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

divwpetd ly mepipinl aexiw ‘evnl ick ”adfd qgi yetig” ly miaeaiq 3-a xfrd .1

f(x) = 2 − x cos x

.(df rhwa cigi menipin divwpetl yiy gipdl ozip) .1 -e 0.5 oia ‘edy

:oey‘x aeaiq :daeyz

x 0.5 0.6910 0.8090 1 f(x) 1.561 1.468 1.442 1.460

:ipy aeaiq .oey‘x rhw cixedl yi

x 0.6910 0.8090 0.8820 1 f(x) 1.468 1.442 1.439 1.460

:iyily aeaiq .oey‘x rhw micixen aey

x 0.8090 0.8820 0.9270 1 f(x) 1.442 1.439 1.444 1.460

zwiiecn daeyz) .0.9270 oiae 0.8090 oia menipind xnelk .oexg‘ rhw micixen mrtd (.0.8603

jxc zxaerd dwlg dnewr ly sxb xiivl ick Matlab -a azek ziidy zecewtd z‘ aezk .2 zecewpd x_i 0 2 3 4 5 6 9 y_i 0 1.78 1.82 1.90 1.85 1.81 0

:cubic spline ‘id dticrd dhiyd :daeyz

x=[0 2 3 4 5 6 9]
y=[0 1.78 1.82 1.90 1.85 1.81 0]
xx=[0:0.1:9]
plot(xx,spline(x,y,xx))

lxbhpi‘l aexiw ,h =^1_4 mr oeqtnq llk ici lr ,‘vn .3

∫_2 1 x ln x 2 + x dx h =^1_4 mr oeqtnq itl :daeyz

∫_2 1 f(x) dx ≈ 1 12 (f(1) + 4f(1.25) + 2f(1.5) + 4f(1.75) + f(2))

:okle .

∫_2 1 x ln x 2 + x dx ≈ 1 12 (0 + 4 × 0.08582 + 2 × 0.17377 + 4 × 0.26115 + 0.34657) ≈ 0.17350

( .0.17349 :df weicl zwiiecn daeyz)

dirad z‘ zxzet y(t) divwpetd .4

y^′ = t 1 + y

, y(0) = 1

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

:eply dxwna y_{n+1} = y_n + hf(t_n, y_n) ‘id y^′ = f(t, y) oexztl xliie‘ ziiqxewx :daeyz

t_0 = 0 , y_0 = 1

t_1 = 1 4 , y_1 = 1 + 1 4 × 0 1 + 1 = 1 t_2 = 1 2 , y_2 = 1 + 1 4 × 1 4 1 + 1 = 33 32 t_3 = 3 4 , y_3 = 33 32 + 1 4 × 1 2 1 +^{33}_{32} = 33 32 + 4 65 ≈ 1.0928

t_4 = 1 , y_4 = 1.0928 + 1 4 × 3 4 1 + 1.0928

≈ 1.1824

‘id zwiiecnd daeyzd .oey‘x xcqn wx ‘id xliie‘ zhiy ,wiiecn jk lk ‘l df) ( √ 5 − 1 ≈ 1.2361

dvixhnl .5 A = 1 3 4 2 −1 2 3 2 6 SVD wexit yi A = UDV^T xy‘k U = −0.5519 0.6017 −0.5774 −0.2452 −0.7788 −0.5774 −0.7971 −0.1771 0.5774

, D =

8.7619 0 0

0 2.6887 0 0 0 0.0000 ,

V = −0.3919 −0.5531 −0.7352 −0.3429 0.8293 −0.4411 −0.8537 −0.0793 0.5147

.(Ker(A)) A ly oirxble (Im(A)) A ly dpenzl miqiqa ‘vn ? A ly dbxcd ‘id dn

qiqa .(qt‘ mpi‘y A ly miixlebpiqd mikxrd xtqn) 2 ‘id A ly dbxcd :daeyz ozip A ly oirxbd ly qiqae ,U ly mipey‘xd micenrd ipy ici lr ozip A ly dpenzl (!zelwa wecal ozip oexg‘d hxtd z‘) .V ly oexg‘d cenrd ici lr

divwpetl ireaix aexiw ‘vn .6 f(x) = 1 3 + x .^x_{1+x} = 1 −^1_{1+x} :zxekfz .[−1, 1] rhwd lr

‘ed ihxcphqd aexiwd :daeyz

p(x) = a_0P_0(x) + a_1P_1(x) + a_2P_2(x)

xy‘k

a_0 = 1 2 ∫_1 −1 P_0(x)f(x) = 1 2 ∫_1 −1 1 3 + x dx = 1 2 [ln(3 + x)]^1_{−1} = 1 2 ln 2 ≈ 0.3466

a_1 = 3 2 ∫_1 −1 P_1(x)f(x) = 3 2 ∫_1 −1 x 3 + x dx = 3 2 ∫_1 −1 1 − 3 3 + x dx = 3 2 [x − 3 ln(3 + x)]^1_{−1} = 3 2 (2 − 3 ln 2) ≈ −0.1192

a_2 = 5 2 ∫_1 −1 P_2(x)f(x) = 5 4 ∫_1 −1 3x^2 − 1 3 + x dx = 5 4 ∫_1 −1 3(x − 3) + 26 3 + x dx = 5 4 [3 2 x^2 − 9x + 26 ln(3 + x)

]_1 −1 = 5 4 (−18 + 26 ln 2) ≈ 0.0273

xnelk

p(x) = 0.3466 − 0.1192x + 0.0273 (3 2 x^2 − 1 2 ) ≈ 0.3330 − 0.1192x + 0.0408x^2

’a wlg

zkxrnd oexztl oeheip ziiqxewx z‘ ‘vn .1 { x + y^2 − 3 = 0 y − 2x^3 + 1 = 0

zlrtd ici lr jzaeyz z‘ weca .xyt‘y dheyt ikd dxeva diqxewxd z‘ aezkl yi ?ie‘xk zebdpzn zeierhd m‘d .(x_0, y_0) = (1, 1.5) aexiwdn lgd miinrt diqxewxd

zkxrnd oexztl oeheip ziiqxewx :daeyz ( f(x, y) g(x, y) ) = ( 0 0 )

‘id ( x y ) n+1 = ( x y ) n − (_{∂f} ∂x ∂f ∂y ∂g ∂x ∂g ∂y )_{−1} (

f(x, y) g(x, y) ) | | | | |_{x=xn,y=yn}

epliaya ( x_{n+1} y_{n+1} ) = ( x_n y_n ) − ( 1 2y_n −6x^2_n 1

)_{−1} (

x_n + y^2_n − 3 y_n − 2x^3_n + 1 )

= ( x_n y_n ) − 1 1 + 12x^2_ny_n ( 1 −2y_n 6x^2_n 1 ) ( x_n + y^2_n − 3 y_n − 2x^3_n + 1 )

= ( x_n y_n ) − 1 1 + 12x^2_ny_n ( x_n + y^2_n − 3 − 2y_n(y_n − 2x^3_n + 1) 6x^2_n(x_n + y^2_n − 3) + y_n − 2x^3_n + 1 )

= ( x_n y_n ) − 1 1 + 12x^2_ny_n ( x_n − 2y_n − y^2_n − 3 + 4y_nx^3_n 6x^2_ny^2_n + y_n − 18x^2_n + 4x^3_n + 1 )

= 1 1 + 12x^2_ny_n ( 2y_n + y^2_n + 3 + 8y_nx^3_n 6x^2_ny^2_n + 18x^2_n − 4x^3_n − 1 )

-n lgd milirtn xy‘k ( x_0 y_0 ) = ( 1 1.5 )

milawn ( x_1 y_1 ) ≈ ( 1.066 1.395 )

( x_2 y_2 ) ≈ ( 1.062 1.392 )

-y mi‘ex | | | | | | ( x_0 y_0 ) − ( x_1 y_1 )| | | | | | ≈ √ 0.066^2 + 0.105^2 ≈ 0.124 | | | | | | | | ( x_1 y_1 ) − ( x_2 y_2 )| | | | | | | ≈ √ 0.004^2 + 0.003^2 ≈ 0.005

zeqpkzd mr m‘zen i‘cee df .oey‘xd yxtdd ly reaixd ly ivgk ‘ed ipyd yxtdd .zireaix

lxbhpi‘d z‘ miaygn xy‘k .2

∫_π 0 dx 1 + x :oldlck ze‘vez milawn ftxhd llk ici lr

micrv xtqn 10 12 14 16 18 20 d‘vez 1.42875 1.42642 1.42501 1.42409 1.42346 1.42301

‘id n micrvd xtqn lr ze‘vezd ly zelzdy dgpdd ici lr

d‘vez ≈ I + ϵ n^2

dxevdn zelz migipn m‘ xtyl ozip m‘d .lxbhpi‘d ly izin‘d jxrl aeh aexiw ‘vn

? d‘vez ≈ I + ϵ n^2 + ζ n^4

md mipezpd :miixrfn mireaix ici lr ϵ z‘e I z‘ ‘evnl dqpp oey‘x ieqipk :daeyz 1 n^2 1 10^2 1 12^2 1 14^2 1 16^2 1 18^2 1 20^2

d‘vez 1.42875 1.42642 1.42501 1.42409 1.42346 1.42301 okle d‘vez ≈ I + ϵ n^2 xy‘k ( 0.000205291 0.0315392 0.0315392 6 ) ( ϵ I ) = ( 0.0449774 8.55074 )

lawl mixzet ϵ = 0.765470 , I = 1.42110 miwiiecn wx mipezpde zeid ,xzei i‘ck ‘l .aeyigd lk jxe‘l weic zextq 6-l izcar o‘k daeyzl (df weic itl) aexw ce‘n ‘ed eplawy I-l daeyzdy ‘vei .weic zextq 6-l mr I +^ϵ_{n2} ly mikxrd z‘ miaygn m‘ ?df z‘ zrcl ozip ji‘ .1.42108 ‘idy zwiiecnd :mi‘ven eplawy zeaeyzd

n 10 12 14 16 18 20 I +^ϵ_{n2} 1.42875 1.42642 1.42501 1.42409 1.42346 1.42301

.^ζ_{n4} dxeva oewiz cer ytgl mrh oi‘ !mdn eplgzdy mipezpd weica eplaw xnelk mi‘ven mb ,bxanex miyere n = 20 -e n = 10 ly mipezpd z‘ wx migwel m‘ :dxrd .z‘fd jxca mb ef dl‘y lr zeprl ozip .I = 1.42110

divwpetdy jk b z‘e a z‘ ‘vn .3

f(x) = { x +^α_2 (x + 1)(x + 2)(1 + ax) −2 ≤ x ≤ 0 x +^α_2 (x − 1)(x − 2)(1 + bx) 0 ≤ x ≤ 2

mipezpd xear cubic spline didi

x_i −2 −1 0 1 2 y_i −2 −1 α 1 2

−2 < x < 2 rhwd lr dler zipehepen ‘id f(x) -y gked .reaw ‘ed α xy‘k −1 < α < 1 m‘ wx (‘) .−^1_2 < α <^1_2 m‘ wxe m‘ (a)

-y wecal .x = −2, −1, 0, 1, 2 zecewpa mipekpd mikxrd z‘ lawn f(x) -y xexa :daeyz yi .x = 0 xy‘k zetivx od f^{′′}(x) -e f^′(x) -y wecal jxev wx yi cubic spline ‘id f(x) -y epl f^′(x) = { 1 +^α_2 (3ax^2 + 2(3a + 1)x + (2a + 3)) −2 ≤ x ≤ 0 1 +^α_2 (3bx^2 + 2(−3b + 1)x + (2b − 3)) 0 ≤ x ≤ 2 -e f^{′′}(x) =

{_α

2 (6ax + 2(3a + 1)) −2 ≤ x ≤ 0 α 2 (6bx + 2(−3b + 1)) 0 ≤ x ≤ 2 .a = −^3_2 , b =^3_2 xnelk .3a + 1 = −3b + 1 -e 2a + 3 = 2b − 3 md miyxcpd mi‘pzd okle α ≤ 1 m‘ ,ok enk .0 ≤ x ≤ 1 rhwd lr dler zipehepen dppi‘ f(x) if‘ α ≥ 1 m‘ (‘) didz f(x) -y igxkd i‘pz okle .−1 ≤ x ≤ 0 rhwd lr dler zipehepen dppi‘ f(x) if‘ .−1 < α < 1 -y ‘ed −2 < x < 2 rhwa dler zipehepen

-y epl yi (a)

f^′(x) = { 1 −^1_4 α(9x^2 + 14x) −2 ≤ x ≤ 0 1 +^1_4 α(9x^2 − 14x) 0 ≤ x ≤ 2 = 1 +^{49}_{36} α −^α_4 ( 3x +^7_3

)_2

−2 ≤ x ≤ 0

1 −^{49}_{36} α +^α_4 ( 3x −^7_3

)_2

0 ≤ x ≤ 2

my ,x = −2 xy‘k −2 ≤ x ≤ 0 rhwa ilnipin jxr lawn f^′(x) if‘ α > 0 m‘ my ,x =^7_9 xy‘k 0 ≤ x ≤ 2 rhwa ilnipin jxr lawn f^′(x) ok enk .f^′(x) = 1 − 2α wxe m‘ −2 ≤ x ≤ 2 rhwd lka f^′(x) > 0 ,α > 0 xy‘ky mi‘ex epgp‘ .f^′(x) = 1 −^{49}_{36} α .α <^1_2 m‘ my ,x = −^7_9 xy‘k −2 ≤ x ≤ 0 rhwa ilnipin jxr lawn f^′(x) if‘ α < 0 m‘ my ,x = 2 xy‘k 0 ≤ x ≤ 2 rhwa ilnipin jxr lawn f^′(x) ok enk .f^′(x) = 1 +^{49}_{36} α wxe m‘ −2 ≤ x ≤ 2 rhwd lka f^′(x) > 0 ,α < 0 xy‘ky mi‘ex epgp‘ .f^′(x) = 1 + 2α .α > −^1_2 m‘

dvixhnl LU wexit ‘vn .4 A = 1 2 2 2 3 α −1 −2 3

xy‘k Ax = b d‘eeynd ly oexztd z‘ ‘evnl dfa xfrd .xhnxt ‘ed α xy‘k

b = 1 3 0 ‘ed A dvixhna miaikxd cg‘ xy‘k Ax = b zkxrn mixzety mrt lk :oekp ‘l e‘ oekp ly zix‘pil divwpet ‘ed x oexztd if‘ ,mixtqn md miaikxd x‘ye ,α onqpy ,xhnxt !jzaeyz z‘ wnp .α

m‘ :daeyz

l_1 = 1 2 −1 , u_1 = ( 1 2 2 ) if‘ l_1u_1 =

1 2 2 2 4 4 −1 −2 −2

, A − l_1u_1 =

0 0 0 0 −1 α − 4 0 0 5 m‘ l_2 = 0 1 0 , u_2 = ( 0 −1 α − 4 ) if‘ l_2u_2 =

0 0 0 0 −1 α − 4 0 0 0

, A − l_1u_1 − l_2u_2 =

0 0 0 0 0 0 0 0 5 okle

A = LU , L =

1 0 0 2 1 0 −1 0 1

, U =

1 2 2 0 −1 α − 4 0 0 5

.Ux = y k”g‘e Ly = b xeztp mcew Ax = b xeztl

1 0 0 2 1 0 −1 0 1 y = 1 3 0 ⇒ y = 1 1 1 1 2 2 0 −1 α − 4 0 0 5 x = 1 1 1 ⇒ x =

21−2α 5 α−9 5 1 5 onqpy xhnxt ‘edy ,cg‘n ueg ,mixtqn md A dvixhna miaikxd lk xy‘k illk ote‘a dxevd z‘ zlawn Ax = b zkxrnd ly x oexztd if‘ ,α x = y_0α + y_1 C_0α + C_1

.α -a miielz mpi‘y mixtqn md C_0, C_1 -e α -a miielz ‘l mixehwee md y_0, y_1 xy‘k hppinxhcd eply dnbeca .α ly zix‘ipil divwpet didi A ly hppinxhcd :jkl daiqd .C_0 = 0 okle α -a ielz eppi‘ dxwna (U ly hppinxhcl deey ‘edy) A ly