An Example of QR Decomposition

Che-Rung Lee
November 19, 2008

Compute the QR decomposition of

1 -1 4
1 4 =2
A= 1 4 2
1 -1 0

This example is adapted from the book, ” Linear Algebra with Application,
3rd Edition” by Steven J. Leon.

1 Gram-Schmidt process

Let A = (a;,ag,a3), the Q-factor of A be Q = (qi1,q2,q3), and the R-factor

be
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The Gram-Schmidt process of computing QR decomposition
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. Q3 = (I - ChOhT)(I - Q2qQT)33 = (I - Q1Q1T - CI2012T + qlqququ)ag
Since q¥'qy = 0,
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You can verify that A = QR and Q7Q = 1.

2 Householder transformation
Here we index A with superscript, and let A = A.

1. Compute the reflector vi = a; — sign(aq;)||a;||e;
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5. Let vo = al”) + sign(AM(2,2))[|al"||e;
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(using Matlab’s notation), AM(2:4,2:3) = (ag1
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8. The R-factor is (
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9. Since HoH, A = ( 0 ),
Q = (HH) '=(HH)" =HH] = H H,.
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3 Given’s rotation
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1. Use ag; to eliminate aq;. 34 = V12 + 12 = /2. C.OS O34 = a1 /7 = 1/v2,
’ 811193,4:@41/7‘:1/\/5.
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.. 2 cosfy3 = as /T = V2/V3,
2. Use ag; to eliminate as;. mo3 = /12 + V2 = V3. { sin 9225 = a;l//r = l\j_\//g\/_
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3. Use a1 to eliminate a21. M2 = Y 12 + \/52 = 2.
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4. Use ass to eliminate ago. 734 = \/(—5/\/6)2 + (=5/4/2)2 = 10//6.
coslsy = ag/r = —1/2,
sinfls 4 = as/r = —\/3/2.
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C089273 = CLQQ/’I“ = 1/\/3,

5. U to eliminat . =4/(1 2 2 =15.
se ag to eliminate ags. 723 \/( 0/v6)2 + (5/v/3)2 =5 {sin0273:a32/r:2/\/6.
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. O34 = ass/r = 1/v/2
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6. Use ags to eliminate ay3. 734 \/( V2)2 + (2v2) { sinfs 4 = ag/r = 1/V/2.
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