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Abstract

22188 Gilbert Strang 7E-154% “Linear Algebra for Everyone™ Hi 44 1450 W 1) 5 ST & 364 T vl Ak &
RE, DA HEMFE R/ A EEXT ) SRRV AR AR AR & TATEIEHERE M # (Column-Row, CR). &
Wil £¥% (Gaussian Elimination, LU) . A7 48-Jifi%% 47 IE 22t (Gram-Schmidt Orthogonalization, QR) . 5§
T AN 4k (Eigenvalues and Diagonalization, QAQ™). FIZF Ffli/# (Singular Value Decomposition,
Uzv?’).
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o 1.1

5 (p.2) Linear combination and dot products
o 1.3 77 (p.25) Matrix of Rank One
1 (

e 14 p-29) Row way and column way

vl [_]{} = ®m = e Dotproduct (number) 2 {}[-] ZH = {o o} Rank 1 Matrix

Dot product (a - b) is expressed as a'b in abT is a matrix (ab” = A). If neither a, b are 0,
matrix language and yields a number. the result A is a rank 1 matrix.
X1 17 *1 1 x y
[1 2 3]|x2|=|2]-|*2| =x +2x, + 3x5 2|[x y]=|2x 2y
X3 31 13 3 3x 3y
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o 1.1 95 (p.3) Linear combinations

o 1.3 77 (p.21) Matrices and Column Spaces
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The row vectors of 4 are multiplied by a vector x The product Ax is a linear combination of the
and become the three dot-product elements of Ax. column vectors of 4.

1 2 X, (x1+2x3) 12 X1 1 2
Ax=|3 4 [xz]= (3x, + 4x,) Ax=(3 4 [x2]=x1 3| +x, |4
5 6 (5x1 + 6x3) 6 5 6
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Arow vector y is multiplied by
the two column vectors of 4
= 3 5 2 4 6
] [O1+3y, +5y3)  (2y1 +4y2 + 6y3)] and become the two dot-product
elements of yA.
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The product yA is a linear
=y(1 2]+y.[3 4]+ s[5 6] combination of the row

vectors of A

Figure 4: [a)& I PAFEFE - (vM1), (VM2)
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e 3.5 77 (p.124) Dimensions of the Four Subspaces



c(4m)
dim=r

row space

all yA

A e Rmxn

RrR™

c4)
dim=r

column space

all Ax

1l

R™

perpendicular perpendicular

nullspace

N(4) Ax =0

dm=n—r

left nullspace

N(AT) yA=0

dm=m-r

R™ = N(4) + C(4")

R™ = C(A) + N(4T)
N(4) L ¢(AT)

C(4) LN(4AT)

Figure 5: PU4~F25[]
XF®er, i A=CR (6.1 7).

4 JHFERUFE—a AL

i AR DA B [ ARFEAMPE] “HRE SR AR

o 1.4 37 (p.35) Four ways to multiply AB = C
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Every element becomes a dot product of row vector

Mt

Ax and Ay are linear combinations of columns of 4.
and column vector.
(1+2x2)  (1+2y2) X1 Y1
[ ][xz Yo) = |Bxr+axz) - (Byr+ays) 3 4 [xz y2]=A[x Y] =[Ax Ay]
(5x1+6x7)  (5y1+6y2)
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Multiplication AB is broken down to a sum of rank 1 matrices.

b1y b12
bay bzz

by . N
The produced rows are linear combinations of rows. [a1 az] [ *] = a1b1 + azb;

ax by bip] [2b21 2bz
X1 )’1 I s X— X [bn b12]+ [b21  bpp] = |3byy 3bip|+|4by  4by,
xz yz Z a;X 6 5biy; 5bial  l6by  6by,

Figure 6: iR AKERE - (MM1), (MM2), (MM3), (MM4)
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Operations from the right act on the = + +

columns of the matrix. This 2 1 2 3

expression can be seen as the three

linear combinations in the right in - T -

one formula. 7] = o |+om |+ o]
3 1 2 3

. { } ﬁ: 1 [Fnan] = o[ o — - ] - sing
) (2] = o[+ e+ omzem) o2

Operations from the left act on the

rows of the matrix. This expression [ 3 ] = .[_]'l' .[_] + .[_]

can be seen as the three linear

combinations in the right in one

formula.

Figure 7: & 1, 2 - (P1), (P1)
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Applying a diagonal matrix from the right Applying a diagonal matrix from the left
scales each column. scales each row.
d dy b} d,b;
AD =[a1 a; as]| d, =[diay dya, d;asz] DB=| d, b;| = |d,b;
ds dsl | b3 dz b

Figure 8: [ 1/, 2 - (P1'), (P2)
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This pattern makes another combination of columns.
You will encounter this in differential /recurrence equations.

dy (%1
XDc =[x1 %2 x3] [ d, ] [Cz] = c1d X1 + CpdyXa+ c3dzxs
dsllcs

Figure 9: & 3 - (P3)
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e 6 77 (p.201) Eigenvalues and Eigenvectors

o 6.4 77 (p.243) Systems of Differential Equations
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A matrix is broken down to a sum of rank 1 matrices,
as in singular value/eigenvalue decomposition.
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6.1 A=CR

e 1.4 35 Matrix Multiplication and A = CR (p.29)
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Figure 12: CR W78k
R, AR 2, B R WA 2 NERETE AT, H A TG BT DAl R Wiy 2 fT4PEaR .

6.2 A=LU

HEHTEBRE KR Ax = b BPHFRA LU 70ff. 85, 2 A Ze— WIS T2 () B58—1 L=
HikE U.

EA=U
A=E"'U
let L=E~!, A=1LU
BUE, KM Ax =bf 2 4 (1) Rff Le=b, (2) Al Uz =c.
o 2.3 77 (p.57) Matrix Computations and A = LU
T, FATE RN AW LAU.
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6.3 A=QR
A= QR EIERFF C(A) = C(Q) WIFIT, 5 A BACNIERHFE Q.
e 4.4 %7 Orthogonal matrices and Gram-Schmidt (p.165)
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