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Math 324 Problems on LU Factorization Sept. 8, 1995

wwl \\S [\

= 0\,\&.\\( )

Due: Monday, Sept. 11, 1995

A Let

2 ~I B 0
A=|4 0 4|, b=]o0
-2 5 =4 -3

a) Find an LU factorization of A without using row interchanges.
b) Solve Ax = b by solving i) Ly = b, and ii) Ux =y

/2'./ Find the PA = LU decomposition for the matrix in Problem 1 and use it to solve
Ax = b.

3. Consider the tridiagonal matrix

[y (8]
by a3 ¢

bg as C3

I b, an :

a) Write an efficient algorithm for reducing A to packed LU form Assume no row or
column interchanges are needed or used.

b) Determine the flop count for your program.



Math 324 Test 1 - Sample Problems September 11, 1995

~ :
Test Date: Iriday, September 15. Please bring paper.
Covers: Assignments through 9/6/95.
In problems asking for a flop count, find the dominant term, such as n3/3, for the number of multiplications
and/or divisions.
1. Let
7 -3 0 0 -3
: G=|2 1 0], b=| 4
3 4 -5 —4
Solve Gx = b by the column-oriented method.
2. Let
2 1 -1 3
A=1] 4 1 1 |, b=| 5
-6 -1 -6 —4
a) Find an LU factorization of A without using row interchanges.
b) Solve Ax = b by solving i) Ly = b, and ii) Ux = y.
3. Repeat Problem 1 but using partial pivoting. That is, in (a) find PA = LU, and use this to solve the
system in (b).
4. Let A be an n x n matrix and let x € R®. Show that xT” AT Ax = 0 if and only if Ax = 0.
5. Find the flop count for the following algorithm.
Fork=n:-1:1
brk = 1/agk \ oy o v\
- S Forz':k—]:—-l:kl ' \( A
/ bir = —( Z aijbir)/aii
i=i+!
end;
end;
6. Suppose the n x n matrix @ has column representation @ = [q;, 493 ... q,]. Let I be the nxn

identity matrix. Show that Q7 Q = I if and only if for each i = 1,2,...,n and j = 1,2,...,n, it is true that
qf q; = 6;j, where &; = 1 and 6;; = 0 if i # j. Hint. Use block multiplication.
7. Let x be an n x 1 vector with xTx = 1. Define H = I — 2xx”. Show that
a) H is symmetric,
By =],
) HIH =1,
8. (Continuatron of Problem 3 on Homework dated Sepi. 8.) Let
a; €

b; sy Ccg
by az c3

Cn-1
bn—l ay

a) Use the LU factorization previously obtained to write an efficient algorithm for solving Ax = b by first
solving Ly = b and then solving Ux = y.

~ b) Determine the flop count for your algorithm.



- =] =6 6 © : BT s = T
.-/54>P”¢Le& LAy= _—l/?]_ﬁlrz -2 ?"IDL ‘63 LU;PL';I 4+ 5_/3 _5/2.]

/ A A Tx=y | 2 )
/
/J Math 324 Test 1 - Sample Problems September 11, 1995
f"‘! Test Date: Friday, September 15. Please bring paper.
Covers: Assignments through 9/6/95.
/ In problems asking for a flop count, find the dominant term, such as n®/3, for the number of multiplications
and/or divisions. =32]o o7 [_ -5
/ - |1 D(le (‘-[; %_-3&
/ 1. Let ¢ 314 C a9 U‘"‘)
-3 3
A, XK= [@1 G=[z
3

Solve Gx = b by the column-oriented method.
2. L
5)4; " A .
G- Ot.e =121 =1 A= | 4 = 5
— 2| -3 6 -1 glj Lig=b = Y = =[3
Y

-1
a) Find an LU factorization of A without using row interchanges. 2 UX=0 - X= E‘ -2 =l
b) Solve Ax = b by solving i) Ly = b, and ii) Ux =y

\l 3. Repeat Problem 1 but using partial pivoting. That is, in (a) find PA = LU, and use this to solve the
system in (b).

4. Let A be an n X n matrix and let x € R®. Show that xT AT Ax = 0 if and only if Ax =0. 'T
5. Find the flop count for the following algorithm. K (= l')_- A X T—\al 1 a"‘l
1
Fork=n:-1:1 T;‘(Tp"*" (pbr)() A = bla' 3+ +‘L'h‘

| bk = 1/ak =D gL =0
( Fori=k—-1:-1:1 =o Lf& AX=0°
l 9 k
3 bik = — igbjk)/ aii
2(2"’\ k {J.=‘Z+1a3 Jk)/a " &"'I e 3 _%
L= 1 d; i ;%q 5 b Ay 1A
‘ Anl Flgs = 2 U, e £oig=
end; Tl b'f = e =\
6. Suppose the n x n matrix @ has column representation Q@ = [q, q, ... q, ] Let I be the n x n
identity matrix. Show that QT Q = I if and only if for each¢=1,2,...,nand 7 = 1,2,..., n, it is true that
q?‘qj- = §;;, where &;; = 1 and &;; = 0 if ¢ # 5. Hint. Use block multiplication d)-'- ) {l Ei ‘E"‘]
7. Let x be an n x 1 vector with xTx = 1. Define H = I — 2xx7. Show that K
a) H is symmetric, Hl = /I ~2X % Tj‘r" IT 2 XTT)(T = T-X ?T H ?4‘
-
D) H* =1, Y= (Taysx)(-2) = I-2x0 —1xﬁ++{§:‘x XT | 4 -
c] HTH=1. bag @) ‘L(b) s T =1 \
8. (Continuation of Problem 3 on Homework daled Septl. 8.) Let ~z . ilq
Pecked LV Steps ,.‘{'1 i
‘ [ ﬂ- ___’_’_t——~ ay (3] W T' /‘_‘/6_4
S & =2Nh byl tT aa e = = - x ['“ '
b:: b;/q;'ﬂ ; i _‘3.!—-5? az 3 _ f’ﬁ - il )"6‘ \*d ‘
2‘}1-'2 e = @ ~Le- ) ’itg.’ 0, ""l"'.}
f.-; La J Cn—1 \ _ i
\f’j‘E? é"h —bn“fl' iy A = cS R
a) Use the LU factorization previously obtained to write an efficient algorithm for solving Ax = by first
solving Ly = K and then solving Ux = y. - v
ve Us=y (A 7 (4ex)

- b) Determine tht_‘_ﬂop count for your algorithm. &7‘—/ 7 9
Solve Lowd 1A €h) n (T

o e . “’_h ﬁ’h | L=m—t =l ( .
./},-I\' \, Sov /L"__I‘{.-L'_ L),‘j.l‘,|l-.) (DFSJ A'J (5} s o ALm)/Qa )
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