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H K
L B et bbbttt bbbt 2
L SR = 0 L5 Y PO OO 2
Lo 20 FHIBREETE oottt 2
2 R e < 5 - TP 3
2/ R B (T 3
20 2 FHT T e e 4
3. FREATHNE AR DIVDITENTTIE oo 5
B. 1. B AT U T et ee e e 5
3. 3. FEANRY FT —=HDGEN L SFBEHRR oo 7
4. BEREATITHIHA AT ZAHRNE 3 ERAERT T 7T IPZSYTRD .o 9
Ao T BIUEER oottt 9
A, 2. J F ol T R e bbb bbbt bttt 10
5. BGNRYT "IV DNT ZRVETIIEHLT T T T 23 PZSYGHR oot es e e sneesene s 11
ST N 1 = OO OO PSP U PSP RORUSORRTON 11
B 2. U T N bbb A et e et e b be b be e b e b 12
fH8k 1. PZSYTRD, PZSYGHR #5127 /L7 0 7T I TEST oo 13
% 2. DEELEBANY bL~—=T 1027 T 5 MARGEV ..o 16
R I 5 = Vet = A N =1 | OO 18
k4. BREATIIWERL 7 2 27T 2y MATGEN ..o sssas st 20
(185 . ARBATINITEL T T 77T I MATDIV oo 21
1656 . QRIEICE DEAMEEANRT MIVRAET T ZT I8 SUB ..o 22



MPI st DB HERFATHIAAND ARV E 3 ENAMIET 0 ST L =2 T )b

1. s
AT B AT Y WHEEES IS OBRAHRITIRANT ARV E 3 BENALER T ST A
(PZSYTRD) & [EH XY bV ONT RAFRNVEHERRT 0 75 A(PZSYGHR)DFFEIZ OWTHE L £9,

1. 1. Lo

PZSYTRDIZMEHERIFITHICE N ARV ZEHT = HCH' 12 L » C3ESAITHITA~E#H T 5 T 1
7 LTT,

PZSYGHRIZQRIEIZ X HEAMHE - EANY MAGREICEBWTRE L 2D 9HEA XY MAEERT 5
T DIZHNATIN N T ARV WM A6 d 7 7 77 5T,

2507 v 77 AiScalapack D A ) A v ¥ — 7 = — A& PEBEL TV £,

iz, AT ABNAEROFEITINERH = ([T H) H, = (1 —au,u, ") (< iEScalapack [k, %

BN O 70y 77T ALZHE ML TWET,

1. 2. filfREE

250707 T MIXER E, ROGIRAH Y £7,

(1) PZSYTRD, PZSYGHR !X Fortran77 % 7-(% Fortran90 Citidk SN/~ v /7 Aa— KB S
HZEEAHEE LTRY 9,

(2) ¥BETE D MPIENP)IX 2 DBE~X, J72bh, NP=1,4, 16, 64, 256, 1024, 4096, ... & 72 0 £,

() T BELET HEIHER T 2/MTFIO T v v 7 %A A(NB)it 8 LA EDM@EE LE3, i
X3 EAMEGR 23V, T8I T — & D4 - SBIIFIAEBITI> oL LTEY £7,

(4) PZSYTRD, PZSYGHR & %12 Message Passing Interface (MPI) ZF)fH L T\ 572, MPIIZHHE L
7= Fortran == > /34 T & Rifg L L TR £7°,



MPI st DB HERFATHIAAND ARV E 3 ENAMIET 0 ST L =2 T )b

2. oA EFETIE
PZSYTRD, PZSYGHR D =/ A )L & FELTHIEIZHOWTEHA L £ 9,

2. 1. ay A

PZSYTRD, PZSYGHR %#fEH3 572D 7 A 77 U (libPZSYTRD.a) D1ER T % makefile DF% X 2-1
R LET, M22123=2—Y T mr I 8574077 28T 5 makefile OfFlZ R~ LET, X2-1, 2-2
OBITIE, Fortran =22 /%A 7|2 H 3. fei#{k FO0(SR16000/M1 [1]1F) & FIFH 32 mpif90 Z+5E L T\ £ 7,

F90 =mpif90 -0s —-64 —-model=M1 —parallel —i,L
SRCDIR = ./SRC

LIBNAME = [ibPZSYTRD. a

IFILE = pzsytrd.o j5initzc.o j5pahous.o jSmviowp.o ¥

jbranknb. o j5rngcom.o jbserial.o j5parank.o ¥
pzsyghr.o jSinivec.o jbmakvec.o

$ (LIBNAME) : $(IFILE)
-rm —f $ (LIBNAME)
ar —qv -X64 $(LIBNAME) $ (IFILE)
@echo “$ (LIBNAME) is now up-to-date”

pzsytrd.o : $(SRCDIR) /pzsytrd. f
$(F90) —c $(SRCDIR) /pzsytrd. f
j5initzc.o : $(SRCDIR)/j5initze. f
$(F90) —c $(SRCDIR)/jbinitze. f
j5pahous. o : $(SRCDIR) /j5pahous.
$(F90) —c $(SRCDIR)/jbpahous. f
j5mviowp.o : $(SRCDIR)/j5mvIowp. f
$(F90) —c $ (SRCDIR) /j5mvlowp. f
j5ranknb.o : $(SRCDIR) /j5ranknb. f
$(F90) —c $(SRCDIR)/jbranknb. f
j5rngcom. o : $(SRCDIR) /j5rngcom. f
$(F90) —c $ (SRCDIR) /j5rngcom.
j5serial.o : $(SRCDIR)/j5serial.f
$(F90) —c $(SRCDIR)/j5serial.f
j5parank.o : $(SRCDIR)/j5parank. f
$(F90) —c $(SRCDIR)/jbparank. f

pzsyghr.o : $(SRCDIR) /pzsyghr. f
$(F90) -c $ (SRCDIR) /pzsyghr. f
j5inivec.o : $(SRCDIR)/j5inivec. f
$(F90) —c $(SRCDIR)/jbinivec. f
j5makvec. o : $(SRCDIR) /j5makvec. f
$(F90) —c $(SRCDIR) /jbmakvec. f

.PRECIOUS : $(LIBNAME) ;

clean :
rm —f *. 0

2-1 54 751 libPZSYTRD.a ERK A makefile 45l
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F90 =mpif90 -0s -64 —-model=M1 —parallel —i,L

LOADNAME = test

LD = §(F90) -WI, -blpdata’ -WI, -binitfini:poe_remote_main’ -WI, -bmaxdata:22147483647
IFILE = test.o sub.o

LIB = -L./ —IPZSYTRD

$ (LOADNAME) : $(IFILE)
-rm —f $ (LOADNAME)
$(LD) -o $(LOADNAME) $(IFILE) $(LIB)
@echo “$ (LOADNAME) is now up-to-date”

test.o : . /test. f
$(F90) -c . /test.f

sub.o : ./sub.f
$(F90) -c ./sub. f

.PRECIOUS : §$ (LOADNAME) :

clean :
rm -f *. 0

K22 A—H 7055 LESA TS EHEHT D makefile I

2. 2. FETHik

PZSYTRD, PZSYGHR D ZFEATIZIZ MPI 23 & 720 3D T, poe(AIX %)<° mpirun(mpich %) 7 & d
FIH~Y AT VA =L STV DFETAA TV &2 THEALZS 0, X 22 OFICIEfR L7cr — REY
2 —/L(test) & MPlI 7’ m& % 16 TEITTHHEDa~ 2 FEZLL TR LET, poe T, MPI #5771
AR EEBRREAENOBGLETOT, v— REY 2 — /VETHIC FRRFET I~ REIORTEREE
EROREZIT> TLIEE W mpirun T, MPI {77 m e 28da~y RAE T a o np' THRELET,

[poe DFEIT=~ > FHil]
> setenv MP_PROCS 16
> setenv MP_NODES 1
> setenv MP_TASKS_PER_NODE 1
> setenv MP_SHARED_MEMORY yes
> poe ./test
[mpirun ® =1~ o F5E174]
> mpirun -np 16 ./test
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3. BREATHI L EA T VO EIGE
ARETIE, PZSYTRD, PZSYGHR Tffi i3 24251751 &, PZSYGHR THEMAT DEAH T FLd4yEl
FFEITHOWTHAL X1,

3. 1. Fatzrvwy/

FREATHINE 3B LE A TANC AT Db DT ant A~ v FIZOWTHHLET, Yok x~ v 7,
TR ENCHERE L= MPl 7' & A& 54 %10 24T 25 Row Major JE= &, FIJ7 A E e L 7= MPl 7' 1 & A%
B A&EI) 2 T% Column Major JEX A3 H 0 £97, X 3-112, MPI 7'k 2% 16 D4 D ROW Major FEZ
& Column Major B XD 7 et 2~ v 7 a2 RLET,

NPCOL NPCOL
0 1 2 3 0 4 8 | 12
4 5 6 7 1 5 9 | 13
NPROW NPROW
8 | 9 10|11 2 | 6 |10] 14
12 (13 [ 14 | 15 3 7 (11|15
Row Major iz = Column Major f =X

3-1 MPIJOtXA#16DBEOTOAtLRAT YT

Tt A~y OO T ek 2% NPROW, ¥ hFH o7 vt A% % NPCOL & L,
NPROW=NPCOL="2 R& ¥t 72% & 5 MPl 7 a& A AR L T &0,
K7t AT A~y THONELIT R, FJinE £ Zi IPROW, IPCOL & T5&, LLFD
X CTHETEET, KPIZHD IPIE, MPI 7t RAFRBERD T,
[Row Major JE=]
- IPROW = IP/NPCOL +1
- IPCOL = MOD(IP,NPCOL) +1
[Column Major JE=X]
- IPROW = MOD(IP, NPROW) +1
- IPCOL = IP/NPROW +1

1Tt R6FICHEETSHE, Row Major FEZ Tl IPROW=2, IPCOL=3 (2, Column Major &
X TIX IPROW=3, IPCOL=2 &72V £,



MPI st DB HERFATHIAAND ARV E 3 ENAMIET 0 ST L =2 T )b

3. 2. REATHIT — X O4yElE Bl
BREATHNT — & O3FE & SEHANZ OV T L E T,
X C DI, RITE N OFREATHZ, NBxXNB O/MTHIEALIZ3EI LT, NBIX8LLEOME L 2D XD
MELTLEEN, ZO/MMTHIENLIZ3. 1. HiCER L7 nt A~y 7% 2D cyclic lIZ#H L £,
3-2 IZATHIT — % D 43E| & Row Major IER O 7' a2~ » 7RG Z, X 3-3 17 uk A~y 7 %A
LA 7at 2 0%& L 6 BEOWIITHEZRLET, K3-3FHDONLB LI FOXTEHELET,
- NLB = (N —1)/(NB* NPROW) +1

FHAT5 F 24751
/[:]mxm$ﬁ®¢ﬁﬂtﬁ%
1 2 3 0 1 2 3 0 1 2 3
4 6 7 4 5 6 7 4 5 6 7
8 9 1 8 9 10 | 11 8 9 10 [ 11
12 [ 13| 14 12 (13 | 14| 15 )12 | 13 | 14 | 15
RITHN |:> of1|2]3 tl23)of[1]2]3
TOERT YT 4 5 6 7 4 6 7 4 5 6 7
il 8 9 10 [ 11 8 9 1 8 9 10 [ 11
12 |13 (141512 [ 13| 14 12 [ 13 14| 15
0 1 2 3 0 1 2 3 1 2 3
4 5 6 7 4 5 6 7 4 6 7
8 9 10 [ 11 8 9 10 | 11 8 9 10 [ 11
12 |13 (141512 (131415412 |13 | 14| 15

32 1757 —2 D5HE|E Row Major s X T B+ X< v T AHI

;5175 (7T Bt R0%E) 4175 (70t X6%)
0o 6 | 6|6
NLB*NB 0 0 NLB*NB 6 | 6|6
0o 6 | 6|6

B 3-3 Row Major BRXDTOEXAT Y T#EALHEENDTALR 0EFL 6 BEOEHH TSI

% MPI 7' at A0, REATHIO EDO/ATIEHL T 502 BT 2XA U FCERLET, FkT
BT 5 I0WN & MPI 7’0 £ 2R SN—ET 525G, LT CTERT &M L TREATHIN B 51T
FI~DT RUAEREZITONE T, PO 15, WTENEN, REITHIOITES EFEFERLET,

[Row Major JE=]

. IOWN = MOD((1 , —1)/ NB, NPROW ) * NPROW + MOD((J,, —1)/ NB, NPCOL)
[ Column Major JZz]

. IOWN = MOD((J,, —1)/ NB, NPCOL)* NPCOL + MOD((I , —1)/ NB, NPROW)
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SIHIZ, IR THRIHISND I, I ITHEVREATHN OB 2 F 3TN AN T 4T, 4 MPI 7'a & 2 D
SATHINERR L E T,

-1, =((1,—-1/(NB*NPROW ))*NB + MOD(l, —1,NB) +1

- J,. =((3,—-D/(NB*NPCOL))*NB +MOD(J, -1,NB) +1

3. 3. BAXT MT—FOaE LSRR
EAH~RT MT =2 DO55EIE BB DWW THIBI L £,
WILEN OFEA N2 hLZz MPI 7 a2 2HCHEIL, SR 6l L7 MPlI 7' a2 A& 51CH 0 4T T
SELUTIHREELET, SBEET 720128 MPI 7ot 2 TiE, N LU TOXTEHTS IVNUM T
Complex*16 D ELFH V(N, JVNUM)ZHER L CL 72 &0, O NP X MPI 7 a & 24 ¢,
- JVNUM = (N —-1)/NP +1

BEARY ML
RITHN

X 3-4MPlI 7Ot X% 16 DI/BAEDEAERY MILDEIF

4 3-4 12 MPI 7' & 2% 16 DI E 0BG~ bAaERZ R LET, MAXZ hroTwy 7 R E
UTFTERELET, XFD IP X MPI 7’rtEXFKETY, % MPI 7't ARRFFTLSEHFXT MOk
AT L, RIRIE NV & ET,

[IP < MOD(N,NP)® MPI 711t 2]

- NV =N/NP+1
[IP = MOD(N,NP)® MPI 7' & R]
- NV =N/NP

% MPI 7’2 AN YT 5557 MAOFIEF I, UTTERTLHIRUCL > THEAERZ MO
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Tl ICEMTEET,
[IP < MOD(N,NP)® MPI 7 1t 2]
+Jo =(N/NP+)*IP+J,
[IP = MOD(N,NP)®> MPI 7' 1 & %]
JPTR=(N/NP+1)*MOD(N,NP) & L,
+ Jo =JPTR +(N/NP)*(IP — MOD(N,NP)) + J,

E72, & MPI 7B ZANREANT MV EIRFFT D EPHITAG 5 JSTART L #R JEND TRO B, Zhz
BT 2RELFCEFLE T, 72720, JSTART > JEND L7225 MPI 7' & R ILEA Y bV {RF
LEHA,
[IP < MOD(N,NP)® MPI 7 1t 2]
- JSTART =(N/NP+1)*IP+1
- JEND = (N/NP +2)*(IP+1)
[IP = MOD(N,NP)® MPI 7' 1 A ]
JPTR=(N/NP+1)*MOD(N,NP) & L,
- JSTART = JPTR+ (N /NP)*(IP—MOD(N, NP)) +1
- JEND = JPTR+ (N /NP)*(IP -~ MOD(N, NP) +1)



MPI st DB HERFATHIAAND ARV E 3 ENAMIET 0 ST L =2 T )b

4. BEXNHITHIH AT ZRVH 3 ERALERR T 0 75 5 PZSYTRD
RETIE, ERIFMTIIHANT ZAHRNH 3 XA ELR T v 7 F 5 PZSYTRD O #fttke UV ¥ —
a— NIZoOWTHA L F9,

4. 1. 5l%fhAR
PZSYTRD O |8tk a & 4-1 1ITR- L E T, £4-1HDNB, NLBIZLL FORXTERLET,
- NB = DESCA(6)
- NLB=(N-1)/NB+1
% 4-1 PZSYTRD 5|%kit4%
515 i) E 5| D EREA
UPLO Character*1 INPUT | ABTHI DML, UPLO='L'D#H3EE Al §E
N Integer INPUT | £ 475D RTHEH, N=2
A(*) Complex*16 | INPUT/ | (INPUT): 7Ot AT v FIZH > THEIL =5 2175
OUTPUT | (OUTPUT) : 3ExALTHEALI=U IL Y 2 1ER
IA Integer INPUT | 8391751 ADITARSEIEET KL R, 1A=1 DHIETE A RE
JA Integer INPUT | 8324751 ADFIARSEIET KL X, JA=1 DAIEEATEE
DESCA(9) Integer INPUT | 74RO T4A
- DESCA(6)
oo oy o494 X NB
NB=8 /2 MOD(NB,2)=0
- DESCA(9)
5175 A DBE X
DESCA(9)=NLB*NB
- DESCA(1)~DESCA(5), DESCA(7), DESCA(8)
EAHDRBERL
D(N) Complex*16 | OUTPUT |3 EXATIIOXARS . £ 70X TR LEMNAD
E(N) Complex*16 | OUTPUT |3 ExATIIDRIXAKS, 270X TRILEMNAD
TAU(N) Complex*16 | OUTPUT | N\ R RIS EHRDOEBETIRFRE,
270X TELCEMAAS,
WORK Complex*16 WORK | fEASDLEG L (FEEMEE)
LWORK Integer INPUT | EREE EEMEIEELSI WORK D1 X,
LWORK = 12*NLB*NB+4*NB+4*NB*NLB*NB
INFO Integer OUTPUT | YA—>a—F
MAJOR Character*1 INPUT | 7Ot R T AR, MAJOR='C'E =I& MAJOR='R'M) #1& € Bl §&




MPI st DB HERFATHIAAND ARV E 3 ENAMIET 0 ST L =2 T )b

4. 2. JZ—r=a—F
PZSYTRD DV #—r a— R&K 4-2 (TR LET,

: 4-2PZSYTRD )2 —>a—FK

& kS
0 EERTLECEEZRT
-1 UPLO=L'DBRESNTWVEWNI L ZRT
-2 NZ2MWBRESNTWENI EERT
-4 A1 NRESTULWEWNI EERT
5 AL MEBRESN TR EE2RT
-66 DESCA(6)=8 h D MOD(DESCA(6),2)=0 MR E SN TWHEWNZ £Z2RT
-69 DESCA(9)ZNLB*NB A E SN TWWEWI EF KT
-11 LWORK = 12*NLB*NB+4*NB+4*NB*NLB*NB AR E SN TLWHEWNZ EERT
-13 MAJOR="C'E 7z MAJOR=RMDEE SN TWEWNI L ERT
100 TOERAI Y THREAND 1AM 2RERTHWNIEERT

10
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5. [EBEXT MO ARNVEWERT 0 7 F A PZSYGHR
RETIE, BEERXYZ MDD ARV WER T 0 75 A PZSYGHR OB ¥iftkEL ) #—> a— T
DWTEHBAL £,

5. 1. 5tk
PZSYGHR D5 |[# ik A % 5-1 IZr LE 3, % 5-1 1 NB, NLB, NP, NPROW, JVNUM [ZLL F D=
TERLET,
- NB = DESCA(6)

- NLB=(N-1)/NB +1
- NP = MPIZ7" & %%
- NPROW =711t A~ v 7D 1IHDOES
- JVNUM = (N -1)/NP +1

5% 5-1 PZSYGHR B| itk

Bk it X k(B
UPLO Character*1 INPUT | AATTHIDEMAER, UPLO='L'DAFEE Al EE
N Integer INPUT | £&1T5IDORTH, N=2
A(*) Complex*16 INPUT |3EXAILTHERALELY ILY 21ER,
PZSYTRD D#ERZ AnnlE kL
IA Integer INPUT | B35 175 A DITARKESET LR, IA=1 DAHIEE ATHE
JA Integer INPUT | B89 175 A DFIARESET K LR, JA=1 DHIETEATRE
DESCA(9) Integer INPUT | T RYYT4H
- DESCA(6)
BT ADOTOv Y34 X NB
NB=8 /2 MOD(NB,2)=0
- DESCA(9)
175 A DBE X
DESCA(9)=NLB*NB
- DESCA(1)~DESCA(5), DESCA(7), DESCA(8)
EADDBERL
TAU(N) Complex*16 INPUT | WD RBILEEBROREERZE. PZSYTRD OfERZANNE
EJAW
V(N,*) Complex*16 | OUTPU | EIEANY MILHEHEER
T
WORK Complex*16 WORK |{EANDLEM L (FEXEFEE)
LWORK Integer INPUT | ERHEEEBEIEES] WORK OH 4 X
LWORK = NB*NPROW*NLB*NB+2*NLB*NB*NB+4*JVNUM
INFO Integer OUTPUT | YR —>a—F
MAJOR Character*1 INPUT | 7B+ RX <y AR, MAJOR='C'E f=I& MAJOR='R'?D #}& 7 AT AE

11
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5. 2. V¥—ra—F
PZSYGHR ® U # —> a— R& K B2 IR LE T,

% 5-2PZSYGHR J&—>a—F

~ =7 )

& kS

0 EERTLIEZEERT,

-1 UPLO=L'MNEESINTWEWI LFXRT,

-2 NZ2HNEESNTVVEWN EERT,

-4 A=l AARESTWVREWI EERT,

-5 AL DEBRE SN TWVENWS EEKRT,

-66 DESCA(6)=8 A MOD(DESCA(6),2)=0 NBRE SN TWWHEWNZ EEKRT,

-69 DESCA(9)ZNLB*NB A E SN TWWEWI EF KT,

-10 LWORK = NB*NPROW*NLB*NB+2*NLB*NB*NB+4*]VNUM A RFE TN TV
EERT,

-12 MAJOR='"C'# 7zI& MAJOR=R'DEE SN TWEWNI LEXKT,

100 TOERAT Y THAEAND LIBMN 2REHTHNILEERT,

12
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f$8k 1. PZSYTRD, PZSYGHR £t 7 /7w 7 Z I TEST

~ =7 )

PROGRAM TEST
IMPLICIT REAL*8(A-H, 0-Z)
INCLUDE "mpif.h’

COMPLEX=*16, ALLOCATABLE :: A(:),V(:),D(:),E(:), TAU(®)
COMPLEX=16, ALLOCATABLE :: WORK(:)

INTEGER N, IA, JA, DESCA(9), LWORK, INFO

CHARACTER*1 UPLO, MAJOR

COMPLEX=*16, ALLOCATABLE :: AORG(:),A2(:),V2(:), ZWK(:)
INTEGER NP, P, NPROW, NPCOL, NB, NLB

INTEGER LDA, LDA2, NGB, JVNUM

INTEGER 1, JV, [ERR, IPRINT

DOUBLE PRECISION GF1, GF2

DOUBLE PRECISION TS, TE PZSYTRD, PZSYGHR ®REUH LEIIZ,
I MPI_INIT % CALL

CALL MPI_COMM_SIZE (MPI_COMM_WORLD, NP, IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, IP, IERR)

DO 1=0, 16 !
NPROW=2s| :
IF (NPROW<NPROW _EQ. NP) THEN |

DESCA (9) MERTE & T RBLZIT O BB ICRLELR,
TR <7y TOITH NPROW & 5% NPCOL % &

NPCOL=NPROW
G0 T0 10 :

END IF I

ENDDO I
110 CONTINUE_ _ _ I
READ (31
READ (31
READ (31,
READ (31,
READ (31
READ (31

NB=DESCA (6) I RRASIONE, BERY FLOT—UT
NGB=(N-1) /NB+1 1 DEEEBINTA—AEDTE

1
1
I NLB= (NGB-1) /NPROW+1
: DESCA (9) =NLB*NB
1
1

LDA=DESCA (9) ,
LDA2=N+1 I

GF1=1. 0DO*16/3NxN=+N=+1. OE-9
GF2=1. ODO*4xN+N*N*1. OE-9

13
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[F(IP .EQ. 0)THEN

WRITE (6, *)

WRITE (6, %) "tk PZSYTRD, PZSYGHR TEST stk
WRITE (6, *) ' ’
WRITE (6, %) "=*x INPUT PARAMETER’

WRITE (6, %) "+ NUM OF MPI =" NP
WRITE (6, %) "#xx UPLO =", UPLO
WRITE (6, %) sk MAJOR =", MAJOR
WRITE (6, *) "k N =" N

WRITE (6, %) " #** NB ="', NB
WRITE (6, %) "skk |A =", |A
WRITE (6, %) k% JA =" JA

WRITE (6, *)

END IF PZSYTRD, PZSYGHR @ LWORK 4 XDKEWMES &

LWORK & L, WORK Z#F

LWORK MAX(12*NLB*NB+4*NB+4*NB*NLB*NB
* NB*NPROW+NLB+NB-+2*NLB+NB*NB+4*JVNUM)

ALLOGATE (A (LDA*NLB*NB) , V (N+JVNUM) , D (N), E(N) , TAU (N))
ALLOCATE (WORK (LWORK) )

ALLOCATE (AORG (N#N) , A2 (LDA2N) , V2 (NN) ) WATGEN G {417 51 & E R L,
ALLOCATE (ZWK ( (N+1) % (N/10+5))) MATD IV CREATHID S ERE1T S ’
TCALL MATGEN(AORG.N) T T T
| GALL MATDIV (AJOR, AORG, A, LDA, NB, N, [P, NPROW, NPCOL)

CALL NP1 BARRIER(MPI COMM WORLD IERR)
TE=MP1_WTIME O
[F (INFO .NE. 0) THEN
WRITE(6, )" 111IT1T1T PZSYTRD ERROR, INFO =", INFO
GO TO 9999
END IF
[F (IP. EQ. 0) THEN
WRITE (6, 2000) TE-TS, GF1/(TE-TS)
END IF

CALL MPI_BARRIER (MP1_COMM_WORLD, |ERR) PZSYGHR % CALL
i TSEMRIWHME QL o o o o e e e e e e e e e e e e e e e
L CALL PZSYGHR (UPLO. N, A_IA_JA, DESCA, TAU. V, WORK, LWORK, INFO, MAJOR

CALL MPI_BARRIER(MPI_COMM_WORLD [ERR)
[F (INFO .NE. 0) THEN
WRITE(6, )" 111111111 PZSYGHR ERROR, INFO =", INFO
GO TO 9999
END IF
TE=MP1_WTIME ()
[F (IP. EQ. 0) THEN
WRITE (6, 2100) TE-TS, GF2/ (TE-TS)
WRITE (6, *)
END IF

14
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~ =7 )

C

JV=(N-1) /NP+1

Ao DNERL - DEHEESNTWIEERY L E ’
LUALL MARREVAVZ, ¥, N NP, TF, OV I JAatX0(zw—
[F(IP .EQ. 0) THEN

70tR 0 TEERD REZETL,
R EZTROLN-BEHEBENY ML
TREZHE

FORMAT (1H , " s+ PZSYTRD PERF = ", F12.3," (SEC),",F12.3," (GFLOPS)")

|- JPRINTZO0 o - - -
" CALL SUB(N, A2, V2, IPRINT, LDA2, D, E, ZWK, N)
L _CALL RESID(N AORG, A2, V2, LA _ _ _ =
END IF
9999 CONT INUE
DEALLOCATE (A, V, D, E, TAU)
DEALLOCATE (WORK)
DEALLOCATE (AORG, A2, V2)
DEALLOGCATE (ZWK)
CALL MPI_FINALIZE (IERR)
2000
2100

FORMAT (1H , " #k* PZSYGHR PERF = ", F12.3," (SEC),",F12.3," (GFLOPS)")

STOP
END
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k2. SEEEEAXY h~—y7 1 75 A MARGEV
SUBROUT INE MARGEV (V2, V, N, NP, IP, JV)

C
IMPLICIT NONE
C
INCLUDE "mpif.h
C
INTEGER N
COMPLEX*16 V2 (N, %), V (N, *)
INTEGER NP, IP, JV
C
COMPLEX=+16 VREG (N, JV)
INTEGER JVBLK (NP+1)
INTEGER JMOD, JGB
C
INTEGER I, J, JS, JE, J1, ISIZE, ISEN, JT
INTEGER ITAG, REQ_S, REQ_R, IERR
INTEGER SWK (MPI_STATUS_SIZE), RWK (MP1_STATUS_SIZE)
C
JGB=N/NP
JMOD=MOD (N, NP)
C

PWBLK(Y=1 T T T T T [ ZWI FO0EROEERY kLB E
DO J=1, NP-1 ! 1) R AR

|

|

I IF-1 .LT. JMOD) THEN
I JT=1

I ELSE

! JT=0

: END IF
|

|

I

|

|

IF (JGB+JT . GT. 0) THEN

JVBLK (J+1) =JVBLK (J) +JGB+JT
ELSE

JVBLK (J+1) =N+1
END IF

JVBLK (NP+1) =N+1

16
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e s ISEN (= L L\IPL TRt 2 A%, S HEE )
IF(IP .EQ. ISEN)THEN SNEERAY FLETAER OIS
T CALL WP 1™ ISEND (V, TSIZE, NP1 DOUBLE COWPLEX, — send _
£ 0, ITAG, NP1_COMM_WORLD, REQ_S, IERR) I
D TF= —— =~ - - -- - —————--
IFOP_EQ_O)THEN _
| GATL WPT_IRECV VREC. /SI7E.WPT DOJBLE CoilPLEX, ~
¥ e e m = ISEN. | TAG, MP|_COMM_WORLD REQ R, LERR)

CALL MPI1_WAIT (REQ_R, RWK, IERR)
JS=JVBLK (ISEN+1)
IF(JS .GT. N)THEN
GO TO 2000
END IF
JE=JVBLK (1SEN+2) -1
DO J=JS, JE
J1=J-JS+1
DO I=1,N
V2(1, ))=VREC(I, J1) | reov LIEBBARY MILE, 2HROEER

1 ENDDO 1 J bLAER
1 ENDDO 1

ISEN IZZ LULVMPI 7O+t XA send L1 =
BEEAY kLE, FOEX0 Trecv

2000  CONTINUE
[F(IP .EQ. ISEN)THEN
CALL MPI_WAIT (REQ_S, SWK, IERR)
END IF
CALL MPI_BARRIER (MP1_COMM_WORLD, IERR)
ENDDO

RETURN
END
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5 3. FFEHE 7 v 7 F A RESID

SUBROUTINE RESID (N, ZZ, ZG, ZX, LDA)
IMPLICIT REAL*8(A-H, 0-Y)
IMPLICIT COMPLEX=16 (Z)

DIMENSION ZG(LDA, *), ZX (N, *)
DIMENSION ZZ (N, *)

COMPLEXx16 CWK (N)
COMPLEXx16 CSUM
COMPLEX*16 S2

*

C+++++CHECK1 (NORMAL | ZE)
SMAX=0. 0DO

" 50 K=, : S=SORT (V+V) tr >, EHAY FILD
$=0. 0D0 FHEMEEFIvY
DO I=1,N

1
: S=S+DREAL (ZX (I, K) *ZX (I, K)) :
1 ENDDO |
I S=DSQRT(S) 1
1 IF (S.GT. SMAX) SMAX=S 1
1 ENDDO 1

WRITE (6, x) "MAX. NORMALIZE NORM =", SMAX
C+++++CHECK2 (UNI TARY)
SMAX=0. 0DO

[ DO K=1.N ! S=SQRT(V+V) M, EHRY FLD
1 DO J=K+1, N ! BXMEFT VY
$=0. 0D0

DO I=1,N :
S=S+2X (1, J)*ZX (1, K) I
ENDDO |
S=DSQRT (ABS (S)) I
|

|

|

IF (S.GT. SHAX) SMAX=S
; ENDDO

WRITE (6, *) "MAX. UNITARY NORM =", SMAX

18
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RMAX=-1. 0D5
KMAXZ0 L L o o e e e e e e e e e e e e — -
| DO K=T, N :
;Do I=tN |
" CSUM=DCMPLX (0. 0DO, 0. 0DO) |
I DO J=1,N |
I CSUM=CSUM+ZZ (J, 1) *ZX (J, K) l//J/rEQWAV#BYEﬁ&7FN®
I ENDDO BEEFIVY
1 CWK (1) =CSUM ]
I ENDDO I
: $2=0. 0DO I
;DO I=LN :
, CWK (1) =ZG (K, K) *ZX (1, K) ~CWK (1) :
I $2=52+CWK (1) *CONJG (CWK (1)) |
| ENDDO "
I RS1=CDABS (ZG (K, K)) I
I RS2=DSQRT (DREAL ($2)) I
I WRITE(6,*) 'COMPLEX RELATIVE RESID=",K RS2/RST 1
I IF(RS2/RST1 .GE. RMAX)THEN I
: RMAX=RS2/RS1 I
| KMAX=K :
,  ENDIF |
I_EN.DQO ____________________ -
WRITE (6, %)
WRITE (6, %) ' MAX COMPLEX RELATIVE RESID=", KMAX, RMAX
WRITE (6, %) ’
RETURN
END
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k4. REATIWER 7 v 7 F A MATGEN

SUBROUTINE MATGEN (A, N)

IMPLICIT REAL*8 (A-H, 0-2)
COMPLEX*16 A (N, N)

DO J=1,N
A (J, J)=DCMPLX (J*1. 0DO, J*1. 0D0)
DO [=J+1,N
A(l, J)=DCMPLX (1%1. 0DO, I*1.0D0)
AW, D=A(,J)
ENDDO
ENDDO

RETURN
END
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% 5. RREATH 7 1 7 5 MATDIV
SUBROUTINE MATDIV (MAJOR, AORG, A, LDA, NB, N, 1P, NPROW, NPCOL)

IMPLICIT REAL*8 (A-H,0-2)

CHARACTER*1 NAJOR
COMPLEX*16 A (LDA, #) . AORG (N, N) 3.2 BDAEAIHEL, HET S

Wi ot ZHE
DO J=1,N

| IF (MAJOR . EQ. 'C’) THEN
1 [ OWN=MOD ( (J-1) /NB, NPCOL) *NPCOL+MOD ((I-1) /NB, NPROW)

I ELSE IF(MAJOR .EQ. 'R’)THEN

1 | OWN=MOD ( (1-1) /NB, NPROW) *NPROW-+MOD ( (J-1) /NB, NPCOL) |

L=((1-1) / (NB*NPROW) ) *NB + MOD (I1-1,NB) + 1
L=((J-1) / (NB*NPCOL) ) *NB + MOD (J-1,NB) + 1
IF (J.LE. 1) THEN

| RIMATHIO |, J EEATHIADE—H L
|

1 AGL JD)=A0RG (1, )

I

|

7 RLRICE#L, BREHEM

ELSE
A(IL, JL) =DCMPLX (0. 0DO, 0. 0DO)
T
END IF
ENDDO
ENDDO

RETURN
END
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18k 6 . QRIEICL DEAMEEA~2 hRfET w77 1 SUB
SUBROUTINE SUB (N, ZG, ZX, IPRINT, LDA, D, E, ZWK, NOT)

IMPLICIT REAL*8 (A-H, 0-Y)

IMPLICIT COMPLEX*16 (Z)

REAL*8 TOLER, ANORM, EPS

DIMENSION ZG (LDA, *), ZX (N, *), ZWK (NOT+1, NOT/10+5)
COMPLEX*16 D (N), E(N)

TOLER=1. 5D-60
200 CONTINUE

DO I=1,N
ZWK (1, 1)=D (D)
WK (1+1, 2)=E(1)
ENDDO

WRITE (6, %) "sxx TRIDIAGONAL MATRIX s+’
DO I=1,N
WRITE(6,%) I,’ DIAG=", ZWK (I, 1)
WRITE(6,*%) 1," SUB-DIAG=", ZWK(I+1, 2)
ENDDO

ANORM=0. DO

ZTA = (0.D0, 0. DO)

ZWK(N+1,2) = (0.DO, 0. DO)

DO 110 K=1,N

ZT=ABS (ZWK (K, 1)) +ZTA

TA=ABS (ZWK (K+1, 2))

ZT=ZT+TA

[F (DBLE (ZT) . GT. ANORM) ANORM=DBLE (ZT)
110 CONTINUE

EPS = ANORM*TOLER

WRITE(6, *) "——— TRIDIAGONAL NORM =", ANORM

ZAMU=(0. DO, 0. DO)
ZWK (1, 2)=(0. DO, 0. DO)

M=N
15 IF(M.EQ.0) GO TO 21
[ = M-1
Mi= 1
K=1

[F (ABS (ZWK (K+1,2)). GT. EPS) GO TO 16
ZAMU=(0. DO, 0. DO)

M=K

GO TO 15

16 1=1-1
IF (ABS (ZWK (1+1,2)).LE. EPS.OR. I. EQ.0) GO TO 18
K=1
GO TO 16
18 ZRAMDA= (0. 0DO, 0. 0DO)
[F (ABS (ZWK (M, 1) —~ZAMU) . LT. 0. 5DO<ABS (ZWK (M, 1)) . OR. M1. EQ. K)
& ZRAMDA=ZWK (M, 1) +0. 5DO+ZWK (M1+1, 2)
ZAMU = ZWK (M, 1)
WRITE(6,*) " ZRAMDA=", ZRAMDA
WK (K, 1) = ZWK(K, 1) — ZRAMDA
ZBETA = ZWK (K+1.2)
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DO 19 J=K, M1
ZAO=ZWK (J, 1)
ZAT=ZWK (J+1, 1) ~ZRAMDA
ZBO=2WK (J+1, 2)
ZT=SQRT (ZAO*+2+ZBETA*+2)
ZCOSINE=ZAO/ZT
ZWK (J, 4)=ZCOSINE
ZSINE=ZBETA/ZT
ZWK (J, 5) =ZSINE
ZWK (J, 1)=ZCOSINE*ZA0+ZS INExZBETA
ZWK (J+1, 1) ==ZS INE*ZBO0+ZCOS INE*ZA1
ZWK (J+1, 2) =ZCOSINE*ZBO+ZS INExZA1
ZBETA=ZWK (J+2, 2)
ZWK (J+2, 2) =ZCOSINE*ZBETA

19 ZWK (J+2, 3) =ZS INE*ZBETA
ZWK (K, 2) =(0.DO, 0.D0)
ZWK (K+1, 3)=(0. DO, 0. DO)

DO 20 J=K, M1
ZSINE=ZWK (J, 5)
ZCOSINE=ZWK (J, 4)
ZAO=ZWK (J, 1)
ZBO=ZWK (J+1, 2)
ZWK (J, 2) =ZWK (J, 2) *ZCOS INE+ZWK (J+1, 3) *ZSINE
ZWK (J, 1) =ZA0*ZCOS INE+ZBO*ZS INE+ZRAMDA
WK (J+1, 2) =—ZA0*ZS INE+ZB0*ZCOS INE
ZWK (J+1, 1) =ZWK (J+1, 1) *ZCOS INE
DO 20 I=1,N
ZX0=2X (I, J)
ZX1=ZX (1, J+1)
ZX (1, J) =ZX0*ZGCOS INE+ZX1+ZS INE
20 ZX (I, J+1)=-ZX0*ZSINE+ZX1*ZCOS INE
ZWK (M, 1) =ZWK (M, 1) +ZRAMDA
GO TO 15
21 DO 120 M=1,N
120 ZG (M, M)=ZWK (M, 1)
[F(IPRINT. EQ.0) RETURN 10UTPUT LEVEL

DO 170 I=1,N, 4

[6=MINO (1+3, N)

WRITE (6, 601) (ZG(J, J), J=1, 16)

DO 160 J=1,N
160 WRITE (6, 602) J, (ZX(J, J9), J9=1, 16)
170 CONTINUE

601 FORMAT (1HO, 4X, 4(2X," (", E13.6,E15.6,")"))
602 FORMAT (1X," (", 13,7)",F13.6, TF16. 6)
RETURN
END
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