EM 181: Arijmhtikh Analush I (Akad. ètoc 2005`2006) TetĹrth 16 NoembrÐou 2005

2h Ergasthriakă ’Askhsh

’Opwc gnwrÐzoume apì th jewrÐa, oi epanalhptikèc mèjodoi Jacobi kai Gauss–Seidel gia thn epÐlush tou sustămatoc Ax = b, orÐzontai apì tic sqèseic

Dx^{(m+1)} = −(L + U)x^{(m)} + b, m = 0, 1, 2, . . . , (1) kai (L + D)x^{(m+1)} = −Ux^{(m)} + b, m = 0, 1, 2, . . . , (2)

ìpou A = L + D + U, me D ton pÐnaka twn diagwnÐwn stoiqeÐwn tou A, L to austhrĹ kĹtw trigwnikì mèroc tou A, U to austhrĹ Ĺnw trigwnikì mèroc tou A, kai x^{(0)} mia dosmènh arqikă ektÐmhsh thc lÔshc x.

1. Ulopoiăste mia uporoutÐna

SUBROUTINE JACOBI (N, A, LDA, B, XOLD, XNEW)
INTEGER N, LDA
DOUBLE PRECISION A(LDA,*), B(*), XOLD(*), XNEW(*)

pou na ekteleÐ èna băma thc mejìdou Jacobi, dhl. dedomènhc thc ektÐmhshc XOLD na upologÐzei thn epìmenh ektÐmhsh XNEW, bĹsei thc sqèshc (1).

2. Ulopoiăste mia uporoutÐna

SUBROUTINE GAUSDL (N, A, LDA, B, XOLD, XNEW)
INTEGER N, LDA
DOUBLE PRECISION A(LDA,*), B(*), XOLD(*), XNEW(*)

pou na ekteleÐ èna băma thc mejìdou Gauss–Seidel, dhl. dedomènhc thc ektÐmhshc XOLD na upologÐzei thn epìmenh ektÐmhsh XNEW, bĹsei thc sqèshc (2).

3. GrĹyte èna prìgramma pou na lÔnei to sÔsthma Ax = b, prÿta me th mèjodo Jacobi, kai sth sunèqeia me th mèjodo Gauss–Seidel. Kai stic dÔo periptÿseic oi epanalăyeic ja stamatoÔn eÐte ìtan

‖x^{(m)} − x^{(m−1)}‖_∞ ‖x^{(m)}‖_∞

≤ TOL = 10^{−6},

ă ìtan m ≥ MAXIT = 100. Jewrăste wc arqikă ektÐmhsh thc lÔshc thn x^{(0)} = (0, . . . , 0)^T . To prìgrammĹ sac ja prèpei na tupÿnei touc arijmoÔc^{‖x(m) −x(m−1) ‖∞}_{‖x(m) ‖∞} , m = 1, 2, . . ., se arqeÐa me onìmata jac.dat kai

gsd.dat, antÐstoiqa, kai sthn ojình ton arijmì epanalăyewn pou qreiĹsthke kajemiĹ apì tic mejìdouc

gia na sugklÐnei, ă èna katĹllhlo mănuma se perÐptwsh pou exantlăjhke o mègistoc arijmìc epanalăyewn. Gia to sugkekrimèno kritărio termatismoÔ ja prèpei na ulopoiăsete tic sunartăseic

DOUBLE PRECISION FUNCTION DNORM(N,U,V)
INTEGER N
DOUBLE PRECISION U(*), V(*)

kai

DOUBLE PRECISION FUNCTION VNORM(N,U)
INTEGER N
DOUBLE PRECISION U(*)

oi opoÐec ja upologÐzoun th nìrma ‖ · ‖_∞ twn dianusmĹtwn U-V kai U, antÐstoiqa.

4. Sth sunèqeia, ja sugkrÐnete tic proseggÐseic pou parĹgoun oi dÔo mèjodoi me th lÔsh X, pou parĹgoun ta upoprogrĹmmata DGETRF kai DGETRS tou LAPACK. To prìgrammĹ sac ja prèpei na upologÐzei kai na tupÿnei (sthn ojình) touc arijmoÔc ‖X − X_J‖_∞/‖X‖_∞ kai ‖X − X_{GS}‖_∞/‖X‖_∞, ìpou me X_J kai X_{GS} sumbolÐzoume tic telikèc proseggÐseic pou parĹgoun oi mèjodoi Jacobi kai Gauss–Seidel, antÐstoiqa.

5. Ta dedomèna tou problămatoc, dhl. o pÐnakac A kai to diĹnusma b perièqontai sto arqeÐo ask2a.dat, pou upĹrqei sthn istselÐda tou majămatoc. O pÐnakac A ston opoÐo ja dokimĹsete to prìgrammĹ sac eÐnai 50 × 50 kai araiìc, dhl. pollĹ apì ta stoiqeÐa tou eÐnai mhdèn. Gia to lìgo autì sto arqeÐo ask2a.dat dÐnontai mìno ta mh mhdenikĹ stoiqeÐa tou. To arqeÐo ask2a.dat èqei thn parakĹtw morfă: 1h grammă: tĹxh tou pÐnaka (N), kai arijmìc mh mhdenikÿn stoiqeÐwn tou pÐnaka A (NNZ). epìmenec NNZ grammèc: deÐkthc grammăc, deÐkthc stălhc, kai antÐstoiqo stoiqeÐo tou pÐnaka A. epìmenec N grammèc: ta stoiqeÐa tou dianÔsmatoc b.

6. Gia na parastăsoume grafikĹ thn taqÔthta me thn opoÐa sugklÐnei kĹje mÐa apì tic dÔo mejìdouc, mporoÔme na kataskeuĹsoume to grĹfhma twn arijmÿn^{‖x(m) −x(m−1) ‖∞}_{‖x(m) ‖∞} , m = 1, 2, . . ., wc proc ton arijmì twn epanalăyewn (m). Autì mporeÐ na gÐnei eÔkola me to prìgramma gnuplot:

$ gnuplot
> set parametric
> set logscale y
> set title ’Ovoma kai arithmos mntrwou’
> plot ’jac.dat’ w l, ’gsd.dat’ w l
> set term post
> set output ’speed.ps’
> replot
> quit

Tupÿste to arqeÐo speed.ps.

(MporeÐte na deÐte to arqeÐo autì, protoÔ to ektupÿsete, me thn entolă gv speed.ps.)

7. Jewrăste to grammikì sÔsthma Ax = f, ìpou f ∈ R^n, kai A eÐnai o akìloujoc tridiagÿnioc pÐnakac

A = a_1 b_1 c_2 a_2 b_2 0 .. . .. . .. . 0 c_{n−1} a_{n−1} b_{n−1} c_n a_n .

Sto KefĹlaio 3.4 tou biblÐou sac perigrĹfetai mia mèjodoc gia na epilÔsoume to sÔsthma autì. (H idèa eÐnai na analÔsoume ton A se ginìmeno A = LU, opìte gia na lÔsoume to sÔsthma Ax = f, to grĹfoume wc L Ux y = f kai upologÐzoume katarqăn to y lÔnontac to sÔsthma Ly = f, kai sth sunèqeia to x lÔnontac

to sÔsthma Ux = y. GrĹyte èna prìgramma (se diplă akrÐbeia) pou na epilÔei to sÔsthma Ax = f (A diĹstashc 40 × 40) me th mèjodo pou perigrĹfetai sto KefĹlaio 3.4 tou biblÐou sac. Ta dianÔsmata a, b, c, kai f dÐnontai sto arqeÐo ask2b.dat, pou brÐsketai sthn istoselÐda tou majămatoc. Sto arqeÐo autì h prÿth stălh antistoiqeÐ sto diĹnusma a, h deÔterh sto b, h trÐth sto c, kai h tètarth sto f.

PROSOQH!

• SumbouleuteÐte tic shmeiÿseic gia to LAPACK pou upĹrqoun sthn istoselÐda tou majămatoc. ’Osoi qrhsimopoiăsoun C, ja prèpei na tropopoiăsoun katĹllhla tic parapĹnw sunartăseic kai upoprogrĹmmata, kai na diabĹsoun to sqetikì kefĹlaio twn shmeiÿsewn gia klăsh upoprogrammĹtwn tou LAPACK mèsa apì progrĹmmata C.

• Ja prèpei na doulèyete stic Ðdiec omĹdec ìpwc thc ’Askhshc 1.

• H exètash thc Ĺskhshc ja gÐnei thn ebdomĹda 28/11`2/12 se ÿra pou ja anakoinwjeÐ thn epìmenh ebdomĹda.

• KatĹ th diĹrkeia thc exètashc ja prèpei na èqete mazÐ sac tupwmèno to sqăma.

2