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

dvixhna ziqgiid zerhd z‘ ,1 dnxepa ,ayg .1 A = ( 34 762 204 121 24 650 )

dvixhnl aexiwk B = ( 45 788 213 109 20 640 )

? Matlab -a norm(B-A)/norm(B) miazek xy‘k milawny dn df m‘d

:daeyz A − B = ( −11 −26 −9 12 4 10 )

.^{30}_{854} ≈ 0.35 ‘id cg‘ dnxepa ziqgid zerhd ||B||_1 = 854 -e zeid .||A − B||_1 = 30 okle xac eze‘ weica lawp ‘l okle ,2 dnxep ‘ed Matlab -a dnxep aeyigl lcgnd zxixa .Matlab -a dl‘ zecewt miazek xy‘k

mikxrd z‘ milawn ji‘e Matlab -a dvixhn ly miinvrd mikxrd z‘ milawn ji‘ .2 laben mdn dfi‘ ? miilily-‘l miiynn mixtqn ozep gxkda mdn dfi‘ ? miixlebpiqd ,dlecb dvixhn ly miixlebpiqd mikxrd z‘ aygn ip‘ xy‘k ,m‘ ? zeireaix zevixhnl ?df ly zernynd ‘id dn ,qt‘ mpi‘y mikxr ly ohw xtqn wx ‘ven ip‘

.svd(A) miazek miixlebpiqd mikxrl .eig(A) miazek A ly miinvrd mikxrl :daeyz zevixhnl laben miinvr mikxr aeyig .miilily-‘l miiynn gxkda miixlebpiqd mikxrd yi m‘ okle ,dvixhnd ly dbxcd ‘ed qt‘ mpi‘y miixlebpiqd mikxrd xtqn .zeireaix .dkenp dbxcd if‘ miqt‘ daxd

:Matlab-a ze‘ad zecewtd il epzi dn .3

x = [0 1 2 3 4 5 6 7 8 9 10];
y = [0 1 4 6 9 9 9 8 3 1 0];
xx = [0:0.1:10];
plot( xx , spline(x,y,xx) )

mixicbn md cgia .11 jxe‘ ilra mixehwee zexicbn diipyde dpey‘xd zecewtd :daeyz oia miaikx mr 101 jxe‘ lra xehwee dxicbn ziyilyd dcewtd .x, y xeyina zecewp 11 jxe‘ lra xehwee ‘ed mb aygn spline(x,y,xx) dcewtd .0.1 ly zevitwa 10 -l 0 ze‘vnp spline(x,y,xx) -e xx mixehweed ici lr zexcbend zecewpd 101 -y jk 101 z‘xwp z‘fd dnewrd .x,y ici lr zepezpd zecewpd 11 jxc zxaerd dwlg dnewr lr 101 oia xagnd sxb xiivn plot dcewtd :seqale .miinrt dxifb ‘ide ,cubic spline -d .”zeycg”d zecewpd

:ze‘ad zecewpd jxc xaery zegt e‘ 4 dbxcn mepilet ‘vn .4

x_i 0 1 2 3 4 y_i 0 3 3 4 4

:miwlegn miyxtd zlah :daeyz x_i y_i 0 0 1 3 3 2 3 0 −^3_2 3 4 1^1_2^2_3 4 4 0 −^1_2 −^1_3 −^1_4

‘ed mepiletd okle 3x − 3 2 x(x − 1) + 2 3 x(x − 1)(x − 2) − 1 4 x(x − 1)(x − 2)(x − 3) lxbhpi‘d z‘ miaygn xy‘k .5

∫_1 0 sin (sin x) dx ze‘vezd z‘ milawn ,micrv 8-e 4 ,2 mr ftxhd llk ici lr

I_2 ≈ 0.4170408129 , I_4 ≈ 0.4272589632 , I_8 ≈ 0.4297719534

.dl‘d ze‘vezdn lxbhpi‘l xteyn aexiw ‘evnl bxanex zhiya xfrd :bxanex zlah :daeyz 0.4170408129 0.4272589632 0.4306650133 0.4297719534 0.4306096168 0.4306059237

.0.4306059 :lxbhpi‘l xteyn aexiw dirad z‘ zxzet y(t) divwpetd .6

y^{′′} = y^2 + t^2 , y(0) = 0 , y^′(0) = −1

dhiyd z‘ xiaqdl wx yi) .y(1)-l aexiw ‘evnl ick Matlab-a azek ziid zecewt dfi‘ (.ode45 dxeva oey‘x xcqn zkxrnk d‘eeynd z‘ aezkl ozip :daeyz ( y_1 y_2 )_′ = ( y_2 y^2_1 + t^2 )

:zecewtd z‘ llekd de.m mya uaew mipikn :okle

function z=de(t,y)
z=[ y(2 ) ; y(1)^2 + t^2 ] ;

:miazek f‘e

[t y] = ode45( @de, [0,1], [0;-1] );

lawl ick .t xehweea mipezpd 1-l 0 oia mipnfa y_2 -e y_1 ly mikxrd z‘ ozep y jxrnd

y(size(t,1)) aezkl ozip y(1) z‘

’a wlg divwpetd .1 f(t) = ∫_1 0 sin ( x^2 + t^2 ) dx ziivg ly miaeaiq dyelya xfrd .t = 1.7 xy‘k zililye t = 1.6 xy‘k ziaeig ‘id llk ici lr jixvy milxbhpi‘d z‘ aygl ozip .f(t) = 0 ly yxeyl aexiw ‘evnl mirhw ? ef diiral oeheip zhiy lirtn ziid ji‘ .mirhw 4 mr ftxhd epl yi if‘ lxbhpi‘l aexiw zeyrl micrv 4 mr ftxhd llka miynzyn mr :daeyz f(t) ≈ f̃(t) = 1 8 ( sin ( t^2 ) + 2 sin ( 1 16 + t^2 ) + 2 sin ( 1 4 + t^2 ) + 2 sin ( 9 16 + t^2 ) + sin ( 1 + t^2 ))

mi‘vene miwc’ea f̃(1.7) < 0 -e f̃(1.6) > 0 -y epl oezp f̃(1.65) ≈ 0.07588 > 0 , f̃(1.675) ≈ −0.002993 < 0 , f̃(1.6625) ≈ 0.03662 > 0 ‘ed f(t) = 0 ly oeyztd z‘ivnl oeheip zhiy .1.675 oiae 1.6625 oia yxeyd okle

t_{n+1} = t_n − f(t_n) f^′(t_n) epliaya f^′(t) = 2t

∫_1 0 cos ( x^2 + t^2 ) dx ‘id oeheip zhiy okle

t_{n+1} = t_n −

∫_1

0 sin (x^2 + t^2_n) dx 2t_n ∫_1

0 cos (x^2 + t^2_n) dx . weica ‘l micrv 4 mr ftxh ly weicdy wx ,milxbhpi‘d ipyl miaexiw zeyrl ozip .deab weicl xdn dribny oeheip zhiyl mi‘zn

‘id dnl .cg‘ dpzyn ly divwpet ly menipin z‘ivnl adfd qgi yetig z‘ xaqd (‘) .2 yi ? dhiyd ly miaeaiq n ici lr menipin ‘vnp eay rhw xvwl ozip dnkae ,dliri divwpetl (miaeaiq 3-n zegt ‘l) ici lr mibcdl

x(2 + x) 2 + sin x

.x = 0 oiae x = −2 oia menipin el yiy ,zilcenipe‘ ‘idye ,x = 1 xy‘ke x = 0 xy‘k zqt‘zn f(x) divwpetdy mircei (a) epl xzene ,menipind ‘vnp ea rhwd z‘ mvnvl mivex .1-l 0 oia ,cigi menipin zlra izya x z‘ aygl aeh ikd dnl .x ly mikxr ipy xear wx f(x) divwpetd z‘ aygl k”g‘e x =^2_3 -ae x =^1_3 -a aeh ikd dnl ,zecewp 3-a xzen mr ? x =^1_2 -l zeaexw zecewp dyer ziid dn ? jenp xzei f mdn dfi‘a ielz ,x =^2_3 -l e‘ x =^1_3 -l e‘ aexw mrt cer ? minrt 4 f(x) z‘ aygl xzen m‘

m‘ (.dhiyd lr xaqd aezk‘ ‘l) (‘) :daeyz f(x) = x(2 + x) 2 + sin x -y xexa f(−2) = f(0) = 0 aygp adfd qgi yetig lizdl

f(−1.236) ≈= −0.8942 , f(−0.764) ≈ −0.7219

.df rhwa x = −1.236 -a f ly jxr xak epl yi .−0.764 oiae −2 oia menipind okle jxrd z‘ mitiqen f(−1.528) ≈ −0.725 mitiqen ,df rhwa −1.236 -a jxr xak epl yi .−0.764 oiae −1.528 oia menipiny lawl

f(−1.056) ≈ −0.8872

−1.056 oiae −1.528 oia menipind okle zecewp izya wx f z‘ aygl il xzen .f(0) = f(1) = 0 -y rcei ip‘ :oey‘x avn (a) lr rhwd z‘ mvnvn ip‘ xnelk ,b oiae 0 oia menipind if‘ f(a) < f(b) ‘vi m‘ .a < b z‘ mvnvn ip‘ xnelk ,1 oiae a oia menipind if‘ f(a) > f(b) ‘vi m‘ .1 − b jxe‘ ici jxe‘ ici lr rhwd z‘ mvnv‘ zeha ip‘ xnelk .1 − a jxe‘ ici lr rhwd

min(1 − a, 1 − b)

gwip m‘ .b =^1_2 + ϵ ,a =^1_2 − ϵ gwip m‘ didi lecb ikd mevnivd ,0 < a < b < 1 -e zeid .ivg hrnk jxe‘ ici lr rhwd z‘ mvnvl lkep ,rvn‘l zeaexw zecewp izy dkk jnq lr .x =^2_3 -e x =^1_3 -a f z‘ miayzn lk mcew .minrt 3 f aygl xzen :ipy avn rhw epl x‘yp .rhwd ly oexg‘d yilyd z‘ e‘ oey‘xd yilyd z‘ e‘ miwxef ze‘vezd aexw f ly aeyig cer ici lr .rvn‘a mbe zeevwa f z‘ mircei epgp‘ eay^2_3 jxe‘ lra .x‘ypy dnn ivz (hrnk) wexfl ixyt‘ didi rvn‘l .0.4 ly jxe‘ miwxef .x =^3_5 -e x =^2_5 -a miligzn .minrt 4 aygl xzen :iyily avn dvwdn rhwd jxe‘n yily ‘edy zecewpd cg‘a f z‘ mircei epgp‘ eay rhw x‘ype .(mcewd avna enk jiyndl xyt‘ okle)

? Choleski wexite LU wexit oia lcadd ‘ed dn (‘) .3 dvixhnl LU wexit z‘ ‘vn (a) A = 25 −20 20 −20 25 −10 20 −10 29

.(pivoting -a jxev oi‘) xy‘k ,A = LL^T Choleski wexit yi mcewd sirqa dvixhnl (b) L = 5 0 0 −4 3 0 4 2 3

aygl ozip ,illk ote‘a ,ji‘ xaqd ,mcewd sirqa z‘vny wexitd mr d‘eeyd ici lr .jetd mbe Choleski wexit mircei mr libx LU wexit

‘id L xy‘k ,A = LU minxeb ipyl A dvixhn ly wexit ‘ed LU wexit (‘) :daeyz dvixhn lkl miiw wexitd .oeilr zyleyn ‘id U-e ,oeqkl‘d lr mi’1 mr oezgz zyleyn wexit .wexitd iptl P dxenz zvixhn ici lr A z‘ litkdl jxev yi minrtly wx ,A mxebdy dl‘ .oezgz yleyn cg‘ ,oeilr yleyn cg‘ ,minxeb ipyl wexit mb ‘ed Choleski wexit .(oeqkl‘ mey lr mi’1 gxkda oi‘e) oezgz yleynd ly slgeynd ‘ed oeilr yleynd .cala hlgda zeiaeig zeixhniq zevixhnl miiw wx df m‘ (a) A = 25 −20 20 −20 25 −10 20 −10 29 gwip

l_1 = 1 −^4_{54} 5 , u_1 = ( 25 −20 20 )

f‘e l_1u_1 =

25 −20 20 −20 16 −16 20 −16 16

, A − l_1u_1 =

0 0 0 0 9 6 0 6 13 gwip

l_2 = 0 1_2 3 , u_2 = ( 0 9 6 )

f‘e l_2u_2 =

0 0 0 0 9 6 0 6 4

, A − l_1u_1 − l_2u_2 =

0 0 0 0 0 0 0 0 9 ‘ed A ly LU wexit okle A = 1 0 0 −^4_5 1 0 4 5 2 3 1 25 −20 20 0 9 6 0 0 9

:LU wexit :mkql (b)

A = 1 0 0 −^4_5 1 0 4 5 2 3 1 25 −20 20 0 9 6 0 0 9

:Choleski wexit A = 5 0 0 −4 3 0 4 2 3

5 −4 4 0 3 2 0 0 3

zyleynd dvixhnd ly oeqkl‘d lr miaikxdy be‘cl jixv :LU -l Choleski -n xearl ltkdy) zeipeqkl‘ zevixhn ipy minxebd ipy oia qipkp df z‘ zeyrl .1 eidi oezgz :dkk (dcigid zvixhn deey mdly A = 5 0 0 −4 3 0 4 2 3

5 −4 4 0 3 2 0 0 3 = 5 0 0 −4 3 0 4 2 3 1 5 0 0 0^1_3 0 0 0^1_3

5 0 0 0 3 0 0 0 3

5 −4 4 0 3 2 0 0 3 = 5 0 0 −4 3 0 4 2 3 1 5 0 0 0^1_3 0 0 0^1_3

5 0 0 0 3 0 0 0 3

5 −4 4 0 3 2 0 0 3 = 1 0 0 −^4_5 1 0 4 5 2 3 1 25 −20 20 0 9 6 0 0 9

Choleski wexit oezp m‘ illk xzei ote‘a A_{ij} = ∑ k L_{ik}L_{jk} , (L_{jk} = 0, j < k) -y xexa if‘ A_{ij} = ∑ k L_{ik} L_{kk} (L_{kk}L_{jk}) i”r U ,L zevixhn xicbp m‘ okle L_{ik} = L_{ik} L_{kk} , U_{kj} = L_{kk}L_{jk} oi‘ :Choleski -l LU -n - ipy oeeika .A = LU -e oeilr yleyn U ,oezgz yleyn L if‘ .Choleski oi‘e LU wexit yiy mixwn daxd yi ,illkd dxwna zeyrl jxc diirad z‘ xzet y(t) xy‘k y(1) z‘ zixnep ‘evnl mivex (‘) .4

y^′ = y , y(0) = 1

,h =^1_4 mr xliie‘ zhiy ici lr milawn daeyzl aexiw dfi‘ (.y(t) = e^t wiecn oexzt) xliie‘ zhiya ynzydl jixv did h dfi‘a ? h = 1 mr dhew dbpex zhiy ici lr dfi‘e ? h = 1 mr dhew dbpex zhiy ly weicd z‘ lawl ick diirad z‘ xzet y(t) xy‘k y(1) z‘ zixnep ‘evnl mivex (a)

y^′ = −2y , y(0) = 1

,h =^1_4 mr xliie‘ zhiy ici lr milawn daeyzl aexiw dfi‘ (.y(t) = e^{−2t} wiecn oexzt) dbpex zhiya ynzydl jixv did h dfi‘a ? h = 1 mr dhew dbpex zhiy ici lr dfi‘e ? h =^1_4 mr xliie‘ zhiy ly weicd z‘ lawl ick d‘ew m‘ ,okle y_{n+1} = y_n + hy_n = (1 + h)y_n ‘id y^′ = y d‘eeynl xliie‘ zhiy (‘) :daeyz h =^1_4 migwele y(0) = 1 y(1) ≈ ( 1 + 1 4 )_4

≈ 2.441 lawp h = 1 mr Runge-Kutta xear .|e − 2.441| ≈ 0.28 ly zerh

k_1 = f(y_0) = 1 k_2 = f ( y_0 + h 2 k_1 ) = 3 2 k_3 = f ( y_0 + h 2 k_2 ) = 7 4 k_4 = f (y_0 + hk_3) = 11 4 y(1) ≈ y(0) + 1 6 (k_1 + 2k_2 + 2k_3 + k_4) = 65 24 ≈ 2.708

.|e − 2.708| ≈ 0.01 ‘id zerhde lr xliie‘ zhiya zerhd z‘ cixedl ick .RK -a zerhd 28 it jxra ‘id xliie‘a zerhd ynzyn iziid okle .(oey‘x xcq) 28 ly mxeb ici lr h z‘ oihwdl jixv 28 ly mxeb ici milawn !caer df .eiykr eplawy RK ly weicd z‘ lawl ick xliie‘ zhiya h =^1_{112} -a . ( 1 +^1_{112}

)_{112}

≈ 2.706 aexiw m‘ ,okle y_{n+1} = y_n − 2hy_n = (1 − 2h)y_n ‘id y^′ = −2y d‘eeynl xliie‘ zhiy (a) h =^1_4 migwele y(0) = 1 y(1) ≈ ( 1 − 1 2 )_4

≈ 0.0625 lawp h = 1 mr Runge-Kutta xear .|e^{−2} − 0.0625| ≈ 0.074 ly zerh

k_1 = f(y_0) = −2 k_2 = f ( y_0 + h 2 k_1 ) = 0 k_3 = f ( y_0 + h 2 k_2 ) = −2

k_4 = f (y_0 + hk_3) = 2

y(1) ≈ y(0) + 1 6 (k_1 + 2k_2 + 2k_3 + k_4) = 1 3 ≈ 0.333

.|e^{−2} − 0.333| ≈ 0.20 ‘id zerhde lr RK zhiya zerhd z‘ cixedl ick .xliie‘a zerhd 3 it jxra ‘id RK -a zerhd ”‘ad” h -d lreta .(iriax xcq) 3^{1/4} ly mxeb ici lr h z‘ oihwdl jixv 3 ly mxeb ici RK -a zerhd z‘ oihwdl witqi i‘cee df .h =^1_2 ‘ed h = 1 ixg‘ zgwl mileki epgp‘y xzei ‘weec df) .0.005 jxra ‘id h =^1_2 mr zerhd !caer mb df .xliie‘ ly df ly dnxl (.ohw witqn h xear oekp wx ‘id h^4 -k zerhd zebdpzd ,dtvn iziidy dnn ohw