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LU% % AR — né&@, Ba—REHE—INT=AEREL
=TV = o

A=LU
e.g. K (/(
a1 G2 43 lii 0 0 Uy U2 U3
g1 Gpp Qo3| = [log lop O 0 up ug
|31 G32 @33 _131 32 133_ i 0 0 U33 |

K LR FEL , —HINFE , 9+31NKRAE , HitktLuy BAE—,
\\
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LU BN AR RSHETETE , NEMAELFR —RIN T =AM
Lm-alm-—zLal4A=U
HFAZH E=AEE , MEL—RIT=ZAEFENRIRDART=A

gk @KL W Y
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Algorithm (LU Factorization)

\
Imtlahze@: A@
fﬁ@
for j kE+]: ‘
L(j,k) =U (J-i#U (k, k) L

U(J’k m)_U(]’k m) L(Jak)U(kk m)

end

end

Remark 1. In practice one can actually store both L and U in the original matrix
A since it is known that the diagonal of L consists of all one h“

2. The LU factorization i apest factorization algorithm. s operations count
can be verified to be{O(3m™>).

IR 1 A 7 S I & 5 PR

ChinaHadoop.cn



LUS> 1

AMIANEN AL L TR NONEHR |, LREEFRLUD 2R

Example The breakdown of the algorithm in our earlier example with

1 11
Sk Y

can be prevented by simply swapping rows, i.e., instead of trying to apply Lo to L{A
we first create
1 00 1
PLiA=|0 0 1 | LiA=| 0\2
0 10 0 3
— and are done.
TR AR TP S g iz



LUS> 1

More generally, stability problems can be avoided by swapping rows before applying

Ly, i.e., we perform
Ly 1Pp_1 ... LoPlL) P
e————

The strategy we use for swapping rows in step k 1s to find the largest element in column
k below (and including) the diagonal — the so-called pivot element — and swap its row
with row k. This process is referred to as partial (row) pivoting. Partial column pivoting
and complete (row and column) pivoting are also possible, but not very popular.

In general, LU factorization with pivoting results in

PA=LU,
£a=1Lu,)

where P = P,_1Pp—o... 2P, and L= (L' L, ,...LLL})" ! with

/ -1 -1
k= m_l"'Pk+1LkPk+1"'Pm—17

i.e., Ly is the same as Lj except that the entries below the diagonal are appropriately
permuted. In particular, L} is still lower triangular.

A A e i T

ChinaHadoop.cn



LUS> 1

Algorithm (LU Factorization with Partial Pivoting) L

Initiali = L=1(P=I)
nitialize U A,\

fork=1:m-—1

[
find i > k to maximize |U(i, k)| 2 S
5

B T A
P ) > S
E WY B

The operations count for this algorithm is also O(%m’k)) However, while the swaps
for partial pivoting require O(m?) operations, t require O(m°) 6 oms 1n

‘the-case-of-eomplete pivoting—

IR 1 A 7 S I & 5 PR
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DR TR MERTIEA

solve Ax = b with A nonsingular of order

e AV
factor-solve method using LU factorization A‘/%

1. factor A as A= PLU ( 2/3)n? flops)

2. solve (‘gLU three steps U\)c ‘-‘%-; V)

. permutatlon. z1 = PTb (0 flops)
e forward substitution: solve Lzs 2@ (@ flops) |

e back substitution: solve Uz = 2y (n? flops)
total cost: (2/3)n3 + 2n? flops, or roughl 1}

A A e i T
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SR

1. http://www.math.iit.edu/~fass/477577 Chapter 7.pdf’
2. http://nucinkis-

lab.cc.ic.ac.uk/HELM/workbooks/workbook 30/30 3 ecomposition.pdf

3. http://cn.mathworks.com/help/matlab/ref/lu.html \\/\

IR 1 A 7 S I & 5 PR

ChinaHadoop.cn



A JEIXEE

ORI BRZEEE
http://www.xxwenda.com/
B a[iEEEaE Bt ARE R

AR RE BORAE LR R S ==

ChinaHadoop.cn



EXZR 3T

INEF e . BEANFIRA S EEINE
- WIEARS: PR

- FRHE: ChinaHadoop

-

"ﬁiﬁ"‘ ""‘3' § ""°

.A ;A l‘ H‘ “‘ \‘ 5‘ N‘ ‘

nq
JJJJJJ g;u i»j

-l

.x_J

A A e i T

ChinaHadoop.cn



e

O AR ad4s. ks X4y, 6, K5, HAE, Wit #
2%, L2 3BAA RS A RGRA]; RRTLE
FknaAREEA, A EARELANGQEMTEZF
. FITHAASIIMHARKTESLA. 4. 72 PY
£l &, BABRG— B SR EFRE RS L X GRF .

[ R4 # 45 % &0
B HMEART: I %
B g7 4§: ChinaHadoop

AIRRE EORAE LT S E ==

ChinaHadoop.cn



Cholesky %> fift

Cholesky 7 % AR— IR IEERERE , FA—EFE—ITN
AL ETENENT=AEKL , F158
A=LLT

FATFLRARICholesky® F ( Cholesky factor ) , I LAERfF N AR “F
TR,

EE SDARLEEERKR , FARSMEE—1 ; SANFIEEHEKER ,
J:ﬁﬁﬁix%;ﬁ’r&—ﬂ'ﬂo
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Chol esky 53 fi#

BEASE ) @) g N
BIERART AR , B

A= [@ %]
w
Mffﬁiﬂ‘Aﬁluﬂﬁﬂﬂ‘%E’\JW Rt
\ )/\'

[ Va1 OT_ 11’ 1
Va1 —w
A= 1 w 1{]0 K——Ww [ H Va1 ]=L1A1L€
Va11 11 a1 e\ \I
EBIK - —ww - EREEN ﬁﬁujﬁﬂmwﬁ AT RS,
11
_\_/
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A= LAy Iz | (
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Chol esky %3 fi#

Example Consider

2 00 0 0 2 1 2
A = 1 10 0 4 0 10
2 01]]1014 5|00 1]
(2 0 0] '.1\ 0 ON[1 OO][1 00O 2 1 2
= 1 10 0 0 8 O~2-2‘) 0 1 0.
2 0110 |0 0 \0\1 0 01
Distributing 2 copies of the identity mfatrix in the middle we arrive at
2 00 L"]
A"": 1 2 0. \~/
2 2 1
LI TR AR TE LR B i jcjhl.,;%aif?f



Chol esky %3 fi#

Algorithm (Cholesky Factorization)

initial “upper triangular part of A (including the diagonal)

fork=1:m

aj,@\ﬁ”_kﬂ m
) Bl)

R(J j:m)=R(j,j:m)— R(k,j:m)zr3
\
j(kL . m) = R(k.k : m)//R(k, k) y~ Q¥
end
The operations count for the Cholesky algorithm can be computed as v

m m ,'V‘
Zl(mk—i—l)—i— Z 2m—-j+1)+1) ~(\;m3)0m21. 3
k=1 j=k+1 m

Thus the count is O(3m3), which is half the amount needed for the LU factorization.

Wholesky factorization is that it is glways—stable-—— even
without pivoting.

A A e i T
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Chol esky %3 fi#

Remark :

M. BB —NERREE RN REEN T AR R TCholesky 5 R |
W%E%%%Lﬁ,%AE&%%‘nM , JERERETE

2. EAE—AIEE%EBEE’J%/B@ [14 Fi Cholesky % & i 3E

R BSRBR 2 E T FEL

Algorithm

e factor A as A
e solve LL Tz = b

— forward substitution Lz = b
_ &ck substntutlo @
Cost: (1/3)n3 flops §)

o factorlzatlo

e forward substitution:

e backward substitution: n?
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LUSH R =)

Remark :
3. XNTFIEEEPFEA , AJLARIAHCholeskys B3t 1T R HEEEZ
ERom®), *HRBERTEAE .  BRALSHELEZETE
BT, EXFRNAAR , NEREBI I SFHE R %R,
A ) -
-2 T pé\
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1. http://www.cs.utexas.edu/~pingali/CS378/2011sp/lectures/chol4.pdf
2. http://www.math.iit.edu/~fass/477577 Chapter 7.pdf
3. http://www.doc88.com/p-5969805271110.html
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SVD53 N

SVD% f# AE—/@%@E BBAAHISVDS ﬁ’iﬁ
Amxn = Umsxm Zmsn Vs
Avtu=1Lv'v=1,V5ImEREMRFATARSIERE , UK S
BRERATHREDR , IRENARLAKEE , KHABERE
(smgular value ) , EEFHES , %HHQ@%@# ?IE@

E/waL?kS’:’/D R ME—, /MRT_ UT,\/ \/L
A‘*U_ﬂ\/,ff( /\}'T /——ULLU
A'\/}: ik’)\))j
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SVD 4y fi#

<N P

0 a |[v
A = Upnxm VnTXn = (ul um) 0 On ET
: Un

A ’ :-'-' T
. )
= iz 1d‘ OAl 7

Mﬁ'ﬁﬁﬂ]ﬁ%ﬁ@Az PEEANDNERERM , H BdN RPN T BN

8
NEHHRM (. A y i A
— MV e s
'WQ W) A
N
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SVD 4y fi#

BFA1 ERER  ESVDHMH , KSMERT , B10%EEH1%
MEREZ AR E T S HERES MGORA L | BHIY , BAIT
ARBHA S BREBEGIERA - <in’ Y

A=2div{uiz é diviTul- k )

— =1 i=1

(E—ANENTFm | nt  MNTAERBERELE BN (V)
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SVD 9> fif

A2 B&ER , BRIRHMREIMIAA EET
7=, PREABREIrN 40 & 7] S R BRI AY R

\60/%\32{5@1\)1 —__r=1 -

A A e i T
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SVD 4 i

M2 BEGgER , BRHMREMNIAN EER/DEVIFEER R 28
7=, PREABREIrN 40 & 7] B R BRI Y R

A (=3
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RIFI3 BIERE4E-PCA | B3 I BIRAERE N ey ) PCATS
R RS ER X zfmzjﬁ,ﬂyeat 5| — E FF AT,
(Fop= Txhlpep ) /\u(--
3 EASETH | TJJHEEHE}M@IJ/J\EFEU BAVERS OB
WHERABEAS , EAN. h RL,,
cn

JRIBSVD , %f(nxp -0 Mb@ﬂmﬁzm — M

it, NTn&E
XTX = VzTngTTW \ @
yu%ﬁ_vviﬂﬁﬂAT/wE%# , 38 pgi‘,l/

Tn><p = UnannXp

e —— e
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1. http://web.mit.edu/be.400/www/SVD/Singular Value Decomposition.htm

2. http://www.ams.org/samplings/feature-column/fcarc-svd

3. https://en.wikipedia.org/wiki/Principal component analysis
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