c”qa siy .’b ’text ,83-214 zixnep dfilp‘l milk c”qyz ,’‘ xhqnq ,’‘ cren

.ivge miizry :ogand onf .qik aygnae xfr xneg lka ynzydl xzen (deey wlga zel‘yd lk cewip) zel‘yd lk lr zeprl yi (oeivd ly 50%) ’‘ wlga (deey wlga zez‘yd lk cewip) zel‘ydn 2 lr zeprl yi (oeivd ly 50%) ’a wlga

’‘ wlg

aexw ‘edy e^x = 3x ly yxeyl aeh aexiw ‘evnl oeheip zhiy ly miaeaiq 3-a xfrd .1 ?z‘vny aexiwd ly weicd ,jzrcl ,‘ed dn .0.6-l

:eply dxwna .x_{n+1} = x_n − f(x_n)/f^′(x_n) ‘id f(x) = 0 oexztl oeheip ziiqxewx :daeyz

x_{n+1} = x_n − e^{xn} − 3x_n e^{xn} − 3 = (x_n − 1)e^{xn} e^{xn} − 3 milawn x_0 = 0.6 migwel m‘

x_1 = 0.61877846 , x_2 = 0.61906122 , x_3 = 0.61906129

wiecn x_3-y gipdl xiaq ,ireaix qpkzn oeheip zhiye ,weic zextq 6-l zwiiecn x_2-e zeid .ily oeaygnd ly zlekil cr

zecewtd z‘ Matlab -a miazek xy‘k .2

A=[1 3 4 ; -1 2 3 ; 1 1 0] ;
[z zz]=eig(A)

zeaebzd z‘ milawn

z =

0.8629 −0.2811 0.9239 −0.3574 −0.6786 0.1421 0.3574 0.6786 0.3553 , zz = 1.4142 0 0 0 −1.4142 0 0 0 3.0000

ote‘a A ly miinvrd mixehweed z‘e miinvrd mikxrd z‘ ‘evnl dl‘d ze‘veza xfrd .wiecn

.( 13 2 5 )^T invr xehwee 3 invr jxr yiy mi‘ex zz -e z -a oexg‘d cenrdn :daeyz :dwica 1 3 4 −1 2 3 1 1 0 13 2 5 = 39 6 15 = 3 13 2 5 dxevdn miinvr mixehwee mr ± √ 2 miinvr mikxr yiy mi‘ex zexg‘d zecenrd izyn jixv :x z‘ ‘evnl .( x 1 −1 )^T

1 3 4 −1 2 3 1 1 0 x 1 −1 = ± √ 2 x 1 −1 x = ∓ √ 2 − 1 okle (.x = + √ 2 − 1 yi − √ 2 invrd jxrle ,x = − √ 2 − 1 yi √ 2 invrd jxrl xnelk)

:ze‘ad zecewpd jxc xaery zegt e‘ 3 dbxcn mepilet ‘vn .3

x_i 0 1 2 4 y_i 0 3 3 5

.miwlegn miyxtd zhiya ynzydl yi

:miwlegn miyxtd ly dlah :daeyz x_i y_i 0 0 1 3 3 2 3 0 −^3_2 4 5 1^1_3^{11}_{24}

:oeiad mepilet 3x − 3 2 x(x − 1) + 11 24 x(x − 1)(x − 2)

. ∫_π 0 e^{−x} sin xdx lxbhpi‘l aexiw ,h =^π_4 mr oeqtnq llk ici lr ,‘vn .4

:daeyz ∫_π 0 e^{−x} sin xdx ≈ 1 3 π 4 ( e^0 sin 0 + 4e^{−π/4} sin ( π 4 ) + 2e^{−π/2} sin ( π 2 ) + 4e^{−3π/4} sin ( 3π 4 ) + e^{−π} sin π )

= π 12 ( 2 √ 2e^{−π/4} + 2e^{−π/2} + 2 √ 2e^{−3π/4} ) ≈ 0.517

(.0.522 :zwiiecn daeyz)

dirad z‘ zxzet y(t) divwpetd .5

y^′ = 1 1 + ty , y(0) = 1

.y(1)-l aexiw ‘evnl h =^1_4 mr xliie‘ zhiya xfrd

d‘eeynd oexztl xliie‘ zhiy :daeyz

y^′ = f(t, y) , y(0) = y_0 ‘id y_{n+1} = y_n + hf(t_n, y_n) eply dxwna f(t, y) = 1 1 + ty , y_0 = 1 okle .h =^1_4 migwele

y_1 = 1 + 1 4 f(0, 1) = 5 4 y_2 = 5 4 + 1 4 f ( 1 4 , 5 4 ) = 121 84 y_3 = 121 84 + 1 4 f ( 1 2 , 121 84 ) ≈ 1.586

y_4 ≈ 1.586 + 1 4 f ( 3 4 , 1.586 ) ≈ 1.70 (.1.625 :zwiiecn daeyz) .y(1) ≈ 1.70 xnelk

dvixhna ziqgiid zerhd z‘ ayg .6 1.4 2.7 −1.5 1.9 0.3 2.1 −1.1 1.7 0.5 dvixhnl aexiwk 1.8 2.4 −1.9 1.6 0.3 2.2 −1.2 2.0 0.5 .∞ dnxepa mb 1 dnxepa mb cearl yi

z‘ aygl eppevxa ,A^′ diipyle A dpey‘xd dvixhnl ‘xwp m‘ :daeyz ||A − A^′|| ||A|| -y epl yi (.lecb didi ‘l lcadd ,dpkna ||A^′|| xyt‘)

A − A^′ = −0.4 0.3 0.4 0.3 0 −0.1 0.1 −0.3 0

:(zecenr lr minekq) 1 dnxepa ||A|| = 4.7 , ||A − A^′|| = 0.8 , ||A − A^′|| ||A|| ≈ 0.17 :(zexey lr minekq) seqpi‘ dnxepa ||A|| = 5.6 , ||A − A^′|| = 1.1 , ||A − A^′|| ||A|| ≈ 0.20

’a wlg

.dvixhn ly QR wexit ‘evnl ozip ji‘ dxvwa xaqd .1 dvixhnl A = 7 13 −21 7 −1 7 14 57 0 7 −22 −7

QR wexit yi

A = −0.3780 0.4989 0.7327 −0.2673 −0.3780 −0.0384 −0.4613 −0.8018 −0.7559 0.1919 −0.3256 0.5345 −0.3780 −0.8443 0.3799 0.0000

−18.5203 0 7.9373

0 26.0576 −4.8354 0 0 −21.2748 0 0 0

zkxrnd ly (miixrfn mireaix ly oaena) oexztd z‘ ‘evnl df wexita xfrd

Ax ≈ 1 0 0 0 df ji‘ .μ onqpy ,xg‘ xtqn zeidl jixv dide ,ieby did A ly 3, 3 aikxa 0-dy xxazn ? zkxrnd oexzt lr rityn

miaeaiq ici lr e‘ ,QR wexit aeyigl minzixebl‘d cg‘ lr xaqdd lr blcn ip‘) :daeyz :eply dxwna xnelk .Rx ≈ Q^T b if‘ ,A = QR -e Ax ≈ b m‘ (.mitewiy ici lr e‘

−18.5203 0 7.9373 0 26.0576 −4.8354 0 0 −21.2748 0 0 0 x_1 x_2 x_3 ≈ −0.3780 −0.3780 −0.7559 −0.3780 0.4989 −0.0384 0.1919 −0.8443 0.7327 −0.4613 −0.3256 0.3799 −0.2673 −0.8018 0.5345 0.0000

1 0 0 0

≈ −0.3780 0.4989 0.7327 −0.2673

-xz‘d dxeydn migkey heyty ici lr miixrfn miireaix ly oaena oexztd z‘ milawn xeztl jixv wx xnelk .d‘eeynd ly dpe

−18.5203 0 7.9373

0 26.0576 −4.8354 0 0 −21.2748 x_1 x_2 x_3 = −0.3780 0.4989 0.7327

:okle x_3 ≈ −0.03444 , x_2 ≈ 0.012755 , x_1 ≈ 0.00565

-e A^′ = A + μE xy‘k A^′x ≈ b d‘eeynd lr cearl jixv eiykr

E = 0 0 0 0 0 0 0 0 1 0 0 0

xnelk ,(R + μQ^T E)x ≈ Q^T b lawl Q^T ici lr militkn

−18.5203 0 7.9373

0 26.0576 −4.8354 0 0 −21.2748 0 0 0 + μQ^T E x_1 x_2 x_3 ≈ −0.3780 0.4989 0.7327 −0.2673

xnelk

−18.5203 0 7.9373 − 0.7559μ 0 26.0576 −4.8354 + 0.1919μ 0 0 −21.2748 − 0.3256μ 0 0 0.5346μ x_1 x_2 x_3 ≈ −0.3780 0.4989 0.7327 −0.2673

ici lr miccvd ipya militkn

1 0 0 0 0 1 0 0 0 0 c s 0 0 −s c xy‘k (−s)(−21.2748 − 0.3256μ) + 0.5346μc = 0

milawne

−18.5203 0 7.9373 − 0.7559μ 0 26.0576 −4.8354 + 0.1919μ 0 0 (−21.2748 − 0.3256μ)c + 0.5346μs 0 0 0 x_1 x_2 x_3 ≈ −0.3780 0.4989 0.7327c − 0.2673s −0.7327s − 0.2673c dnbecl :mcew enk oexztd jynd

x_3 =

0.7327c − 0.2673s (−21.2748 − 0.3256μ)c + 0.5346μs

-y reci ,ohw ‘ed y xy‘k .2 sin y − y ≈ − 1 6 y^3

:ze‘ad zecewtd z‘ Matlab -a azek ip‘ xy‘k

x=[-1:-1:-8]’;
y=10.^x;
(6)*(y-sin(y))./y.^3

:mi‘ad mixtqnd z‘ lawn ip‘

0.99950011903110 0.99999500001446 0.99999995003402 0.99999996889914 1.00000370939664 0.99992239423370 1.03232140446618 0 md elawzdy mixtqnd dnl hexhexta xaqd .Matlab -a zecewtd z‘ dxvwa xaqd zexewnd z‘ xiaqdl wx ‘l ,xnelk :izenk mbe izeki‘ mb xaqd zzl yi .1-n mipey wecale ,ritydl leki d‘iby ly xewn lk dnka aygl mb dl‘ ,”d‘iby” ly zepeyd .mini‘zn md elawzdy mixtqndy

xehweed didi x :Matlab -a zecewtd :daeyz ( 1 2 3 4 5 6 7 8 )_T xehweed didi y ( 10^{−1} 10^{−2} 10^{−3} 10^{−4} 10^{−5} 10^{−6} 10^{−7} 10^{−8} )_T

ly jxrd z‘ zaygn dpexg‘d dcewtd

6(y − sin(y)) y^3

.mcewd xehweea y ly jxr lkl ,zinzixebl‘ d‘iby yi lk mcew .1-l mieey mpi‘ mi‘veiy mixtqnd dnl zeaiq izy yi dl‘ ,1 deey weica dpi‘ miaygny zenkd ohw y -ly

6(y − sin(y)) y^3 = 6 ( y − [ y −^1_6 y^3 +^1_{120} y^5 − . . . ]) y^3 ≈ 1 − y^2 20 ly xeqign raepy lebir z‘iby mb yi .y^2/20 lceb xcqn zinzixebl‘ zerh yi xnelk cr yxtda okle ,ϵ|y| cr ‘ed mdn cg‘ lka lebir z‘iby .sin y -e y ,miaxew mixtqn ipy lceb xcq cr lebir z‘iby yi zayegnd zenka okle .2ϵ|y| 6 |y|^3 2ϵ|y| = 12ϵ y^2

.lebird z‘ibyl jetd la‘ ,lcb y xy‘k dlcb ‘id zinzixebl‘d d‘ibydy al miyl yi

:lebird z‘ibye zinzixebl‘d d‘ibyl mipcne‘de ,zeil‘hw‘d ze‘ibyd ly dlah dyrp

y d‘iby y^2/20 12ϵ/y^2 10^{−1} 5 × 10^{−4} 5 × 10^{−4} 1.3 × 10^{−13} 10^{−2} 5 × 10^{−6} 5 × 10^{−6} 1.3 × 10^{−11} 10^{−3} 5 × 10^{−8} 5 × 10^{−8} 1.3 × 10^{−9} 10^{−4} 3 × 10^{−8} 5 × 10^{−10} 1.3 × 10^{−7} 10^{−5} 4 × 10^{−6} 5 × 10^{−12} 1.3 × 10^{−5} 10^{−6} 8 × 10^{−5} 5 × 10^{−14} 1.3 × 10^{−3} 10^{−7} 3 × 10^{−2} 5 × 10^{−16} 0.13 10^{−8 1}_2 5 × 10^{−18} 13

x‘yle ,y ly mipey‘xd mikxrd 3-l zihppinec ‘id zinzixebl‘d d‘ibydy mi‘ex .zihppinec lebird z‘iby mikxrd

?divwpet ly menipin z‘ivnl dlelhd dcixid zhiy ‘id dn .3 divwpetd lr dlelhd dcixid zhiy ly cg‘ aeaiq milirtn m‘y gked f(x, y) = 1 2 (Ax^2 + By^2)

diqxewxd z‘ milawn (x, y) → ( B^2(B − A)y^2 A^3x^2 + B^3y^2 x, A^2(A − B)x^2 A^3x^2 + B^3y^2 y )

dpzyn ok ‘ed ik mb ,dpzyn eppi‘ x/y qgid dhiyd ly miaeaiq ipy ixg‘y dfn gked .cg‘ aeaiq ixg‘ divwpetl dhiyd ly cg‘ aeaiq milirtn xy‘k milawny diqxewxd ly belp‘d ‘ed dn

? f(x_1, x_2, . . . , x_n) = 1 2 (A_1x^2_1 + A_2x^2 + . . . A_nx^2_n)

dcewpa miligzn m‘ ,dlelhd dcixid zhiya (.xaqdd aly lr blcn ip‘ aey) :daeyz oeeika miytgn ,(x, y) −∇f(x, y) = − ( Ax By )

-y jk s miytgn xnelk .(eply divwpetl) f(x − sAx, y − sBy) = 1 2 ( A(x − sAx)^2 + B(y − sBy)^2 )

milawn s -l qgia dxifb ici lr .ilnipin −A^2x(x − sAx) − B^2y(y − sBy) = 0

⇒ s = A^2x^2 + B^2y^2 A^3x^2 + B^3y^2

‘id divxhi‘d okle (x, y) → ( x − A^2x^2 + B^2y^2 A^3x^2 + B^3y^2 Ax, y − A^2x^2 + B^2y^2 A^3x^2 + B^3y^2 By )

= ( B^2(B − A)y^2 A^3x^2 + B^3y^2 x, A^2(A − B)x^2 A^3x^2 + B^3y^2 y )

-y diqxewxdn mi‘ex x y → B^2(B − A)y^2 A^2(A − B)x^2 x y = − B^2 A^2 y x epl yi diqxewxd ly miaeaiq ipy zgz x y → − B^2 A^2 1 ( −^{B2}_{A2}^y_x ) = x y .dpzyn ‘l x/y xnelk -y jk s mixgea xy‘k x_i → x_i − sA_ix_i diqxewxd ‘ed icnin axd belp‘d n∑ i=1 A_i(x_i − sA_ix_i)^2

milawn dxifb ici lr .ilnipin ‘ed n∑ i=1 A^2_i x_i(x_i − sA_ix_i) = 0 ⇒ s = ∑_n i=1 A^2_i x^2_i ∑_n i=1 A^3_i x^2_i

‘id diqxewxde x_i → x_i ( 1 − A_i ∑_n j=1 A^2_j x^2_j ∑_n j=1 A^3_j x^2_j ) = x_i ∑_n j=1 A^2_j (A_j − A_i)x^2_j ∑_n j=1 A^3_j x^2_j

reaxzd zgqep .4 ∫_∞ 0 f(x)e^{−x}dx ≈ 3∑ i=1 w_if(x_i) :oldlck zelwyne micewcew migwel m‘ zegt e‘ 5 dlrnn minepiletl zwiiecn ‘id

x_i 0.4157745568 2.2942803603 6.2899450829 w_i 0.7110930099 0.2785177336 0.0103892565

dgqepd ok enk ∫_∞ 0 f(x)e^{−x}dx ≈ 4∑ i=1 w_if(x_i) :oldlck zelwyne micewcew migwel m‘ zegt e‘ 7 dlrnn minepiletl zwiiecn ‘id

x_i 0.3225476896 1.7457611012 4.5366202969 9.3950709123 w_i 0.6031541043 0.3574186924 0.0388879085 0.0005392947 milxbhpi‘l miaexiw ‘evnl ze‘gqepd ipya xfrd ∫_∞ 0 sin xe^{−x}dx , ∫_∞ 0 sin x x e^{−x}dx xeh jxc ,xiaqdl leki dz‘ m‘d .m‘zda^1_2 ,^π_4 md milxbhpi‘l zewiiecnd zeaeyzd ?aexiwd ze‘gqep izyl mipey zeierhd ly mipniqd dnl ,sin x ly xeliihd

zecewpd 3 mr :dxegy dcear ly dl‘y wx df aexiwd ze‘gqep izy meyii :daeyz milawn ∫_∞ 0 sin xe^{−x}dx ≈ 0.49603 , ∫_∞ 0 sin x x e^{−x}dx ≈ 0.78178 milawn zecewpd 4 mr ∫_∞ 0 sin xe^{−x}dx ≈ 0.50488 , ∫_∞ 0 sin x x e^{−x}dx ≈ 0.78592 π/4 ≈) zepekpd zeaeyzdn miphw md zecewp 3 mr milawny miaexiwdy mi‘ex .zepekpd zeaeyzdn milecb md zecewp 4 mr zeaeyzde ,(0.78540 lawl ozip okle ,e^{−x} mxebd llba ,0-l xdn zet‘ey milxbhpi‘a zeivwpetd :jkl xaqd xtqn migwele) xeliih xehl sin x mxebd z‘ migztny ici lr milxbhpi‘l aeh aexiw cr dbxcn minepiletl zwiiecn ‘id (zecewp 3 mr) dpey‘xd dgqepd .(mixai‘ ly iteq miaexiwa zeierhd .xeha −x^7/7! xai‘dn ze‘a miaexiwa zeierhd mzqd on okle ,5 iepiydn (lecba) mi‘a oniqa miiepiyd +x^9/9! xai‘dn ze‘a zecewp 4 mr dgqepdn (.xaqda o‘k xvwn zvw ip‘) .dl‘d mixai‘d ipy oia oniqa