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F—T PHG HIRmFREE
§1.1 PHG &4t

PHG J& “Fht b TRV X A &7 IR R — A =R AT A& NAT BROTE AT A

AN
7 o

PHG [WHEISF 2] T Rk I H 3 K

o [HZK 973 Wi H “ KR ATHEWT T 56 il
“CRIBIFAT RIS (2005CB321702)

o [HK BRI 4 i H
CHET ARG ) R B (10531080)
PHG X CiBFH Ik, 5T MPI B AL sl (5 AT
Parallel Hierarchical Grid

PETSc, HYPRE, VTK, PARPACK,
Trilinos/AztecOO, OpenDX Trilinos/Anasazi,
MUMPS, SuperLU, JDBSYM,
SPOOLES, T LOBPCG,
PCG/GMRES/AMS | | Visualization| | 5| gpc, PRIMME
Linear Solver PHG Eigen Solver
A
Tcl/Tk MPI METIS/ParMETIS

§1.2 FEINsE

T 1) 4 = £ T 5 70 s = 4 DU T 4 50 75 P 4 RO A
o JEFTEIT Tt MR R s 5 Jca

o LT RIREEI A IFAT S L BhA AT

o BB, AT m . BHBY

o RIS K AT 4ny

o ZRMEMRLAS . RA A MEAR L 1

e Tcl/Tk JIA, VTK #21H

o WAL SR

§1.3 PHG BITHEEE. &wif. &%

Ttk http://Isec.cc.ac.cn/phg/download. htm]



file:/usr/bin/mplayer ../papers/heat.avi -loop 0 -fps 25 -fs -zoom
http://lsec.cc.ac.cn/phg/download.htm

G e WAL

tar xjpvf phg-serial-x.Xx.X—XXXXXXXX.tar.bz2
cd phg-x.x.x

./configure

gmake

gmake install

DAL A — e UK AR € H LR AL B . 1847 . /configure --help Hf o H BT A LTI,
WS R AN, AIAEIZAT . /configure Ji Ar A M config.log SR 4K H JE e B iL B AN I 11

ESp
configure BT 1

env FC="f77 -64" F77="f77 -64" CC="gcc -mabi=64" \
CXX="g++ -mabi=64 -DMPI_NO_CPPBIND" \
LDFLAGS="-L/usr/freeware/1ib64 -L/usr/local/1ib64" \
./configure --with-fc-1libs="-1lfortran -1ftn" \
—-libdir=/usr/local/lib64 \
—-with-mumps-1ib="-1dmumps -lpord -L/usr/local/SCALAPACK \
-1scalapack-64 -L/usr/local/BLACS/LIB64 \
-lblacs -1lblacsF77init -1lblacs -lpthread" \
--with-superlu-incdir=/usr/local/superlu_dist/include \
—-with-superlu-lib="-L/usr/local/superlu_dist/1ib64 \
-1lsuperlu_dist_2.0"\
—-with-hypre-dir=/usr/local/hypre64 \
--with-tcl-incdir=/usr/freeware/include \
—-with-tcl-libdir=/usr/freeware/1ib64 \
--with-metis-libdir=/usr/local/parmetis/1ib64 \
—--with-metis-incdir=/usr/local/parmetis/include \
--with-vtk-1libdir=/usr/local/lib64/vtk \
--with-vtk-incdir=/usr/local/include/vtk \
—-with-vtk-vtktcl=/usr/local/lib/vtk/tcl/vtktcl.c \

§1.4 FLIEE=ARH
§1.4.1 MPI

configure B4 H mpicc. mpicxx (BY mpiCC) 4. nJ HIFIEAZ & cc Fl cxx fRE C M C++
ke, LI ——with-mpi-1libdir BY --with-mpi-1ib PA M --with-mpi-incdir 43l$&E MPI JE
A3

HIF VP25 =7 AR 2 MPT SR, INURRIES E PHG R SR AT IO N e 4 th AT S FF MPT (1)
MRS

§1.4.2 M#&E|4r: METIS/ParMETIS

M [Ftp:/7159.226.92.111/pub/RPNMS/] ' F# . 2% parmetis 0.

T X8 RPM B EL T metis.h Al parmetis.h, ¥f METIS/ParMETIS [ H 4% S SCAFIRAES K
metis MR~ 21 Hagrr, DA 5 L E AT I Sk ST 4 AR R



ftp://159.226.92.111/pub/RPMS/

§1.4.3 MIAREEO: Tcl/Tk
A TE Linux KATIRF (Fedora: tcl-devel Fil tk-devel fi)
§1.4.4 WHMKEO: VTK

B M N3 cmake 1 VTK Y55 8L RPM 1
http://wuw.vtk.org/|

lhttp://fr2.rpmfind.net/linux/local/|
HBFET cmake A7 T AT $AT SCAF M R IR T, configure ]l il &3] VIK HIlCE

§1.4.5 TMBEESIT: PAPI

[pttp://icl.cs.utk.edu/papi/|
PAPI i) T2 AL AT I A USSR VF 2 PERE S . Linux REETTEX AZATAN T (per-
fetr #8°17), RIGEHHMIENZ.

§1.5 BLAS/LAPACK

o fiif &% (#) BLAS #1 LAPACK fU:

./configure --with-blas=-1blas --with-lapack=-1lapack
./configure --with-lapack="-1blas -llapack"

e f# ] Intel MKL:

./configure --with-lapack="-L/opt/intel/mkl/1ib/32 \
-1mkl_lapack -1mkl_def -lguide -lpthread"

o H'EETERE BLAS JFE: Goto BLAS. ATLAS.

WIRAEF PETSc, configure ] A3l PETSe ML E $2e frfd () BLAS/LAPACK J#.
PHG FH 2T AN Z A8 FH R AL BLAS/LAPACK JE PLu kA58

§1.6 ZMRRIASR

81.6.1 LASPack

M [Ftp://169.226.92.111/pub/RPMS/| ' k. %% RPM I,

§1.6.2 PETSc

configure MMM 554F & PETSC_DIR 153 PETSc (%% H 3 ML E -
81.6.3 Hypre

T G, 23E Hypre Jii5. SLATEUL T configure 2 H AL E Hypre 1Sk SCARIEE, %
i —-with-hypre-dir 8 Hypre [f1%3% H 3% (PHG {B€ Sk SCAFFIE 2 AL % H s 1 1iv A
include ¥ H3K)

Mk pttp: //1sec.cc.ac.cn/phg/download. htm Ab$EME T —A> Hypre-2.0.0 [] AMS f#vL#s4M T,
BEBIET AMS LKL/ bug.



http://www.vtk.org/
http://fr2.rpmfind.net/linux/local/
http://icl.cs.utk.edu/papi/
ftp://159.226.92.111/pub/RPMS/
http://lsec.cc.ac.cn/phg/download.htm

§1.6.4 MUMPS

PHG HH 235 3CAF dmumps* . h FZESCAF 1ibdmumps . a Fil 1ibpord.a. W% 1] H configure 1]
ﬁiﬁ -—with-mumps-incdir %ﬂ --with-mumps-1ib %TEEE%%I{#*DE‘:FI{*E@{EEO

81.6.5 SuperLU

M [Ftp://169.226.92.111/pub/RPMS/] ' F 2K %% superlu-dist U

§1.6.6 SPOOLES

M [Ftp://169.226.92.111/pub/RPMS/] ' N4k 3% RPM {1

81.6.7 'Trilinos

B R EK Trilinos YRS 19F . 22/ ] .
PHG G415 0L F 25 H Trilinos, 2 £ ——enable-trilinos (Z&PEARTLSAS) Fl
--enable-trilinos-anasazi ( ??Efﬁ) KA H

8§1.7 4HEEREESR

§1.7.1 PARPACK

M [Ftp:/7159.226.92.111/pub/RPNS/] 1 R4k, %% RPM U , i% RPM GEIE T bR Al
) —N 7 bug.

§1.7.2 JDBSYM

M [Ftp:/7159.226.92.111/pub/RPNS/] "F & jdbsym-parallel 4 , B &—A (#4)) IEATLI
JDBSYM A,

§1.7.3 BLOPEX (LOBPCG)

M [Etp:/7159.226.92.111/pub/RPNMS/] ' [ % blopex-abstract fi.

§1.7.4 SLEPc
B LEET T RATIR, e 5T AR & SLEPC_DIR HW[,

§1.7.5 PRIMME

M [Ftp://159.226.92.111/pub/RPMS/| ' N4 RPM 14,

§1.8 HHLILERMG

81.8.1 ParaView

lhttp://www.paraview.org/|

§1.8.2 Vislt

lhttp://www.llnl.gov/visit/|



ftp://159.226.92.111/pub/RPMS/
ftp://159.226.92.111/pub/RPMS/
ftp://159.226.92.111/pub/RPMS/
ftp://159.226.92.111/pub/RPMS/
ftp://159.226.92.111/pub/RPMS/
ftp://159.226.92.111/pub/RPMS/
http://www.paraview.org/
http://www.llnl.gov/visit/

§1.8.3 MayaVi

[http://mayavi.sourceforge.net/|

81.8.4 OpenDX

lhttp://www.opendx.org/|

§1.9 METHER
2% PHG Tt
§1.10 #wi%. EITMRIEF

%% PHG Tt


http://mayavi.sourceforge.net/
http://www.opendx.org/

§2.1 PHG EFEKREW

E Al ENiR

#include "phg.h"

int
main(int argc, char **argv)

phgFinalize();
exit (0);

§2.2 =z, DEAMBHN_2BENAKSHEK

%% PHG F-it
§2.3 BRRMIZLEH
%% PHG F-it
§2.4 MEHNIETHREIMIGLE

2 PHG Tl




F=E ERPERESWEEIE
4

1]
o

§3.1 HEAKEIFERRE
§3.1.1 HEEER
J A AN ADRS BEEAT 7L, PHG € X T —41iF S, 487 | P 5 RRIAG IR AR 28T

FLOAT, INT, UINT, SHORT, USHORT, CHAR, BYTE, BOOLEAN (TRUE/FALSE)

=]
w8

§3.1.2 EFERE

XFIT FLOAT SR R85y e B4 DR A C P rP (Y e& B0 1 1 BRSO RS A3 21, Bl Sin,

Sqrt. Pow. Fabs .

§3.1.3 E=

/x IS */

/% FFNETTR B */
/* FANEGEE */
/x FAETUE AL */

#define Dim

#define NVert
#define NFace
#define NEdge

o W

§3.1.4 HEHH

GTYPE H T Hlii& JLMI XS S 1 JU 287, T2 LRGN 258, wHUE A VERTEX. EDGE.
FACE. DIAGONAL (ELEMENT). OPPOSITE. MIXED Al UNKNOWN.

BTYPE H FHERA S IAL, N T . HEsG, o H— bR B A, XLy A
17: UNREFERENCED (A7 #17c5 ), OwNER (AUEFEFTHHA), INTERIOR (XI5 NH), REMOTE (1534
‘e HEREIL5E), DIRICHLET (Dirichlet), NEUMANN (Neumann), BDRY_USER1 (FH /7287 1), BDRY_USER2 (/]
J12EM 2), UNDEFINED (A 4R HALMILF)

§3.2 EBITXWR

typedef struct {

SIMPLEX *children[2]; /¥ FBE AT RTEFRA «/
void *neighbours [NFace] ; /% IBEATE T IRAT */
INT verts [NVert] ; /* ANTR BB R 5 */
INT edges [NEdge] ; /* 65 ARG T x/
INT faces[NFace] ; /*x ANE R AT x/
INT index; /* BTGT */
SHORT mark; /% A TFAREIE . AL +/
BTYPE bound_type [NFace] ; /x BB ARER *x/

} SIMPLEX;

10



Horb mark %50 THRE A B0 35 B BOHL IR .76 o mark > 0 TR s 876025 mark Y0, mark < 0
TR VP T —mark K.

G T 3 95 50 b4 R « At (B8R0 S5 MRt g —Fp. — AT
AEDOT (R THT PR 507G A 25 AH ) o 6 2RI TG N 25 U 24 0 (0-1), 1 (0-2), 2 (0-3), 3 (1-2), 4 (1-3), 5
(2-3).

IR AR IC NG

GetEdgeVertex(edge_no, v) /x AMTRE%H T, v IR 0 K 1 */
GetFaceVertex(edge_no, v) /* MR E%R5, v IR 0. 1 X 2 */
GetEdgeNo(vO, v1) /x BT BT 6 AR5 */

i

GetEdgeVertex(3,0) =1
GetEdgeVertex(3,1) =2
GetFaceVertex(2,1) =1
GetEdgeNo(1,3) =4

§3.3 MR
PHG P& L7~ WA R T X0 A 75358 20 Bl A e A v

typedef struct {
MPI_Comm comm; /x B MAAE) MPI @fZ 8 +/
int nprocs, rank; /*x HAZE. HAE/ T x
FLOAT 1if; /*x REFFHET */
COORD *xverts; /x FRAEF TR TR E 6 247 */
BTYPE *xtypes_vert; /% FRAET AR EGAFER */
BTYPE *types_edge; /* FRAEF TR D R KR «/
BTYPE xtypes_face;  /* THWAEFHA@MARER */
BTYPE *types_elem; /x FRAE P PTR RO AFER x/
INT nleaf; /x FRAEF AT T RTL +/
INT nvert, nvert_global; /* R¥u, 2B S5 +/
INT nedge, nedge_global;  /* A, & Eihit +/
INT nface, nface_global; /* KKy, DE@EL %/
INT nelem, nelem_global; /x AMu. DEHETE x/
} GRID;

e comm. nprocs. rank 7} Al 4K RS R AE 4« ERRECR Y T AR AR 285 2 e S
o GRID X R verts JMIELE (1) WA T AR BRI e & ANIT, W e BT K
(0 <k <4) AR A -

x = g->verts[e->verts[k]] [0]

y = g->verts[e->verts[k]] [1]

z = g->verts[e->verts[k]] [2]
o 1if FIRMEERI I FEA AT (load imbalance factor):
BN LS E TN TR

R AT TR T

11



EoB AR ARG (N JEOH L AN AT) BBl

§3.4 MIBIASHE

GRID *g;
g = phgNewGrid(-1);
phgImport(g, "cube.dat", FALSE);

phgFreeGrid (&g) ;

phgNewGrid [MIBHUE—SEhr &7, HG: VERT_FLAG (Vi £i257 5455 ). EDGE_FLAG (I[fj2R7 L

%4i'5) FACE_FLAG (T [{1287 5445 ) . ELEM_FLAG (% C/I5A! 5% 5) . GEOM_FLAG (n/ifjd phgGeomx
BRI T0) FA) LA )

phgImport 55— NZHH TRUE IR TN WA I 5 ) A 1064 T35 73 43 A1 1) MPI_COMM_WORLD

I FTA BERE T (A comm 45T MPI_COMM_WORLD); FALSE 75 N AR I AN K WA BEAT 31 435 A% 1L
A THERE 0 b (I comm 25T MPI_COMM_SELF)

§3.5 MIEFH
phgExportALBERT (GRID *g, const char *filename);
phgExportDX(GRID *g, const char *fn, DOF *dof, ...);
phgExportDXn(GRID *g, const char *fn, int ndof, DOF **dofs);
phgExportVIK (GRID *g, const char *fn, DOF *dof, ...);

phgExportVIKn(GRID *g, const char *fn, int ndof, DOF **dofs);

§3.6 MIEEITIRFA

GRID *g;
SIMPLEX *e;

ForAllElements(g, e) {

}

§3.7 MIEHID R GEFE

phgBalanceGrid (GRID *g, FLOAT 1if_threshold,
INT submesh_threshold, DOF #*weights, FLOAT power);

1if_threshold: 4 HZA T4 A7~ K T A I J08 ) 70 P A
submesh_threshold: | W& /NRITCEL, HITHiE 7 MIgEH
weights:fﬁjﬁ$lfg

power: HLUCAEIREL (FRICHE A weights [¥] power X7

12



§3.8 MI&AYANE ShAHE

phgRefineAllElements (GRID *g, int level);
phgRefineMarkedElements (GRID *g) ;
phgCoarsenMarkedElements (GRID *g) ;

Je A BRI B0 () mark JC NS < TSRS o FRICREINE — IR mark fHS B 1, BHIK

FL— IR mark [ESHIN L 1. BT INEEmEIrER, KM phgRefineMarkedElements iR [FIH T4 H
TG mark B e IEIE .

13



ENE BHEEES5ARITERE

B BN G T8 B PR T s B S A e A BB . B iR DU AETIR E 30 B
[LI v R ST I

§4.1 BEHELES5HRTEERE
H R i 454 DOF_TYPE & X, "EHiid B HEEAE .00 B oA A BR oo ek B P i e

typedef struct DOF_TYPE_ {

const char *name ; /x BEEER G AR */
FLOAT *points; /* BREALE (GHEE) */
DOF_TYPE *grad_type; /x BEHAEEER x/
DOF_INTERP_FUNC InterpC2F; /% XETE| TR AIGE */
DOF_INTERP_FUNC InterpF2C; /* FRTE| L RTIGE */
DOF_INIT_FUNC InitFunc; /x kAL (FXF) HEL */
DOF_BASIS_FUNC BasFuncs; /x T ERREAE +/
DOF_BASIS_GRAD BasGrads; /% T EIRBSALEAL */
BOOLEAN invariant; /* R ABFEFEATRILK */
SHORT nbas; [x —ANFBLF R BEANL */
BYTE order; /% BB S R XREL */
CHAR continuity; /% HTRTUH S E LA */
SHORT dim; /% FRELYESL (1 Dim) */
SHORT np_vert; /* TRE B B EANEL */
SHORT np_edge; /% B REANL */
SHORT np_face; /x @B EAE x/
SHORT np_elem; /x BUH BB «/

} DOF_TYPE;
Hrp:

e np_vert: EANTH LR ) P R
o np edge: KEZKIL LI HIZEEL
e np_face: ML A A EL
e np_elem: KEANHLICHH AL
FFIRAT BROGIE s 2K B i SESRAIE AT B A1 A -
o order: kRN ILIKEL
e BasFuncs: THH 3R HH
e BasGrads: U472k bR BCHDG - HLOAR BRI BE S (H
o dim: FEpRELIYERL
e grad type: BRI H HIEZIRM

14



§4.1.1 BEXHBMRTEE
e DOF_PO — DOF_P4
0 & 4 By Lagrange JG (K& DOF_PO #M%°h H! conforming)

e DOF_HB1 — DOF_HB15
1 % 15 Bt Hierarchical H' conforming JG

e DOF_HCO — DOF_HC15
1 & 15 ¥ Hierarchical H ey conforming JG

e DOF_DGO — DOF_DG15: 0 & 15 Bfi Discontinuous Galerkin JG (L)
Hrh DOF_HCn Al dE (= 4), 4 kb,
DOF_DGn % DOF_Pn (n < 4) BY, DOF_HBn (n > 4) i,

4N, DOF_ND1 (£:1%: Nédélec JG) “4/-F DOF_HCO, DOF_HFEB1 %:{/-}* DOF_HC1, DOF_HFEB2 Z:{/
T DOF_HC2

§4.2 HHEMNZR
H B S5 B EERA ., B YRR LA AL B i s 22 b X

typedef struct DOF_ {

char *name; /* name *x/

GRID xg; /* the mesh */

DOF_TYPE *xtype; /* type */

SHORT dim; /* # variables per location */

BTYPE DB_mask; /* Dirichlet boundary mask */

FLOAT *xdata; /* data array */

FLOAT xdata_vert; /* pointer to vertex data */

FLOAT xdata_edge; /* pointer to edge data */

FLOAT xdata_face; /* pointer to face data */

FLOAT *data_elem; /* pointer to element data */
} DOF;

U H B R E SRR AT BRI R EON, 1% H B ST DUR AR AN ST R
AR TR £
HH N R R R
e name: HHEXRAIK
o g MK
o type: HHIERM
o dim: 4EHL
o data: (AHl) A HEHIEZEMIX
e datavert: i data F1 T AL 1 R 4R Uk
e data edge: f5I7 data Hi [ i EEEHE (1) 4 ok
e data_face: {[H data "I HH A K 4G Hb Ik
e data elem: fR[A] data "G I HHEEEH (FEE 46 M ik

15



§4.3 fIE. SHMERBHEXNR

DOF *u;
u = phgDofNew(GRID *g, DOF_TYPE *type, SHORT dim,
const char *name, DOF_USER_FUNC userfunc);

phgDofFree (&u) ;
Hrr userfunc A LUUF R TE
e DofNoData: ANRAF H HH AL
o DofNoAction: WIMEEAAE (I sUBCHL) A i SR HEA T4 {1
e DofInterpolation: WAL Az B Bl BEAT i {5

o HELIEAT FRINIEN
void userfunc(FLOAT x, FLOAT y, FLOAT z, FLOAT *values)
IR, PHG AR 1% 00 B0 pR BUER T 5 B i Al (B Bl Ly $358)

P41 phgExportVTK il phgExportDX RVFRHTE LR A t X 25 N B i ML
§4.4 BHHERS

PHG X} H w5 K A& da 5, CRET RS RIS 30, AT RS . LAY
SR UE: B A T T E Hﬂf“i‘;ﬂﬁ;ﬁﬁ’])%*ﬂﬁﬁllﬁf%ﬁﬁﬁﬁ, SR JE K1 WA R BT A L
B H B 3% (0 R G 5 3 AT 9w, B 1 IR v BT T 1) 8 ¢ TR 1740 S g I A T 4 5
o JE R T A R BT BTG 1 ER RS BTG IR JR n  U EAT S

ST RN JEF 2 A7 R0 A B, CAEARR PRSP A EANR S, AT R
B CEE”, TR T a2, e .

PHG At A HEM A RS, T8 8 hER4 R 5 v LUEL Map F VEC X4 KT A7
I,

§4.5 HE¥&iio B HERIE

X E H B u, DofData(u) F8 MMM IX, (4T u->data), DofVertexData(u,vertex no) g
I 5 52 TS 1) B el R B 1 4 Mtk , DofEdgeData(u,edge no) 48 [A1 45 &L 1K) H B2 £ (k2 4h 1t
3k, DofFaceData(u,face no) J5 [ $5E MK B HEHIE LG bE, DofElementData(u,elem no) §i§
)45 LG H R s iR G

X B EH P N ) L U In) S G TR A N ARk AT, g n -

int 1i;

DOF *u;

SIMPLEX *e;
FLOAT *data;

ForAllElements(u->g, e) {
for (i = 0; i < NFace; i++) {
data = DofFaceData(u, e->faces[i]);

16



§4.6 BHHEMNRMEE

phgDofCopy (DOF #*src, DOF **dest, DOF_TYPE #*newtype, char *name)

QI A XS dest, ‘B2 HHENS src 14 U, newtype U NULL KK dest [IRAET
src->type. WIR newtype i MIKMAF T src->type, N dest 55T src FHIHIA P T 8] L)

B
WY o

phgDof AXPY (FLOAT a, DOF *x, DOF *xy)

i‘l‘ﬁy:zaw—l—y

phgDof AXPBY (FLOAT a, DOF *x, FLOAT b, DOF *x*y)

W y = az + by

phgDofMatVec (FLOAT alpha, DOF %A, DOF *x, FLOAT beta, DOF *x*y)

Wy = adx + By. IXH A KNJT5BE, WRIEILAEES o B0 R 5 MO b . 0 F B R e
5 ¢ HMTI8%E, A = NULL EonEAr E,

phgDofMM(MAT_OP transa, MAT_OP transb, int M, int N, int K,
FLOAT alpha, DOF *A, int blka, DOF *B, FLOAT beta, DOF **C)

ZPREAH T (3% T
C := atransa(A)yxxtransb(B)gxn + B Cuxn

L transa Ml transb A4 HL MAT_OP_N o, MAT_OP_T. ‘&/iidi | phgDofAXPY. phgDofAXPBY Fll
phgDofMatVec [KThfE.

M blka < 0 I, A E‘Jéﬂﬁﬂﬂfhﬁ%ﬁ%ﬁﬁ*/\ M x K 80 K x M 3EEE, Rt A fgesy
(DofDim(A) = A->dim x A->type->dim) Mi%%%5T MK,

2 blka > 0 I, A FIBEA B b EEEBCE DX PR/ R blka x blka FRIERATFARRRE, o 2
3K DofDim(A) = M /blka.

B WA B EEPE M K x N 80 N x K )%, DofDim(B) =
C WA A B BAERE M M x N 5P, DofDim(C) = M N,
PR TR s R B o

84.7 AIRTEHREKE

FLOAT *phgDofEval (DOF *u, SIMPLEX *e, const FLOAT lambdal],
FLOAT *values);
FLOAT *phgDofEvalGradient (DOF *u, SIMPLEX *e,
const FLOAT lambdal[], FLOAT *values);

17



FLOAT *phgDofEvalDivergence(DOF *u, SIMPLEX *e,
const FLOAT lambdal[], FLOAT *values);
FLOAT *phgDofEvalCurl(DOF #*u, SIMPLEX *e,
const FLOAT lambdal[], FLOAT *values);

XL bR B A B G PR A AR A T A b7 B 11 R R 5

§4.8 HHEMRBIE

FLOAT phgDofNormL1(DOF *u) ;
FLOAT phgDofNormL1Vec(DOF *u) ;
FLOAT phgDofNormL2(DOF *u) ;
FLOAT phgDofNormL2Vec (DOF *u);
FLOAT phgDofNormH1(DOF *u) ;
FLOAT phgDofNormInftyVec(DOF *u);

§4.9 HHEXRAMS

DOF #phgDofGradient (DOF *src, DOF **newdof,
DOF_TYPE *newtype, const char *name) ;
DOF #*phgDofDivergence(DOF *src, DOF **newdof,
DOF_TYPE *newtype, const char *name) ;
DOF #phgDofCurl(DOF #*src, DOF **newdof,
DOF_TYPE *newtype, const char *name);

§4.10 HHRBHEXNZK
§4.10.1 BEEHHAENER

WA RS 258 k) DOF_CONSTANT, ‘B A4 T ANEUE R H 50 dim 4EpR 50,
i -

DOF *A;
A = phgDofNew(g, DOF_CONSTANT, 3, "A", DofNoAction);
phgDofSetDataByValuesV(A, 3, "A", 1., 2., 3.);

SE T — AN IE N H TR (1,2, 3) RS
R E RS ZAT LU A B R A2 AR EOE AT BUER U L BT R A

§4.10.2 MR BEHENER
AT 2R 1 P B2 M2 DOF_ANALYTTC, ‘& YA FH— AN 7 B4t 1 e A0 550 1 e B X % A

static void
f (FLOAT x, FLOAT y, FLOAT z, FLOAT *value)
{
*value = (x < 0.5 7 1.0 : -1.0);
}

18




DOF *c;
¢ = phgDofNew(g, DOF_ANALYTIC, 1, "coefficient", f);

— AN H R BT LU — AT B B SRRk, 22 WA 1 - () W T SOt ] A

7E—ANKM Y% pOF_Po [ At R %,

FENTIY B BN ST UL E B B R A2 5 AE0s AT BUER Y BEATRAESE, EA AV

X HLHEAT R Ia 5

§4.11 IFEISBERITH B BREXIE

FATH S, FTLUEIY e->neighbours [i] FLIEVT I HIC e MIEHE @ ARG, MIFATTHEALS, 48

Ja H el A HUE R, R T s W AME T B MPT-1 S8,

DN G X AR BTG I BT ), — AN R o S I e 1 TR AT A28, KR iR

JCHI DTk B BV EE R . nTRRIH PHG 1) 4R D RER se O 45 &, T X Rk
57 63 WEZT -

TAN A Ti L M phgNeighbourData KRN (GEAE) 4B FICHKIEE (PHG 2 H3h5¢ i %

1A ) -

i, B A XS u (9268805 DoF_Po (73 )7 HEL), MIBAUHETHEE u AETAT IR TSR .

NEIGHBOUR_DATA *nd;
SIMPLEX x*e;

int i;

double a;

nd = phgGetNeighbourData (u) ;
ForAllElements(u->g, e) {
for (i = 0; i < NFace; i++) {
if (Zfm) {
a = *DofElementData(u, e->index);
}
else {
a = (xDofElementData(u, e->index) +
xphgNeighbourData(nd, e, i, ELEMENT, 0)) * .5;

phgReleaseNeighbourData(&nd) ;

§4.12 JLWEEHEMNR

PHG WHS HZhES NP ER I B BN %, B8 W& B g, H SR 5. 1

AFRICAR S22 3 LT, JRSe it 4R Bt - s i) ix 2 i

FLOAT phgGeomGetVolume (GRID *g, SIMPLEX *e);

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e);

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e);

FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face);

19



FLOAT phgGeomGetFaceAreaByIndex(GRID *g, INT face_no);
FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face);
FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face);
FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face);
FLOAT *phgGeomXYZ2Lambda (GRID *g, SIMPLEX *e,
FLOAT x, FLOAT y, FLOAT z);
phgGeomLambda2XYZ (GRID *g ,SIMPLEX *e, const FLOAT *lambda,
FLOAT *x, FLOAT *y, FLOAT *z);

20




FRE HERS
§5.1 FRTITEPHIKERS

A PR B O 3 A S5 B B R B FERR AN B =K. PHG XS THRLE A
AR K 52 1o

§5.2 HEMRHS AR

Gauss BUEUAR T 2~ XA R BE 45 78 DI — S8R T8 AR OB R e M 445 SR A AL R KA 1%
DA BRI . BLIG BRI B, BOE e f& AN RIC, f(z) 208 XAE e ER— D% .

n—1
/f(:v) dx ~ Zwif(l”i)
€ i=0

Forpr o BRI 1L (abscissas), w; FRONALEE (weights) o 18 24308 U 7p s MIASCER ] A4 L 3A 28 204
AN A DA 22 AR B 8L — DR 2 B R R 7 24 SO0 BT I B A B I b i 2
ARG B

PHG IEAEAR > 2 A A AT — AL OB, RIES AR 3 5

/f(:z:) dx = V(e) X_: w; f(x;)
e i=0

Horb V(e) FoRHIC e AR WK, WA A% 0 IRZ IGERGHAK, WIAR B 25
Jiik

n—1
E w; = 1
=0

PHG " H H oo SO AR R R R0 15, 50 FHIXFP R s B0 s RS AR 15 5 AR 4 i A AR
1, #52, — MR AKXPIB B S Booi IR AL E TR

PHG $EAT Z M EERR 73 A, 3000 2B I i AT BURs e 3 vk 2], e A X2 R
—H4E Gauss-Jacobi 732 2l i 5k m AR 10 5 20k i

§5.3 XIIRBIEER S

PHG ALK TR0k BEAEEA 40 A ORI XIARIG, B — AR AR T AL bR 4 BEEATAT
BB SRR A O LIS SRS s 187 (A T — R

DAL= AR 23 1, B (4, 2,0,0) JE— MRS, U (4,0,2,0), (4,0,0,1), (0,1, 1,0), (0,3,0,1)
H(0,0,4, 3) AR R 1

Dy T IR R RS AU A 2, SCPF include/quad.h 5 X T 4% PernmXXX Fil DupXXX,
Ft, Lk 6 AU AT S S A Pern22(0.5), RWEAIMALE Y 0.25, AR (AT T 5 1
Dup22(0.25) .
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—#HRH 2K
P Bl s BUE
Perm2(1/2) (1/2,1/2) Dup2(w) = w
Perm11(a) permute{(a,1-a)} Dupll(w) = w,w
—HRH AN
F B D
Perm3(1/3) (1/3,1/3,1/3) Dup3(w) = w
Perm21(a) permute{(a,a,1-2a)} Dup2l(w) = w,w,w
Perm111(a,b) permute{(a,b,1-a-b)} Duplll(w) = w,...,w
———
6
ZHRF 2K
F B0 ED
Perm4(1/4) (1/4,1/4,1/4,1/4) Dup4(w) = w
Perm31(a) permute{(a,a,a,1-3a)} Dup31l(w) = w,w,w,w
Perm22(a) permute{(a,a,0.5-a,0.5-a)} | Duplll(w) = w,...,w
———
6
Perm211(a,b) permute{(a,a,b,1-2a-b)} Dup211l(w) = w,...,w
———
12
Perm1111(a,b,c) | permute{(a,b,c,1-a-b-c)} Dupllll(w) =w,...,w
24

§5.4 PHG BI#ERES AR

PHG H 454 QUAD fAAEBUERU A S, XA SAFREAE XA src/quad. ¢ 1o %45 IR =B RY
DAL/

char *name;

int dim; /x 1 @, 2: ZAM, 3: W@k x/
int order; /% BRI ITE */
int npoints; /¥ BRI R B EL */
FLOAT *points; /* B4R T SAAR x/
N

FLOAT *weights; /x R4 SME */

R phgQuadGetQuadnD(p) (n =1,2,3) R [EFR R —A n 4E p B QUAD ZE# TR . T e e b
BRI AN SAAFAE, R A st — N ik ERUE A BB ER 5 A .

B AR w A (O 1 1)) BHEXS, TR 3 B a5 u 7EHRIT e 11
1. AT EAR )

§5.4.1 2 k &4 (0<k<6) LHIFS

QUAD *q;

FLOAT lambdal] = {0., 0., 0., 0.}, sum = 0., value, *p, *w;
int i, vO0, vi;

FLOAT sum = 0., value, *p, *w;

v0 = GetEdgeVertex(k, 0);

vl = GetEdgeVertex(k, 1);

q = phgQuadGetQuadiD(3);

p = g—>points; w = g->weights;

for (i = 0; i < g->npoints; i++) {

22



lambda[v0] = *(p++);
lambdal[vl] = *(p++);
phgDofEval (u, e, lambda, &value);
sum += *(w++) * value;

+

sum *= A KE;

(LK JETT LUl L u->g->verts [e->verts[1] 1H)

§5.4.2 F kW (0<k<4) EBYFRS

QUAD *q;
FLOAT lambdal] = {0., 0., 0., 0.}, sum = 0., value, *p, *w;
int i, vO, vl, v2;

v0 = GetFaceVertex(k, 0);
vl = GetFaceVertex(k, 1);
v2 = GetFaceVertex(k, 2);

q = phgQuadGetQuad2D(3);

p = g->points; w = gq->weights;

for (i = 0; i < g->npoints; i++) {
lambda[v0] = *(p++);
lambdal[vl] = *(p++);
lambda [v2] *(pt+) ;
phgDofEval(u, e, lambda, &value);
sum += *x(w++) * value;

sum *= phgGeomGetFaceArea(u->g, e, k);

§5.4.3 BRI RS

QUAD *q;
FLOAT sum = 0., value, *p, *w;
int i;

= phgQuadGetQuad3D(3) ;

= g->points;

= q—>weights;

for (i = 0; i < g->npoints; i++, p += 4) {
phgDofEval(u, e, p, &value);

sum += *(w++) * value;

T Q
|

=
|

sum *= phgGeomGetVolume (u->g, e);

§5.5 W. Z&MRMITE

A PR 2wy B S = e PR, il

W
/%‘%‘7 /V%"V%v /AV%'V%: /f%, /fg%‘

Forb i, o5 JFERREG AR REL A DA R EE 3 x 3 WKL e WIT, f oI
AN

23




R LA R 3 bR 8 X e 5

phgQuadBasDotBas(e, u, i, v, j, QUAD_DEFAULT);

phgQuadGradBasDotGradBas(e, u, n, v, m, QUAD_DEFAULT) ;

phgQuadGradBasAGradBas(e, u, n, A, v, m, QUAD_DEFAULT);

phgQuadDofTimesBas(e, f, u, n, QUAD_DEFAULT, result);

phgQuadFaceDofDotBas(e, k, g, DOF_PROJ_NONE, v, n,
QUAD_DEFAULT) ;

§5.6 ITEME=E

A RIT g R ZE Al vt 2 T S Sk, PHG S NI F gk o o S e B

DOF #*phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name,
int quad_order);

ZRRHGR P> B RN G, RN E A E A, 2855 T u AR B AR R~ 7 Ay
(I & Lo BT I7).
proj FAAXS T AME R PR . 2 n WINANE R, [] s ok B i ) Bk, 0.

proj = DOF_PROJ.NONE 4% / [k
!

proj = DOF_PROJDOT 44 / n - [u]|?
!

proj = DOF_PROJ_CROSS 4% /!n x [u]”
f

§5.7 EERE. BHEERY cache

VPG OL N BUE AR TP IR s B O E S i EE R 2. it e ERHEE, PHG W LU
(1135 bR K B o KU P AL R AT AERF SE 1K) cache o

55 B ARGy RS S SRR T 3 e T SRR R B iR AL, U PHG 2o ARG R B Ry
HTE BT A Bl cache JEB& B HBR B 11 -

FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e,
int dim, DOF_USER_FUNC userfunc, QUAD *quad) ;
FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad);
FLOAT *phgQuadGetBasisValues(SIMPLEX *e, DOF *u, int n,
QUAD *quad) ;
FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n,
QUAD *quad) ;
FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n,
QUAD *quad) ;

i, T AR / Von - Voon, ot on Al g 48B4 E HBERT . w (G LB LA B0k
1) IS n RS m AN

QUAD *quad;
const FLOAT *gl, *g2, *w;
FLOAT d;

24



int i;

quad = phgQuadGetQuad3D(2 * u->type->order - 2);
gl = phgQuadGetBasisGradient(e, u, n, quad);
g2 = phgQuadGetBasisGradient(e, u, m, quad);
w = quad->weights;
d =0.;
for (i = 0; i < quad->npoints; i++, gl += 3, g2 += 3, w++)
d += (gi[0] * g2[0] + gi[1] * g2[1] + gi[2] * g2[2]) * *w;
d *= phgGeomGetVolume (u->g, e);

HAEr PHG B 24t = 4R 11 cache HLH,
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O

PHG 7] DUl i iy AT 0 1) 77 Ak BOE OB RRIF BT IS8 A am AT IR — N3
] Bt 21 Z B0 E R

PHG I LR (5400 ol kIR % (=540, I S IT, Eh4 55
HIA] S B 5 S B T

WA SR, 2R % FKonly —kR L HIE Lo

YF AN ATIE I 2 R B IL, DLRfa— IR . BATAEf—A PHG F2/7H), #ATLL
Fl-help’ F1 &t SCREIR A AT 26 0 & S 40

PR phgInit FUTENITH iy AT EIATALEE . I phglnit ZJ5, 21T (arge, argv) ¥
HEA FREDTE 6 217 S8 oem_options HEIH IS4,

PHG BN E AT — > 5 AT I IR AR 5, 326 T PR A FH A A AR 40 32 201 (1) 2 B 6 0 178 (1)
i PHG SCRF IR UMY (1) iy AT 6 101 :
IR | SHCERA | A ERR

TSH c BOOLEAN
LSt b5 INT

gt ¥ AR FLOAT

FIREH FIFH char *

A4 P char *

Vet PN int

PRI 1Y TR H R R4t (option handler)

IEIN ‘—options_file SPFZ’ KR UM (FRAIEITUCAE) T L E N 2 49 Fi A & . —4
TETSCA A v DU S AT B H e I, 308 T ) F 25 B A T R T

WIRAEAES N T AT A % . options” KIS, PHG £ E 6 N i% SCH: P 3 I

-oem_options & MMEFERMIIEIN, PHG ¥ IS HURE ARG AL B 2E e A (W PETSc. Hypre
) o HAT LA ‘—oem_options’ LI, PHG K& TG S HdL T & kK. #llr, FHliEH G
fiftvk 25 A block Jacobi TAAE T PETSc H IIHA4 il 45 -

-oem_options "-ksp_type cg -pc_type bjacobi"

FH R AT LAFE R phglnit IR NiE! phgOptionsPreset K — LI IE . nT L2 R
phgOptionsPreset, &KX IH phgOptionsPreset W LA%SH ZANEIN. 1 l1:

phgOptionsPreset ("-default_dof_type P4");
phgOptionsPreset ("-solver_maxit 1000 -solver_rtol le-5");
phgOptionsPreset ("-default_solver hypre");

WRALEIZAT—A PHG FEFIAEH T ‘-help’ MEIN, W2y o e B SCHE 1 Ay AT IR T0 K WAk
JELEEH . ~help MIBHUE—A2K04%, W ‘~help hypre’ fWznfs I Hypre [IET, ‘-help all’ i
SRPTA R, T ‘~help help’ N EosH A4 .
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§6.1 BEXWTITIEMR

FH P AT BLR H B8 %L phglOptionsRegisterXxxx FEMERT Ay AT I o Y Ay AT L I 2501 1
phglnit ZHTHEAT

phgOptionsRegisterTitle(const char *str, const char *help,
const char *category) ;

phgOptionsRegisterNoArg(char *name, char *help, BOOLEAN *var) ;
phgOptionsRegisterInt (char *name, char *help, INT *var);
phgOptionsRegisterFloat (char *name, char *help, FLOAT *var);
phgOptionsRegisterString(char *name, char *help, char *xvar);
phgOptionsRegisterFilename (char *name, char *help, char **var);
phgOptionsRegisterKeyword(char *name, char *help,

char **keys, int *var);
phgOptionsRegisterHandler (char *name, char *help,

OPTION_HANDLER func, BOOLEAN append);

XL 40 (1 H VLT 3 poisson. co

§6.2 FRENGSITEHRISRIE

I TR B KT DU R AE RS P A T i R R iy 447 B 200 4 24 i A -

BOOLEAN phgOptionsGetNoArg(char *op_name);
INT phgOptionsGetInt(char *op_name) ;

FLOAT phgOptionsGetFloat(char *op_name);
char *phgOptionsGetKeyword(char *op_name);
char *phgOptionsGetString(char *op_name);
char *phgOptionsGetFilename(char *op_name) ;

il

phgPrintf ("Default solver: %s\n",
phgOptionsGetKeyword ("default_solver"));

§6.3 FMBTREWLITIENRISHE

HIRR B AR AT IR P A AR A AT IO W KA B . 7 ERE R, S
ITRIURAERE Y R B WA T, R T I8k 0, R P iafy i eI seE AR, JF HA T
e FEREF 2

void phgOptionsSetOptions(const char *str);

phgOptionsSetNoArg(char *op_name, BOOLEAN value);

phgOptionsSetInt (char *op_name, INT value);

phgOptionsSetFloat (char *op_name, FLOAT value);

phgOptionsSetKeyword (char *op_name, char *value);

phgOptionsSetString(char *op_name, char *value) ;

phgOptionsSetFilename (char *op_name, char *value);

phgOptionsSetHandler (char *op_name, char *value);

phgOptionsPush(void) ;

phgOptionsPop(void) ;

H:rf, phgOptionsPush Al phgOptionsPop FHTIRA7 Yk E M HTFTH fr AT IE I B E .
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§6.4 SRR SITRABSITIER

phgOptionsShowCmdline (void) ;
phgOptionsShowUsed (void) ;

phgOptionsShowCmdline ¥] Efl HIZA TR (R A 24T
phgOptionsShowUsed FT I L T A7 1 /7 45t (1) iy 4T S I ) B A
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N

FLE ZMURRES

I,

§7.1 LMBESRIIR

typedef struct {
OEM_SOLVER *oem_solver; /x SPIRIES */
MAT *mat ;
VEC *rhs;

} SOLVER;

HHr, cem_solver FREFTAHIN “AME” fL2S . 1 oem_solver A NULL I R/~ H BRIV SS
BRONALAS v] LAFE 24T L LTI -default_solver’ >KFRiE
PHG HFISCRE “HME7 ffidi4s (OEM solver) fu:

SOLVER_DEFAULT,
SOLVER_PCG, SOLVER_GMRES, SOLVER_AMS, /* W3R ESR +/

SOLVER_HYPRE, SOLVER_PETSC, SOLVER_TRILINOS, /x FEARE +/
SOLVER_MUMPS, SOLVER_SUPERLU, SOLVER_SPOOLES, /* H#E */
SOLVER_SPC, SOLVER_LASPACK /x LERBESR */

§7.2 GUEMMEEMBLRIVR

SOLVER *phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...);
int phgSolverDestroy(SOLVER #**solver);

phgSolverCreate R AT A S - AR R AR I B BN 5, WA S ECR A AR R T
NULL 453

§7.3 HHRLMARGRREIEM KA i

f PHG HOLR PERRYE B, KT B 21 P 52 128 2R A o 4 S 3
AR IR 0 5 o SR R B (B SR TR R O AL £ o P e
2.

IR PR B H G S R TR R S S R DA R R () PR

phgSolverMapE2L (solver, dof_no, e, basis_no);
ptholverMapDQL(solver, dof_no, dof_index);

I I BRSO ACH e 2 T o 3] 258 KP4 g T«

phgSolverAddMatrixEntry (SOLVER *solver, INT row, INT col,
FLOAT value);
phgSolverAddMatrixEntries (SOLVER solver, INT nrows, INT *rows,
INT ncols, INT *cols, FLOAT *values);
phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value);
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phgSolverAddRHSEntries (SOLVER *solver, INT n, INT *indices,
FLOAT *values)

Forb AT 0G5 AR R K SR

§7.4 Dirichlet 1R &4

PHG #&At—/N H AL B Dirichlet 1 A 5F I REL, E08F— AR B AL E 1K) Dirichlet 1A 4 1F 4
Aoy — AT I B et T R
BOOLEAN pthofDirichletBC(DDF *u, SIMPLEX *e, int index,

DOF_USER_FUNC f, FLOAT mat[],
FLOAT rhs[], DOF_PROJ proj);

Hrp index fRFRFHITCHRE G ‘T o IREUE A FALSE Fom 1255 ok HOR N K A7 B AN & Dirichlet 12253 (98
L83 S8 T Dirichlet 2 54 rl@ L [ X (1) DB_mask K FE ), & WIAE mat HIR AL S5 FEM
FH AE rhs PIRBELA T REA I B2 mat ANV AZAE T S TR s B ML T rhs ARG REN

MNiZZ% T u->dim.

EWH P T B s b & Tz s B B

§7.5 FARI—NREIEE R E KB RE A im

B 7Rk B2 % solver;

A BB HSEE Fads 55 ;

I B SSETE Fad 3R ;
phgSolverSolve(solver, FALSE, ... ... E
phgSolverResetRHS (solver) ;

AR ULRFT AR
phgSolverSolve(solver, FALSE, ... ... )

§7.6 PHG X IFRIfE LSS
§7.6.1 PCG/GMRES
8§7.6.2 LASPack

§7.6.3 PETSc

§7.6.4 HYPRE

§7.6.5 MUMPS

§7.6.6 SuperLU

§7.6.7 SPOOLES

§7.6.8 Trilinos/AztecOO
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FINE EERREHRE
§8.1 MAP

MAP T4 B Sy BATAk 1 or AT Q) 8, RISt B el R 3 v s A s (R LA DG R
§8.1.1 (] EARRET

MAP #*phgMapCreateSimpleMap(GRID *g, INT m, INT M);

SRRECE R vy AR RN o 90 AU ERL R AN, S
WA g AHOCIR T A7 BERE 2R R I, OF HATHIAH IR M 228

ik g s Anfe p ANdERES, R« TS E o FT m, i=0,...,p— 1, W m,; LIHL FIRH
Mg
1) T m ZAEEF M, B

p—1

Zmi =M

=0
PRI E SCR R — AN i K B My ZIERE 5 0 U A7t B @ Ao KNl my 123 A1
EWCIE

2) Fra R m T M, Bl
mi=M, i=0,...,p—1

BRI E SCHR R — AN AT S RIS AEAEAE TR ERE P B M A o IR B & A7 mk
Ho

§8.1.2 ETBHHERMST

MAP #*phgMapCreate(DOF *u, ...);

PR BT QA A i) F 2 R Y T AT AR S MR TR A I B B RN SR B B, AR
IR0 F 2T T AR 23 Yo o SRR LA 485 NULL 4590

(ZLAF

DOF *u, *v;
MAP *map;

map = phgMapCreate(u, v, NULL);
QU MAP, EHIE u M v THIFTA B TR R A
§8.1.3 BRETHHIRS

Bt E
SETAH OG0 o T 2 S T A I RS o XL T 1 e O T
AT AT 3 EREG o 3 B A BB 04
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fitun, B B o B9 A BHER RS A 0,. .., N=1, v A HER RS N o,..., M~
1, W bt N T u WA BERREHS R 0,... N —1, XNT v BAHEREEHmS R
N,...,M+N — 1,
AH&)E %5
J& T AR 0 R E S, g 0,.. o m—1
eSOk & Sk
) A SR R, dSTelh 0, M1

§8.1.4 imSitik

INT phgMapD2L(MAP *map, int dof_no, INT index);

INT phgMapE2L(MAP *map, int dof_no, SIMPLEX *e, int index);
INT phgMapL2V(MAP *map, INT index) ;

INT phgMapL2G(MAP *map, INT index) ;

Hrf dof _no AERMGS T B X Z KPS, A 0 TFER, W w P50 0, v IFS 8 1.
o phgMapD2L K H HHEEAE B o1 X G G 5 WA MAP ()5 f4 5

e phgMapE2L #f H HEAEHICH NS S (SRR s i 5) BRESN MAP H R85 5 o

e phgMapL.2V i Jaj G 5 WL D A3 ) i 55

o phgMapL.2G #f Ja) S RS DAy 4 Jaj 1) R 5

§8.1.5 HHE5SMEEZENEIEERE

int phgMapDofToLocalData(MAP *map, int ndof, DOF **dofs,
FLOAT *data);

int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs,
FLOAT *data) ;

VEC *phgMapDofArraysToVec(MAP *map, int nvec, BOOLEAN bdry,
VEC **vecptr, DOF **u, ...);
VEC #*phgMapDofArraysToVecN(MAP *map, int nvec, BOOLEAN bdry,
VEC **vecptr, int ndof, DOF ***dofs);

void phgMapVecToDofArrays(MAP #*map, VEC *vec, BOOLEAN bdry,
DOF **u,...);
void phgMapVecToDofArraysN(MAP *map, VEC *vec, BOOLEAN bdry,
int ndof, DOF ***dofs);

§8.1.6 BRETAYIHER

phgMapDestroy (MAP **map_ptr) ;

N SERE A AN WU 2 AN FERE L 1085, FEWS N IERAE A — A S T s . — WU gt
INF, SRS VRGN 0, TR —ASETN & GEFE . 100 55%) 5IRNZS I, S5 v s ik
hn 1. JAH phgMapDestroy I, WURGIHITHERS ik, WK S HIvHE RSk 1, 45 88 0
0 I} phgMapDestroy 4 SEFrit S iZ LT o — AT T WU F0 S S nS, ex A I o | IR A7
LS 30 FH phgMapDestroy. K, phgMapDestroy A Y AW AT AT e X %5 | I A2 1 5%
PUSTE

32



i, N R AR R B DR 1

MAT #mat = phgMatCreate(...... );
MAP *map = mat->rmap;

phgMatDestroy (&mat) ;

phgMapDestroy (&map) ;

TR AR % -

MAT #*mat = phgMatCreate(...... )
MAP #map = phgMatGetRowMap (mat) ;

phgMatDestroy (&mat) ;

phgMapDestroy (&map) ;

§8.2 M@= (VEC)

VEC *phgVecCreate(GRID *g, INT m, INT M, int nvec);
VEC *phgMapCreateVec (MAP *map, int nvec);
void phgVecDestroy(VEC *xvec_ptr) ;

void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value);
void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices,

FLOAT *values);
void phgVecAssemble (VEC *vec);

HEXT vEC MR E T H ‘phgdoc phgVec’ FlliH .
phgVecAddEntry Al phgVecAddEntries "4 H [n) &4 i i J 5

§8.2.1 FIAMEHRIRETHIERTHENEM
A PHG (K17 AR DI RE T LL5e i — 2L ST R & . DA

B 5 o

M s EATT S E, BB

H XS u 28800 DOF_PO (70 F 5 4R), i TS u AET BRI, W DUER — A, X

JUHEAT VR 3 58 o

static DOF_TYPE type = {... ..., 0, 0, 1, 0};
DOF *a; /* FfkdE LR e A BT R */
MAP *m; VEC *v; SIMPLEX *e; int i; FLOAT d;

a = phgDofNew(u->g, &type, 1, "average", DofNoAction);
m = phgMapCreate(a, NULL);
v = phgMapCreateVec(m, 1);

ForAllElements(g, e) {
for (i = 0; i < NFace; i++) {
d = *DofElementData(u, e->index);
if (@) {
if (' FMARIAAHZE) continue;
phgVecAddEntry(v, 0, e->faces[i], d);
} else
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phgVecAddEntry(v, 0, e->faces[i], 0.5 * d);
}
}
phgVecAssemble (v) ;
phgMapVecToDofArrays(m, v, FALSE, a, NULL);
phgVecDestroy(&v) ; phgMapDestroy(&m) ;

§8.3 %EP&E (MAT)

MAT *phgMapCreateMat (MAP *rmap, MAP *cmap);
void phgMatDestroy(MAT *xMat) ;

MAP *phgMatGetRowMap (MAT *mat) ;
MAP *phgMatGetColumnMap (MAT *mat) ;

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

void phgMatAssemble (MAT *mat);
MAT *phgMatRemoveBoundaryEntries(MAT *mat) ;

SR, MAT RN VL (AR AR S [ — ) . A M5 IS 0
i phgMatDestroy A 71 SHFEXT 4 .

§8.3.1 Dirichlet 1R &4

U — N R4 %2 0 () BOOLEAN f¥ 51 handle_bdry_eqns [fJ{ii}) TRUE, ] phgMatAssemble B&%(
SRR B EEXT B P ) DB_mask AR 53 € MR L8 TG 3K . T+ Dirichlet 5% B HHAE, 7E4IBERRKIX L0
BT« FIERAFAE e T, SR 0 RE R rp R X LA T AT 0 M A AL B, IR () Ab BT B TR
FE RN AR

phgSolverAssembleRHS BRI A1 2H A v M /i A1 FH AR AT (3L F-AT 51 564 4 T+ Dirichlet 15 H
P2 R AR R SR A EH SR, AT Y BB 7 R ) A i T

—/NEEIEFE PR handle_bdry_eqns i 54 FIMEIE A FALSE, TMillid %Y phgSolverCreate Tl
FRIHLEE ) handle_bdry_eqns % BB 44 A TRUE.

§8.3.2 “JoiEFE” %E[F

PHG SRR IR FE, BN “matrix-free” matrix, M PSR RE G, L Rt
ANATT5E R B 1) ARV R (MV_FUNC).6
typedef int (*MV_FUNC) (MAT_OP op, MAT %A, VEC *x, VEC *y);

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap,
MV_FUNC mv_func, void *mv_data, ...);

PR MV_FUNC N iZALFE MAT_OP 25T MAT_OP_N (FEFEFELAH &) MAT_OP_T (HiRfH% & bl &)
FMAT_OP_D (RE R [1I% 1 2R 38 7 e LA ) i) — i oo

‘static int mat_vec(MAT_OP op, MAT *mat, VEC *x, VEC *y)
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switch (op) {

case MAT_OP_N: ...; break; /¥y = A x x x/
case MAT_OP_T: ...; break; /* y := trans(A) * x */
case MAT_OP_D: ...; break; /* y := diag(A) * x */
}
return O;

§8.4 MAT. VEC S5f#:%z8

IR R R TR S R A LR R f

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT #*mat) ;
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat) ;
MAT #*phgSolverGetMat (SOLVER *solver) ;

PR %I phgSolverGetMat & AFHIMEMI I FHTFELIE N 1, iX 72 &5 HEVI 0 mat Y02 1) 32X 51
s TR R BRI

SOLVER *solver = phgSolverCreate(...... )
MAT *mat = solver->mat;

phgSolverDestroy(&solver) ;

phgMatDestroy (&mat) ;

TEA TR N A% -

SOLVER *solver;
MAT *mat;

SOLVER *solver = phgSolverCreate(...... )
MAT #*mat = phgSolverGetMat (solver) ;

phgSolverDestroy(&solver) ;

phgMatDestroy (&mat) ;
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ENE HFEE. FEEEItE

int phgEigenSolve(MAT %A, MAT *B, int n, int which,

FLOAT tau, FLOAT *evals, VEC **evecs, int *nit);
int phgMatEigenSolve (MAT *A, MAT *B, int n, int which,

FLOAT tau, int *nit, FLOAT *evals, MAP *map,

DOF **u, ...);

R REOTF T SR [ Ax = ABx [ n MRFAEXT . 240 which W H 4 EIGEN_SMALLEST.
EIGEN_LARGEST 5% EIGEN_CLOSEST.

VP2 SRARZH0T LISEL I iy 247 I TR EAR W K45 1 BEE

§9.1 4$FE{EERRK SR
§9.1.1 PARPACK

§9.1.2 JDBSYM

§9.1.3 BLOPEX (LOBPCG)
§9.1.4 Trilinos/Anasazi
§9.1.5 SLEPc

§9.1.6 PRIMME
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fix— FEFEH

HK examples HfR It T L& i) HL) G N SRR S, 045

simplest.c Poisson J7F%, 2 Y Lagrange JG
poisson.c Poisson Ji#%, {L& H! JG
eigen.c Laplace 5~ IRFAEAELFVRRE 1) 2=
heat.c P F IR

non-smooth.c ) T 2R IO [ 28 e
elastic.c H )2 TR

maxwell.c % Maxwell Ji#2, fEEMMZ HIT

maxwell-eigen.c B8 Maxwell 552, FFAEE i) X

186, test Hag A —2EIIRARE T . B3, BT A B THE PHG AT B ARAE

§A.1 Poisson F2

“Au=f €

Dirichlet 1/21F 7] i1 :
uU=4g x € 00

§A.1.1 HIRTTEE
g9 S DU IR Q) KABRITEE Vi, K up € Vi, A2 :

/ Vuy, - Vo, dx = fopdx, Vv, €V
Qh, Qh

XHL, MR L, EAAW R BRI
N-—-1
W {(pi | i=0,...,N — 1} Ay Vi L BRI 2 up = Z Ui Pi» R
1=0

N—-1

</ Vsﬁi‘v%'dx)ui/ fejde, j=0,...,N—1
i=0 Qn Qp

K2

i
A=fasslwax: ais= | Vi Viyda,
Qp
b= [bo,...,bN_l]T, bj = f(pj dI,
Qn
up = [ug, ... ,uN_l]T,

PRI A3 BT PROCHE wp PTIHGAL AU TE T R4 -

Auh:b
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Woe b Q TIRIT, it e TIRHEERER ¢, i=0,...,n— 1. &
A° = [0 e, ag:/wg.wjdx,
be wm”.an,b-_/f%dx
Gi: A=Y PAS, b= P, Mt Pe R TR R S B 4R bR K W 1AL H
%EM?O ecQy, e€Qy,
§A.1.2 REIREMITTF

1
n2:h§’Auh+f|z+§ Z hf|[VUh'nf]f‘jv
fEF(e)NF ()

Horh F(e) Fon ot e NIRHIARS, F(Qn) RonPrA AR TNES, ny ZoRI0 f BIEFE, he
IRRHIC e MELE, by AGRIN £ EAR, [, Ronisdifl f APk, |- | R8I0 e LI Ly 12, ||y
Fonif f B/ Ly B

§A.1.3 BHiEMNITERE

Init —-—» Solve —— Estimate —-—» Stop

1 !

Refine «—— Mark

§A.2 EFiE Maxwell 572

Vxpu 'VxE-kK’E=J, Q
Exn=0, of)

KHL K2 = w2 — iow. Fob B WU, T R, ¢ A MM, 0 WS R, o HHE
%, w K.

§A.2.1 HBIRTTER

aij:/u_lVch?Vx <p§dx—k2/<pf-cp§dx

b = /J i de
e
%@%& ‘-P; %%i&ﬁ: EIU\}EH Nédélec ﬁ;ﬁ;? chrl f[; (DDF_ch)o
§A.2.2 RWIREMITF

FEF(NF(Qm)
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y
F

n&:@QJ+kﬁa—VXMJVxEﬁ+¢me+HEﬂ3
hy(|[(p~ ' VX E) ><n| +|[(J+k2E)-n]|§)

§A.2.3 BEMNITERRE

Init —-—» Solve —— Estimate —-—» Stop

I !

Refine «—— Mark

§A.3 HE{E[D)

—Au=Xu x2€9
u=0 r € 0N
Q= (0,1)3 I, PEAFAEA ] 8P A AT A A -

)‘kl,kmks = (k% + k% + kg)ﬂgu
Uky ko kg = Sin(ky7mx) sin(kaomy) sin(ksmz),
kie{l,2,...}, i=1,2,3
§A.3.1 HEIRTTEE
RIS RAT R G B RO ) SCARECRF AL i) 7

Auh = )\hBuh
Hoi A BB BOURBRIERMBE, A= S PeA, B= S PPBY, Ac\ B 415kt se R A R 8
e€Qy, ecQy,

TR
A€ = [af’j]nxn7 af’j = /V@f . VSD; dl’,
= [bij]nxn, bf,j = /‘PﬂP] dl‘
B, WE AR B R B E I,
§A.3.2 REIREMITT

1
> :h§|Auh+)\huh|i+§ Z hf|[vuh'nf]f‘f“
FEF(e)NF ()

§A.3.3 MIEHIEMN

Init —-—» Solve ——> Estimate —-—» Stop

1 !

Refine «—— Mark
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AR R ARE L i EE SR L ) B B AT R, T DU E AT A S8 SR ZE A v T O8 RS G Y
(Rrfabs. ] DR B A BT o SRR ALk i 2 SRS AEAEL ) SR SR ZE Al U 1
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