c”qa 83-214 zixnep dfilp‘l milk 2 milibxz

Matlab -y d‘vezd ‘id dn ,m cninn xehwee ‘ed b -e m × n lcebn dvixhn ‘id A m‘ .1 .m > n -e , m = n , m < n mixwnl qgiizdl yi ? A\b miazek xy‘k ozep m‘ A = 1 3 −2 0 4 2 −2 2 3 1 −1 −1 3 3 0 , b = 7 10 3 miaikx ipy mdl yiy Ax = b zkxrnd ly x zepexztd lk z‘ ‘evnl Matlab -a xfrd jk Ax = b ly oexzt ‘evnl ozip m‘d .dl‘d zepexztd lkl ||x||_2 z‘ ‘vn .0-l mieey ? ohw xzei ‘ed ||x||_2 -y

-y d‘vezd ‘id dn ,m × p lcebn dvixhn ‘id B -e m × n lcebn dvixhn ‘id A m‘ .2 .m > n -e , m = n , m < n mixwnl qgiizdl yi ? A\B miazek xy‘k ozep Matlab dcewtdy weca , 5 × 5 lcebn dcigid zvixhn ‘id B -e 5 × 3 lcebn dvixhn ‘id A m‘ . pinv(A) z‘ zpzep A\B A\B dcewtd , 3 × 3 lcebn dcigid zvixhn ‘id B -e 3 × 5 lcebn dvixhn ‘id A m‘ (! ieqip zeyrl ulnen) ? dnl xiaqdl leki dz‘ m‘d . pinv(A) z‘ zpzep gxkda ‘l

y = mx + c xyi ew ‘evnl mivexe ,xeyina (x_1, y_1), (x_2, y_2), . . . , (x_n, y_n) zecewp n zepezp .3 y oaena ,zecewpl aexw ‘edy

mx_1 + c ≈ y_1 mx_2 + c ≈ y_2 . . . mx_n + c ≈ y_n zkxrnd z‘ ”zxzet” ,(x_i, y_i) zecewpd ozpda ,xy‘ Matlab-a (M uaew) divwpet aezk sqed ,m, c aeyigl sqepa .(miixrfn miireaix ly oaena) m, c ‘evnl z‘fd zix‘ipild ”ze‘ibyd ly mireaixd rvenn yxey” z‘ aygl zleki divwpetl . 1 n n∑ i=1 (y_i − mx_i − c)^2

n -l aexw ‘edy z = mx + ly + c xeyin ‘evnl jly divwpetd z‘ lilkn ziid ji‘ ? (x_1, y_1, z_1), . . . , (x_n, y_n, z_n) zepezp zecewp

A ly miixlebpiqd mikxrd xtqn z‘ ‘vne ,100 × 100 lcebn zinecpx dvixhn A xga .4 zebltzdd m‘d .6 lrne ,6-l 5 oia ,5-l 4 oia ,4-l 3 oia ,3-l 2 oia ,2-l 1 oia ,1-l 0 oia jxr cinz (hrnk) yi dnl xiaqdl leki dz‘ m‘d ? A z‘ mipyn xy‘k dpzyn z‘fd dvixhn ‘id A m‘ dn ? 6 lrn xg‘ ixlebpiq jxr mey dfn uege ,50-l aexw cg‘ ixlebpiq .jly dxrydd z‘ weca ? m × n lcebn dlecb zinecpx .rand(m,n) dcewtd ici lr Matlab-a m × n lcebn zinecpx dvixhn mixviin :dxrd .1-e 0 oia miielz izla minecpx mixtqn md jk dxvepy dvixhnd ly miaikxd dvixhnl .5 A = 0.0795 0.2823 0.3401 0.6751 0.6239 0.5186 0.4583 0.8084 0.8664 0.9702 0.4152 0.1019

xy‘k A = UDV^T , miixlebpiq mikxrl wexit yi

U = −0.2090 0.3023 −0.8945 −0.2546 −0.5608 −0.0539 0.3286 −0.7581 −0.6442 0.5322 0.1829 0.5180 −0.4763 −0.7890 −0.2418 0.3036 , D = 1.8808 0 0 0 0.7186 0 0 0 0 0 0 0 ,

V = −0.6128 −0.7429 −0.2694 −0.5994 0.2148 0.7711 −0.5149 0.6340 −0.5769

:‘evnl wexita xfrd ,( Ker(A) ) A ly qt‘d agxn z‘ ,( Ker(A^T ) ) A^T ly qt‘d agxn z‘ ,( Im(A) ) A ly dpenzd z‘ .( Im(A^T ) ) A^T ly dpenzd z‘e

dvixhnd ly miinvrd mikxrd z‘ ,Matlab -a ,‘vn .6

A =

1 2 −^1_4 0 0 . . . 0 0 −^1_4^1_2 −^1_4 0 . . . 0 0 0 −^1_4^1_2 −^1_4 . . . 0 0 0 0 −^1_4^1_2 . . . 0 0 . . . . . . . . . . . . 0 0 0 0 . . .^1_2 −^1_4 0 0 0 0 . . . −^1_4^1_2

.20 × 20 lcebn zerhd z‘ ‘vn .xeywd invrd xehweed v -e ,A ly lecb ikd invrd jxrd ‘ed λ idi dnl xaqd .A^{200} -l aexiwk λ^{200}vv^T dvixhna ziqgid A^n ≈ λ^nvv^T .lecb n xear

m‘ (‘) .7 A = 6 7 1 1 18 25 9 9 48 68 29 29 30 39 26 34

.( “P” dvixhn ‘ll xnelk ,pivoting ila) A ly LU-d wexit z‘ zipci ‘vn m‘ (a) A = 6 7 1 1 18 25 9 9 0 68 29 29 .Matlab-a jly zeaeyzd z‘ weca .A ly QR-d wexit z‘ zipci ‘vn m‘ (b) A = 1 2 2 1 2 8 10 4 2 10 17 −1 1 4 −1 15 .A ly Choleski -d wexit z‘ zipci ‘vn

dvixhnl .8 A = 4 −2 2 −2 −2 5 −3 −3 2 −3 3 1 −2 −3 1 9 Choleski wexit yi

A = L^T L , L = 2 0 0 0 −1 2 0 0 1 −1 1 0 −1 −2 0 2

xy‘k Ax = b ly oexztd z‘ aygl dfa xfrd

b = 10 −15 11 5 !qikd aygna ynzydl oi‘

dvixhnl .9 A = −0.808 0.914 −1.380 −1.828 −0.405 −0.513 −0.060 0.056 0.912 QR wexit yi A = QR xy‘k Q = −0.404 0.913 −0.063 −0.914 −0.405 −0.004 −0.030 0.056 0.998 R = 2.00 0.00 1.00 0 1.00 −1.00 0 0 1.00

xy‘k Ax = b ly oexztz z‘ aygl dfa xfrd .(weic zextq 3-l Q, R) b = 1 0 0 !qikd aygna ynzydl oi‘