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1 MG&S dau

Ma tran, thusng duge hinh dung & bang, dugc ap dung rat nhiéu noi. T
viec don thuan giai toan nhu hé 2 phuong trinh 2 an quen thudc

(o e 0-0-0-6 )0

Hay viéc xit 1y hinh &nh thong qua viéc 4p dung ma tran (tham khao tu
Wikipedia https://en.wikipedia.org/wiki/Kernel_(image_processing))

Phép toan Ma tran bién déi | Hinh &nh
Dong nhét 000 _ 4
(gi®t nguyén hinh anh) 0 10 |
0 0 0 |
1 0 -1
Phat hién canh 0O 0 0 .
-1 0 1
0 -1 0
Lam sic nét -1 5 -1 :
0 _1 0 i, X
Phép lam mé kiéu Gauss 1 121 K
. =12 4 2
(Gaussian blur) 16 1 2 1 x

Ma tran xic suat cho chudi Markov, nhu viéc dy doan céc loai khodn vay
chiém bao nhieéu % trong dai han, phan ra lam 4 loai:

e Ng tét (A): Khach hang luon tra ng trong khodng thai gian cho phép
e No riii ro (B): Khach hang c6 thé khong c6 kha ning tra ng
e Ng xau (C): Khach hang khong c¢6 kha ning tra ng
e Ng da trd (D): Khach hang da trd ng
Khi khdo sét, cit sau 1 chu ky (thudng 1a 1 thang hosic 1 quy):

e Ng tot: 22% duge hoan tra (A4 — D), 3% thanh ng xau (A — C), 5% ng
t6t thanh no i ro (A — B)

e Ng riii ro: 5% duge hoan tra (B — D), 35% thanh ng xau (B — C), 5%
thanh ng tét (B — A)

e Nog xau: 100% C — C
e No da tra: 100% D — D


https://en.wikipedia.org/wiki/Kernel_(image_processing)

Ma tran xac xuat / trang thai cho céc loai ng (hang — cot):

A B C

A (0.7 0.05 0.03 0.22
B[ 0.06 055 0.35 0.05
C 0 0 1 0
D 0 0 0 1

D

Tt ma tran, ta c6 két luan trong thoi gian dt dai (bat ké thanh phan phan
tram ctia mdi loai ng ban dau) chi con 2 loai ng: ng da tra, hodc ng xau!
Chudi Markov ciing thuong duge dung trong cic tro choi rii ro hay xac suat.

Ma tran ké biéu dién dudng bay gitta cac thanh phé (hang la diém xuat

phét, cot 1 diém dén)

2 Dinh nghia

B C D E
A 20 15 0 O
B 0 12 5 0
cl13 0 1 0 9
D0 0 27 0 O
ENO0O 0 0 0 0

Mot ma tran m x n (dong x cot) tréen mot tap hop F 1a mot bang hay mang
gdm m dong va n cot, thudng duge viét



a1 a2 - Qln a1 ai2 - Q1n
a21 G2 -+ G2n a21 G2 -+ Q2pn

A= . . ) . hodc A =
am1  Am2 o Gmn am1 Am2 ot Omn

Dang rat gon

A= (aij)mxn
Tap tat cd cac ma tran m x n véi cac he s6 a;; thuoc F duge ky higu 1a F™*m™.
Khi n = 1, ta c6 thé viét Fx! = Fm

Luu 3: Thong thudng cac phan ti trong tap F c6 thé "cong"va "nhan'"véi
nhau dudc, vi du nhu tap sd thuc F = R hoiic tap sb6 phitc F = C
2.1 Hai ma tran bang nhau
Phan t & dong 4 cot j clla mot ma tran A duge ky hiéu chung 1a
A;j
Hai ma tran A vd B dugc goi la bang mhau (ky hitu A = B) néu va chi

néu chiing c6 cing chiéu

va cac hé s6 tuong ng bing nhau

A”:B”,Vnggm,lS]

2.2 Ma tran dong, ma tran cot, va cac loai ma tran khac

Ma tran dong dugce dinh nghia la ma tran c6 kich ¢6 1 X n va ma tran cot
(hay con goi 1a vecto/vector) c6 kich ¢ m x 1.

Ma tran vuéng la ma tran ma s6 dong bing sd cot. Ma tran chéo 1a ma
tran vuong ma tat ca cac hé s6 = 0 ngoai trit cac hé sd trén dudng chéo.

a1 0 0
0 Qgy - 0
0 0 e U

Ma tran tam giac trén la ma tran vuong ma tat ca cac he sd6 duéi dusng
chéo = 0. Ma tran tam giac duéi 13 ma tran vuéng ma tat ca cic hé sb6 trén
duong chéo = 0.

a1 a2 - Qg a1 0 -+ 0
0 ap -+ aoy a1 az -+ 0
b
0 O Tt Ann anl an2 Tt Ann



Luu 3j: Doi khi, néu chiing ta bao quanh ma tran A bang ngoac vuong [ ] (khong
phéi ngodc tron) thi c6 thé viét ma tran cot

ai
a2
= (ah az, ... 7a7n)

Am

V6i mot ma tran A = (a;j)mxn, ky hiéu dong thi ¢ cia A 13 mot ma tran
dong 1 xn
row;(A) = [aﬂ Qg e am]

va cOt thit j cia A 14 mot ma tran cot m x 1
a1j

a2;
col;(A) =

amj

vata c6 thé rit gon a;; = (row;(A))1; = (row;(A)); cling nh a;; = (col;(A))i1 =

(col;(4)); N 7
Khi d6 ta c6 thé két hgp nhiing ma tran cot va dong lai dé thanh A
rowy(A)
rowy(A)
A= coli(A) | colp(A) | -+ | col(A) | = .
row,, (A)
*VD1: Néu
1 4 i
a=|2{,b= 15|, c=[7 8 9], d=[10 Ufe= |}
3 6 15
thi
10 11 12
d o 1 4 13
albl | =12 5 14
c 3 6 15
7T 8 9

*VD2: Chiing ta c6 thé ghép ci ma tran véi nhau néu chiéu ciia chiing tuong
thich v6i nhau. Néu

1 0 0 0
-[2: |:0 1:|702: |:0 O:|7R:

O O 8
S Qo



thi

1 0 a b

I 01 ¢ d
T_{ZR}_OOfg
000 h

2.3 Chuyén vi
Ma tran chuyén vi cia A € F™*", ky hieu 1a AT 13 mot ma tran n x m ma
(AT)i; = Aji

Tinh chat:
rowj(AT) = (col; (A))T, coL;(AT) = (row,;(A))T

3 Tinh toan

Nhu s6 thiyc (hay s6 phitc), ma tran c6 thé cong va nhan véi nhau dugce

3.1 To6ng ma tran

Dé cong 2 ma tran A va B, ching phai cting chiéu. Khi dé téng 2 ma tran,
A + B, sé dugc tinh bing

(A + B)ij = AZJ + Bij

3.2 Tich vé6 huéng ma tran véi mot sb
Cho ¢ € F (tap s6 thyc hodc s6 phiic) vd A € F™*" phép nhan vo huéng A
v6i ¢ (hoiic ¢ véi A) la
(cA)ij = c(A)i
3.3 Tich 2 ma tran

Cho A € F™*™ va B € F™*P thi phép nhan 2 ma tran sé cho ra mot ma
tran AB € F™XP y¢i

(AB);j = AinBij + AiaBaj + -+ Ain By
1 cach dé ghi nhé duge cong thitc nay 1a xét ting vi tri ciia hé s6 trong AB:
hé s6 6 hang i cot j bang v6i hang i cia A nhan vdi cot j cla B.
Va nhu thé nao 14 nhan hang véi cot? Ching ta nhan tiimg phan ti tuong tng
by
roi cong v6i nhau: a = [al as - an], b=
b7l
ab = a1by + azbs + - - + anby,



Luu g: Tich AB ton tai (v6i dinh nghia trén), nhung khong c6 nghia tich BA
ton tai. Va AB # BA trong trudng tong quat (ngay ca khi AB vh BA ton tai

va chiing c6 cung kich ¢3)
*VD:

0 1 0 0

SO

=l 1] = o)
o=l alld o] = )

3.4 Ma tran khéng va ma tran don vi
*Ma tran khong (ky higu 0) m x n:
0;; =0

*Ma tran don vi (ky hi¢u I hogc I,,) 1a mot ma tran chéo n x n véi he sé trén
duong chéo = 1:

0 1 0
I:
hoac
(D)ij = dij

Véi 0;; dugce goi la Kronecker delta va c6 gia tri la

1 néui=7j
dij = P
0 néui #j

3.5 Tinh chéat

1. Phép cong cé tinh giao hodn va két hop:

A+B=B+A
(A+B)+C=A+(B+C)

(A,B,C € Fm™*™)

2. Phép nhan vo huéng c6 tinh phdan phoi:

¢(A+B)=cA+cB
(c1+e)A=c1A+ A



(¢,c1,c0 €T, A, B € F™*™)

3. ¢(AB) = (cA)B = A(cB)
4. (c1c2)A =c1(c2A) (c1,c0 €F, AcF™*™) valA=A
5. Phép nhan 2 ma tran tuy khong giao hodn nhung cé tinh két hop va phan
phoi:
(AB)C = A(BC)
(A+ B)C = AC + BC,A(B +C) = AB + AC
6. A+0=0+A=A
7. Ma tran don vi giao hoan véi tit cd cAc ma tran vuong cling chidu:
AI=TA=A
Chuyén vi:
L (A"
2. (A+B)T = AT + BT
3. (cA)T = cAT
4. (AB)T = BT AT
4 Bién do6i dong, Phép khit Gauss-Jordan va Hé
phuong trinh tuyén tinh
4.1 3 Phép bién doi dong trén mot ma tran m x n

Chiing ta c¢6 thé lam nhu vay véi cot, nhung dé phép tinh duge chinh xéc,
chi nén thuc hien bién ddi dong hodc bién ddi cot trong subt qua trinh

e Loai 1: Trao do6i dong i va j (gid stt i > j): row;(A) «> row;(A)

[rowy(A) ] [row; (A) ]
row;(A) rovv;» (A)
A= : — :
row;(A) row;(A)
_row,;l(A)_ _rowT.,L(A)_




e Loai 2: Nhan dong i v6i mot he s6 ¢ # 0: row;(A) — ¢ - row;(A)

row (A) rowq (A)
A= row;(A) — |e- rox;vi(A)
rown'l(A) row,;L(A)

e Loai 3: Lay dong j cong v6i ¢ lan (¢ khong nhat thiét khac 0) dong i va
thé két qua vao dong j: row;(A) — row;(A) + ¢ - row;(A)

[rowy(A) ] [ rowq(A) i
row;(A) rovv;(A)
A= : — :
row;(A) row;(A) + ¢ row;(A)
_row,;l (A) ] i rowT.,L(A) i

4.2 Ma tran bac thang
Mot ma tran E € F™*™ duge goi 1a ma tran bac thang néu va chi néu
1. Céac dong chifa toan bo s6 0 nim dudi ciing

2. He s6 khac khong dau tién ctia mdi dong phai nim trude (vé vi trf cot)
"he s6 # 0 dau tién"ctia dong tiép theo, nhung khéng nim trén ciing
mot cot

*VD1: A la ma tran bac thang, nhung B khong phai (dong 2 va 4 khong ndm
dudi cting, dong 5 khong nidm trén cling, dong 1 va 3 ¢6 hé s6 khac khong dau
tién ndm trén cling 1 cot)

1 2 5 —-19 7 24 00 2 3 4

006 6 —54 —30 00 0 0 0

A= ,B=|0 0 2 11 0
000 0 0o -1

000 0 0 0 00 0 0 0

4 —-90 71 6 -5

Tuy nhién B c6 thé bién thanh mot ma tran bac thang bang cach day cac dong
0 xudng ciing, day dong 5 lén ciing, va cudi ciing lay dong 3 trit cho dong 2

10



(ho#ic [dong 3] + (—1) [dong 2])

0 0 2 3 -4 0 0 2 3 -4

0 0 0 0 O 0 0 2 11 0O
B=10 0 2 11 0] —10 0 0 0 O
0 0 0 0 O 0 0 0O 0 O
4 -90 71 6 =5 4 —-90 71 6 =5

4 -90 71 6 =5 4 -90 71 6 —5H

0 0 2 3 -4 0 0 2 3 -4

—- |0 0 2 11 0|—=|0 0 0 8 4

0 0 0 0 O 0 0 0 0 O

0 0 0 0 O 0 0 0 0 O

*VD2: tat ci cic ma tran tam giac trén

Néu E da 1a ma tran bac thang nhung théa man thém didu kién:
3. "Heé s6 # 0 dau tién"ctia mdi dong luon la 1

4. V6i mbi cot ma chita "he s6 # 0 dau tien"ctia (duy nhéat) 1 dong, tat ca
cac heé sb trén cot d6 ngoai trit 1 phai bang 0
Luu j: C6 nhimg cot c6 chita cac hé s6 # 0 nhung ¢6 thé khong chita "hé
s6 # 0 dau tien", va c¢6 thé c6 nhitng cot chita toan sb 0.

thi £ dugc goi 1a ma tran bac thang rut gon.

Ma tran bac thang riat gon clia mot ma tran A duge ky hiéu 1a rref(A)

*VD3: A trong VD1 khong phai 1a ma tran bac thang rit gon bdi vi: cAc hé sd
khac khong dau tién lan lugt 1a 1, 6, -1 nhung 6 va -1 # 1, vA cot tuong ng véi

1 5 24
... 10 6 33 bt s amal A ax 1
ching 12 ol ol |21 (chi ¢6 1 cot 1a théa méan dieu kién 4)
0 0 0
Van dimg bién ddi dong, ching ta c6 thé bién A thanh dang bac thang rit gon
1 2 5 -19 7 24 1 2 5 —-19 7 24
0 0 6 6 =54 —=30| re=gr2 |0 O 1 1 -9 -5
00 0 O 0 —1 | rgi=—rs [0 0O O O 0 1
0 0 O 0 0 0 0 0 O 0 0 0
1 2 5 =19 7 0 1 2 0 =24 52 0
ri:=r1—24rs 0 0 1 1 *9 O r1:=7r1—5T2 0 O 1 1 *9 0
roi=ro+5rs [0 0 0 0 0 1 0 0 0 O 0 1
0 0 O 0 0 O 0 0 O 0 0 0

*VD4: ma tran don vi (ma tran chéo khong thoa didu kien 3)

Ghi chii: C6 mot cong cu (cho dit chi hiéu qud véi sé nguyén) ding dé tim dang
bac thang rit gon cia moét ma tran http://www.math.odu.edu/ bogacki/
cgi-bin/lat.cgi?c=rref hodc tim trén Google: "reduced row echelon form
linear algebra toolkit"

11


http://www.math.odu.edu/~bogacki/cgi-bin/lat.cgi?c=rref
http://www.math.odu.edu/~bogacki/cgi-bin/lat.cgi?c=rref

4.3 Phép khtt Gauss-Jordan
Chiing ta bat dau véi dinh ly:
Moi ma tran A déu c6 thé chuyén vé dang bac thang rit gon

Chiing minh
Gia st s6 hang ctia A 14 m va s6 cot clia A 14 n.
St dung phép khit / thuat toan Gauss-Jordan duge dinh nghia nhu sau:

*Bién déi t6i (cho dang bac thang): —, |
Bit dduvéii=1,7=1

1. (=) Néu ton tai he s6 khac khong & cot j bat dau tir dong i (gid s do 1a
dong [ > i) trao ddi row;(A) véi row;(A) (loai 1). Néu khong, j := j + 1
va lap lai buée 1

2. (}) V6i ma tran A mdi thyc hién bién ddi dong loai 3 cho cic dong > i
nhu sau:

A,
rowy(A) := rowg(A) — Akj row;(A)
ij

(khtt cAc hé s6 6 cot j nhung duéi i, thudng & bén trai)
3. (—,4) Sau buéc 2, tat ca cic he s6 trén cot j va dudi dong i s& = 0. Tang
cdi:=it+1vaj:=j+1
4. Néu hosic j > n hodc i > m, ditng. Con khong thi quay trd lai bude 1.
*Bién doi lini (cho dang bac thang rit gon): «, 1
Bit dau v6ii =m,j =n
5. (+=) Tim cot ¢ ma c6 hé s6 khac khong dau tien tren dong i. Gan j := ¢

6. Thuec hién bién d6i dong loai 2 trén i:

row;(A) ::A1 row;(A)

ij

7. (1) V6i mdi dong k < i, thuc hién bién ddi dong loai 3:

rowy(A) := rowy(4) — ﬁkj row; (A)
i

8. (1) i:=i—1 va trd lai bude 5 (néu i van con > 0)

12



1 1 1 1 1 o 1 1 1 1 1
1 -1 1 0 1| =225 -2 0 -1 0
1 0 1 1 1| ™™™ o 1 2 2 2
. 1 1 1 1 1 R I S R S |
r3i=rz+5T2 T3:=37T3
/0 -2 0 -1 0f ——— |0 -2 0 -1 O
00 2 3 2 o o 1 2 1
1 1 0 L o0 1 1 0 L o0
T1:=7r1—7T3 4 7“2::—%7’2 th
: o -2 0 -1 0 ——— 10 1 0 g 0
3
0o o0 1 2 1 001 21
1 0 0 -3 0
nERTR 0 0100 é 0
001 21
4.4 Heé phuong trinh tuyén tinh
1 hé m phuong trinh tuyén tinh n an c6 dang
1121 + a12%2 + - + A1 Ty = by
a21%1 + A22%2 + -+ - + A2 Ty = by
Am1T1 + Q22 + - + Amn®n = by
air a2 - Qip | |21 by
az1 Qg - Gon | | T2 by
< . . . . .| =1 .| hoic Az =b
Am1 Am2 o Omn Tn bm

Khi diing bién déi dong, ta ciing bién ddi phuong trinh tuong ting (loai 1 <+ trio
ddi 2 phuong trinh, loai 2 <> nhan mot hing s6 khac 0 cho mot phuong trinh,
loai 3 « cong mot phuong trinh véi ¢ 1an phuong trinh khac), va cic phép bién
ddi nay 1a tuong duong, nghia la c6 thé bién déi nghich dao lai:

1. Loai 1: trdo d6i mot lan nita dé dua lai hé phuong trinh trude do.

2. Loai 2: néu phuong trinh thit i duge nhan mot lugng ¢ # 0, ta c6 thé nhan

lai 1
c

3. Loai 3: néu phuong trinh j méi = phuong trinh j cii +c¢ phuong trinh 4
thi phuong trinh j ¢t = phuong trinh j méi —c¢ phuong trinh ¢

N6i 1 céch khac, ta chi can tim dang bac thang rut gon ciia rref([A[b]) (dau
gach | dé phan biét) thi ta c6 thé gidi duge he phuong trinh dé dang béi vi cac

13



bién z; v6i k 1a céc cot chita 1 86 1 va con lai s6 0, ¢6 thé biéu dién thanh céc
bién tu do con lai.
*VD1: Lay VD tit phan 4.3

11 1 111" 1

1 -1 1 Z:l

-1 0 1 1], 1

1 1 1 1|1 1 00 —3|0

\/“11—1101—>010§0nén

-1 0 1 1|1 001 2|1

vt =0 11 3
1

Lt —0e (z,y,z2t) =t —=t,1— "t
y+§ 0 (z,y,2,1) <4 5 4>

A Nghich dao cia mo6t ma tran

Mot ma tran vudng A € F**" duge goi 1a kha nghich duge néu ton tai ma
tran vudng B € F"*" sao cho

AB=BA=1
Néu C' la mot ma tran sao cho AC = CA =T thi
C=CI=C(AB) = (CA)B=IB = B

Nhu vay, nghich déo cia mot ma tran 1a duy nhét va ta cé thé ky hieu A1

A.1 Tinh chat

S(ATHTh =4
(At =147 (c#£0)

—

2.
3. (AB)"t=pB"14"!
4 (AT h=(AhHT
5. A khé nghich = rref(A) =1
A.2 Mot s6 tinh chat khac
Phép nhan dong va cot: A € Fm*" B € F*>xP
1.

AB = A] coly(B) | cola(B) | -+ | coly(B) ]
= [ Acoly(B) | Acoly(B) | -+ | Acoly(B) |

14



[ row;(A)
rows(A)
AB = : B
| row,,(A)
[ row,(A)B
rows(A)B
L rowm.(A)B
3.
[ row;(A)
rows(A)
AB = : [ coli(B) | coly(B) | -+ | colp(B) |
| row,,,(4)
[ row1(A) coli(B)  rowy(A)cola(B) -+ rowy(A)col,(B)
B rows(A)col;(B) rowg(A)cola(B) -+ rows(A)col,(B)
_rowm(Aj coly (B) rowm(Aj coly(B) rowm(Aj col,(B)
4.
rows (B)
rowq(B)
AB = [ coli(A) | coly(A) | -+ | coln(A) ] :
row,(B)

= coly (A) row (B) + cola(A) rows(B) + - - - + col, (A) row,, (B)

Goi e, = colp(f) (1 <k <n)va AeFr
1. Aej = col;(A)
2. el'A =row;(A)
3. el Ae; = Ay

A.3 Tinh toan ma tran nghich dao ctia mot ma tran

Vi AB = I nén
Acolg(B) = colg(I)

= rref[A| coly(I)] = [I|A™1 colg(I)] = [I]| colx(A™1)] Ghép cac cot clia I lai ta
c6 rref[A|I] = [I|A™1]

15



Nhu vay muén tim ma tran nghich ddo ctia A ta chi can 4p dung phép khit
Gauss-Jordan cho [A|I] (mot ma tran n x 2n) va lay n cot cudi.

B Bién déi tuyén tinh

B.1 T hdp tuyén tinh va Phu thudc tuyén tinh

Cho mot tap hop S = {vy,v9,...,v,} hitu han cac vector trong F™. Khi d6 ta
n6i mot 6 hop tuyén tinh cla S 1 téng

C1U1 + Covg + - - - 4+ cpup

viic; € F

Vi du nhu t6 hgp tuyén tinh ciia (0,1) va (1,0) 1a (c1, c2) hodc thay thé ¢; = =,
co =y thi ta ¢6 (z,y)
Tap tat ca cac to hgp tuyén tinh ctia S duge goi 1a khong gian sinh ra tit S (ky
hiéu span(S))
*VD1: V6i khong gian n chiéu R™ thi R™ chinh 13 khong gian sinh ra tit tap
{coli(I)|1 < k < n} = {(1,0,0,...,0),(0,1,0,...,0),...,(0,0,0,...,0,1)}

Van tap S hitu han nhu trén, ta noéi cac vector trong S bi phu thudc tuyén
tinh khi va chi khi ton tai cac s6 ¢; € F (i € {1,2,...,n}) khong dong thoi
bang 0 (3 : ¢; # 0) sao cho

c1v1 +cug + -+ cpv, =0 (1)
*VD2: (1,4,5),(2,7,9),(2,10,12) bi phu thuoc tuyén tinh bdi vi

1
3(1,4,5) = (2,7,9) — 5(2,10,12) = (0,0,0) = 0

Mot tap cac vector ma khong bi phu thuoc tuyén tinh ((1) chi ¢6 nghiem duy
nhdtci =co=---=¢, = 0) thi duge goi la doc lap tuyén tinh.
*VD3: lay VD1, n = 3 ching han. Khi dé6

a(1,0,0) + b(1,0,0) + ¢(0,0,1) = (a,b,¢) = (0,0,0) a=b=c=0

Dinh ly: Gid st S doc lap tuyén tinh
cv1 + coVg + - -+ v, = divy +dove + -+ dpv, S =dp, V1 <i<n

MBbi vector trong khong gian sinh ra tit S (S doc lap tuyén tinh) déu c6 to hgp
tuyén tinh duy nhat ctia S. Khi d6, v6i méi = thuoc span(S) ta co thé viét

x
T2
[‘T]S: : :(.Tl,l'g,...,l'n)

Tn
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VOl x = 101 + X2vs + - - - + XU,

va goi né 1a bieu dién vector ciia x so véi S

B.2 Hé co s cia mot khong gian n chiéu

Néu ton tai mot tap S C F” sao cho S doc lap tuyén tinh va F” sinh ra tit
S thi ta goi S 1a mot hé co sd ciaa F"
*VD: Véi R? ngoai {(1,0,0), (0,1,0), (0,0,1)} 1a

mot hé co sé ta con co vo sb
he khac nhu {(1,0,0), (1,1,0), (1,1,1)} hoc {(2,0,0), (

3,0,1),(0,4,5)}

Dinh 1y: Bat ky hé cd sé ndo clia F” ciing déu c6 n phan ti.
Ta dinh nghia hé co sé tiéu chuan cta F™ 1a tap

on ={(1,0,0,...,0),(0,1,0,...,0),...,(0,0,0,...,0,1)}

B.3 Ma tran va Phép bién d6i tuyén tinh

Mot ham f : F* — F™ dudgc goi 1a bién ddi tuyén tinh néu
fl@e+y) = f(@)+ fy),Vo,y € F"

fle-x)=c- f(x),Yz €eF* ceF

*VD1: Phép dong dang véi ty s6 k tit goc O trong R?. Ham tuong tng la
f(a,b) = k(a,b) = (ka,kb) (viét gon la f(v) = k-v véi v € R?) 1a mot phép
bién déi tuyén tinh

Tinh chat: f(0) =0
Dinh ly: néu 3 v v 14 hé co s6 tuong tng v6i F?, F™ thi ton tai ma tran A
(phu thuodc vao 8 va ) sao cho

f(x) =y < Alzls = [y],
Nhu vay, phép bién déi tuyén tinh cia 2 chi don thuan la tich ma tran véi biéu
dién vector ctia z so v6i B (hay mdi mot ma tran € F™*" 1a mot phép bién ddi
tuyén tinh tit F* — F™)
B.4 Mot sb phép bién déi tuyén tinh thudng gip

(Hé co s6 tieu chuan)
Luu : Phép tinh tién khong phai 14 phép bién déi tuyén tinh (cho dit né béo
toan khoang cach va goc)

B.4.1 Phép dbi xiing

* 2 chiéu:
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+ Qua truc y: {01 ﬂ

-1 0
4+ Qua truc z: {0 J

* 3 chiéu:

1 0 0
+ Qua mat phing y: [0 1 0

0 0 -1

1 0 0 x x
01 0 yl =1y
0 0 -1 z —z

-1 0 0
+ Quamit phngyz: |0 1 0

0 0 1

-1 0 0] |z —
0 1 Ol |yl=1uw
0 0 1| (= z

+ Qua mit phing zaz:

[ —
o O =
|
OHO
_ o O
| ——|

S =
=)
[y
oo
< 8
I
[
<

B.4.2 Phép quay quanh gbc O trong 2 chiéu
Quay mot goc dinh huéng € (nguge chiéu kim dong hd néu duong, cling

chiéu néu am), quanh tam O, bat dau t truc z: Ry = [Z?ﬁg _C(S)lsnee]
cosf —sinf| |1|  |cosd
sinf cosf | [0 ~ |siné
cosf —sinf| [0| [—sin@| |[cos (9—1—%)
sinf cosf | |1| | cos@ |~ |sin (9 + %)
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B.4.3 Phép vi tu tam O
Phép vi ty tam O ty s6 k: kI,
B.4.4 Tbng quat: Phép bién dbi tuyén tinh va bao toan khoang cach
& gbc

Trong khong gian R™, mot phép bién ddi tuyén tinh R” — R™ ma béo toan
dugce khoang cach gitta 2 diém bat ky va goc gitta 2 duong thing bat ky thi sé
c6 ma tran biéu dién @ théa man

QTQ=QQ" =1, (2)

Ma tran @ théa man (2) dugce goi la ma tran truc giao va bat ky ma tran
trite giao nao ciing sé tuong tng véi mot phép bién déi tuyén tinh ma bao toan
khoang cach va goc.

C Ngudn tham khao

Lecture Notes for Linear Algebra, James S. Cook
Wikipedia
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