EM-181 ` Eisagwgă sthn Arijmhtikă AnĹlush H sullogă programmĹtwn LAPACK

H sullogă programmĹtwn LAPACK (Linear Algebra PACKage) apoteleÐtai apo upoprogrĹmmata grammèna se glÿssa Fortran 77. H sullogă LAPACK parèqei routÐnec gia th lÔsh grammikÿn susthmĹtwn, gia to prìblhma elaqÐstwn tetragÿnwn, gia problămata idiotimÿn kai gia problămata idiĹzouswn timÿn.

H sullogă LAPACK eÐnai egkatesthmènh stouc upologistèc tou ergasthrÐou sthn H-205. Gia na qrhsimopoieÐsete kĹpoia apo ta upoprogrĹmmata thc sullogăc sto dikì sac prìgramma, den èqete parĹ na to sundèsete me thn bibliojăkh lapack:

> g77 -o myprog myprog.f -llapack
> ./myprog

H sullogă LAPACK perièqei dÔo eidÿn upoprogrĹmmata: ta upoprogrĹmmata`odhgoÔc ta opoÐa lÔnoun problămata ìpwc trigwnopoÐhsh enìc pÐnaka kai lÔsh enìc grammikoÔ sustămatoc, kai ta upologistikĹ upoprogrĹmmata ta opoÐa ekteloÔn sugkekrimèna kajăkonta, ìpwc anĹlush LU, opisjodrìmhsh, klp. Kai oi dÔo autèc kathgorÐec upoprogrammĹtwn qrhsimopoioÔn ta legìmena BasikĹ UpoprogrĹmmata Grammikăc Algebrac (Basic Linear Algebra Subroutines, BLAS) gia na ektelèsoun basikèc leitourgÐec, ìpwc enallagă duo grammÿn, stĹjmish grammăc ă stălhc enìc pÐnaka, pollaplasiasmì pÐnaka epi diĹnusma, klp.

H sullogă LAPACK parèqetai dwreĹn, sth dieÔjunsh http://www.netlib.org/lapack/. Ekei mporeÐ na breÐ kaneÐc perissìterec plhroforÐec gia thn egkatĹstash thc sullogăc se diĹforec arqitektonikèc upologistÿn kai na mĹjei gia th qrăsh twn upoprogrammĹtwn thc. EmeÐc edw ja asqolhjoÔme me ta upoprogrĹmmata tou LAPACK pou èqoun sqèsh me ta jèmata thc grammikăc Ĺlgebrac pou kalÔptontai sto mĹjhma.

1 LÔsh grammikÿn susthmĹtwn

H sullogă LAPACK parèqei routÐnec gia th lÔsh pragmatikÿn kai migadikÿn susthmĹtwn se aplă kai diplă akrÐbeia. Ta onìmata twn upoprogrammĹtwn thc eÐnai thc morfăc XYYZZZ, ìpou

• to prÿto grĹmma X dhlÿnei ton arijmhtikì tÔpo twn dedomènwn (pinĹkwn ă dianusmĹtwn) ton opoÐo qeirÐzetai to upoprìgramma:

– S gia dedomèna tÔpou REAL – D gia dedomèna tÔpou REAL*8 ă DOUBLE PRECISION – C gia dedomèna tÔpou COMPLEX – Z gia dedomèna tÔpou COMPLEX*16 ă DOUBLE COMPLEX

• ta dÔo epìmena grĹmmata YY anafèrontai ston tÔpo tou pÐnaka ton opoÐo qeirÐzetai to upoprìgramma:

– BD gia didiagÿniouc pÐnakec (bidiagonal) – DI gia diagÿniouc pÐnakec (diagonal) – GB gia genikoÔc pÐnakec zÿnhc (general band matrices) – GE gia genikoÔc, dhladă, mh summetrikoÔc pÐnakec

– GT gia genikoÔc tridiagÿniouc pÐnakec – HB gia migadikoÔc ErmitianoÔc pÐnakec me zÿnh (complex Hermitian band matrices) – HE gia migadikoÔc ErmitianoÔc pÐnakec (complex Hermitian matrices) – HP gia migadikoÔc ErmitianoÔc pÐnakec apojhkeumènouc se sumpagă morfă, (complex Hermitian, packed storage) – PB gia summetrikoÔc ă ErmitianoÔc jetikĹ orismènouc pÐnakec zÿnhc – PO gia summetrikoÔc ă ErmitianoÔc jetikĹ orismènouc pÐnakec – PP gia summetrikoÔc ă ErmitianoÔc jetikĹ orismènouc pÐnakec se sumpagă morfă – PT gia summetrikoÔc ă ErmitianoÔc jetikĹ orismènouc tridiagÿniouc pÐnakec – SB gia pragmatikoÔc summetrikoÔc pÐnakec zÿnhc – SP gia pragmatikoÔc summetrikoÔc pÐnakec se sumpagă morfă – ST gia pragmatikoÔc summetrikoÔc tridiagÿniouc pÐnakec – SY gia pragmatikoÔc summetrikoÔc pÐnakec – TB gia trigwnikoÔc pÐnakec zÿnhc – TP gia trigwnikoÔc pÐnakec se sumpagă morfă – TR gia trigwnikoÔc pÐnakec – . . . pollèc Ĺllec kathgorÐec pinĹkwn • ta trÐa teleutaÐa grĹmmata dhlÿnoun th leitourgÐa tou upoprogrĹmmatoc – TRF gia thn anĹlush enìc pÐnaka, p.q, Cholesky, ă LU, klp.

– TRS gia ta upoprogrĹmmata pou ekteloÔn opisjodrìmhsh, lÔsh dhladă susthmĹtwn me qrăsh thc anĹlushc tou pÐnaka pou ègine apo to upoprìgramma xxxTRF – CON gia ta upoprogrĹmmata pou ektimoÔn ton deÐkth katĹstashc enìc pÐnaka – TRI gia ta upoprogrĹmmata pou upologÐzoun ton antÐstrofo enìc pÐnaka Gia parĹdeigma, SGECON eÐnai èna upoprìgramma to opoÐo ektimĹ ton deÐkth katĹstashc enìc pragmatikoÔ, genikoÔ pÐnaka kai DPBTRF eÐnai èna upoprìgramma to opoÐo upologÐzei thn anĹlush Cholesky enìc summetrikoÔ, jetikĹ orismènou pÐnaka zÿnhc diplăc akrÐbeiac, o opoÐoc eÐnai apojhkeumènoc se sumpagă morfă.

1.1 Trìpoi apojăkeushc pinĹkwn To LAPACK mporeÐ na qeiristeÐ pÐnakec oi opoÐoi eÐnai apojhkeumènoi me ènan apo touc akìloujouc trìpouc:

1. Klassikă morfă se didiĹstato pÐnaka. To stoiqeÐo a_{ij} tou pÐnaka A apojhkeÔetai sth jèsh

A(i,j) tou didiĹstatou pÐnaka (array) A. An o pÐnakac eÐnai trigwnikìc tìte mìno ta stoiqeÐa

tou pĹnw ă kĹtw apo thn kÔria diagÿnio qreiĹzetai na apojhkeutoÔn. To Ðdio isqÔei kai gia summetrikoÔc ă ErmitianoÔc pÐnakec. a_{11} a_{12} a_{13} a_{14} a_{22} a_{23} a_{24} a_{33} a_{34} a_{44} → a_{11} a_{12} a_{13} a_{14}

⋆ a_{22} a_{23} a_{24} ⋆ ⋆ a_{33} a_{34} ⋆ ⋆ ⋆ a_{44}

2. Sumpagăc morfă. SummetrikoÐ ă ErmitianoÐ pÐnakec mporoÔn na apojhkeutoÔn sth legìmenh sumpagă morfă, me ton akìloujo trìpo: to stoiqeÐo a_{ij} , ìpou i ≤ j, apojhkeÔetai sth jèsh i + j(j − 1)/2 tou dianÔsmatoc AP. AnĹloga, ja mporoÔsame na apojhkeÔsoume to stoiqeÐo a_{ij} , ìpou i ≥ j, sth jèsh i + (2n − j)(j − 1)/2 tou dianÔsmatoc AP.

a_{11} a_{12} a_{13} a_{14} a_{22} a_{23} a_{24}

a_{33} a_{34}

a_{44} → [

a_{11} a_{12} a_{22} a_{13} a_{23} a_{33} a_{14} a_{24} a_{34} a_{44}

]

3. Apojăkeush tÔpou zÿnhc. Enac m×n pÐnakac zÿnhc me k_l upodiagwnÐouc kai k_u uperdiagwnÐouc mporeÐ na apojhkeuteÐ se èna didiĹstato pÐnaka AB me k_l + k_u + 1 grammèc kai n stălec wc exhc: to stoiqeÐo a_{ij}, ìpou max{1, j − k_u} ≤ i ≤ max{m, j + k_l}, apojhkeÔetai sth jèsh

AB(k_u+1+i-j,j). Gia parĹdeigma, ìtan m = n = 5 kai k_l = 2, k_u = 1

a_{11} a_{12} a_{21} a_{22} a_{23} a_{31} a_{32} a_{33} a_{34} a_{42} a_{43} a_{44} a_{45} a_{53} a_{54} a_{55} → ⋆ a_{12} a_{23} a_{34} a_{45}

a_{11} a_{22} a_{33} a_{44} a_{55}
a_{21} a_{32} a_{43} a_{54} ⋆
a_{31} a_{42} a_{53} ⋆ ⋆

Profanÿc, summetrikoÐ ă ErmitianoÐ pÐnakec zÿnhc mporoÔn na apojhkeutoÔn me parìmoio trìpo kai me akìma megalÔterh oikonomÐa mnămhc.

Tridiagÿnioi, mh summetrikoÐ pÐnakec tĹxhc n apojhkeÔontai se trÐa dianÔsmata: to prÿto, măkouc n, perièqei ta diagÿnia stoiqeÐa kai ta Ĺlla dÔo, măkouc n − 1, ta stoiqeÐa thc upokai uper-diagwnÐou stic jèseic 1 wc n − 1. An o tridiagÿnioc pÐnakac eÐnai summetrikìc, tìte mìno dÔo dianÔsmata qrhsimopoioÔntai.

1.2 UpologistikĹ upoprogrĹmmata

Parajètoume edÿ ton trìpo klăshc merikÿn apo ta suqnìtera qrhsimopoioÔmena upoprogrĹmmata tou LAPACK. Gia ta upìloipa mporeÐtai na sumbouleÔeste ton odhgì qrăshc sthn hlektronikă dieÔjunsh http://www.netlib.org/lapack/lug.

• SUBROUTINE DGBTRF(M, N, KL, KU, AB, LDAB, IPIV, INFO) UpologÐzei thn anĹlush LU enìc pragmatikoÔ m × n pÐnaka zÿnhc A qrhsimopoiÿntac merikă odăghsh.

Orisma ErmhneÐa

M,N Arijmìc grammÿn kai sthlÿn tou A
KL,KU Arijmìc upo- kai uper-diagwnÐwn tou A
AB PÐnakac diplăc akrÐbeiac diĹstashc (LDAB,N). Sthn eÐsodo perièqei ta stoiqeÐa

tou A me apojăkeush tÔpou zÿnhc. Sthn èxodo perièqei thn anĹlush LU tou A.

LDAB Arijmìc grammÿn tou pÐnaka AB. Prèpei LDAB ≥ 2*LK+KU+1.
IPIV Akèraio diĹnusma măkouc min(M,N) pou perièqei plhroforÐec gia tic enallagèc

grammÿn kata th diĹrkeia thc anĹlushc LU.

INFO Akèraioc arijmìc. An INFO = 0 tìte h anĹlush LU upologÐsthke qwrÐc prìblh-

ma. An INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh. An INFO = i tìte to U_{ii} eÐnai mhdèn opìte o pÐnakac U thc anĹlushc LU eÐnai mh antistrèyimoc.

• SUBROUTINE DGBTRS(TRANS, N, KL, KU, NRHS, AB, LDAB, IPIV, B, LDB, INFO) LÔnei to sÔsthma exisÿsewn AX = B ă A^T X = B qrhsimopoiÿntac thn anĹlush LU pou upolìgise h DGBTRF.

Orisma ErmhneÐa

TRANS StajerĹ tÔpou qaraktăra (CHARACTER*1). An TRANS = ’N’ tìte lÔnetai to

sÔsthma AX = B. DiaforetikĹ, an TRANS = ’T’ ă TRANS = ’C’ tìte lÔnetai to sÔsthma A^T X = B.

NRHS Arijmìc twn dexiÿn melÿn ă o arijmìc twn sthlÿn tou pÐnaka B.
LDB Arijmìc grammÿn tou pÐnaka B. Prèpei LDB ≥ max(1, N).
INFO Akèraioc arijmìc. An INFO = 0 tìte h lÔsh LU upologÐsthke qwrÐc prìblhma.

An INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh.

Ta upìloipa orÐsmata eÐnai ìpwc akribÿc kai sthn DGBTRF.

• SUBROUTINE DGETRF(M, N, A, LDA, IPIV, INFO)

UpologÐzei thn anĹlush LU enìc genikoÔ m × n pÐnaka A qrhsimopoiÿntac merikă odăghsh me enallagèc grammÿn. H anĹlush èqei th morfă A = P LU, ìpou P eÐnai ènac pÐnakac metĹjeshc, L eÐnai èna kĹtw trigwnikìc pÐnakac me monadiaÐa diagÿnia stoiqeÐa kai U eÐnai ènac Ĺnw trigwnikìc pÐnakac.

Orisma ErmhneÐa

M,N Arijmìc grammÿn kai sthlÿn tou A
A PÐnakac diplăc akrÐbeiac diĹstashc (LDA,N). Sthn eÐsodo perièqei ta stoiqeÐa

tou A. Sthn èxodo perièqei thn anĹlush PLU tou A.

LDA Arijmìc grammÿn tou pÐnaka A. Prèpei LDA ≥ max(1, M).
IPIV Akèraio diĹnusma măkouc min(M,N) pou perièqei plhroforÐec gia tic enallagèc

grammÿn kata th diĹrkeia thc anĹlushc PLU.

INFO Akèraioc arijmìc. An INFO = 0 tìte h anĹlush PLU upologÐsthke qwrÐc prì-

blhma. An INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh. An INFO = i tìte to U_{ii} eÐnai mhdèn opìte o pÐnakac U thc anĹlushc PLU eÐnai mh antistrèyimoc.

• SUBROUTINE DGETRS(TRANS, N, NRHS, A, LDA, IPIV, B, LDB, INFO) LÔnei to sÔsthma exisÿsewn AX = B ă A^T X = B qrhsimopoiÿntac thn anĹlush P LU pou upolìgise h DGETRF.

Orisma ErmhneÐa

TRANS StajerĹ tÔpou qaraktăra (CHARACTER*1). An TRANS = ’N’ tìte lÔnetai to

sÔsthma AX = B. DiaforetikĹ, an TRANS = ’T’ ă TRANS = ’C’ tìte lÔnetai to sÔsthma A^T X = B.

NRHS Arijmìc twn dexiÿn melÿn ă o arijmìc twn sthlÿn tou pÐnaka B.
LDB Arijmìc grammÿn tou pÐnaka B. Prèpei LDB ≥ max(1, N).
INFO Akèraioc arijmìc. An INFO = 0 tìte h lÔsh upologÐsthke qwrÐc prìblhma. An
        INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh.

Ta upìloipa orÐsmata eÐnai ìpwc akribÿc kai sthn DGETRF.

• SUBROUTINE DGECON(NORM, N, A, LDA, ANORM, RCOND, WORK, IWORK, INFO) EktimĹ ton antÐstrofo tou deÐkth katĹstashc enìc genikoÔ n × n pÐnaka A eÐte sth nìrma ‖ · ‖_1 eÐte sth nìrma ‖ · ‖_∞, qrhsimopoiÿntac thn anĹlush P LU pou upolìgise h DGETRF.

Orisma ErmhneÐa

NORM StajerĹ tÔpou qaraktăra (CHARACTER*1). An NORM = ’1’ tìte qrhsimopoeÐtai

h nìrma ‖ · ‖_1. DiaforetikĹ, an NORM = ’I’ tìte qrhsimopoeÐtai h nìrma ‖ · ‖_∞.

ANORM Metablhtă diplăc akrÐbeiac. An NORM = ’1’ tìte ANORM = ‖A‖_1, diaforetikĹ,

an NORM = ’I’ tìte ANORM = ‖A‖_∞.

RCOND Metablhtă diplăc akrÐbeiac. Perièqei ton antÐstrofo tou deÐkth katĹstash tou

pÐnaka A.

WORK Bohjhtikì diĹnusma diplăc akrÐbeiac, măkouc toulĹqiston 4N.
IWORK Akèraio bohjhtikì diĹnusma, măkouc toulĹqiston N.
INFO Akèraioc arijmìc. An INFO = 0 tìte o deÐkthc katĹstashc ektimăjhke qwrÐc

prìblhma. An INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh.

Ta upìloipa orÐsmata eÐnai ìpwc akribÿc kai sthn DGETRF.

• SUBROUTINE DPPTRF(UPLO, N, AP, INFO)

UpologÐzei thn anĹlush Cholesky enìc pragmatikoÔ, summetrikoÔ kai jetikĹ orismènou pÐnaka A o opoÐoc apojhkeÔetai se sumpagă morfă. H anĹlush èqei th morfă A = U^T U an sto diĹnusma AP èqei apojhkeuteÐ to pĹnw trÐgwno tou A ă th morfă A = LL^T an sto diĹnusma

AP èqei apojhkeuteÐ to kĹtw trÐgwno tou A.

Orisma ErmhneÐa

UPLO StajerĹ tÔpou qaraktăra (CHARACTER*1). An UPLO = ’U’ tìte apojhkeÔetai

to pĹnw trÐgwno tou A. DiaforetikĹ, an UPLO = ’L’ tìte apojhkeÔetai to kĹtw trÐgwno tou A.

N H tĹxh tou pÐnaka A.
AP DiĹnusma tÔpou DOUBLE PRECISION, măkouc N*(N+1)/2. Sthn eÐsodo perièqei

to kĹtw ă to pĹnw trÐgwno tou A, anĹloga me thn timă tou orÐsmatoc UPLO. Sthn èxodo, perièqei ton pÐnaka U ă ton pÐnaka L thc anĹlushc Cholesky.

INFO Akèraioc arijmìc. An INFO = 0 tìte h anĹlush Cholesky ègine qwrÐc prìblhma.

An INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh. An INFO = i, tìte o kÔrioc upopÐnakac tĹxhc i den eÐnai jetikĹ orismènoc.

• SUBROUTINE DPPTRS(UPLO, N, NRHS, AP, B, LDB, INFO)

LÔnei to grammikì sÔsthma AX = B, ìpou A ènac summetrikìc kai jetikĹ orismènoc pÐnakac tou opoÐou h anĹlush Cholesky èqei upologisteÐ apo thn DPPTRF.

Orisma ErmhneÐa

NRHS Arijmìc twn dexiÿn melÿn ă o arijmìc twn sthlÿn tou pÐnaka B.
LDB Arijmìc grammÿn tou pÐnaka B. Prèpei LDB ≥ max(1, N).
INFO Akèraioc arijmìc. An INFO = 0 tìte h lÔsh upologÐsthke qwrÐc prìblhma. An
        INFO = −i tìte to i-stì ìrisma eÐqe mh epitreptă timh.

Ta upìloipa orÐsmata eÐnai ìpwc akribÿc kai sthn DPPTRF.

1.3 ParĹdeigma qrăshc twn DPPTRF kai DPPTRS

Estw A_n(c, d) o pÐnakac

A_n(c, d) = d c c d ... ... ... c c d PÐnakec autăc thc morfăc emfanÐzontai suqnĹ sthn arijmhtikă epÐlush problhmĹtwn arqikÿn kai sunoriakÿn timÿn gia merikèc diaforikèc exisÿseic, me th mèjodo peperasmènwn diaforÿn ă peperasmènwn stoiqeÐwn.

Ac upojèsoume ìti jèloume na lÔsoume to sÔsthma A_nx = b gia dosmèno diĹnusma b ∈ R^n , me thn qrăsh twn DPPTRF gia ton upologismì thc anĹlushc Cholesky, kai thc DPPTRS gia thn opisjodrìmhsh. Kai oi duo autèc uporoutÐnec upojètoun oti èqoume dÿsei ton pÐnaka se sumpagă morfă, dhladă ìti èqoume apojhkeÔsei se èna diĹnusma eÐte tic stălec tou Ĺnw trigÿnou tou A_n, eÐte tic grammèc tou kĹtw trigÿnou tou A_n. Autì, sthn perÐptwsh pou apojhkeÔoume tic stălec tou Ĺnw trigÿnou tou A_n mporeÐ na gÐnei me tic parakĹtw entolèc:

      c = ...
      d = ...
c
c Oi sthles tou anw trigwnou tou A_n apo8hkeuontai sto dianysma AP
c
      k = 1
      ap(k) = d
      k = k + 1

      do j=2, n
         do i=1, j-2
            ap(k) = 0.0d0
            k = k + 1
         enddo

         ap(k) = c
         k = k + 1

         ap(k) = d
         k = k + 1
      enddo

Sto parakĹtw prìgramma lÔnoume to sÔsthma A_n(1, 4) me dexÐ mèloc to diĹnuma b = (1, 1, . . . , 1):

c
      program lapacktest
c
c Paradeigma xrhshs twn DPPTRF kai DPPTRS
c Lynoume to systhma A_n(1,4) x = b, me dexi melos b=(1,1,...,1)
c
      implicit double precision (a-h, o-z)

      parameter (LDA = 40)
      double precision ap((LDA*(LDA+1))/2), b(LDA)
c
c Kataskeuh tou pinaka AP
c
      c = 1.0d0
      d = 4.0d0

      n = 10
c
      k = 1
      ap(k) = d
      k = k + 1

      do j=2, n
         do i=1, j-2
            ap(k) = 0.0d0
            k = k + 1
         enddo

         ap(k) = c
         k = k + 1

         ap(k) = d
         k = k + 1
      enddo
c
c Klhsh ths DPPTRF gia thn analysh Cholesky
c
      call dpptrf(’U’, n, ap, info)

      if (info .lt. 0) then
         print*, ’To ’, i, ’orisma eixe mh epitrepth timh’
         stop
      else if (info .gt. 0) then
         print*, ’O ypopinakas taxhs ’, i, ’ den einai 8etika orismenos’
         stop
      endif
c
c Kataskeuh tou dexiou melous kai lysh tou systhmatos
c
      do i=1, n
         b(i) = 1.0d0
      enddo
c
      LDB = LDA
      NRHS = 1

      call dpptrs(’U’, n, NRHS, ap, b, LDB, info)
c
      if (info .lt. 0) then
         print*, ’To ’, i, ’orisma eixe mh epitrepth timh’
         stop
      endif
c
      print*, ’Lysh tou systhmatos’
      write(6,10) (b(i), i=1, n)
 10 format(3d16.9)
c
      stop
      end

2 Klăsh upoprogrammĹtwn tou LAPACK apo progrĹmmata se C

An kai to LAPACK eÐnai grammèno se Fortran 77, eÐnai dunatìn na qrhsimopoihjeÐ mèsa apo èna prìgramma se C, allĹ apaiteÐtai lÐgo parapĹnw douleiĹ.

H duskolÐa brÐsketai ston diaforetikì trìpo me ton opoÐo h C kai h Fortran 77 apojhkeÔoun poludiĹstatouc pÐnakec allĹ kai ston trìpo me ton opoÐo metabibĹzontai ta orÐsmata miac sunĹrthshc. H prÿth duskolÐa eÐnai sqetikĹ eÔkolh na antimetwpisteÐ: mia kai h Fortran 77 apojhkeÔei touc didiĹstatouc pÐnakec kata stălec kai h C katĹ grammèc, ja prèpei na dÿsoume sth sunĹrthsh tou LAPACK ton anĹstrofo tou pÐnaka antÐ gia ton Ðdio ton pÐnaka. Ena parĹdeigma: Estw ìti jèloume na upologÐsoume thn anĹlush LU tou 2 × 2 pÐnaka A = ( a_{11} a_{12} a_{21} a_{22} )

qrhsimopoiÿntac to upoprìgramma DGETRF (deÐte ta orÐsmatĹ tou sthn parĹgrafo 1.2). Epeidă h Fortran 77 apojhkeÔei didiĹstatouc pÐnakec katĹ stălec, autì pou metabibĹzetai sto upoprìgramma DGETRF eÐnai h dieÔnjush tou prÿtou stoiqeÐou tou dianÔsmatoc

a_{11} a_{21} a_{12} a_{22}

Se antÐjesh, o Ðdioc pÐnakac sthn C apojhkeÔetai wc

a_{11} a_{12} a_{21} a_{22}

Ĺra, autì pou metabibĹzetai sthn DGETRF eÐnai o A^T kai ìqi o A!! H lÔsh eÐnai loipìn aplă: AntÐ gia ton Ðdio ton A apojhkeÔoume ton A^T . Wc gnwstìn, h Fortran 77 kai h C diafèroun epÐshc kai ston trìpo me ton opoÐo metabibĹzoun orÐsmata se upoprogrĹmmata ă sunartăseic. Sthn Fortran 77 ta orÐsmata metabibĹzontai kat’ anaforĹ, dhladă metabibĹzontai sth sunĹrthsh oi dieunjÔseic twn orismĹtwn. Sthn C, ta orÐsmata metabibĹzontai kata timă, dhladă ta orÐsmata grĹfontai se proswrinèc jèseic mnămhc kai oi dieujÔnseic touc metabibĹzontai sth sunĹrthsh.

Mia teleutaÐa leptomèreia: Epeidă h Fortran 77 prosjètei ton qaraktăra ’ ’ sto tèloc kĹje sunĹrthshc, antÐ gia

dgetrf(...)

ja prèpei na grĹyete

dgetrf (...)

gia na kalèsete to upoprìgramma DGETRF apo èna C prìgramma. H metaglÿttish tou progrĹmmatoc kai h sÔndesh tou me th bibliojăkh LAPACK gÐnetai me to sunhjismèno trìpo, allĹ qreiĹzetai na sundèsoume to prìgramma mac kai me thn bibliojăkh g2c.

> gcc -o myprog myprog.c -llapack -lg2c
> ./myprog

2.1 ParĹdeigma klăshc twn DGETRF kai DGETRS apo progrĹmmata se C

/*
 * Paradeigma xrhshs twn DGETRF kai DGETRS. Lynoume to systhma A x = b
 * opou
 *
 * [ 1 0 3 ] [ 2 ]
 * A = [ -1 0 1 ] kai b = [ 0 ]
 * [ -2 -1 0 ] [ 6 ]
 *
 * H akribhs lysh einai [1/2, -7, 1/2].
*/

#include <stdio.h>

#define MAXDIM 10

int main()
{
   double A[MAXDIM][MAXDIM], b[MAXDIM];
   int ipiv[MAXDIM];

   int n, lda, info, nrhs, ldb, i;
   char trans;
/*
 * Bazoume sto didiastato pinaka A ton pinaka toy systhmatos kata sthles!!
*/
   A[0][0] = 1.0;
   A[0][1] = -1.0;
   A[0][2] = -2.0;

   A[1][0] = 0.0;
   A[1][1] = 0.0;
   A[1][2] = -1.0;

   A[2][0] = 3.0;
   A[2][1] = 1.0;
   A[2][2] = 0.0;

/*
 * Kaloume thn DGETRF gia thn analysh LU kai elegxoume thn timh tou info
*/
   n = 3; lda = MAXDIM; info = 0;

   dgetrf_(&n, &n, A, &lda, ipiv, &info);

   if (info < 0) {
      printf("To %d orisma eixe mh epitrepth timh\n", info);
      exit(2);
   }
   else if (info > 0) {
      printf("To %d stoixeio ths diagvniou tou U einai mhden\n", info);
      exit(2);
   }
/*
 * To dexi melos
*/
   b[0] = 2.0;
   b[1] = 0.0;
   b[2] = 6.0;
/*
 * Lynoume to systhma twra me thn DGETRS
*/
   trans = ’N’; nrhs = 1; ldb = MAXDIM;

   dgetrs_(&trans, &n, &nrhs, A, &lda, ipiv, b, &ldb, &info);

   if (info < 0) {
      printf("To %d orisma eixe mh epitrepth timh\n", info);
      exit(2);
   }

   printf("\nLysh tou systhmatos:\n");
   for (i = 0; i < n; i++)
      printf("%16.9e\n", b[i]);

   return 0;
}