap lip gidi phuong trinh
phi tuyén, phuong phap hinh thang tinh tich phan,... . Sai s6 mic phai khi phai
giai mot bai toan bang phuong phap gan ding dudc goi 1a sai sb phuong phap.
Day 12 loai sai s6 ma chiing ta can quan tim khi nghién cifu cic phuong phap
gan ding (gidi tich hoidc sb tri) vi sai s6 nay phan anh chét lugng ctia phuong
phdp va thong qua n6 c6 thé danh gia dudc khbi lugng tinh todn can thiét dé c6
dudc 161 giai v6i mot dd chinh xac cho trude.

Sau khi di c6 phuong phap hoic thuit todn gidi mot bai todn can phai thuc
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hién né trén may tinh dé c6 dudc 15i giai sd. Trong qud trinh tinh todn bing sb
nay khong thé tranh khdi viéc 1am tron sd. Sai sb xdy ra trong cong doan nay
dudc goi 12 sai s6 tinh toan.

Mot loai sai s6 nita c6 thé mac phai khi gidi mot bai toan thuc té 1a sai sb dit
liéu khi cdc dit liéu dau vao cia bai toan nhan dugc bang cac phép do dac hoic

quan sat thuc nghiém hoic 12 15i gidi gan ding ctia mot bai toan khac.
1.5.7. Céc loai danh gia sai s phuwong phap

Sai s6 ctia mot phucng phap s6 c6 thé dugc danh gia tién nghiém hoidc hau
nghiém. Danh gid sai s6 tién nghiém 1a danh gid sai s6 nhan dugc trudc khi thuc
hién tinh toan. Thi du, d€ gidi mot phuong trinh phi tuyén bang mot phuong
phdp lip don ta c6 thé danh gid dugc sai s6 clia nghiém gan diing nhan dudc sau
n 1an lip theo cong thiic

n

n — 7| < 1 —xol,

trong d6 0 < g < 1,x* 1a nghiém diing, xo 12 x4p xi ban dau.
Panh gia sai s6 hau nghiém 13 danh gia sai s6 nhan dudc sau khi tinh todn dugc
nghiém. Thi du, sau khi tinh dudc x,, theo phuong phép ldp don ta c6 danh gia

hau nghiém

e, —x*| < | — xp—1] -
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1.6. Hé phuong trinh tuyén tinh

Xét mot hé phuong trinh gdm n phuong trinh tuyén tinh v6i n 4n s6 x1,x2, ..., X,

dudc cho boi

”
ayxy+apxs+...+aix, = by

ax1X1 +axpxy +...+ayux, = by (16.1)

\ a,1x1 +apxs+ ...+ aux, = by,

Hé nay c6 thé viét dudi dang ma trin Ax = b, trong d6

alilr ... dAip

A=\ .. ... .. ,x:(xl,xz,...xn)T,b:(bl,bz,...,bn)T.

apl a2 dpn

Néu detA # 0 thi hé (1.6.1)) c6 nghiém duy nhét va nghiém ctia n6 c6 thé tinh
theo cong thiic Cramer:

B detAj
A= detA’

(1.6.2)

trong do A; la ma trn nhin dugc ti ma trdn A bang cach thay cot thd j bdi cot
b. Cong thiic thudng chi danh cho hé v6i ma tran hé sd ¢d nho, con véi
ma trin cd I6n thi chi phi cho tinh todn qua 16n. Do do, nguoi ta da di xay dung
cac phuong phap nhanh d€ giai hé phuong trinh dai s tuyén tinh c¢d 16n 1a khai
théc triét d€ cac thong tin v& ma tran ctia hé.

Duéi day 12 mot s6 dang dic biét clia ma tran:

e Ma trin dudng chéo: Ma trin vudng cip » ma moi phan ti nim ngoai
dudng chéo chinh bang 0, tic 1a a; i=aji =0, v6i i # j, dudc goi 1a ma

tran duong chéo.
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e Néu ma tran duong chéo c6 a;; = 1 thi ta goi 12 ma trin don vi cip n va ta

thuong ki hiéu 1a E hoac 1.

e Ma tran tam giac trén: Ma tran vudng A dudc goi la ma trdn tam giac trén,

neu A co dang

0 ax axn
A= ,
0O O Ann

thCléla,‘j:Okhii>j.

e Ma tran tam giac dudi: Tuong tu ma trdn vudng A dudc goi la ma tran tam

giac duéi, néu A c6 dang

al 0 .. 0

a axp ... 0
A=

anl Aap2 ... Qupn

tﬁCléla,‘j:Okhii<j.
e Ma trin thua: Ma tran thua 12 ma tran c6 rat nhiéu phan ti bang 0.

e Ma tran dbi xing: Ma tran A dudc goi 1a ma tran d6i xing néu A = AT,
tac la ajj = Ajj,l = 1,2,...,n,j=1,2,....n,
1.7. Mét s6 phueng phap giai hé phuong trinh tuyén tinh
1.7.1. Phuong phap Gaussian

Y tudng ctia phuong phap khit Gauss l1a khii dan céc 4n d€ dua hé ban dau

vé hé v6i ma tran tam gidc trén bang cac phép bién d6i tuong duong nhu:

e D3i chd 2 phuong trinh bat ky.
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e Nhan mot phuong trinh bt ky véi mot s6 khac khong.
e Cong vao mot phuong trinh mot t6& hop tuyén tinh ctia mot s6 phuong trinh
khac
Nhu vay phuong phap Gauss gdm 2 qud trinh:
e Qua trinh thuan: dua hé vé dang tam gidc trén,
e Qua trinh ngudc: giai hé tam giac trén tu dudi 1€n trén.
a) Qua trinh thuin: D¢ viét cho gon ta xét hé

)
ajxy+apxy+ ... +apXy = ap+1

a1 X1+ axpxy + ... + ayuXn = a2 p+1 (L.7.1)

\ A1 X1+ ap2X2 + ... + appXp = App+1

vadital) = ag, (i=1,2,..,nj = 1,..,n+1).
Butéc 1: Dung phuong trinh dau tién dé khi x| trong n — 1 phuong trinh con lai:
Gia st aj # 0 (ta ludn c6 dudc diéu nay bing cach ddi chd hai phuong trinh ).

Chia hai vé ctia phuong trinh thi nhit cho a;; ta dudc phuong trinh

x1+bioxo+ ...+ b1uxy = b1 g1, (1.7.2)

(0)

Vi b= b j=2,..,n+ 1.
ay
Cong vao phuong trinh thu i cua hé (1.7.1]) phuong trinh (1.7.2]) sau khi da nhan
voi —ag?),i = 2,...,n ta dudc hé
([ 1 1 1
agz)xz + aéS)x3 —+ ...+ agn)xn = aé,;l 11

(1) (1) (1) (1)

A3y X2 +A33 X0 + .o+ A3, Xn = A3 1y (17.3)

1 1
afllz)xz + ar(lz)xz + ...+ a,(lli)xn = a,(i)r)l 11

\
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voi ai(jl) = ai(jo) —ai(ll)blj,i =2,...n;j=2,....n+1.

Nhu vdy sau budc 1 ta thu dugc phuong trinh va hé (1.7.3).

Budc 2: Dung phuong trinh dau tién trong khtt x, trong cac phuong trinh
con lai tuong tu nhu da 1am trong budc 1. Qua trinh dudc tiép tuc nhu vay. Két

qua sau budc thi m ta thu dugc hé

Xm + bm,m—i—lxm—H + ...+ bm,nxn = bm,n—i—l
(m) m) (m)

( _
A1 mr1Xm+1 . +am+1,nx" =y 1t 1 0

(m) (m) (m)

A mt-1Xm+1 t ot ampXn = Dpnt1

bm] - algin;_l)/al(ﬁ:n_l)aj =m+ 17"'7n+ 17

ai(jm) = ai(jm_l) —ai(x_l)bmj,i =m+1,...n;j=m+1,...n+1.

Cubi cung, sau n budc khii ta thu dugc hé phuong trinh véi ma trin tam gidc

trén sau day

x1+bioxy+ ...+ b1pxy = by p—1

X2+---+b2nxn:b2’n+l (1.7.4)

Céc hé s dugc tinh theo cong thiic

bmj:a}(nr;l._l)/a,g,ln;l_l) (m:l’ﬂ’l,]:m_'_l,’n_‘_l)
al(;") — agjn_l) _al(:;_l)bmj (l =m-+ 1,...,]’[; J: m-+ 17”",1_{_ 1)
(1.7.5)

Céc phan ti a,(n"fn_l) (m=1,...,n) dudc goi 1a cac phan tif tru hay cac phan ti

chu dao.
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b) Qua trinh ngudc: Giai hé (1.7.4) tu dudi 1én trén

Xn = bn,n—H
n . (1.7.6)
Xk = bk,n-i-l — Z bkd'x]‘ (k =n— 1, ceey 1)
Jj=k+1

Khbi lugng tinh toan: D& thay riang sd phép toan nhan, chia va trit d€ thuc hién
qua trinh thuan (1.7.5) la

mf_,l[(n—m+l)+2(n—m—1)(n—m)]:i[k—l—Zk( 1)) = i(zz@ K)
n(n+1)(dn—1) - -

6

S& phép todn dé thuc hién qud trinh ngudc 1a n(n — 1). Do dé, tdng s6 phép toin
ctia phuong phip Gauss 12 (41 +9n? — 7n) /6 hay c& 2n3 /3 khi n di 16n.
Thi du: Ta minh hoa phuong phap Gauss giai hé phuong trinh sau

2x1+4x,+3x3 =4

3x1+xp—2x3=—-2
A1+ 11xo +Tx3 =17.

Céc hé s6 va vé phai clia cic hé trung gian thu dugc sau tiing buée khit dudc

viét trong dang ma trin mé rong nhu sau

24 3 4 12 15 2
31 -2 -21|—]10 -5 -65 -8
4 11 7 7 03 1 —1

1 215 2 1 2 15 2
— 10113 16 — 101 13 16
0 0 -29 58 001 2

Qua trinh tinh ngudc chotax; = 1,x; = —1,x3 = 2.
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1.7.2. Phuong phap lap Jacobi

Ta viét hé phuong trinh Ax = b trong dang chi tiét:
ai,-xiJrZaijxj:bi, i=1,2,...n (1.7.7)
J#
Khi d6 xuét phat tir mot xap xi x(©) bit ky c6 thé tinh cdc thanh phin cia cic
xap xi tiép theo ctia hé tif phuong trinh:
a4 Y apl = b, i=1,2,n, k=0,1,2,.. (1.7.8)
J#I
Gia su Vi, a;; # 0. Khi d6 tu (1.7.8)) ta dudc:
A = Y B P 12,n, k=0,1,2,... (1.7.9)
i aijj aijj
Céch tinh cac xAp xi lién tiép ctia hé theo cong thiic trén chinh 1a phuong phap

lap Jacobi.

Dinh ly 1.7.1. Néu ton tai mét s6 0 < q < 1 sao cho:

n
Vi= 1,2,...,n, Z ’Cli]” §q|al~l~| (1710)
J#i
j=1
thi phuong phdp ldp Jacobi gidi hé phuong trinh Ax = b hoi tu véi bdt ky xdp

xi ban dau x©) va déi véi sai s6 ta cé cdc ddnh gid:

k
Hx(k)_xH Slq Hx(0>_x(1>H C k=0,12,... (1.7.11)
oo —q oo

qu«)_xH 51q Hx<k>_x<k—1>H . k=0,1,2,... (1.7.12)
oo —q 0

trong do x la nghiém diing cua hé [5].

Nhéan xét 1: C6 truong hop khong thé ap dung phuong phdp Jacobi ngay

cho hé phuong trinh da cho, ma phéi thuc hién viéc ddi chd cdc phuong trinh dé
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ducc hé v6i ma tran chéo troi. Thi du,ta doi chd hang 1 va hang 2 cua ma tran:

I 3 1 51 -1
51 -1 |—=]13 1
21 6 21 6

Nhén xét 2: Néu trong khong gian R" ta st dung chuén ||.||; cla vecto dudc
n
xac dinh béi ||x||; = ¥ |x;| thi:
i=1

; ¥ aij
|IS||; = max Z‘S,]‘ — max 7!

1<j<n 1<j<n ’aij’

Do d6 ta ciing c6 két qua tuong tg Pinh 1y (1.7.1)), trong d6 thay cho diéu kién
(1.7.10) 1a diéu kién ton tai 0 < ¢; < 1 sao cho:

n

Vi=1,...n, Y |aij| <q1lail (1.7.13)

J7#
i=j

va trong céc danh gia (I.7.11)), (1.7.12)) thay cho chuén ||.||., 1a chuén ||.]|;.

1.8. Su 6n dinh ctia ma tran hé s6
Trong nhiéu trudng hop ngudi ta thu dudc hé phuong trinh dai s6 tuyén tinh
Ax =D, (1.8.1)

trong d6 cac hé sb a; j va b; dugc tinh theo cong thiic nao do, c6 thé la kha phiic
tap cho nén khong tranh khdi sai sd. Khi d6 ngudi ta thu dudc khong phai 1a
hé (1.8.1), ma 1a hé phuong trinh v6i ma tran nhiu A + 8;A va vé phai nhiéu
b+ &;b [1I], va tat nhién nghiém ctia hé nhiéu nay bay git khong phai 1a x ma 1a
x4+ 61x [1]]. Nhu vay, ta ¢

(A+51A)(X—|— 61)6) = b+ 6,b. (1.8.2)
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VAn dé dit ra 12 liéu su thay d6i 8;x ctia nghiém c6 phu thudc lién tuc vao
su thay ddi ciia dit kién dau vao 1a 8;A va &;b hay khong, tic 1a khi dit kién dau
vao thay doi it thi liéu nghiém c6 thay doi it khong? Dudi day ta chi ra mot vai
vi du, trong d6 x4y ra hién tudng "sai mot ly di mot dim", cu thé 1a sai sd nhd
ctia dit kién dan dén sai s 16n ciia nghiém.

Thi du 1. Hé phuong trinh

X1 +2x =1
(1.8.3)
x14+2.0lx, =1
c6 nghiém 1a x; = 1,x, = 0. Hé v6i mau nho clia vé phai
X1 +2x =1
x1+2.01x, = 1.01
lai c6 nghiém 12 x; = —19, x> = 10, rit khac so vdi nghiém cta hé (1.8.3).
Thi du 2. Hé phuong trinh
1.0001x; +x, =3
(1.8.4)

X1+x=3

c6 nghiém 1a x; = 0,x, = 3. Trong khi d6 hé v6i nhiéu nhd ctia ma tran A
X1+x=3
x1+1.0001x; =3

c6 nghiém 12 x; = 3,x, = 0, rat khac so véi nghiém ctia hé (1.8.4).

Thi du 3. Hé phuong trinh

2x1+xp =2
(1.8.5)

2.x1+1.01x, =2.01
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c6 nghiém l1a x; = 0.5, x, = 1. Nhung hé phuong trinh trén véi su thay doi it cia
ma trn A va vé phai

2x1+xp=2
(1.8.6)

2.01x; +x, =2.05
lai c6 nghiém 1a x; = 5,x, = —8, khdc xa véi nghiém ctia hé gbc (1.8.6).

Trong nhiing thi du trén ta néi rang hé phuong trinh cé nghiém khéng on
dinh.

Ta sé di tim nguyén nhan ctia su khong &n dinh nay bang cach danh gid sai
s6 ctia nghiém qua sai sb ctia ma trdn A va vé phai b. O déy ta gia thiét rang
det(A) # 0, do d6 hé c6 nghiém duy nhat.

1) Trudc hét xét trudng hop 514 = 0,8;b # 0. Khi d6 ta c6

A(x+ 61x) = b+ 61b.
Ta dudc Adx = 8;b. Do d6 81x =A~18,b, vatacé
[|81x]] < [|JA~"][]|81b]]. (1.8.7)

Dénh gid trén khong thé 1am t6t hon dudc vi diu biang c6 thé xay ra. That vay,
trong trudng hop khi A 12 ma tran ddi xdng x4c dinh duong, gia st eq, es, ..., e,
1 co s6 truc chuin ciu thanh tif cc véc to riéng clia A ng vdi cdc gia tri riéng
o< <AHh<...<A,taco A_IH = 1/&1. bit 61b = e, tacd S1x = 61/11.
Do vay ||81b|| = 1,||81x|| = 1/A; va ta dudc diu bing trong (1.8.7).

Tir danh gia trén suy ra ring néu ||A~!|| 16n (diéu nay xay ra khi A gan suy
bién) thi su thay d6i nho ctia vé phai c¢6 thé dan dén su thay ddi 16n clia nghiém
cua hé phuong trinh.

Bay gid ta danh gid sai sd tuong ddi ctia nghiém qua sai s tuong dbi ctia vé

phai.
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Tu phuong trinh Ax = b ta c6 danh gia ||b|| < ||A||||x||. K&t hop véi danh gia
(1.8.7) ta thu dudc
[[81x]]

[

18]
]

< llAfllla™!| (1.8.8)

Ky hiéu

cond(A) = [|A||||A~"]]
va goi n6 12 s didu kién clamatrinA. Do E =AA" ' nén 1 = ||E|| < ||A]|||[A7Y].
Néu cond(A) >> 1 tanéi rang A 12 ma trdn vdi diéu kién xdu.

Chu y rang s6 diéu kién ctia ma tran phu thudc vio céc xdc dinh chuan. Néu
ta ding chuén ||.||> thi dé thiy ring khi A 12 ma tran d6i xting cond(A) = %,
trong d6 Ayuax Va A 12 cdc gid tri riéng v6i modul 16n nhat va nhd nhét tuong
ung.

Tuong ty nhu dbi véi danh gia (1.8.7), ciing c6 thé ching té ring danh gia
1a khong thé 1am tot hon.

2) Trong trudng hop 8,6 = 0,8;A # 0 c6 th€ chiing minh danh gia sau

0 01A
||x + 1x]| [|A]]

(1.8.9)

va danh gid nay khong thé 1am t6t hon.

Céc ma tran trong cac Thi du 1 - 3 déu 1a c4c ma tran véi diéu kién xau. S6
diéu kién tuong ing cla ching tuong dng 1a 1004, 40002 va 501 1a nhitng sd
kha 16n. D6 chinh 1a nguyén nhan gay ra su khong 6n dinh ctia nghiém ctia hé

phuong trinh.
1.9. MGt s6 khai niém vé dao ham, vi phan ctiia him s6 nhiéu bién
1.9.1. DPao ham riéng

Dinh nghia 1.9.1. Cho ham sé u : D C R> — R xdc dinh bdi (x,y) > u(x,y).

Diém My (xo,y9) € D. Néu cho y = yo, ham sé mét bién s6 x — u(x,yq) c6 dao
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ham tai x = xg, thi dao ham do dwoc goi la dao ham riéng cia u doi vdi x tai
My va duoc ky hiéu la

/ 8u
U, (x0,¥0) hay 5 (x0,¥0) -

Biéu thiic
Axu = u (xo + Ax,yo) — u (x0,Y0)

dugc goi 1a s6 gia riéng ctia u (x,y) theo x tai (xg,yo). Ta c6

u Au

- — i
gz (020) = Jim

Tuong tu nhu vy, ta c6 dinh nghia dao ham riéng ctia u dbi véi y tai Mo, ky
hiéu la
i, (x0,y0) hay 3—;{ (%0, 0) -
Cac dao ham riéng ctia ham s6 n bién s6 (n > 3) dudc dinh nghia tuong tu.
Khi tinh dao ham riéng ctia mot ham sb theo bién s6 nao, chi viéc xem nhu ham
s6 chi phu thudc bién sb Ay, cic bién s6 khac dudc coi nhu khdng déi, rdi ap

dung quy tic tinh dao ham ctia ham sb mot bién sb [}, 6]
1.9.2. Vi phén toan phan

Cho ham s6 u : D C R*> — R xdc dinh bdi (x,y) — u(x,y). Ly cic diém
My (x0,y0) € D,M (x0 + Ax,yo + Ay) € D. Biéu thiic

Au = u(xo+ Ax,yo + Ay) — u (x0,y0)
dudc goi 12 sb gia toan phan cta u tai My. Néu c6 thé bi€u dién dudi dang
Au = AAx+ BAy + aAx + BAy,

trong d6 A, B 1a nhitng s chi phu thudc xg, yo, con «, B dan t6i 0 khi M — My,

tic 1a Ax — 0,Ay — 0, thi ta noi réing ham s6 u 1a kha vi tai M), biéu thic
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AAx + BAy dudc goi 1a vi phdn toan phan cta u(x,y) tai My va dudc ky hiéu 1a
du. Ham s u (x,y) dugc goi la khai vi trong mién D néu n6 kha vi tai moi diém
M € D [8,16].
Dinh ly 1.9.1. [8] Néu ham s6 u(x,y) c6 cdc dao ham riéng & ldn cdn ciia diém
My (xo,y0) va cdc dao ham riéng dy lién tuc tai My (xo,yo) thi u(x,y) khd vi tai
My (x0,Yy0) va ta co

du = u;Ax + u/yAy.

Tuong tu nhu d6i v6i ham s6 mot bién sb, néu x,y 1a bién sd doc 1ap thi

dx = Ax,dy = Ay, do do

du = u;a’x + u/ydy.

1.9.3. Pao ham va vi phén cép cao

N A . N ‘A AN ~ N ‘A A
Cho ham s0 u(x,y). Cac dao ham riéng u,, u, la nhiing dao ham riéng cap
mot. Cac dao ham riéng clia cac dao ham riéng cAp mot néu ton tai dudc goi 1a

nhiing dao ham riéng cip hai. Ta c6 bén dao ham riéng cép hai va ky hiéu nhu

8 8u 82u "
ax\ox ) =2 =m0,

sau.

d du 8214 "
8_)7 g) :axay:uxy(xvy)a
d (du d%u "
a(a_y = ayax:uyx(xvy)v

8 al/t azu "
ay\ay) "oy )

Dinh ly 1.9.2. (Schwarz [8]). Néu trong mét lan cdn ciia diém Mo (xg,yo) ham

i

/ N N % c A .
va cdc dao ham ay lién tuc tai

£ : . N . A £ . /
50 u(x,y) co cdc dao ham riéng cap hai u,,u,,

oo 7 )
Mo (x0,y0) thi uy, = uy, tai Mo (x0,y0).
Xét ham s6 u (x,y). Vi phan toan phan ctia n6

du = u;Ax + u/yAy,
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neu ton tai, cling la mot ham so hai bién so. Vi phan toan phan cua dz néu ton

tai, ducc goi 1 vi phan toan phan cip hai ctia z va dugc ky hiéu 1a d%z. Vay
d’z=d(dz) =d (u;dx + u/ydy) = (u;dx + u/ydy);dx + (u;dx + ulydy>/ydy
—u, dx®+ (u;y + u;x> dxdy + uy,dy>.
Gia thiét ring u:y va u;x lién tuc, khi d6 chiing bang nhau, vi vay
d*z = u;xdx2 + 2u;ydxdy + uly/ydyz.
CU tiép tuc nhu vay ta dinh nghia cic vi phan cip cao hon

d"u=d(d" 'u).
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Chuong 2

Phuong phap chon tim cho tinh xap xi dao ham béi noi suy
RBF

Trong chuong nay chung tdi tip trung vao cach tinh véc to trong sd nhd noi
suy ham RBF; Mot s6 cach chon bo tdim cho noi suy ham co sé ban kinh;Van
dé chon tham s6 hinh dang d4o bao su 6n dinh clia ma tran noi suy; Tinh xap xi

dao ham nhd véc to trong sd.
2.1. Véc to trong sb tir ndi suy ham ce sé ban kinh

Trong phan nay ching toi trinh bay mot s6 két qua cta [3].
Cho bo tim phan biét tiing d6i mot X = {x1,x2,...,x,} C RY, u: RY — R1a ham
li€n tuc va du tron. Gia st ¢ : Ry — R la ham xac dinh duong va du tron [2]].

Khi d6 ham ndi suy RBF s(x) ciia ham u(x) dugc xdc dinh bdi cong thiic

s(0) = Y ap@(r—x;), @(x) = o(|lx]), @.L.1)
j=1
sao cho
s(xi) =u(x;), i=1,2,....n. (2.1.2)

Céc hing sb6 a; dudc chon dé diéu kién nodi suy (2.1.2) dudc thoa man. Tu
.1.1) — (2.1.2) taco

Y aj®(xi—x;) =u(x), i=1,2,..,n. (2.1.3)
j=1

Ky hidu
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CI)‘X = [Cb(xi—xj)]Z’;l:p M‘X = [u(xl),u(xz), "'7u(xn)]T7 a— [Cl],az, "°7an]T7

khi d6 ta c6 thé viét (2.1.3)) dudi dang ma tran
CD’Xa = M|X.

Vi ¢ la ham xac dinh duong nén ma tran ®|x 1a xac dinh duong véi bd tam

X phan biét titng d6i mot. Do d6, véc to a dudc xac dinh duy nhat
a=[®|x] tulx. (2.1.4)

Thay vi tinh dao ham ctia ham u(x), ta tinh dao ham ctia ham s(x). D€ lam dugc
viéc nay, ta s€ 4p toan tit dao ham D 1én ham s(x) dugc bi€u dién bdi cong thiic

ataco

Ds(x) = i a;DP(x —x;)
j=1

:aTDCID(x—.)|X (2.1.5)

= ul§ [@x] "' DP(x—)Ix,
trong do

D®(x—.)|x = (DP(x—x1),...,DD(x —x,))".

Ky hiéu w = [wy,wa,...,w,]T va dat
w=[®|x]"'DP(x—.)|x. (2.1.6)

Tu (2.1.5) — (2.1.6) ta cé thé viét

Ds(x) = i{wi(x)u(x,-). (2.1.7)

Ta nhan dugc cong thic dao ham s6 (2.1.7) véi véc to trong s6 w = [wy, wa, ..., w,]T

dudc xac dinh bsi (2.1.6). Quan sit cong thiic (2.1.6) ta c6 thé thiy véc to trong



34
s6 w 12 nghiém ctia phuong trinh

n
Y wi®(x;i—x;) = DP(x—x;),i=1,2,....n. (2.1.8)
j=1

Diéu nay c6 nghia 13 véc to trong s6 w dudc cho bdi cic hé sb clia noi suy
ham cd sé ban kinh véi dit liéu cho bdi ham DP(x —.)|x. ViP(x; —x;) = P((x—
x;) — (x—x;)) nén néu ta ndi suy ham D tai cac thm x —x;, j = 1,2,...,n, thi
ta thu dudc cac hé sb ndi suy nhu trong cong thiic va d6 chinh va véc to

trong s6. Vi vy chiing ta c6 phuong phép tinh véc to trong s6 nhu sau :

Meénh dé 2.1.1. Cho b¢ tam phdn biét ting déi mot X = {x1,x2,....,0,} €ER?, u:
R — R la ham lién tuc va du tron, D la todn tit dao ham va ham noi suy co so

bdn kinh s(x) ciia ham u(x) dugc biéu dién dudi dang R.1.1) — 2.1.2). Khi do

véc to trong s6 w ciia dao ham tai x dugc tim bang cdch gidi hé phuong trinh
R.1.8)), hay véc to trong so la cdc hé so ciia néi suy ham co sé bdn kinh vdi dit

liéu duoc cho bdi ham DP(x — .)|x.

Gia stt cho bo tdm E C Q, d€ tinh dudc dao ham tai diém { € Z tai theo cong
thiic (2.1.7), ta chon bd cho ndi suy ham RBF, tu bay gio ta s€ ky hiéu bd tim
nay 1a Z; va goi la bd tdm hd trg tinh véc to trong s6 hay ho trg tinh dao ham,
E¢ bao gom ¢ va mot s6 diém ndm trong vi tri 1an can véi né. Muc tiép theo

chiing toi trinh bay mot sb tiéu chuin chon bo tim hd trg tinh x4p xi dao ham.
2.2. Mot s6 cach chon b tAm ndi suy

Trong Muc nay chung tdi trinh cdc tiéu chuin chon bd tim hd trd tinh dao
ham nhu sau: Tiéu chuin lang giéng gin nhit, tiéu chuin n diém tu nhién, tidu
chuén 4 géc phan tu va tiéu chuin géc déu (Xem [7] va cac tai liéu tham khéo

cua no).
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2.2.1. Tiéu chuiin lang giéng gan nhéit
E¢ bao gom { va n diém thude &\ {{} va gan { nhit.
2.2.2. Tiéu chuin n diém tu nhién

E¢ bao gdm ¢ va céc diém thudc Z\ {{} ndm trén 1 hic 2 vanh khuyén véi

¢ la tam.
2.2.3. Tiéu chuiin 4 géc phan tu

Z¢ bao gom ¢ va 8 diém thudc E\ {{}, trong d6 mbi cung phan tu chita 2

diém gan ¢ nhit.
2.2.4. Tiéu chuiin géc déu

Gia stt cho bo taim Z C Q, Z lacc diem nim trong mién Q, dE 1= E\ Z;y
1a cac diém nam trén bién.

V6i moi § € By, tachon tip &, C E. Pat E, = {{, &, ..., &}, trong do cdc
diém &, ..., & dugc sap xép theo chiéu ngudc kim ddng hd dbi véi ¢ [2]. Xét

ham chi phi
k
:u(élaé%"'aék) = Zalz
i=1

Trong dé ky hiéu ¢ 1a goc gitta tia {&; va tia (& theo huéng ngudc chiéu
kim ddng ho vé6i chu ky &1 := &;. Hon nita ching ta cin tinh géc nhé nhét va

gbc 16n nhat

a(&y,....&) =min{oy,...,oq}, a(&,.... &) =max{oy,..., o} .
k k
Vi ¥ & =27 nén biéu thuc )3 a? c6 thé dat dugc gid tri cyc ti€u duy nhit khi
o I:... = oy = 27 /k tic lél,lzcleic tia {&; sé cach déu nhau néu &, ..., & dudc
chon tu do trong R?. Tuy nhién, cic diém nay bi phu thudc vao su phan bd cia

cdc diém trong tp E va vi vay, khodng cach ||& — || nhé nhét c6 thé. DE dat
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dugc muc dich can bang giita 1 nhd va khoang cich ciing nho, ching tdi dua
ra gidi han 12 & phéi dugc bao quanh bdi m diém gan nhét véi { va thuat todn

ding néu tap {C,&,...,&} théa man

5(51,...,@() < vg(&l, ---;ék)-

Trong d6 m > k va v > 1.0 13 c4c tham bién dudc xac dinh theo kinh nghiém.
Y tudng thuét toin
V6imdi § € Z;,;, chon tip cdc tAm dia phuong &; v6i i = 1, ...,k sao cho thoa

man diéu kién thd nhat 12 céc tia lién ké &; va &1 tao thanh cdc goc déu nhat

c6 thé va diéu kién thit hai 1a cac tam & v6i i = 1,...,k gan tim ¢ nhét c6 thé.
Noi dung thuat toan

Input: &, .
Output: =,.
Céc tham bién: k 12 s6 cac diém &; can thiét trong tap Eg, m> k(sb cac tam

nam trong 1an can ctia £) va v > 1 (gidi han géc déu ma c6 thé chap nhan dudc).

I. Tim m diém &, ...,&, gan { nhit vé6i diéu kién &, ..., &, thudc Z\{{},
sap xép cac diém &i,...,&, theo chiéu ting dan theo khoang cich dén
¢ tap Z; ban dau chita § va k diém dau tién, Z; := {{,&,...,&}. Néu
(&1, &) <va(ér,..., &) thi STOP: tra vé E.

II. Fori=k—+1,....m
1. Tinh cic géc ay, ..., 04, ; dudc tao thanh béi tip md rong

{& 8t ={& 88}

2. Néu goc gitta C&; va goc gilia hai tia 1an cAn ctia né déu 16n hon géc

nhd nhit o := a (&, ...,&, &) thi:
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i. Tim j sao cho &} = ¢'. Chon p = j hodc p = j+ 1 phy thudc vao
o ;<o hodca | >ay,.

ii. Néu u({&f,....& . }\{&}) <u(&,....&) thi:
o Cip nhdt (&1, &) = (€& 1\ {E))
b. Néua(&y,...,&) <va(&,...,&) thi STOP: tra vé tap hién hanh

E‘C - {Caélw"aék} :

III. Chi ¥ ring trong trudng hop thuit toan khong két thic sém va @(&y, ..., &) >
vou(&1, ..., &) théa man tap hién hanh &, = {{, &y, ..., }. Tim j sao cho
aj=a(&i,....,&). Chon p = jhoic p = j+ 1 phu thudc vao o;_ < Qjy|
hodc otj_1 > oj;1. STOP: tra vé {&,,...,& 11\ {&y}

Nhan xét:
1. Néu thuat toan két thic bdi Budc I11 thi E¢ chita k+1 diém (bao goém ci ().

2. m diém gan nhit trong Bu6c I c6 thé dugc tim thiy hiéu qua theo hudng
khong lu6i bang cach st dung ciu triic dif liéu chuin space-partitioning nhu
kd-tree.

3. Dé& dang thiy ring viéc chon p trong budc I1(2) i ddm bao ring
{& g g =min{u{E o {ah (& g &
Mot quan st gidng nhu dp dung chon p trong Buée I1I.

4. Trong trudng hdp cic mién phic tap, néu phan gitta cia ¢ va & cat mién
bién thi nén bd céac diém &; nay di ngay trong Budc 1.

Panh gia do phuc tap cua thuét toan

Ménh dé 2.2.1. Cho N la cdc tam roi rac Z, Niy, la sé cdc tém thudc tdp

Eint, k la so tdm trong bo tdm cho hé sé noi suy RBF E¢ va m(m > k) la
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s tam gdan € nhdt. Khi do do phiic tap tinh todn ciia thudt todn chon tdm la

O(Njys.m.log(N)).

Ching minh:

Doi v6i moi § € &,

L.

IL.

I1I.

Tinh chi phi tinh todn dbi véi buée 1

1. Thoi gian tim m diém &, ..., &, gan ¢ nhit 1a O(m.log(N)).

2. Thoi gian sap xép m diém &;, i = 1, ..., m theo chiéu ting dan ctia khoang
cich tit & dén ¢ 1a O(m?).

3. Thoi gian xéc dinh k di€ém dau tién la O (k).

Chi phi tinh todn dé€ loai bd diém "x4u" va két nap diém "tét" trong m — k
tam con lai, theo nghia céc tia lién ké & va {&;, | tao thanh cic goc déu
nhét nhu c6 thé va dong thoi cac tam & véii = 1,...,k— 1 gan tam { nhit

c6 thé.
1. Chi phi tinh todn d6i véi budc I1.1 12 O(k+ 1).
2. Chi phi tinh toan d6i véi budc I1.2.i 1a O(k +1)2.

3. Chi phi tinh toan d6i véi budc I1.2.ii 1a O(1).
Vi vay chi phi tinh toan déi véi budc I1. 12 O((m — k).log((k+1)?)).

Chi phi tinh todn can thiét khi thuat todn khong két thic sém 1a O(k?).

Vi viy, do phtc tap thuat toan ctia doan chuong trinh tif budc I dén budc
III 14 theo quy tic cong. Nén né chinh 1a do phic tap ctia bude I va nd
1a O(m.log(N)). Hon nita, N, 1a s6 nit trong tip E;,, nén do phic tap
clia thuat toan chon tdm 1a O(N;,;.m.log(N)). Vi vy ménh dé dugc
ching minh [2].
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2.3. Tham s6 hinh dang ctia ham RBF

Trong khuén khd luan vin ndy, chiing to6i khong dé cap dén viéc chon tham
s6 hinh dang t6i uu vdi chi phi tinh toan khong dang ké ma chi dé cap dén chon
tham s6 hinh dang ddm bdo cho sb diéu kién clia ma tran ndi suy chip nhan
dugc.

Ta da biét rang chat luong ctia cac ham ndi suy RBF phu thudc nhiéu vao
céc tham sb hinh dang § > 0 trong @ (r) = @o(r/8), Pimy(r/S). Hon nita, Cac
tac gia G. F. Fasshauer, B.Fornberg di chiing minh ring s6 diéu kién cia ma
tran ndi suy ti 1& thuan vSi tham sb hinh dang.

Vi vay, céc thit nghiém dé khdo sat trong luan vin nay sé chon gid tri tham
s6 hinh dang c6 gid tri 16n nhit truéc khi ma trin ndi suy ctia hé phuong trinh
(2.1.8) vuct qua 10'? va ching toi goi 1a tham sb ‘safe’ hay tham s an toan.

Trong trudng hop nay, chiing t6i sit dung phuong phdp tim kiém nhi phan
2.4. Xép xi dao ham nho véc te trong sé bdi ndi suy ham RBF
V6i moi § € By

1. Chon bd tam h6 trg tinh x4p xi dao ham Z; := {&1,&, ..., &4} v6i &1 1=,

theo mdt tiéu chuin nao d6. Chang han 1 tiéu chudn trong Muc 2.2.

2. Tinh ma tran ndi suy ®|z ¢

Pz, = : (2.4.1)
D(Spr1—81) - (0)

3. Tinh gid tri tham s hinh dang ’safe’ 16n nhét trudc s6 diéu kién ctia ma tran

ndi suy (2.4.1) vuot qua 10'2.
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4. St dung gid tri tham s6 hinh dang ’safe’ vira tinh tai buéc 3 dé tinh véc to
trong s6 theo cong thiic (2.1.7) 1a

w =[P

=] 'DD(¢ )

5, (2.4.2)

5. Tinh xap xi dao ham theo cdng thic (2.1.7) nhu sau

k+1

Ds(§) = ; wi(Q)u(&). (2.4.3)

2.5. Kétluin

Trong chuong nay ching tdi tip trung chii yéu vao trinh bay cach tinh véc to
trong s6 nhd nodi suy ham RBF, sau d6 miéu ta lai mot s6 cach tim bd tAm hd trg
tinh xap xi dao ham, tiép theo 1 cach tinh tham s6 hinh dang ’safe’ dung trong
luan vin nay va cudi cung 1a cach tinh xip xi dao ham nhd véc to trong sd bédi
ndi suy ham cd s ban kinh.

Tir nhitng kién thic trinh bay trong chuong nay, ta c6 thé nhan thiy rang:
Phuong phap tinh xip xi dao ham dua trén ndi suy RBF thich hop trén mién
hinh hoc phtc tap, khong gian nhiéu chiéu, phan bd dit liéu phin tin vi ham
RBF la ham khoang céch khi d6 trong khdng gian nhiéu chiéu thay vi phai 1am
viéc v6i ham nhiéu bién, ta chi can 1am viéc v6i ham mot bién. Tuy nhién, chi
phi bdi phuong phap nay cao vi v6i mdi diém { ta can phai di tim bd tAm Z ¢ va
cn tinh véc t trong s w bdi cong thic (2.4.2)). Hién nay da c6 nhiéu cach tiép
can dé€ khac phuc nhiing nhudc diém ctia phucng phap nay.

Trong chuong tiép theo ching toi tién hanh thi nghiém d€ chiing té ring néu
st dung phuong phédp ndi suy RBF ma ding bo tim E, khong theo cich chon
clia thudt toan trong [3] v6i sd tAm xung quanh ¢ 1a 6 thi c6 thé cho két qua
khong tot. Ching t0i tién hanh bang cach ding ngay bd tim E; theo cach chon

ctia thuit toan chon tam trong [3]] véi gid tri k = 5,6,7,8,9, tiép theo chuing toi
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thtt nghiém véi bo tdm Z; theo tiéu chudn ldng giéng gan nhdt va n diém ty

nhién véin=15,6,7,8,9.
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Chuong 3
Thit nghiém so

D6 chinh x4c ctia ndi suy RBF phu thudc rit nhiéu vio bd tim dugc chon dé
tinh véc to trong sd. Vi vy trong chuong nay, chiing tdi tip trung vao khao sat
su anh hudng ctia bd tAm dugc chon dé tinh véc to trong sd cho tinh xap xi dao
ham nhd noi suy RBF. Cu thé hon, ching t6i khdo sat tham s6 k (s6 tAm dugc
chon) trong cdc tiéu chuén chon tAm, céc tiéu chuin nay da dudc trinh bay trong
chuong 2. Muc dich ctia viéc khdo sat niy nhim tim ra (quy luat) sd tim dugc
chon dé tinh véc to trong s6 cho tinh x4p xi dao ham nhd noi suy RBF thudng
bao nhiéu thi Ia tdt.

Phuong phép ndi suy RBF trén dit liéu phan bd phan tan (Dif liéu do khao
sat, do dac hoic 1a két qua cia mot thi nghiém nao d6 ...). Trong khuon khé
luan vin nay, ching tdi st dung dit liéu c¢6 san va dudc tai tit file dit liéu va chi

thit nghiém trén ham RBF Gausian.

e Ddi vé6i cac ham it dao dong va dit liéu phan bd tuong dbi déu, ching toi

s& thi v6i k diém gan nhat, k =5,6,...,12.

e Ddi véi cac ham c6 do dao dong manh va dit liéu phan bd thanh cum,

chung t6i s€ tht v6i k =5,6,...,12.
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3.1. Tha nghiém
3.1.1. Roi rac hoa bai toan
Cho D 14 toan ti dao ham, u 12 ham cho truéc, can tim f : Q — R thda man

Du = on Q,
/ (3.1.1)

u=g on JQ.
Bai toan (3.1.1) dudc rdi rac trong dang hé phuong trinh tuyén tinh dbi véi

véc 0 fi-[fig] gz nhu sau:

Y weehe=f(0), §€Bws  ug=g(§), §€dE, (.12
5634

trong do

1. & C Qla cac tam roi rac.

2. 0Z := ENd la cac tdm rdi rac trén bién.
3. Ein := Z\JE la tap céc tAm ndm trong mién.

4. B¢ latap hgp cac tam gdm ¢ va mot s6 diém 1an can dudc lua chon € € E.

5. wg e € R la céc vécto trong s6 duge chon sao cho Yees, W eug 1 xap xi
cia Du(().
3.1.2. Céc ham thit va mién Q twong ing
Chung toi xét cac ham thu sau:
1. uy = e*xzfyz.

2. up = sin(7x) sin(my).

3. uz = log(x* +y?).
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cing v6i dao ham bac nhit va dao ham bac hai ctia né nhu 1a vé phai cta hé
phuong trinh(3.1.2)) dugdc tinh bdi cac cong thuc:

1. Pao ham bic nhat

du du
Du := g()@y)—'_a_y(xay)

2. Pao ham bac hai

3. Toan tu Laplace
9%u 0%u
Au = 5 (x,y) + 2 (x,y) .

Mién x4c dinh cta cac ham u;,us,u3 dudc minh hoa tuong dng trong hinh

3.11a
a. Cac ham u; va up dudc xic dinh trong mién Q hinh vuéng (—1,1)2.
b. Ham u3 dugc xic dinh trong mién Q hinh vudng (0.01,1.01)2.
Lugc do gidi bai toan nhu sau:
1. V6i mi £ € Zi
a. Chon bo tam E.
b. Tinh véctd trong s6 w ¢ bdi cong thiic
w=[®z,]'DO( — )|z,
2. St dung cac vécto trong sb w¢ ¢ dé tinh Ds(().

3. Tinh sai s vi phan rms bdi cong thiic

1/2
rmsed::< ,:1 ) r%) : rC:f(Z:)—EZ we eu(§).

GEC
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(a) Q 1a hinh vudng (—1,1)? tuong dng v6i ham (b) Q la hinh vuéng (0.01,1.01)? tuong ting v6i ham
uy va up véi 11369 diém u3 v6i 1940 diém

Hinh 3.1: Su phan bd tim

3.1.3. Muc dich cua thit nghiém

Muc dich cta thit nghiém dé€ chiing té ring méi phuong phap déu cé cach
chon b tim E, theo céch riéng cia n6 dé dam bao do chinh x4c cao nhat. Hon
nita, néu diing phuong phap ndi suy RBF thi ta ¢6 thé yén tam st dung thuat

toan chon tam trong [3] v6i tham sOk=6.
3.2. Tinh xap xi dao ham cép 1

Trong tht nghiém, ching t6i st dung ham Gauss va dung cdc ham trong
phan 3.1.2 v6i cac mién tuong ¥ng. Bang cdc ham sit dung trong thi nghiém:
Ciéc két qua thit nghiém cda cac ham vdi sai s6 rms dugc minh hoa qua céc

bang sau:
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Ve phai cia phuong trinh (]3.1.2[)

Nghiém chinh xac

fxy)=u(x,y)
= 94 (x,y) + 3 (%)

u(x,y)

2

e ¥y

uy —2(x+y)u(x,y)

up mwsin7 (x+y) sin(7x) sin(7my)
2

u3 x(zx:yyz) log(x* +y°)

Bang 3.1: Cic ham st dung trong thi nghiém tinh xp xi dao ham cép 1

St dung thuét toan chon trong [3]]

# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 [ k=12
155 || 1.9e-002 | 1.3e-002 | 1.1e-002 | 9.0e-003 | 6.1e-003 | 4.8¢-003 | 2.4e-003 | 2.2e-003
659 || 3.4e-003 | 3.3e-003 | 2.7¢-003 | 1.9e-003 | 1.1e-003 | 5.0e-004 | 2.2e-004 | 2.4e-004
2717 [ 8.4e-004 | 7.4e-004 | 6.0e-004 | 3.9¢-004 | 1.7e-004 | 1.2¢-004 | 2.8e-005 | 2.5¢-005
11033 || 2.1e-004 | 1.1e-004 | 7.9¢-005 | 6.4¢-004 | 4.7¢-004 | 4.3e-004 | 6.4¢-005 | 1.2¢-004
Chon n diém gan nhit
# | k=5 | k=6 | k=7 | k=8 | k=9 [ k=10 [ k=11 | k=12
155 [[ 1.3e-002 | 1.2e-002 [ 1.1e-002 | 7.4e-003 | 5.0e-003 [ 1.7¢-003 | 1.3¢-003 | 1.1e-003
659 || 3.4e-003 | 3.3¢-003 | 2.6e-003 | 1.8e-003 | 8.1e-004 | 4.3¢-004 | 2.0e-004 | 8.8¢-005
2717 [ 8.4e-004 | 7.4e-004 | 5.9¢-004 | 3.6e-004 | 1.9e-004 | 1.6e-004 | 1.3e-004 | 3.2e-004
11033 || 2.1e-004 | 1.1e-004 | 7.8e-005 | 6.4¢-004 | 5.2¢-004 | 5.0e-004 | 4.4e-004 | 1.1e-003

Bang 3.2: Sai so rms cua xap xi dao ham cap 1 doi v6i ham u;.

3.3. Tinh xap xi dao ham cap 2

Céc ham trong phan 3.1.2 véi cdc mién tuong ng dugc st dung trong thit

nghiém tinh xp xi dao ham cép 2 nhu sau:
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St dung thuét toan chon trong [3]]

# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 | k=12
155 [ 1.4e-001 | 1.4e-001 | 1.2e-001 | 1.2¢-001 [ 1.1e-001 [ 7.4e-002 [ 7.3¢-002 [ 6.4¢-002
659 [ 3.6e-002 | 3.5¢-002 | 2.9¢-002 | 2.5¢-002 | 1.9e-002 | 1.2¢-002 | 4.8¢-003 | 5.6e-003
2717 || 9.1e-003 | 8.5¢-003 | 7.3e-003 | 5.2¢-003 | 3.0e-003 | 1.8¢-003 | 3.7¢-004 | 2.7¢-004
11033 ]| 2.3e-003 | 1.9¢-003 | 1.6e-003 | 1.4¢-003 | 9.6e-004 | 9.1e-004 | 1.8¢-004 | 3.4e-004
Chon n diém gan nhit
# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 [ k=12
155 [ 1.8¢-001 | 1.3e-001 | 1.1e-001 [ 1.0e-001 [ 1.1e-001 [ 4.5¢-002 [ 2.4¢-002 | 1.9¢-002
659 || 4.0e-002 | 34e-002 | 2.8¢-002 | 2.1e-002 | 1.7¢-002 | 1.1e-002 | 7.2¢-003 | 2.0e-003
2717 [ 9.5¢-003 | 8.4e-003 | 7.1e-003 | 4.8¢-003 | 2.6e-003 | 1.7¢-003 | 9.2¢-004 | 5.3e-004
11033 [| 2.3e-003 | 1.8¢-003 | 1.5e-003 | 1.4¢-003 | 1.1e-003 | 1.1e-003 | 1.0e-003 | 3.1e-003

Bang 3.3: Sai so rms cua xap xi dao ham cap 1 doi v6i ham u;.

St dung thuét toan chon trong [3]]

# k=5 k=6 k=17 k=38 k=9 k=10
140 || 5.50e-001 | 1.75e-001 | 4.74e-001 | 6.40e-001 | 1.45e+000 | 1.67e+000
162 || 4.78e-001 | 4.48¢e-001 | 6.85e-001 | 2.97e+000 | 1.13e+000 | 1.97e+000
220 || 3.82e-001 | 3.28e-001 | 3.62e-001 | 6.17e-001 | 8.06e-001 | 3.67e-001
466 || 1.72e-001 | 1.19e-001 | 1.00e-001 | 1.77e-001 | 1.39e-001 | 9.55e-002
678 | 1.40e-001 | 7.98e-002 | 8.18e-002 | 1.60e-001 | 9.99¢-002 | 8.05e-002

1220 || 5.82e-002 | 4.65e-002 | 4.48e-002 | 1.13e-001 | 5.35e-002 | 4.22¢-002

1811 || 6.91e-002 | 3.50e-002 | 3.54e-002 | 1.25e-001 | 4.65e-002 | 3.31e-002

3110 || 6.14e-002 | 2.24e-002 | 2.45e-002 | 1.18e-001 | 5.26e-002 | 3.46e-002

4769 || 4.03e-002 | 1.93e-002 | 2.21e-002 | 1.26e-001 | 4.41e-002 | 3.56e-002
Chon n diém gan nhit

# | k=5 | k=6 | k=7 | k=8 | k=9 | k=10
140 || 6.68e-001 | 2.64e-001 | 3.51e-001 | 6.63e-001 | 2.25e+000 | 5.42e-001
162 || 6.82e-001 | 4.88e-001 | 5.19e-001 | 2.88e+000 | 2.18e+000 | 7.31e-001
220 || 1.07e+000 | 3.56e-001 | 2.44e-001 | 3.50e-001 | 2.98e-001 | 2.23e-001
466 || 4.74e-001 | 1.37e-001 | 8.52¢-002 | 1.06e-001 | 7.28e-002 | 5.86e-002
678 || 1.38e-001 | 8.48e-002 | 7.32e-002 | 1.31e-001 | 7.32e-002 | 3.92e-002

1220 || 1.30e-001 | 4.98e-002 | 3.98¢-002 | 8.96e-00 | 5.56e-002 | 4.84e-002
1811 || 4.92e-002 | 3.60e-002 | 3.35¢-002 | 1.18e-001 | 4.54e-002 | 3.47e-002
3110 || 2.94e-002 | 2.38e-002 | 2.40e-002 | 1.11e-001 | 5.60e-002 | 3.28e-002
4769 || 2.01e-002 | 1.99e-002 | 2.11e-002 | 1.21e-001 | 4.53e-002 | 4.19e-002

Bang 3.4: Sai s6 rms ctia xAp xi dao ham cip 1 ddi v6i ham us.
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Ve phai cia phuong trinh (]3.1.2[) Nghiém chinh xac
flay)=u"(xy) i
ST+ o) ) | Y
u dulx,y) ((x+y)* ~1)
up 2m?cosT (x+y) sin(7x) sin(7my)
u3 - (xz?yyz)z log(:® +y?)

Bang 3.5: C4c ham st dung trong thif nghiém tinh x4p xi dao ham cip 2

St dung thuét toan chon trong [3]]

# | k=5 | k=6 | k=7 | k=8 | k=9 [ k=10 [ k=11 | k=12
155 [[ 7.1e-002 | 5.5¢-002 [ 5.1e-002 | 5.8e-002 | 4.5¢-002 [ 4.0e-002 | 4.3¢-002 | 3.5¢-002
659 || 3.8e-002 [ 2.3¢-002 | 2.0e-002 | 1.5e-002 | 1.0e-002 | 7.3e-003 | 5.7e-003 | 6.0e-003
2717 [ 1.9¢-002 | 7.9e-003 | 6.5¢-003 | 5.5¢-003 | 2.1e-003 | 1.6e-003 | 1.6e-003 | 1.6e-003
11033 || 9.3e-003 | 1.9¢-003 | 1.3e-003 | 3.2¢-003 | 5.5¢-003 | 5.0e-003 | 2.8¢-003 | 2.8¢-003
Chon n diém gan nhit
# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 [ k=12
155 || 1.0e-001 | 5.7e-002 | 4.9¢-002 | 4.2¢-002 | 3.3e-002 | 2.4e-002 | 2.1e-002 | 1.7e-002
659 || 4.1e-002 | 2.3e-002 | 1.7e-002 | 1.1e-002 | 7.5¢-003 | 4.4e-003 | 3.4e-003 | 2.6e-003
2717 || 1.9¢-002 | 7.9¢-003 | 5.1e-003 | 2.9¢-003 | 1.5¢-003 | 1.3¢-003 | 1.3¢-003 | 2.1e-003
11033 || 9.3¢-003 | 2.0e-003 | 1.1e-003 | 3.0e-003 | 2.8e-003 | 2.6e-003 | 2.8¢-003 | 5.2¢-003

3.4. Ap dung giai phuong trinh Poisson véi diéu kién bién Dirichlet

Bang 3.6: Sai sO rms ctia xap xi dao ham cap 2 doi véi ham u;.

Trong phén nay ching toi ap dung céch tinh véc to trong sb dé€ tinh dao ham

& cac phan trude vao giai phuong trinh Poisson véi diéu kién bién Dirichlet. Cac

ham trong phan 3.1.2 véi cac mién tuong dng dudc sii dung trong thi nghiém

gidi phuong trinh Poisson véi diéu kién bién Dirichlet nhu
Luoc dd giai bai toan (3.1.2) nhu sau:

1. V&i mdi £ € Zie

a. Chon bo tam E.
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St dung thuéat toan chon trong [3]]
# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 [ k=12
659 || 7.3e-001 [ 3.3e-001 | 2.5¢-001 | 2.5e-001 | 2.4e-001 | 1.7e-001 | 1.5e-001 | 1.6e-001
2717 || 3.7e-001 | 1.2e-001 | 9.0e-002 | 7.6e-002 | 5.0e-002 | 2.9e-002 | 2.0e-002 | 1.8e-002
11033 || 1.9¢-001 | 4.0e-002 | 2.7e-002 | 2.0e-002 | 2.1e-002 | 1.7e-002 | 1.7¢-002 | 1.8e-002
Chon n diém gan nhit
# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11 | k=12
659 [ 7.5e-001 [ 3.7¢-001 | 2.5¢-001 | 2.0e-001 [ 1.6e-001 | 1.2¢-001 | 9.7e-002 [ 7.1e-002
2717 [ 3.8e-001 | 1.3e-001 | 7.6e-002 | 5.0e-002 | 2.8e-002 | 1.6e-002 | 1.3e-002 | 1.1e-002
11033 || 1.9¢-001 | 4.1e-002 | 2.1e-002 | 1.4¢-002 | 1.3e-002 | 1.4e-002 | 1.4e-002 | 2.7¢-002

Bang 3.7: Sai s0O rms cua xap xi dao ham cap 2 doi v6i ham u;.

V& phai ctia phuong trinh (3.1.2) | Nghiém chinh xdc
2M 21/{
Au(x,y) = 54 (x,y) + 54 (x.7) u(x,y)
U 402 +y2 —1)e~ () e
73 —27% sin(7x) sin(7y) sin(7x) sin(7my)
u3 0 log(x? +y?)

Bang 3.8: Cac ham st dung trong thit nghiém tinh x4p xi gidi phuong trinh Poisson
b. Tinh vécto trong sd w¢ ¢ boi cong thiic

w=[P

=] A0 )

B¢
2. St dung cac vécto trong sb w¢ ¢ dé tinh As(C).
3. Tinh sai s6 trung binh binh phuong E cta nghiém x4p xi & v6i nghiém chinh

xac u béi cong thic

). (g —u(g ))2)1/2. (34.1)

CEEint

1
E:(—
N

trong d6 N = #Z; 1a s0 cdc di€m trong.

Céc két qua thi nghiém cia cac ham véi sai s6 trung binh binh phuong E dudc

minh hoa qua cac bang sau:
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St dung thuét toan chon trong [3]]

# | k=5 | k=6 | k=7 | k=8 [ k=9 [ k=10 | k=11
155 || 3.18¢-003 | 3.12¢-003 | 3.87¢-003 | 3.73e-003 | 4.03¢-003 [ 2.76¢-003 | 2.69e-003
659 || 7.90e-004 | 7.44e-004 | 9.57e-004 | 5.42e-004 | 9.58¢-004 | 4.62¢-004 | 2.51e-004
2717 || 1.91e-004 | 1.51e-004 | 1.18¢-004 | 7.45¢-005 | 4.40e-005 | 1.84e-004 | 1.74e-004
Chon n diém gan nhit
# | k=5 | k=6 | k=7 | k=8 [ k=9 [ k=10 | k=11
155 || 3.07¢-003 | 2.43¢-003 | 3.61e-003 | 3.58¢-003 | 3.27¢-003 | 2.13e-003 | 1.51e-003
659 || 5.32e-004 | 6.66e-004 | 7.89¢-004 | 7.82e-004 | 5.93¢-004 | 2.64e-004 | 1.41e-004
2717 || 8.61e-005 | 1.46e-004 | 1.41e-004 | 6.38¢-005 | 3.77e-005 | 1.74e-004 | 1.50e-004
Bang 3.9: Sai s6 trung binh binh phuong E dbi v6i ham u;.
St dung thuét toan chon trong [3]]
# | k=5 | k=6 | k=7 | k=8 [ k=9 [ k=10 | k=11
155 [ 3.86e-002 | 1.57e-002 | 1.90e-002 | 2.04e-002 | 2.03¢-002 | 2.13e-002 | 2.17e-002
659 || 4.50e-003 | 3.69¢-003 | 4.65¢-003 | 5.94e-003 | 7.93¢-003 | 4.06e-003 | 2.60e-003
2717 || 1.55¢-003 | 8.72e-004 | 1.18e-003 | 1.27¢-003 | 1.04e-003 | 4.80e-004 | 2.78¢-004
Chon n diém gan nhét
# || k=5 | k=6 | k=7 | k=8 | k=9 | k=10 | k=11
155 || 2.82¢-002 | 1.55¢-002 | 1.90e-002 | 1.96e-002 | 2.01e-002 | 1.27e-002 | 9.70e-003
659 [ 7.64e-003 | 3.72e-003 | 4.43¢-003 | 4.75¢-003 | 4.62e-003 | 2.81e-003 | 1.70e-003
2717 || 3.16e-003 | 8.77e-004 | 1.05¢-003 | 9.52¢-004 | 7.20e-004 | 3.39¢-004 | 1.82e-004

Bang 3.10: Sai s6 trung binh binh phuong E dbi véi ham u;.
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St dung thuét toan chon trong [3]]

# || k=5 | k=6 k=7 | k=8 | k=9 | k=10 [ k=11
162 || 5.48e-003 | 2.71e-003 | 5.60e-003 | 6.01e-003 | 1.07e-002 | 3.32¢-001 | 2.92¢-002
220 || 5.77¢-003 | 3.09¢-003 | 1.78e-003 | 1.92¢-003 | 2.05e-002 | 2.16e-002 | 3.05e-003
466 | 1.25¢-003 | 9.66¢-004 | 3.42e-004 | 4.56¢-004 | 5.19¢-003 | 1.24e-003 | 1.55¢-003
678 || 1.15¢-003 | 5.84e-004 | 4.95¢-004 | 4.40e-004 | 4.88e-004 | 5.53¢-004 | 5.40e-004
1220 || 9.25¢-004 | 2.66e-004 | 9.35¢-005 | 1.43¢-004 | 4.86e-004 | 2.29¢-004 | 7.22¢-004
1811 || 5.22¢-004 | 2.22¢-004 | 8.16e-005 | 2.40e-004 | 2.94e-004 | 4.76e-004 | 4.34e-004
3110 || 2.59e-004 | 1.16e-004 | 5.69e-005 | 1.94¢-004 | 1.10e-004 | 1.46e-004 | 1.49e-004
4769 || 1.72e-004 | 6.76¢-005 | 3.59e-005 | 1.90e-004 | 6.96e-004 | 1.32¢-004 | 1.58e-003
Chon n diém gan nhit
# || k=5 | k=6 k=7 | k=8 | k=9 | k=10 [ k=11
162 || 2.78e-002 | 2.36e-002 | 1.30e-001 | 2.19¢-001 | 2.41e-001 | 4.39¢-001 | 1.63e-001
220 || 1.69¢-002 | 1.19e-002 | 6.25¢-003 | 3.51e-003 | 1.98e-003 | 2.39¢-003 | 2.98e-003
466 | 1.15e-002 | 6.26¢-003 | 4.20e-004 | 4.36¢-004 | 6.98e-004 | 7.17¢-004 | 5.53¢-004
678 || 1.88e-002 | 2.12e-003 | 6.42e-004 | 6.37e-004 | 1.40e-003 | 1.45¢-004 | 3.27¢-004
1220 || 3.22¢-002 | 8.01e-004 | 4.52¢-004 | 2.78¢-004 | 2.91e-004 | 2.47e-004 | 2.89¢-004
1811 || 4.34¢-003 | 1.36¢-003 | 1.52¢-004 | 1.32¢-004 | 2.73e-004 | 1.54e-004 | 1.92¢-004
3110 || 7.38e-003 | 2.46e-004 | 8.21e-005 | 1.57¢-004 | 8.19e-005 | 1.75¢-004 | 1.75e-004
4769 | 1.02e-002 | 4.90e-004 | 1.51e-004 | 1.13¢-004 | 1.62e-004 | 2.64e-004 | 3.17¢-004

Bang 3.11: Sai s6 trung binh binh phuong E d6i véi ham us.
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3.5. Kétluan
Két qua thir nghiém cho théy ring:

e Thuit todn chon tim 1a diic biét quan trong d6i v6i nodi suy dif liéu phan

tan trong truong hdp ham c6 dd dao dong 16n.

e Do chinh xac cua nghiém xap xi phu thudc rat nhi€u vao so lugng tam

dudc chon d€ nodi suy.

e V6i ham c6 d6 dao dong it hay dit liéu phan b tuong dbi déu thi ta chi can
chon cdc tAm gan vdi vi tri cin ndi suy nhit va c6 thé 14y cdc tim nam trén

hai vanh khuyén dau tién véi vi tri tAm vanh khuyén gan véi (.

e Khi st dung thuat toan chon tdm dudc trinh bay trong luan van nay va cac
thi du 12 bai toan khé thi s6 tam dudc chon 12 6, thudng xuyén cho két qua

tOt nhat.
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KET LUAN

Trong qua trinh tim hiéu va nghién cdu dé tai: "Nghién ciu su anh hudng
clia bo tAm ndi suy dén do chinh xac ctia x4p xi dao ham dua trén ndi suy ham

co s& ban kinh", ching tdi da thu dudc nhitng két qua sau:

e Tim hiéu nhiing kién thiic co sé xung quanh luan vin, tif d6 hoan thién

thém mot sd kién thiic nén tang cho tinh todn khoa hoc.
e Tim hi€u céch tinh dao ham dya trén ndi suy ham RBF.
e Tim hi€u mdt vai tiéu chuin chon bo tim noi suy.

e Cai dit chuong trinh thif nghiém dé rit ra mot s6 két luan.
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