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B padore paccmaTpuBaeTcsd YKCJEHHAA peaX3alllad MeTona o0paTHoi
WTepalUy C peryJiapm3armeif A cAMMeTpmgHoii ododmeHHo# 3amady Ha Col-
CTBEHHH6 3HAYeHUA

Ax = ABX . (1)

OTHOCHTENHHO MaTpwWii A ¥ B IpelnoJjaraeTcA, UTO OHY CHMMETDWYHH M
MaTpula B MOJOXMTEJLHO OIpeneJyeHa.

Meroxn oGpaTHO# WMTepaliili XOpOmO X3BECTEH B JMTepaType/I/ Kak
obpeKTUBHHII MeTON pelleHWA 3aTaYil Ha COCCTBEHHHEe 3HAUEHUA B ciyYae,
ecs¥ TpedyeTcA HalTu OXHO COGCTBEHHOe 3HAYEHHe ¥ COOTBEeTCTBYwuMi emy
CcOGCTBEHHHEt BeKTOp. OHﬁCHBﬁ?M?ﬂ HIDK® CXeMma UCIOJAB3YeT NpOLSIyDpYy IEKOM—
no3uyy baHua 2 (cM. Takxe 6 ), HOOOXOmMMy® IJIZ DeleHHs CHCTeMH
YpaBHeHui#l ¢ CHMMETPHWYHOl, HO He IOJORMTEJBHO OIDemeJieHHO# maTpmiei.
Ita noiydeHus ycTORYMBHX peWeHu#t B aJICOPUTMS NPOTDaMmbl HpeIyCMOTDEeHE
BO3MOXHOCTE DOIYJAApU3alyy 3aTaqw 3/, B sawmouenue OPUBOIATCA TOKCTH
nporpamm Ha ¢opTpaHe.

Cxema MeToza OoCpaTHO HMTepalVM ONMCHBAGTCA YpPaBHEHMAMA

(A= oy B)uy o = By, v = u/lul, . (2)

3mecs 6% X oa, - [IpUOVILKEHUA K COGCTBEHHOMY 3HAUeHHn Ai u codcT~
BEHHOMy BEKTOPY x , 3amaid (1), ¥ npy HagnexameM BHGOOpe Glr Uy
CXOIMTCA K x

HanGosee M3BeCTHH IOBe CTpaTeTuM BHOOpa cmeueHus &, . llo mepsoit

cTpaTernn 6, BHOMpaeTCs PaBHHM OTHOMEHWO Pejless BeKTopa uk/I/

6k=f7=(u§ Auk)/(uiBuk) . Kaxk ciaenmyer u3 omeHku Temmia , TIpHG-
JMXEHNe, HCIIONb3yillee OTHOomeHHe PeJseda, ¥MeeT aACHMITOTHYSCKM KBaIpATHI-
HY® 3aBHCHMOCTE OT HOPMH BEKTOpa HeBA3KM  r=Au - pBu . B oxpecr-.
HOCTH DeueHMA IIpolecc 00JaamaeT KyOuIecKo#l CKODOCTHN CXOAMMOCTH.

Ilo BTopo# cTpaTeruu g8 BHOUpaeTCA INOCTOAHHON!, O/mi3Ko# K HCKO-
MOMY COCCTBEHHOMY 3HA4eHWK, NIpM 3TOM CXOIMMOCTDL IIpollecca K peleHMo
JuHeRtHa. Ecuu npudimmeHue k coOCTBeHHoMy BHAYEHUK BHOD&HO YHauyHO, TO
LOCTATOYHO HECKOJBKUX HTepauuil A IOJyYeHUs TpeCyeMoro pelleHusd.

OLeEMM CTOMMOCTE MeToZa 0CDATHOH MTepauuu, ONMCHBAEMOro cXeMoit
(2). YMHOReHWe BEKTOpA HA MATpHIy B WMMeeT CJOKHOCTB n? YMHOReHU .
Pemenue cucTemH ypaBHeHu#i ¢ cimmerpwyHO#t maTprue# ( A- §B ) pac-
nanaeTca Ha IBa STala: NEKOMOO3MIMI MaTPMIH M COGCTBEHHO pelieHme
CHCTeMH (A - GjB)u=b C Y9ETOM Da3JOKGHHT MATDUIH HA TPOYTOJBHHS .




CrommMocTs mepBO# omepaluMyM ¢ MCIONL3OBAHHEM MeTONOB IJIi CHMMETDWYHHX
MaTPILl SHBMBAJGHTHA OPUCIMBUTENBHO N /6  yymyomemuii. Bropas ze omepa-
IUA BHOOJHAETCH 38 n> yvHOMeHMA. OpcHEa BUAHO, YTO OCHOBHOE Bpemsa
[IpA UCHOJNB3OBAHIM METOLA OGDATHON UTepallud IXOUIKHO pacxonoBaTbca HA
AEKOMITOSUINI0 MATPUl. C yYeTOM CKaBaHHOTO MOKHO CIOJATEH BHBOX, 3TO BHGOD
BTOpo#l cTpareruu [PEINOYTUTENeH, TAK KAK IPH 9TOM NEKOMIOSMILAA MaTpu-
IH BHIIOJHASTCA TOJBKO ONMH pas. :

CTaHnapTHHit MeToOX obpatHOR uTepanuu HCHOJNB3YeTCA IJIH HOJYYeHUS
OHOT'O COGCTBEHHOI'0 3HAYEHMA U COGCTBEHHOLO BOKTOpa. B cayyae, Koria
Tpedyercs HaliTm Goslee OmHOTO COGCTBEHHOT'0 3HAYEHMA, yoyao HUCIOOJB30BAThH
o6paTHyD nTepﬁgﬁm C HTepUPOBaHWeM Ha nonnpOCTpaHCTBe-4 .

B padore OTMeYaeTCs, 4TO MeToL oCpaTHOR UTepaliMu ABJISETCA
HauGoJIee yCTONYMBHM METONOM IJIA DelleHEs B3aaqi (I)_c mwroxooGycioBterHoi
napo#  (aA,B) . Mcmoansys 00paTHHE aHAM3 OUMGOK » MORHO IIOKa3aTh,
9T0 MaTpaua oumox, SKBUBAIGHTHHX omucKam, BOSHIKAWIMM B De3YJbLTATe
TOTPEIHOCTY BHYUCJNGHAH, MMEeT BeJIYUHY IIOpANKAa TOYHOCTH OKDYIJIeHuit
Mal¥HHOI'0 NpelCTAaBIeHUA JHUCEJ — 9JIBMBHTOB, BXOIANNX B MATPMUH A ¥ B .
OHa cymecTBeHHO MeHbLe, YeM COOTBOTCTEYIMEE MATPHIH OMXGOK, IOJydac—
MHe Ip¥ UCHOJB30BaHIM MeTo§a npuBeReHns 3amawm (I) X cTaHmapTHOMY
BUIy mm Qz - anropuTma/I .

YeToiquBOCTE NPUOJIIRGHAA BaBHCHT OT BHOODa HNapaMeTpa CMeleHMA & .
9TO BHIHO U3 CJEIyDIIEX paccyxuenuii. )

AGcomoTHaR morpeliHoCTE DelleHNs CHCTeMH (A- GB)y = g  IpUC/MReH-
HO paBHa [(a-68) '] - |ul - |q| » The H -MaTpuia Bo3MymeHwui,
KOMOSHCHPYWIAA IIOTPENHOCTH BHYUCJIOHNS ZEeKOMOOSMIMY MaTpAUH. OTHOCH—
TOJbHAA NOIDEWHOCTD POUeHEA CHCTeMH | (A- GB)_1” Al gl / Ivl
MHHUMMBHEDYETCA C pPOCTOM [+l . 9T0 IOCTUraeTcsa 3a CYeT IpUCIEREHIA
CMRUEHUA 0° K TOYHOMY COGCTBEHHOMY 3HAYEHMO, TaKk Kak B 3TOM cJy9ae
KOMIOHSHTa pelieHnA, OTBEYaNMan COOTBETCTBYNIIEMy COCCTBEHHOMY BeKTOpY,
CTaHOBUTCA IOMUHmpympiuel. Taxum odpasoM, nomCupad HaYabHO® IpuCinuKe—
e KaK MOXHO CNMKe K COGCTBOHHOMY SHAUEHMD, MH YBeJMYnBaeM OTHOCHTEJIb—
HyD TOYHOCTD DOUCHUS CHCTOMH (A- 6B)y = g X COOTBOTCTBEHHO OTHOCH-
TEJBHYD TOYHOCTE HOBOI'O NpUCIHESHHA K COGCTBEHHOMY B3HAYEHMD, MOJyIeH-
HOT'O B DeSyIbTaTe MCNOJB30BAHEA MeToza odpaTHO# mTepaumu. IpaxTHYecKime
BHTHCIGHNS NONTBOPKAANT 3Ty 3aKOHOMOPHOCTS.

B caywae, korzma llapa MATpEL (A,B) ABIAETCA ILIOXO 0Cy CJIOBJIGHHO,
BOSMOXHO MCIOJB30BAHAE METOLOB DETry.IApA3allAd 3anavys 3/, Perynapusocpan~
HHO® MaTDHIH HMeoT BRI

AR=A+SO(.D . BR=B+sBD '
rne (e ,8) - BEKTOD HaNpaBJIGHHA DOryJApA3aLry (¢2+82=1 n
820 ), s~ nlapaMeTp peryJAapu3aium, a D - IHaroHalbHaA MaTpHIla,
IMenMas NOJOXATENBHHE WISMEeHTH Ha cBoeft riaBHol mmaropaym. B oporpamm—
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HHX peasm3all¥sX ajrOpUTMa,pacCMaTpUBaeMHX HWXE, B KaYecTBe TaKoif maT-
DHIH MCHOJIB3YeTCA Marpmia D=diag/(A-U'B)/ , cocToAllag U3 adCoJHoT-
HHX 3HaueHU#l TUATOHANBHHX BJEeMEHTOB MaTpuuu ( A-GB ) u HyJeBHX
BHEIMATOHATERHHX SJIEeMEHTOB. [IpH 5TOM BeKTOp peryidpusamuu (o,B8)={1,0),
a mapameTp peryJapu3aluy S 3a1aeTCA NpPU BH30Be DOXIPOTDAMMH.
KioleBHM MOMEHTOM B paspadoTke 5SHPeKTHBHOI IporpavMH MeTOXa 00—
paTHO} HTepalvy ABJIAETCS Deajm3al¥ld aIlOPUTMA pelleHUs CUCTeM JHMHeiHHX
ypaBHeHM#Z Ax=b ¢ cummeTpuyHoil mMaTpmue#t A . lcrnoixe3yemasa Ipu 3T?M
MaTpuila MOXET He ABJIATHCA IONOXUTENBHO (OTpUUATENBHO) OIpexeJeHHOi,
9T0 IeJyaeT IpuMeHeHHMe cXeMH XOJelKoI'o nexomno§gug7 MaTpyLl HexeJaTelb—
HHM W3-33 HEYCTOWIMBOCTH OpOLENyDH. B padorax’ “*'/ mnpeloxeHH pa3Jurd—
HHe ycTollyuBHe CXeMH pasyoXeHMA CHMMETpPMYHHX MaTpull, odJjamawnmme Toi
X6 BHYMCJMTEJBHOH CJOXHOCTHK,YTO ¥ cXeMa XOJEIIKOIO. B/B?ccmannBaemoﬁ
HaMu peaJm3alyy MCHOJB3YeTCA CcXeMa ILeKOMIO3NUAM banua .
AnropuTm bBaHua MMeeT MHOTO IporpaMMHHX peam3aumit, padorammmx
C MaTpylaM#, XpaHSIMMUICA B cHMMeTpHyHOR ¢opMme. OmHAKO UCHOJH30BaHME
TPamUIMOHHOR CXeMH DeNyKUUX MaTpHiH CBepXy BHU3 [IDYBOLUT K YBEJIIUEHID
BPEMEH! CcUeTa B CpapHeHUE C MeTonoM Xoaenxoro B I1,5-2 pasa (momoGHoe
YBeJWMIEeHUe BpEMeHHM UMeeT MecTO, Halpumep, B nporpammg LEQ1S U3 Oub-
JMOTOKA IMSL ). B IIpwioEeHMM NPUBOIUTCA TEKCT MPOTPAMMH C AMEHEM
LEQ1S , MCHOJb3ypme#} penyKUuno MaTpuilH CHuU3Y BBepX u uMexuell Bpema
BHIIOJIHEHUA BCero Ha 5% Cojbile, YeM IIPOTPaMMH, peasypiMe MeTon Xo—
JIGLIKOI'O.
llomoGHaa pasHulla BO BDPeMeHH CBg3aHa ¢ TeM, 4YTO B IIOCHELHEM CJydae
BHOOpDKA IGMEHTOB W3 NaMATH <BM IPOUCXOIMT TOCIeLOBATENbHO, M 3TO 88T
YCKOpeHE® Ipolecca BHOODKHM 3VIEMOHTOB Ha aInapaTHOM YPOBHE.
TexcTu ONMCHBAOMHX HIDE® Opor'pamd INVIT ® INVITD HMeWTCA B
[prnoxeHnR.
[IporpamMa INVIT DeaJm3YeT MeTOL OCpATHOR MTepall@m B omepaTEBHOR
namary BM. OHa ACHOJAB3YyeT CEMMOTpPHUYHYD QOpMYy XpaHeHHA MaTpwl A H
B . QIeMEHTH MaTDHUH Ip¥ CHMMeTpHuHO! fopMe XpaHeHEA paCHIOJOESHH
B JMHEAHOM MACCHBE B CJGLYRUISM IODANKS: 8,4,315:8559353s 3544 aygree-
++r @y, BCETO n(n+1)/2 IBMEHTOB Ha OIHY MATPUILL .
AiropaT™M  INVIT
I. Mavumam3upoBaTh HavaJbHOe NPACJMESHUE K COCCTBEHHOMYy BEKTODY
Yo=(1:1,1,...,1) ¥ COGCTBOHHOMY 3H3USHMO &o =0 .
2. 3aMeHUTH MaTpmiy A wMarpuuelt ( A- 6B ) E BBECTH DeryJapH-
3ywlles CMemeHue, 6CJH 3TO HeOOXOIMMO.
3. CrmesaTh NEKOMOOSHUMD MATDAIH ( A -oB ).
[lavanc UuKIa 00paTHON HTepauuH. .
4. HopvupoBaTh NpHCIUECHES K COOCTBEHHOMY BEKTODY =y / 19 d -
5. PemmTh cHCTeMy (A= OB)y, ,17Bx, .



6. BHYMCJMTE NpUC/MXEeHMe K COCCTBEHHOMY SHAYEHUD
5 wk+1= G+1/(Yk+1 lxk) .
. IlomBepr ’ HpuIokQHUE
o xocmmw?: anYT;,. W) .4 TECTY HA CXOMMMOCTBH. ECIH CXOMMMOCTD [pusioxerye
e
g , Tepefifm k myHKTYy 4. KoHenl LuKIa o6paTHO# HTepALMH. ,
. Monoxurs  A=co,, . vey, ./ Iy, 4l rze Iyl [ ov7 B oTOM IPWIOKGHMX OPUBOLATCA TECTH ApOTpamMd INVIT ¥ INVITD
tr H = B .
u BHiITH. k+1'B B y:By) pea/msyKuMX MeToJ oOpaTHO# WTepallm, X TEeKCT IporpaMve LEQ1S pelle-
oo Ho?ne. BHIIOJIHGHUS NIPOTpaMMH INVIT MaTpdlla A He COXpaHsaeTcA s cucTew Jielingk ypaBHeRiA | Bx7H - ¢ cmaterpireHoll MaTpuiell ® -
eCy emMH i 5 - .
0P yemuil 0GBEM ONEDATHBHON HAMATY ~ n’+4n . TlompoGHas HHpOpMALLs SUBROUTINE INVIT(A,B,NDIM,EIG.EPS,X,WA}
HePONABACIAIX FAPCTPAX COISPRTCA B TOKOTo TpOrpa : e
oo porpamma INVITD MCIOJG3YeT MATPHIH A M B , XpaHsm@ecd Ha C  COMPUTER - IBM/DOUBLE
' WHYX HOCHTEJNAX. [IpM aKTHBalMM IPOTDPEMMH B OIeDATHB I - C v
sarpyzaeTcs MaTpmia ( A- 6B ) o HYD namarTs JIBM C  COMPILER - FORTRAN VS
lMe MaHUIY LAY (IeKOMIOSIITHL y49OTOM peryJiApusaliy, ¥ BCe NaibHed- G LATEST REVISION - JULY 03, 1987
TOIBKO G STOR o3 , DelleHWe CHETOM YpaBHeHWit) IPOU3BOLATCH c ’
oon To#i MaTpuliefi, OCTaBJAR MATpUIH A M B (e3 U3MeHeHmH. LI C  PERPOSE - INVERSE ITERATION FOR THE
aleHsg K MaTpuiaMm AU B ‘ c GENERALIZED EIGENVALUE PROBLEM
peaymsynomas #CTOJBSYSTCA HOANpOrpamva MvMUL c * A$X = E*B¥X - SYMMETRIC STORAGE
YMHOXEHMe MATPWIH Ha BEeKTOp LJA MATpPHL, HAXONAUMXCS c MODE.
BHeMHUX HOCHTEJAX. “ ! Ha €
C  USAGE — CALL INVIT(A,B,NDIM,EIG,EPS,X,WA)
ArropuTM INVITD NOJydYaeTCsa H3 allOpATMa INVIT , eC/M 3aMeHUTh ¢
NYHKTH 2 ¥ 8 IyHKTaMu: C  ARGUMENTS A _ LINEAR ARRAY, ON INPUT A CONTAINS
2. Barpys c THE ELEMENTS OF MATRIX A IN
. PYSUTDH MaTpuLly ( A- GB ) B ONGPATHBHYH NIEMATH M BBECTH C SYMMETRIC STORAGE MODE, THE LENGTH
peryJapHsylllee CMelleHHe, eCJU 3TO HeoSXOIMMO <C: ing ;isggébla;—]()NDIM'rl)/Z, ON OUTPUT
’ * .
. 8*. IloJomuTh A paBHHM OTHOWSHMO Pejes A=(y Ay, )/ c B _ LINEAR ARRAY, ON INPUT B CONTAINS THE
HODMEDOBATh COGCTBEHHHH Bexrop U= k17 BY41) /W By c ELEMENTS OF MATRIX B IN SYMMETRIC
rme || v By . D V= Yieq/ ¥ ll , c STORAGE MODE.
BY ”B =Vy,By , ¥ BHUTH. ' B c NDIM - DIMENSION OF MATRIX A AND B.
‘TIOCJIOZHEM IOYHKTO c EIG _ ON INPUT, INITIAL APPROATCH TO THE
o oTHOmG P oy aJTOPUTMA IJIi OLUEHKH COGCTBEHHOTO BHAYGHHA c EIGENVALUE, ON OUTPUT, REFINED
o HMO PeJles MCIIOJB3YITCA HEDOTYJADHIOBAHHHE MAT Ag B c ESTIMATE OF THE EIGENVALUE.
0 IO3BOJIAET M . o EPS _ PARAMETER OF REGULARIZATION
[O—— YMEHBUATH CHCTOMATHYOCKOE CMeNleHWe OLUEeHKH, BHOCHMOE c IF EIG IS ONE OF THE LOWEST
" DOM. c EIGENVALUES, THEN EPS MUST BE
CIOJE30RAHME IIPOTDaMMH c GREATER OR EQUAL TO ZERO,
CYBHOR TAMATH porp INVITD COKpamaeT o0beM Tpedyemoil omepa— c IF EIG IS ONE OF TNE UPPEST
. HO ~n(n+1)/2+3n , OCTaBJAA XaPAKTODHCTURA BpEMOHH € ETGENVALUES, THEN EPS MUST BE
IOJIHEHUA NpOrpaMM 0e3 M3 c LESS OR EQUAL TO ZERO,
DEX comepxTC p MeHeHER. VMHbODMAIMA O mepeLaBaeMHX IapaMeT— € [F THE PROBLEM IS WELL DEFINED,
I A B TOKCTe IpOTpavMMi B IIpHIORSHIH. c THEN IT IS BETTER TO SET THE
PAKTHIBCKOO HCIOJb o C VALUE OF EPS TO ZEROs
sanuell ToxAZAT aogaﬁne MeTofa oCpaTHO# HMTepaluy ¢ DperyJapu— (o2 X - ON OUTPUT, THE EIGENVECTOR WITH
0, UTO U NOIYIGHEA YCTONIMBHX COSCTBOHHHX 3HAUGHE! c EQUAL TO ONE B-NORM, (X,B*X)=1.
lesecooCpa3Ho UCOOJH30BATH IapamMeTp pelyJApH3aliy BeJH4¥HO# mopdmka g wA - WORK ARRAY OF LENGTH Z=DIH
MaMMHHOT'O SJICHJIOH, a B CIy4
: : ae XO0pomo ompemeJeHHOX 3 C REQD. ROUTINES - LEQ1S,MVMUL
HOIXHO GHTH DaBHHM HyJ. Y afatd erd 3HATEHUO ¢ ’ '
" C _____________________________________________________________
QIXI)QRTKBHHM c1oco0oM COpPBOH C HOYCTONUMBOCTRN ABJIAGTCA [IepeXox IMPLICIT REAL*8 {A-H,0-2)
OT JIBOKHOM TOYHOCTH K 4YeTBepTO#. Peamsaimm mpo DIMENSION . A(1),B(1),X(1),WA(1)
ApUIMOTHKY TeTBOpPTOR porpamM, HCIOJb3YWIHe . DATA ZER0,0.DO/,ONE/1.D0/,SIXTN/16.D0/
pTofl TOYHOCTH M aHaJOI'WYHHe OporpamvaM INVIT X . ¢
INVITD , HMebTCA. OLHAKO DOCTOAHHAA SKCIVyaTalWsa 9TEX Iporpam’ ggg’; = 23%“”
OYeHb =
. pESBOGPGMeHgTeJILHa; TOCKOJIPKY BpeMd CcyeTa Bo3pacTaeT 0oJiee 4eM B 5 REPS = REPS/2
, & TDPeGOBaHME K IIaMAT:; 1F (ONE.LT.ONE+REPS) GOTO 5
n - B 2 pasa. ERREST = MAX ( SIXTN*NDIM¥REPS, ABS(EPS))
c
4
5




- 3.LT. T*ABS({EIG)) GOTO 75
c EIGENVECTOR INITIALIZATION c IF (ABS(EPREV-EIGY.LT.ERRES
C
DO 10 I=1,NDIM . 70 TONTINUE
X(I) = ONE
10. CONTINUE 75 CALL MVMUL(B,NDIM,X,WA)
c : SUM = ZERO
DO 80 1I=1,NDIM
C REPLACE MATRIX A WITH MATRIX SUM = SUMAWA(T)*X(I)
C (A-EIG*B)
C 80 CONTINUE
EOLD = EIG SUM = ONE/SQRT{SUMJ
11 = 0 DO 90 I=1,NDIM
DO 30 1=1,NDIM . X(4) = X(I)*SUM
IML = I-1 . 90 CONTINUE
DO 20 J=1,IM1
IT = II+1 ] g EXIT
A(I1) = A{II)-EIG*B(I1) ’
20 CONTINUE RETURN
IT1 = II+1 END )
AlII) = A(II)-EIG*B(II) SUBROUTINE VMVMUL(A:I:!._: ________________________________
A(II) =.A(II)})+EPS*ABS(A(II)) g ————————————————————————
30 CONTINUE
C C COMPUTER _ - IBM/DOUBLE
C A C
(] INVERSE ITERATION C  COMPILER - FORTRAN VS
DO 70 IT=1,10 C
1JOB = 2 C  LATEST REVISION - JULY 03, 1987
IF {IT.EQ.1) IJOB = 0 <
¢ C  PERPOSE - MULTIPLY ON MATRIX A, NUCLEUS FOR
Y MULTIPLY ON MATRIX B AND NORMALIZE C INVIT.
C VECTOR X c
c C REQD. ROUTINES —~ NONE REQUIRED.
CALL MVMUL(B,NDIM,X,WA) g _____________________
SUM = ZERO b Cmmmmmmmmmm—mmmmmo——oms——oeoeoooommomoeees
DO 40 I=1,NDIM IMPLICIT REAL*8 (A-H,0-2)
= DIMENSION V(13,VM(1),A(1)
SUM = SUM+X({I)*X(I) Ty
40 CONTINUE DATA ZERO/J0.0D
SUM = ONE/SQRT{SUM) C .
DO 50 I=1,NDIM VM(1) = Vi1)*A(1)
T = WA(I)*SUM 11 = r
WA(I) = X(I)*SUM DO 20 I=2,N
X(1) =T Mt = I-1
50 CONTINUE VM(I} = ZERO
C . DO 10 J=1,IM1 )
C MULTIPLY ON V(A- * VM(I) = VM{I)+A(II+J)*V(J
c MATRIX IN {A EIG*B) YM{J) = VMIJ)+A{TII+J)*V{I1)
CALL LEQ1S{A,NDIM,X,1,NDIM,IJOB,WA(NDET),IER) . 10 §?NT1§¥EI
C =
C CALCULATE REFINED EIGENVALUE VMII) = VM{I)+A(II)*V(I)
C 20 CONTINUE
SUM = ZERO RETURN
DO 60 I=1,NDIM END
SUM = SUM+X(I)*WA(I)
60 CONTINUE ,
EPREV = EIG ]
EIG = EOLD+ONE/SUM
6 7




[eReXe]

SUBROUTINE INVITDINDIM,EIG,EPS.X,WA}

COMPUTER

COMPILER

- IBM/DOUBLE

- FORTRAN VS

LATEST REVISION - AYUGUST 6, 1987

PERPOSE

USAGE

ARGUMENTS

- INVERSE ITERATION EGR THE
GENERALIZED EIGENVALUE PROBLEM
A¥X = E*B*X - SYMMETRI€ STORAGE
MODE - EXTERNAL STORAGE.

- CALL INVITD(NDIM,EIG,EPS,X,WA)

NDIM - DIMENSION OF MATRIX A AND B.
EIG - ON INPUT, INITIAL APPROATCH TO THE
EIGENVALUE, ON OUTPYT, REFINED
ESTIMATE OF THE EIGENVALUE.
EPS - PARAMETER OF REGULARIZATION,
IF EIG 1S ONE OF THE LOWEST
EIGENVALUES, THEN EPS MUST BE
GREATER OR EQUAL TO
ZERO,
IF EIG IS ONE OF TNE UPPEST
EIGENVALUES, THEN EPS MUST BE
LESS OR EQUAL TO ZERO,
IF THE PROBLEM IS WELL DEFINED,
THEN IT IS BETTER TO SET THE
VALUE OF EPS TO ZERO.
X - ON OUTPUT, THE EIGENVECTOR WITH
EQUAL TO ONE B-NORM, (X,B¥X)=1.
wA . — WORK ARRAY OF LENGTH
NDIM*(NDIM+1)/2+2*NDIM.

REQD. ROUTINES - AMSB, IOBUFF,LEQ1S,MVMUL

REMARKS

IMPLICIT

DIMENSION

DATA

- MATRICES A AND B STORED ON EXTERNAL
UNITS WITH UNIT NUMBERS 15 AND 10
RESPECTIVELY.

REAL*8 (A-H,0-Z)
Xt1),WA(T)
ZERO/0.DP0/,0ONE/1.D0/,SIXTN/16.D0O/

FIRST EXECUTABLE STATEMENT

ND = NDIM+1
NA = ND+NDIM
REPS = ONE
5 REPS = REPS/2
IF (ONE.LT.ONE+REPS) GOTO 5

ERREST =

MAX{SIXTN*NDIM*REPS,ABS(EPS))

EOLD = EIG

OPEN FILES

a0

Qoo

[oNoXe]

[eNeXeNe]

aqao

[eNeNe]

[

*

*

10

20

30

40

IUNIT1 = 10

IUNIT2 = 15 ’ i

OPEN (UNIT=10,T0STAT=IOVAL,ACCESS='DIRECT’,
STATUS=’OLD’ ,RECL=13024,FILE='FCOMPB’ )

IF (IOVAL.NE.0J STOP ) i

OPEN (UNIT=15,TOSTAT=IOVAL,ACEESS='DIRECT',
STATUS='OLD’ ,RECL=13024 ,FILE="FCOMPA' )

iIF (IOVAL.NE.O) STOP

non

EIGENVECTOR INITIALIZATION

DO 10 I=1,NDIM
X(I) = ONE
CONTINUE

SET MATRIX (A-EIG*B) IN WA(NA)

CALL AMSB(WA(NA).NBIM.EIG,EPS,IUNITI,IUNITZ)

INVERSE ITERATION

CALL LEQ1S(WA(NA),NDIM,X,1,NDIM,1,WA(ND),IER)
DO 50 IT=1,10

MULTIPLY ON MATRIX B AND NORMALIZE

VECTOR X

CALL MVMUL(NDIM,WA,X,IUNIT1)
SUM = ZERO
DO 20 I=1,NDIM
SUM = SUM+X(I)*X(1)
CONTINUE
SUM = ONE/SQRT(SUM)
DO 30 I=1,NDIM
TEMP = WA(I)%*SUM
WA(I) = X(I)*SUM
X(I) = TEMP
CONTINUE

MULTIPLY ON MATREIX INV(A-ESM*B]

CALL LEQ1S(WA(NA),NDIM,X,1,NDIM,2,WA(ND},IER}

CALCULATE REFINED EIGENVALUE

SUM = ZERO
DO 40 I=1,NDIM
SUM = SUM+X(I)*WA(I)
CONTINUE
EPREV = EIG y
G = EOLD+ONE/SUM
?; (ABS(EPREV-EIG).LT.ERREST*ABS(EIG)) GOTO 55

50 CONTINUE

55 CALL MVMUL(NDIM,WA,X,IUNIT2)

TEMP = ZERO
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60

65

70

DO 60 I=1,NDIM

TEMP = TEMP+WACII*X(1I)

CONTINUE

CALL MVMUL(NDIM.WA,X,IUNITL)

SUM = ZERO
DO 65 I=1,NDIM

SUM = SUM+WA{TI}*X{(I)

CONTINUE
EIG = TEMP/SUM
SUM = ONE/SQRT(SUM)
DO 70 I=1,NDIM

X(I) = X(I)*SUM
CONTINVE

RETURN
END

EXIT

SUBROUTINE AMSB{A,NDIM, SHFT,EPS,IUNIT1,IUNIT2)

COMPUTER

COMPILER

LATEST REVISION

PERPOSE

USAGE

ARGUMENTS A
NDIM
SHFT
EPS
IUNIT1
IUNIT2

REQD. ROUTINES

IMPLICIT
DIMENSION

II =0
M = 1628
IREC = 1
DO 20 I=1,NDIM
DO 10 J=1,I
IT = IT1+1

IF {(M.EQ.1628)

M =0

1BM/DOUBLE
FORTRAN VS
AUGUST 6, 1987

SET MATRIX (A-SHFT*BJ IN REAL
MEMORY, NUCLEUS FOR INVITD.

CALL AMSB(A,NDIM, SHFT,EPS,
IUNIT1,IUNITZ)

LINEAR ARRAY, WHERE MATRIX
(A-SHFT*B) STORED.

ORDER OF MATRICES.

SHIFT COEFFICIENT.

REGULARIZATOR.

UNIT NUMBER FOR FILE WITH MATRIX B.

UNIT NUMBER FOR FILE WITH MATRIX A.

IOBUF¥

REAL*8 (A-H,0-Z)
BUF1(1628),BUF2(1628),A(1)

FIRST EXECUTABLE STATEMENT .

THEN ‘

CALL IOBUFF({IREC,BUF1,1,IUNIT1)

10
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CALL IOBUFF({IREC,BUF2,1,IUNITZ)

IREC = IREC+1

END IF
M o= M+l

A(II) = BUF2(M)-SHFT*BUF1(M)

10 CONTINUE

ATII) = A(III+EPS*ABSTA(II))

20 CONTINUE

RETURN
END

SUBROUTINE IOBUFF(IREC,BUFF,IJ0B,IUNIT)

COMPUTER

COMPILER

TATEST REVISION

PERPOSE

USAGE

ARGUMENTS IREC
BUFF
I1JOB
IUNIT

REQD. ROUTINES

IMPLICIT
DIMENSION

IWR = IREC

IF {IJOB.EQ.3) IWR
IF (IJOB.EQ.1) GOTO 10

I1BM/DOUBLE
FORTRAN VS
AUGUST 6, 1987

READ AND/OGR WRITE THE BUFFER -BUFF
OF/TO THE EXTERNAL FILE.

CALL IOBUFF{IREC,BUFF,IJOB,IUNIT)

RECORD NUMBER.
BUFFER. FOR INPUT/OUTPUT.
INPUT OPTION PARAMETER,

IF 1JOB=1,THEN READ BUFF FROM
THE EXTERNAL FILE,

IF 1JOB=2,THEN WRITE BUFF TO THE
EXTERNAL FILE,

IF LJOB=3,THEN WRITE PRECEEDING
BUFFER TO THE EXTERNAL FILE AND
READ NEW BUFFER WITH RECORD
NUMBER IREC.

UNIT NUMBER.

‘NONE REQUIRED.

REAL*8 (A-H,0-Z)
BUFF(1628)

FIRST EXECUTABLE STATEMENT

IWR-1

WRITE (UNIT=IUNIT,REC=IWR,IOSTAT=IOVAL) BUFF

IF (IOVAL.NE.O) STOP
IF (IJOB.EQ.2) RETURN

10 CONTINUE

READ (UNIT=IUNIT,REC=IREC,IOSTAT=IQOVAL) BUFF

IF {IOVAL.NE.O) STOP

‘RETURN
END

11




SUBRQUTINE ,10,1J0B,%A, IER
SUBROUTINE MVMUL(NDIM,XX,%,TUNIT) Cmmmmmmem e TINE LEQIS tA.N,B.M,10,1708,WA,1 e
Cm = = m e e p
-
. c co ER - OUBLE
€  COMPUTER - IBM/DOUBLE p MPUT IBM/DOUBLE
c - T
C  COMPILER : - FORTRAN VS g COMPILER FORTRAN VS
c
: C  LATES v - DE ER 3, 1986
C LATEST REVISION - AUGUST 6, 1987 c TEST REVISION DECEMBER 3. 1
C _ : Lo-
C  PERPOSE - MULTIPLY ON MATRIX THAT STORED ON .' g PURPOSE LI?ESEFfﬁggzlgﬁTE?EUTIgﬁyinRIC
EXTERNAL UNIT IUNIT, NUCLEUS . ‘ 2 ME
¢ el , € . STORAGE MODE - SPACE ECONOMIZER
g . c SOLUTION
c
g USAGE - CALL MVMUL(NDIM,XX,X,IUNIT) C  USAGE - CALL LEQ1S (A,N,B,M,IB,IJOB,WA,IER)
¢
C  ARGUMENTS NDIM ~ ORDER OF MATRIX AND LENGTH OF C  ARGUMENTS A " - INPUT/OUTPUT VECTOR OF DIMENSION
€ VECTORS XX AND X. c N*(N+1)/2. SEE PARAMETER I1JOB
XX - OUTPUT VECTOR (XX=A*X) - .
c . . c N - ORDER OF MATRIX A AND THE NUMBER OF
¢ ¥ - égig;NXECE§¥% NUMBER ' c. ROWS SN B. LINPUT)
g UNIT . c B - INPUT/OUTPUT MATRIX OF DIMENSION N
. ‘ ¢ BY M. ON INPUT, B CONTAINS THE M
C  REQD. ROUTINES - .~ LOBUFF ) c RIGHT-HAND SIDES OF THE EQUATION
& e ‘ c . AX = B. ON OUTPUT, THE SOLUTION
IMPLICIT REAL*8 (A-H,0-Z) g EA¥§I§O¥ ﬁggﬁACES B. IF 1JOB = 1,
DIMENS ION égéé}axéé},BUFF(IGZS) c M = NUMBER OF RIGHT HAND SIDES (COLUMNS
c DATA . c . IN B). tINPUT)
. c IB - ROW DIMENSION OF B EXACTLY AS
g FIRST "EXECUTABLE STATEMENT: i SPECIFIED, IN THE DIMENSION
: c STATEMENT IN THE CALLING PROGRAM.
IREC = 1
REC c ¢ INPUT)
B - P =
CALL TOBUFF(IREC,BUFF,I,TUNIT) g LJoB - IN?ggL?EgISSEﬁA“AMETER‘ 1JOB = 1
XXt1) = BUFF(M)*X(1)
SAPE A Sh ¢ I = 0, FACTOR THE MATRIX A AND
20 IZ2.ND c SOLVE THE EQUATION AX = B. ON
o Y reRo c INPUT, A CONTAINS THE COEFFICIENT
e c MATRIX OF THE EQUATION AX = B,
0 A c WHERE A IS ASSUMED TO BE AN
ARC3) = XX(J)+BUFF(M)*X(1) q c N BY N SYMMETRIC MATRIX. A IS
C STORED IN SYMMETRIC STORAGE MODE
XX(I) = XX(I)+BUFF(M)*X(J} C AND THEREFORE HAS DIMENSION
IF (M.LT.1628) GOTO 10
wE_(M.LT. c N#(N+1)/2. ON OUTPUT, A IS
= c REPLACED BY ITS FACTORIZED FORM.
CALL ;oéﬁggtinnc BUFF,1, IUNIT) ¢ 1 =1, FACTOR THE MATRIX A.
10 conet ] 1y ; c A CONTAINS THE SAME INPUT/OUTPUT
: C INFORMATICN AS IF IJOB = 0. B IS
:x?1?+} XX (I J+BUFF(M)*X(I) : ¢ NOT USED.
e GH LT, 1628) GOTO. 20 : c I = 2, SOLVE THE EQUATION AX = B.
M LT c THIS OPTION IMPLIES THAT LEQ1S
M e IREGH c HAS ALREADY BEEN CALLED USING
= C IJOB = 0 OR 1 SO THAT THE MATRIX
20 CONgﬁﬁsEIOBUFF‘IREC'BUFF'I'IUNIT’ c A HAS ALREADY BEEN FACTORED.
c c IN THIS CASE, OUTPUT MATRIX A
RETURN ‘ c MUST HAVE BEEN SAVED FOR REUSE
. ' c IN THE CALL T® LEQIS.
END . '
H
13
12
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WA ‘— WORK AREA OF LENGTH N.
IER - ERROR PARAMETER. (OUTPUT)
WARNING ERROR (WITH FIX)
IER = 65 INDICATES THAT MATRIX A
IS ALGORITHMICALLY SINGULAR.
TERMINAL ERROR
IER = 129 INDICATES THAT MATRIX A
IS EXACTLY SINGULAR ON ONE STEP
OF PROCEDURE.

IMPLICIT REAL*8 "{A-H,0-2)
DIMENSION A(13,B({IB,1),WA{1)
DATA ZERO/0.0D0/,SIXTN/16.0D0/ ,
DATA ALPHA/0.6403882D0/
FIRST EXECUTABLE STATEMENT
INITIALIZE IER
IER = 0
*x%% FIRST STAGE *%%% DECOMPOSE A INTO THE
PRODUCT M*D*M-TRANSPOSE
WHERE M IS UNIT LOWER
TRIANGULAR AND D IS BLOCK
DIAGONAL WITH BLOCKS OF
ORDER 1 OR 2.
M AND D ARE WRITTEN OVER A,
IF (N.LE.O) GOTO 9005
LF (IJOB.EQ.2) GOTO 80
CALCULATE EQUILIBRATION
FACTORS
RN = SIXTN*N
LL = 1
DO 10 I=1,N
WA(I) = ZERO
L = LL
DO 5 J=1,N
TEMP = ABS(A{L})
IF (TEMP.GT.WA{I)) WA({I) = TEMP
IF (J.LT.I) THEN
L = L+1
ELSE
L = L+J
END IF
5 CONTINUE
WA(I) = WA(I)*RN
LL = LL+I
10 CONTINUE
1 =N
IF {I1.EQ.1) GOTQO 75

14
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15 IM1L = I-1
M2 = I-2
IX = I*IM1/2
IXI = IX+I

**x% BEGIN LOOP ***x

CALCULATE MAXIMUM OFF
DIAGONAL ELEMENT IN ROW I

AIT = ABSUA(IXI))
SAVE = ZERO
DO 20 L=1,IM1
TEMP = ABSTA(IX+L))
IF {TEMP.GT.SAVE) THEN
SAVE = TEMP
J =L
END IF
CONTINUE
ICHANG =1
IF (AII.GE.ALPHA*SAVE) GOTO 35

CALCULATE MAXIMUM OFF
DIAGONAL ELEMENT IN ROW J

SIGMA = SAVE
JX = J*(J-1)/2

JXJ = JX+J .
JXT = JX+1
AJJ = ABS(A(JXJ))

DO 25 L=1,IM1
TEMP = ABS(A{JXT))
IF {TEMP.GT.SIGMA.AND.L.NE.J) SIGMA = TEMP
IF (L.LT.J) THEN

JXT = JXT+1
ELSE
JXT = JXT+L
END IF !
25 CONTINUE

CHOOSE A STRATEGY .FOR THE
PIVOTING

IF (AII*SIGMA.GE.ALPHA*SAVE*SAVE) GOTO 35
IF (AJJ.LT.ALPHA*SIGMA) GOTO 50
INTERCHANGE ROWS I AND J

JXT = JX+1
DO 30 L=1,1IM1
TEMP = A(IX+L)
A{IX+L) = A(JXT)
A(JXT) = "TEMP
IF (L.LT.J) THEN
JXT = JXT+1

15
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PO 55 L=1,IM2
ELSE TEMP = A(IX1+L)
JXT = JXT+L A(IX1+L) = A(JXT)
END IF A(JXT) = TEMP
30 CONTINUE . IF (L.LT.J) THEN
TEMP = A{JXJ) JXT = JXT+1
A(JXJ) = A(IXI) ELSE
ALIXI) = ACEX+J) . JXT = JXT+L
AtIX+J)} = FEMP END IF
TEMP = WA(I) 55 CONTINUE
WACIT = WA(J) TEMP = A(JXJ)
WALJ) = TEMP A(JXJ) = A(IX)
AIl = AJJ A(IX) = A(IX1+4J)
ICHANG = J A(IX1+4J) = TEMP
| C . TEMP = A(IX+J})
4 € WE USE A I BY 1 PIVOT A(IX+J) = A(IX+IM1)
€ A(IX+IM1) = TEMP
35 IF (WA(I)+AII.LE.WAtIJ) IER = 65 TEMP = WA(IM1)
IF tAI1.EQ.ZERO} GOTO 9005 WA(IM1) = WA(J)
WALI} = ICHANG WA(J) = TEMP
o] C
AXII = A(IXI) , C DET MUST BE NEGATIVE
IXT = IX+1 . C
DO 45 J=IM1,1,-1 . 60 DET = A(IXI)*A(IX)-A(IXI-1)*%2
SAVE = -A({IX+J)/AII o]
IXL = IXT-1 . TEMP = MAX(WA(I),WA(IM1))
IXT = IXT-J IF (TEMP+ABS(DET).LE.TEMP) IER = 65
N ISH = IX-1XT+1 IF (DET.GE.ZERO) GOTO 9005
MM = MOD(J,5) ) WA(I) = J
IF (MM.NE.O} THEN WA(IM1) = DET
DO 39 K=IXT,IXT+MM-I C
A(K) = A(K)+SAVE*A(ISH+K} AIM1I = A(IXI-1)/DET
39 CONTINUE AIT = A(IXI)/DET
k END IF AIM1 = A(IX)/DET
IXF = IXT+MM IF (IM2.EQ.0) RETURN
PO 40 K=IXF,IXL,5 IXT = IX1
A(K) = A(K)+SAVE¥A(ISH+K} DO 70 J=IM2,1,-1
AlK+1) = A(K+1)}+SAVE*A{ISH+K+1) SAVE = AIMIT*A(IX1+J)-AIM1*¥A(IX+J)
A(K$2) = A(K+2)+SAVE¥A(ISH+K+2) TEMP = AIMII*A(IX+J)-AIT*A(IX1+4J)
A(K+3) = A(K+3)+SAVE*A(ISH+K+3) IXT = IXT-J
AtK+4) = A(K+4)+SAVE¥A(ISH+K+4) DO 65 K=1,J
40 CONTINUE{ A(IXT+K) = A(IXT+K)+A(IX+K)*SAVE+A(IX1+K)*TEMP
A(IX+J) = SAVE 65 CONTINUE
45 CONTINUE A(IX+J) = SAVE
I = IMT A(IX14J) = TEMP
IF (I.GT.1) GOTO 15 70 CONTINUE
GOTO 75 I = IM2
C IF (I.GT.1) GOTO 15
] WE USE A 2 BY 2 PIVOT 75 IF (I.LE.O) GOTO 80
C IF (WA(1)+ABS(A(1)).LE.WA(1)) IER = 65
50 IX1 = IX-IM1 IF (A(1).EQ.ZEROC) GOTO 9005
IF (J.EQ.IM1) GOTO 60 . WA(1) =1
C C
C INTERCHANGE ROWS I-1 AND J C **%% SECOND STAGE ***¥ SOLVE M*D*MT*X = B WHERE
o] o] MT = M-TRANSPOSE
JXT = JX+1 C

16 : 17




80 IF {IJOB.EQ.1) GO TO 9000
c DO 115 K=I,II
DO 120 JC=1,M SAVE = B(K,JC)
c DO 110 J=1,IM1
C SOLVE M*D*Y = B AND STORE SAVE = SAVE+A(IX+J)*B(J,JC)
C Y IN B 110 CONTINUE
C B(K,JC) = SAVE
I =N IX = IX+K
85 iF (I.LE.1) GOTO 100 115 CONTINUE
IMl = I-1 ICHANG = WA(II)
IX’ = [*IM1/2 SAVE = B(I,JC)
IXI = IX+T B(I,JC) = B{ICHANG,JC)
ICHANG = WA(TI) B{ICHANG,JC) = SAVE
SAVE = B(ICHANG,JC) I = II+1
IF (WA(IM1).GT.ZERO) THEN GOTO 105
¢ . 120 CONTINUE
c WE USE A 1 BY 1 PIVOT C
¢ c EXIT
B{ ICHANG,JC) = B(I,JC) c
B(I,JC) = SAVE/A(IXI) 9000 IF (IER.EQ.0) RETURN
DO 90 J=1,IM1 ‘ IF (IER.EQ.65) PRINT 9065
B(J,JC) = B(J,JCI+A(IX+J)*SAVE 9065 FORMAT(/5X,’WARNING ERROR IER=65 1IN *** LEQLS **%'/
90 CONTINUE * 7X, 'MATRIX A IS ALGORITHMICALLY SINGULAR.’/)
i I = IM1 RETURN
ELSE 9005 IER = 129
o . ) PRINT 9129 :
C WE USE A 2 BY 2 PIVOT 9129 FORMAT(/5X,'TERMINAL ERROR 1IER=129 1IN **% LEQLS **%'/
, c * 7X, '"MATRIX A IS EXACTLY SINGULAR.'/}
TEMP = B{(I,JC!} * RETURN
B(ICHANG,JC) = B(IM1,JC)} END
DET = WA(IM1)
IX1 = IX-IM1
M2 = I-2
B(I,JC) = (TEMP*A{IX)-SAVEXA(IX+IM1))/DET T a
B{(IM1,JC) = (SAVE*A(IXI)-TEMP*A(IX+IM1))/DET
DO 95 J=1,IM2
o5 c0N$i§OéC) = B(J,JCI+A(IX+J)*TEMP+A(IX14J)*SAVE I. Mapnerr B. CmMMeTpmuHas IIpodieMa COCCTBeHHHX B3HaueHuil. UMCJIeHHHE
I = IM2 MeTomH. — M., Mup, I983.
END Igs 2. Bunch J.R., Kaufman L. Some stable methods for caleulating
GOTO
100 IF (I.EQ.1) THEN inertia and solving symmetricl 1linear systems. -
?(l,gcl = B(1,JC)/A(1) Math. Comp., 1977, v.31, No 137, p.163-179,
ELSE 3. KopoGop B.M. Peryaspusalds 9KCTpPeMaNbHHX COGCTBEHHHX 3Hawemmit mis
ENDII; 3 ceMMeTpruHOll ododmerHo# 3amaum. - Ilpenpmrr OWAU, PII-87-35I,
c l . IyGHa, 1987.
¢ SOLVE MT*X = Y AND STORE 4. Bathe K.J., Wilson E., 1976. Numerical Methods in Finite Element
C Analysis.- Englewood Cliffs, N.J.: Prentice-Hall.
105 IF é}-ﬁTiNl GOTO 120 5. YwmxuHcoH [xX. ANredpamgeckad mpodjaeMa COGCTBEHHHX 3HaueHmit. —
IF (WA(I)+LE.ZERO) II = I+1 M.: Hayka, I970.
i21:=1i;é1/2 6. UxpamoB X.J. UncJaeHHHe MeTONIH JJIA CEMMETDWYHHX JHEAHHX CHCTeM.
- M.: Hayxa, 1988.
7. Rasen J.0. On the reduction of a symmetric matrix to tridiagonal
form. - BIT, 1971,v.2,No3, p.233-242,
Pykomichk DOCTYIWNIA B W3LATEIBCKAX OTIEJ
28 merkadps 1988 roma.
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