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T B RBS TP F G A A p AT KRS T4, REAS FHR MR FRb . AT, 5
B I ) — SURRE RIS B p AT SRR TR A TR e - L RV T R (LR o
T0). B 14 RIEE 13 IR R PAF R (p = 2) B F BRI RSB, T
AL T TG er, e Al egr AP IR ALEIFHT e, 10, er1 B exze FEE (ERFIFHT,
3G FL AR, (LI B0 0 I T REAT T2 o R 4R M 75 0 A 2 K30 7 7, A
AT

el0fel2

&9 ell
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YT HRMN 0 TFaf . B, TSIt (E 0 - 3 200, A5 7E 0 - (nvert — 1) Z[H] (nvert N
TR TS AL, 42 R%*57E 0 - (nvert_global — 1) X [H] (nvert_global JJ4Jm) M & H (T A 40

B BRITCHANEIN TR TCAR R R T S ERTT I TR TR T PR AS R4 Jmy i 5 o B TR (B4
AT AT BBl — AN T e

TS PUSW AL, S A TIEILAN M 481 . DIFIA$R S ICH Ay — 7
IR YA I2L, TTHT AL DUI ZEE T ks R ARG (R AN TR R T TR R, PHG R 2 L 4
A &4 R G 5 AN TR R DR kAR A PR AR AR I B G 5, 1T ) 2R DI B R PR 25 i1 2545 2]
BAH (42)5) 9’5

THITHE 5 AP AR, ARSI DIE AN . DI S DI EL R, e
ACFR T AL 0 AR 32 B PR A TR P A DI B = AR I T, R AR LS AR A I . PHG T
2058 0 B A AT 1R A T o4 ) i 5 S /0N ER) Tt PR A A 170 0 T 4 7 A2 B 06 Y 1T R 9 55 1710 73 41
PR AN ) T AT R 2 BT R 4

YT IGH S, PHG L@ A& BAR/NNA R 05 A0 41l BT A 5o 4R 5 BT I
T, MR — AT I B T

1.7 —&Es

N PHG 2 IR — LW &, e XAEL 3 phg.h e

Dim fURZS[MYERL, —HENy 3.

Wert . NBdge il NFace 4 BIRAE— /Mt TErh T A . ARTTRIR S H o %4 = Qe DU A e 2
NVert = 4, NEdge = 6, NFace = 4.

1.8 BTk Migx REFELH

1.8.1 ELEMENT %44
PHG 53k * TG 5 454 & ELEMENT, LR AL 4 n F LA E B 0

typedef struct ELEMENT_ {

struct ELEMENT_ *children[2] ;

void *neighbours [NFace] ;

void *parent ;

INT verts[NVert] ;

INT edges [NEdge] ;

INT faces[NFace] ;

INT index;

SHORT mark;

BTYPE bound_type [NFace] ;
} ELEMENT;

HH, children[0] Fl children[1] 43 %4& M PN FHRJG; neighbours [i] $i7 [ 2 & /NI [1R20 fa 5
TG, WAL ¢ A5 N neighbours [i] A2 $&kl, A ¢ LA EATEAM, N neighbours [1] &
[r] PR 138 7 DR A ) 408 Jo D 2R I — AN 54 (e HH P i AN b OG0 ) s AR HE, bound _type [1] 45 I i
(I AR, e R I — 2 4% 20 45 INTERTOR (PN #51H])+ DIRICHLET (Dirichlet 11 %f) « NEUMANN
(Neumann i 5¢f]). BDRY_USERO-BDRY_USER9 (] J'2J5% 0-9). UNDEFINED (A #5528 HY )i FLii) i



1.8 BT R WA R I E5 A >

REMOTE (4B Ji 76 3L e 1~ Wk Hh 1 PS8, N BT S 1 N I 541D ) s parent $RIFACHLIG, ARG H
parent NHREF. PHG RVF—ANHFIN A& 2 A5, 41 DIRICHLET F1 INTERIOR, IXFE/EREATH R
JUTFSIN ] DUAE 3 AT AR e 1 AR,

verts[]. edges[]. faces[] Ml index 517} AITRAFTH AL 1 PRI B O A IS 5, EIATTI 42
Jaigm 5 i) L35 %% GlobalVertex. GlobalEdge. GlobalFace Fl GlobalElement 315, #a0, &
B g ARG ET AR IR EE (GRID %), e AR —MRICHITRES, W e->verts[0] 4 HIHIC e 2 0
AT A S, 1 GlobalVertex(g, e->verts[0]) W45 HIZ TN 4 Rdns (5 TaAE oA =
PR A L i 5 55 4 R i 5 2 — FE )

mark B O3 TAE TG N U S AR A A AL I BT, mark > 0 FRORERKIZ T4l
mark {X, mark < 0 K/ RVPRZ R Z M —mark K.

1.8.2 GRID %&#4
PHG HIR M B 454 2 GRID, H @& an N LA F B G -

typedef struct GRID_ {
FLOAT 1if; /* RBEIRFHEF +/
COORD *verts; /* TR E AR */
BYTE *types_vert; /**< Types of vertices (bit flags) */
BYTE *types_edge; /**%< Types of edges (bit flags) */
BYTE *types_face; /**< Types of faces (bit flags) */
BYTE *types_elem; /**< Types of elements (bit flags) */
INT nleaf;
INT nvert;
INT nedge;
INT nface;
INT nelem;
INT nvert_global;
INT nedge_global;
INT nface_global;
INT nelem_global;
INT nroot;
INT ntree;
int rank; /¥ #AZ5 */
int nprocs; [+ HAREL (FRAELD */
#if USE_MPI
MPI_Comm g->comm; /* MPI i1z 2% */
#endif
} GRID;

X R F verts AN nxxxx. nxxxx_global il
verts FZH T ORAT T WK th T TR B3R 2R ARKR, $2 TR A M G 5 IO A7 0, A
g NSRS, e NFRITHREr, W e MZE @ DNTAUN zv yv 2 AAR53 50 :
g->verts[e->verts[i]] [0]
g->verts[e->verts[:]] [1]

g->verts[e->verts[i]1] [2]



nleaf 47T MR A& R ICE, RS HT A4S 1o oo

nvert_global. nedge_global. nface_global 1 nelem _global A3 A HH A SR RS R R T
s DE O ITHE. BAR, nelem_global 55 T Hr i 1 MES H I nleaf {HZ A, XL HAE P A7tk
REP e,

nvert. nedge. nface fl nelem M AN 4448, e 15 )45 T T8 s 10 TR H G H e KA
Mo 5N 1o XFFARI AT RIRG, EAT0 555 T G R T K BIL R R O G
1S 13 AT XSS nvert 551 W 1T 540, nedge. nface Al nelem RIS R (K150 A1 7 AT
Ko XL LAL IG5 05, A7 ) Y g 7ok il WX e i G . (BRI RS B — N T
eor FFHANL— AT BN AT FTC eq AT eq, REIZPIA FTCHE FSCIR) WOAK Rl 20 D IS WA, 790 0 4
T e TR 1A e W 15 B TS AMOE AR A IS 5, 55 A IR AR A IR 4
Jagi T, AT Rgn T2 80N, AMGn 5 WA AN 74 0 HEIG eo A ey M eo =
ZRILIAIL (42)50) G50 0(0)s 1(1)~ 2(2), en II=ZRILMAHY (A2)0) S5 1(1)~ 2(2)~ 3(4), BRIk
nedge [MM{EA 4. T8 1 H1HIT e Ml ex #IRL eo M =ZRTLIIA (42)R0) 504 0(0) 1(1)s 2(2), e
) =40 (42 R) 854 0(0)s 3(3)~ 4(4), KL nedge MIME N 5. A A HICHIF 570 (0] 1) 4
SHMKRIESE 1.6 B

(1) (0) 1(1) 0(0) 1(1) 0(0)
e0 e0 e0
(2) 2(2)
(1) @ (0) 1(1) 3(4) 4(4) 0(0)
el e2
() (3) 2(2) 3(3)
2R Mg FHE 0 Fh 1

K 1.5 SCHIG, FHOCTHILMS SRR, TSRS S, 55 AN RS

KL, REAE T Oe R T 34 T ARG 1 H R T A R S i ST K
2 R AR I .

1.8.3 types_xxxx #¢H

GRID ZHA4H A DU/ i i types_vert. types_edge. types_face fll types_elem, AR
i nvert. nedge. nface ll nelem KIELZH, 7345 H i1 WK h B TH A 320 TRURIT PR G )3 I 7k
XL g M H 5 ELEMENT H ) bound_type ZUAL—FEMIARENL, JF HAEMRYE bound_type E0ZH (45
BTG (— AT )32 SR 7 85T AT A0 8 12 T R B 1) 1T 2 b i 4% A7« S B 4
B, T A A AR E NP YE T bound_type £04).

%7 bound_type H BRGNS, types xxxx BLLILAT —ANFR A OWNER AL, Fs 40T 1M
WA N 8 e AR AU B, — NIRRT RER]IN J& T 24> 7 WS, IR 88 1A% h U — MR e e
@, Ei% 7MKL types_vert [i1 1) OWNER £7°4 1, ZEH AR T WIA% I owNER 7358 0, Hidr 4 &
NIV PR A ML 205

™ types_vert[i] == 0 (F&)7H il H % & UNREFERENCED £7R) B, IR ¢« AET 4507+
BRI 7 9.8, BINZIR B B /T RS P S . AR 2500, el A g 5 0 0 1473 g



1.8 BT R WA R I E5 A 7

I, a0, 26 E R A R (B FE D) RN, Nz s v s Ik, 8 Bk sk,
% 2 hnHA owNER JEPEIIR . 16

for (i = 0; i < g->nvert; i++) {
if (g->types_vert[i] == UNREFERENCED)
continue;

¥ . AT G TS, UNREFERENCED LA AH [R5 Mo






EZE RS, BRE. HIEERXHER

PHG #fit5H e — k8 1, €45 PETSc. HYPRE. Trilinos. MUMPS. SuperLU_Dist.
SPC. LASPack. PARPACK. LOBPCG. SLEPC. Tcl/Tk. VTK. Zoltan. ParMETIS (5§ METIS) %,
BIRIX AT HR AL, AP I AE g B PHG JT 22 S AT T LMETF I PHG M4 HDhfe. an KAl ]
Linux #1E RS0, W mMat 4245 —5% RPM 4, PHG ZERCE N 7] LLH S X4 RPM
A2 22 R AR AN AT AT 24

2.1 BEESHmF
76 PHG JEMS TR H s AT

./configure
gmake

Brgw Lk PHG ()% 1ibphg.a. V7R, 4% PHG I LZ0U#EH GNU make, 750 7] #¢ 4. PHG
BL'E ZHAEIEAT configure WIH I EINBIAN AR Bf5 e, 1817 “. /configure --help” W] LAfHE47 K
configure (7% B A= .

configure fif FH (AT AR & 1 B R [ — 2.

cc fRE C gnikds (BRIAH mpice)
CFLAGS fRE C gmikikin
CPP f85E C FAbFE S

CPPFLAGS fRiE C/C++ TALHILET (41 “~I/opt/include”)
LDFLAGS  fREHEFELEDI
LIBS 6 7 Bl A8 1 22

CXX fRE C++ iPEds (BRIAA mpicC B mpicxx)
CXXFLAGS fRiE C++ HiiFikti

FC {8 € Fortran (90) i+

FCFLAGS 8% Fortran (90) 4w ik

F77 J/3C Fortran 77 Hiikas

FFLAGS Y852 Fortran 77 Zmideik i

Hrp, Fortran g P S IE I = 2 20 T AEAT A —L82E T Fortran AT (W PARPACK . MUMPS
) H45E Fortran BRI i 44 RN SRR IN T 5 2210 5 Fortran 7 KJE (configure SR IXLEIAG
A [ A EEA]).

configure I F LA (X HEA MW ATEE, RAKESHE S “. /configure —-help” ]
Bt

--prefix=H &K % feE PHG M3 H 3 (BRINA /usr/local)
--enable-rpath FEHE H -rpath $i7 € FELEH A E M A (BRI
--disable-rpath HEREINAEH -rpath

--disable-shared G A A libphg.a (BRIME)
--enable-shared e L libphg.so

--enable-debug Ja AR AR RS CBRIAE)

9
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--disable-debug
--enable-fpetrap
--disable-fpetrap
-—enable-tcl
--disable-tcl
--with-tcl-config=X %
--with-tcl-libdir=H & %
--with-tcl-incdir=H & %
--enable-tk

--disable-tk
——with—tk—config=jl¢?ﬁ§
--with-tk-libdir=H & %
--with-tk-incdir=H & %
--enable-vtk
--disable-vtk
--with-vtk-libdir=H & %
--with-vtk-incdir=FH & %
--enable-mpi
--disable-mpi
--with-mpi-libdir=FH &%
--with-mpi-incdir=H &%
--with-mpi-lib=/%
-—-enable-mpiio
-—disable-mpiio
-—enable-metis
--disable-metis
--with-metis-lib=/4
--with-metis-incdir=FH K %
-—enable-parmetis
--disable-parmetis
——with—parmetis—lib=ﬁ?
--with-parmetis-incdir=H &K %
-—enable-zoltan
--disable-zoltan
--with-zoltan-incdir=FH & %
--with-zoltan-libdir=H &%
-—enable-solver
--disable-solver
--enable-spc
--disable-spc

-—enable-petsc

FoF B BE. RERUEER

AR AR A LR

Y PEEREE SV I T R R U B D RE (BRIE)
AR AR s ) D e

JAH Tel AE L (BRIME)
AR Tel AR

{87 tclConfig.sh A4 (T Tel BiLH)
f7oE Tel ESCAFBTAER H 5%

R Tl kAT Em H s

JAH Tk AR (BRAE)

AR Tk AR N

fRIE tkConfig.sh /T4 (T Tk ALE)
fR € Tk SO PR H 5%
fRE Tk SKSCARITAER H 3%

JEH VTK #H (BRAE)

AR VTK 210
/€ VTK FESCH IR H sk
/€ VTK KO n H sk

JEH MPI i S8 (BRAE)
A% MPI Y BAL i3
Fe5E MPI FE O 12
FR3E MPI Sk fE 42

7 MPI & (W1 -1mpich)

JH MPI-2 1/0 B&%L
A MPT-2 1/0 % (ERIMH)

Ja H METIS (H-T-M#& 5, BRIME)
2 H METIS

fg5€ METIS JE

B METIS SkSCHEPTAE) H sk

Ja H ParMETIS (FHT-MA&% 1 7, BRI
2% H] ParMETIS

55 ParMETIS J#

/3 ParMETIS Sk 3CHEFTLER H 3%

Ja M Zoltan 4221 (FHT- A& 73, BRI
2 Zoltan #:0

Zoltan Sk CAFFTAER) H ok
Zoltan JESCAFPTAERT H 5%

Ja RfdEasd o (BRAE)
AR A

JiH SPC fi#gikas (BRIMA)
A5 SPC itk s

Ja H PETSc fiftvk#s (BRIAH)
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--disable-petsc 5 H PETSc fiftikids

--enable-hypre J3 H HYPRE fi#v%4% (BRIAMHE)

--disable-hypre XM HYPRE fi#ik4%

--with-hypre-dir=H & % HYPRE %35 H % (BRIMEA /usr/local/hypre)

--with-hypre-libs=/& HYPRE & (ERINE N -1HYPRE, R IETHEE BLAS
Al LAPACK J%)

--enable-trilinos Ji H Trilinos #2111

--disable-trilinos A5 Trilinos #211 (BRIAH)

--with-trilinos-dir=H EX % 25 4 Trilinos %%% H k., HT -3k 304 M e
——with-trilinos-incdir=H &% Trilinos 34 H 5%
--with-trilinos-libdir=H8 3% Trilinos 3 {F H 3%

--enable-trilinos-anasazi Ja H Trilinos Anasazi FFIEMEMEAY (BRIAME)
--disable-trilinos-anasazi 25 H] Trilinos Anasazi R fE{E #1225
--enable-superlu Ji H SuperLU Dist fi#ti:#% (BRIHE)
--disable-superlu 5 H SuperLU_Dist fiftykas
--with-superlu-lib=/% fRE SuperLu £

--with-superlu-incdir=H &%  #8% SuperLu Sk 3CAFP7ER H 3
--enable-laspack JA Hl LASPack (H4T) fifikds (BRIME)
--disable-laspack 25 LASPack (H34T) fifizay

--enable-papi Ja H PAPT 110

--disable-papi A5 PAPI #2110

--with-papi-lib=/% B PAPI E (% M 42, BRIAA -1papi)
--with-papi-incdir=FH & 85 PAPI k3 H x4

--enable-gzip Ja i gzip XHF (izﬁli)\ .8z KAL) A, EUJ\TE)
--disable-gzip 2H gzip i e 4 SCRF

--with-gzip=A2 5 % gzip BT 4 (BRIAK gzip)

--enable-bzip2 JAH bzip2 SCFE GZRFEN cvz2 KR SCAE, BRIAME)
--disable-bzip2 AR vzip2 fif R4 SCRE

--with-bzip2=F2/F % bzip2 F2IF % (BRINA bzip2)

--with-blas=/F 45t BLAS FE

——With—lapack=/fr- 4 LAPACK J%

——with-£77-1ibs[=/] Fortran 77 J/E (4% “= &7 It pHG H shAM)
--with-fc-libs[=/&] Fortran [ (W% “= B I 1 pHG HZIELI)
--enable-long-double A DU HS FEVE mda 5 (BRI FHOSURS P 7 s i 5

2.1.1 C/CH+ #iZFFHM MPI

PHG FEH CEFMS, Hil A VIK M Trilinos #1102 C++ 1. R FR T ELIX 2 1
(K13, HEAT C gikavst vl BT . PHG did MPT W REESEIFAT . W R ¥%AT MPT SR, W H e
Gk PHG 1 HRATRROAS o

PHG ] configure A C Al C++ dmiF 2y L /ER & mpice mpiCC. mpicxx S 4. AU,
WA MPL R TIXFEM g i<, WIAEIEAT configure IN AR EAEFIKT MPI IS4,



12 ¥ oF A, BE. RBE R UK

RS MPT RGUEH] 7 I E ARG Eds firsm, nT LU IAMEAZ B co A1 oxx KfinE el. e
T configure 231K HATH A K MPT k30 ESEAE R, W RMG, WFHEA --vith-mpi-libdir
Al ——with-mpi-incdir IS} AR MPI ERSL SR AT, LU ——with-mpi-1ib EITE & MPI
WIZESCAE, e
CC=gcc CXX=g++ ./configure \

——with-mpi-libdir=/opt/mpi/lib \

—-with-mpi-incdir=/opt/mpi/include \

-—with-mpi-1lib="-1pmpich -Impich -lpmpich -lmpich -lpthread -1lrt"

2.1.2 METIS/ParMETIS %1

WHRTFJH T METIS/ParMETIS Y £§, 3 H. configure FrillE] 17 AHMN )k SCAEFIEE, MIZEIZATRE
JPI Rl UL “~partitioner metis” K45 H METIS/ParMETIS BEAT MA% LIl 73 8% X1l 43

2.1.3 Zoltan #EO

WHEIFE T METIS/ParMETIS 2#F, 3 H. configure Al F 7AW KISk SCHFPE, NILEIE1TFE
JPE AT U IET “-partitioner zoltan” KFREFH Zoltan $&AkH)—LeB LT AKX 4 BRI 47,
FHIETN “-zoltan_method F-i%" KR Zoltan IR 4351k, Horh “H k7 nf LI “rcb” (recursive
coordinate bisection, FRIAME)+ “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F “hypergraph” (hyper graph, &!).

2.1.4 fEERED

¥k T PHG St N AAFE S PCGL GMRES 5824k, HI ik ] LU R B Ad I s KR il e 7
FEdl. Hil PHG ZRFMAMBIRILA$ A PETSc, Trilinoss HYPRE. MUMPS. SuperLU Dist. SPC Al
LASPack 5. {Ei24T configure I 1] LUFE & J3 HIWBLEffide 4 11 (W) 75 BAR AL S SO« FERIAL
BAE) o F R o HARAE PR A 0 8 AR P g, B AE IS AT R R I i i 4T 3R I “ ~solver” fi
7€ o LASPack »& —MRATHNESS, EE1EERA MPL RS LA,

2.1.5 Tcl/Tk. VTK

PHG #24t5 Tel/Tk BWAIE T I TAH Tc/Tk BAIIGE, RGP WLATLEE Tel/Tk
FAUREITFRIAES . iR configure Juiki HBNAGINE] Tel/Tk, W) FFEIM & LD (-—with-tcl-*
A --with-tk-*) KFRE e,

PHG ) VTK #11 H 25256 MR, &85k VTK 4.5.0-2 LAERAS, 84T configure W IHH H T
PR E cmake FRT I BB ATLLT

2.1.6 BLAS #1 LAPACK [

—SUHNER AR, I PETSe, HYPRE 1 SuperLU_Dist 2575 5 H1 # BLAS it LAPACK ¢, M
PETSc Al HYPRE 7% LAPACK il BLAS, 1fj SuperLU Dist WY 7% BLAS. £ 484 PHG H
[ IS A X e, e ATT 6 2505 | - AHTR] (Y BLAS A LAPACK.

IZ1T configure W UIRJFH T PETSc, Wl PHG 2 HahM PETSc H13kEUfT 5% BLAS fil LAPACK
(M 8, BRI P AN e v 4247 L3R %2 BLAS Rl LAPACK J# (40 545 5 I i vl A 4 )

WA 3588 H PETSe, WA P o] LB configure [IETIUKTR & BLAS /1 LAPACK
JFE. B 4535 % BLAS/LAPACK JEIH]
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./configure --disable-petsc --with-blas=-lgoto --with-lapack=-1lapack
./configure --disable-petsc \
—--with-lapack="-L/opt/intel/mkl/1ib/32 -1mkl_lapack -lmkl_def -lguide"

(#£: AL --with-lapack [FIf 45 BLAS il LAPACK &, HAMN1ZH --with-blas SKiEE LA-
PACK J%).

M A H PETSe JF HH P %A ¢ BLAS/LAPACK JEI, configure 2k H3h T
$£1&E 2 1) BLAS/LAPACK J. WREH], W st OMEH) B2 AR, W — 5%
EEE.

WA ] Fedora Linux Jf H#A HE 4316 R BLAS/LAPACK FEIN, 7 LL2% [E%2%% 1apack-devel
Fl blas-devel U,

2.2 RE

SERC R G, YRS H ST

gmake install
gmake install-doc

o PHG [MPFERISL SO (e SUAH G SCM) w8 —-prefix IR E M H 3, Hhja—4&am4

e, %% PHG NF M manual.pdf (752 CCT H3C TEX).
PHG 2% i i SO H sk 5 R0 R

_bin/phg

bin/phg_tcl

1ib/libphg.a

include/phg.h
include/phg/{config.h,utils.h, ...}
/prefix/
share/phg/Makefile.inc
share/phg/phg.tcl
share/phg/phg-logo.gif
share/doc/phg/{manual.pdf ,README, ...}

| share/doc/phg/examples/*

Hrh share/doc/phg/manual .pdf /& PHG [FF-/l, share/doc/phg/examples MU 75— LR 7 SE 451 Al
Makefileo

2.3 #l{E RPM &

PHG MRS & An A m] LU R EI7E RPM . FIfE RPM AU, & T g ioc &, PHG
P EAE, AF% VIK. ParMETIS. Zoltan 2545, fif i RPM G if B 2eds, Mk

ALRAIL T IX 48 RPM 1,
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e PHG IS SCIF4 A phg-x.x . x—xxxxxxxx . tar.bz2, M4 :

{rpmbuild --nodeps -ta phg-x.x.X-XXXXXXXX.tar.bz2 }

¥4 PHG IS4

/usr/src/redhat/SRPMS/phg-x.x.x.src.rpm
AN 1

/usr/src/redhat/RPMS/1386/phg-x.x.x.1386.rpm

H1T PHG HO T R GErh 38 VF 2 L AT, DRI PT AR ity — b (0l # HUd 5 T e 4
PRI Lo WERATE RPM WAEI LS L2k, I SEAE R LehL & b SFr ek it 2E A T 2
P, GMIEm AN rpmbuild --nodeps --rebuild phg-x.x.x.src.rpm.

PHG 1) RPM BRI 284500 /usr/local. HI T PHG ¥ RPM /2 relocatable [¥], TJLA
ELEmR e e A2, W: rpm —-prefix=/usr -ivh phg-x.x.x.i386.rpm,

2.4 FEFLHG

examples HigH A& LGB CRE 5L (simplest.c. poisson.c. maxwell.c 55). Ih4gmiF
Ja BRI HAT S, T RS T EA PRI PHG 4903 & &5 1E6 (24T T LA “-help a11”
TS B AT SCRE I A AT 1B

2.5 Tcl/Tk #0

WER IR 2] Tel/Tk Al VTK, “gmake all” iy &K 4 it A2 LT phg_tel, &2 — M RN
Tel/Tk iR #s, HAER T VTK A1 PHG 1 (#4)) Yifig. phg.tcl J&— phg_tcl ARSI, &5k
T AR B R A, VAT
[/prefix/share/phg/phg.tcl [ 4% S AF] ]
(F “/prefix” B PHG M @defit). Horp “ A& " &2 —4 ALBERTA 8 Medit k%=X 1R
S FiAh, Wl LR Shell BIA /prefix/bin/phg KIZFT %I

2.6 XA ERF phgdoc

PHG $&fit—4cfj .85 B i 2 phgdoc T &M PHG PRI R Y )2 % . phgdoc J&—Mij #L 1] Shell
JIAS, ERRE A 21T S PHG (193K SO TR 8 2 AH N 1R R Bl 72 A4 BRI o ke 9l

% phgdoc phgImport

BOOLEAN phgImport(GRID *g, const char *filename, BOOLEAN distr);

% phgdoc phgDofCurl

#define phgDofCurl(src, dest, newtype, name) \
phgDofCurl_(src, dest, newtype, name, __FILE

LINE__)

—_— ——

2.7 MPEFN@mIFSEE

TR PR CE 4 N mycode. ¢, HUFFAE Makefile I FIHI—A4T:
[include ] 5k /Makefile.inc }
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SRJGIAT “ gmake mycode” iy %, (Il 4R A LT AT SCAF mycode. 2L« B K7 JE A Makefile. inc
PREr H 3%, En LUE PHG YRS H 3%, R BLi “/prefix/share/phg”.

H PR I9m 1 #5487 2% /prefix/share/doc/phg/examples/Makefile. H:H “/prefix” 1§
X PHG M2 3E88175

2.8 MECHHER

PHG 18 1d p& % phgTmport W LA Pl sUMI RS SCA 2 ARIUR IS . HT, PHG R BET AR
ARG RS o AR EAN 2 PHG P SCRF R IORS SCPERS 3o 3B, r DU DR I
PHG Pz #5 ik AR PHG o, EXAMEHATAEIRR I, 28500 PS> Shell JASHT
RESEHL

2.8.1 ALBERT #&3%

1Xj& ALBERT 1.0 IRTUE M SCLE% X, ALBERT FRZ A macro triangulations. ALBERT H1i,
SENI R E e read_macro() Fl write_macro() . HSCAFZERIUNT :

DIM: SRR 12) A0 64 2 5
DIM_OF_WORLD: 77 [8) e 5%
number of vertices: TR ,& 2K (nv)
number of elements: ¥ 504K (ne)

vertex coordinates:
TR &0 AR
TR & 1A AR

TR & nv-1 4 AR

element vertices:
20T &% 5
HATRE ST

¥ Tne-1T0 .8 %5

element boundaries:
EToARFER
B TAARER

¥ Tne-14 FEA

element type:
FROKA
B EA

¥ lne-1£#

element neighbours:
B OMARSEH L
B AL ARE ST

¥ Tne-189 48 &3 7T
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curved boundaries:
) & AN 4R
Wi HAE; x SRR E; y AR, z SARRE

PHG 3R “RAR SRR 6 4457 FI “ 2 1) 4 457 Y955 T 3. “vertex coordinates” FHHATAL S =4
FREL BTN 2.y 2 AR, “element vertices” HHRRATHL & VUANIEEL, ¥4 H 5 C i PUA
TS M90S (M0 TFUR). “element boundaries” HREATHL S DUANERL, 25 HIAH Y Lo PUAS [ 1) 5t
2K, 1 %R Dirichlet 15, <0 %78 Neumann 15, 2-11 43 %]%7~X BDRY_USERO-BDRY_USER9, 0 %
IRX AN H. “element type” MUT4 AN HICI AN 2R, 0 #IR DIAGONAL, 1 IR FACE, 2 &K
EDGE, PHG &I AR 735 H 3 (MIXED) 1 4 (OPPOSITE) K7/~N. “element neighbours” Z5iH
BN HL G DY AR S TGS 5, -1 SRR, PHG Z8% ALBERT fit A\ SCAEHR &5 AR fs DG &M
B AT HUH AR O OG5 R

curved boundaries ;& PHG I fE, HIoKeE A st, A h— 3 n A n 42450
F e BEAH AP E VYA <5 BIFREL, AN oy y. 2 BIEREL, BIREA A X R B

C(x,y,2); P(x,y,2); Q(x,y, 2); Q(x,y, 2)

ERARME A C2,y,2) =0, T (Plz,y,2), Qz,y,2), Q(z,y,2)) WA (z,y,2) B F
[RIAAER (S WA SO 5540 test/sphere.dat). AL RVEE A X Z B4 5 G AT, H735A
HEAT I o

W NS AL T “element type” T, W PHG SRR & MIHE A A B R ICHR E—
PR, FF HAH RS e 5 G DU AN TOL R (R - AR DR AT U6 X R 3 A2 — 20 A0 A S92 i SR R AR 25k
%At

WRAN AP A “element boundaries” i, W PHG ¥ Frf i St i (125 14 & ) UNDEFINED.

KT ALBERT i A SCAA& X PEIE RIE S E (1.

2.8.2 Medit &3\

Medit [3] &R BoR AR BT, — L8 B i A% B S BB, I Tetgen [13], Gmsh [5]
&, LU Medit A% UM RIRE SCIE . OGT Medit # U401 2 E Medit (19T

PHG 7] LLF A Medit mesh format #zCHI M, 1HIL{EE N Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals %4, ZABSILEH R . PHG ZEREA ST I PRS2 B 1Ko 0 o
AN N R Iek . PHG A SRR NTHAR LI, 5 ANE 6 A DY A4 570 DR R RS 11
P . PHG RN SCAFH ) Triangles Fl Quadrilaterals I RAHM e A% A il Fi i (110 2
Mo BRAEOL T, PHG ¥ Medit SCIFH SRR 1 Fe iy DIRICHLET, S8R 2 #e#ily NEUMANN, A4y
¥4y UNDEFINED. AA%EI, AT LLHEE — SRR Medit SCIFAP I AR IME e  PHG (34
HER, ZF 283, .

R Netgen [12] A RS S, AT DL F A utils/netgen2medit peos Netgen 44| .geo 17
neutral #% X AR Medit #4320, A5 2 AZ] PHG 1, AR ZF A 0 B 5 B

Medit [ mesh SCAF#E T, BEANFICH 5 MG, /7 4 MRS R ICHITI AR S, PHG K
555 MNEUE N T XIS 5 ORA7E ELEMENT 25411 region_mark 5T, I FLE WA N2 i A 214 2
AR Tt P R AT LLE I H KT region_mark HIMEKAA E S ITHTAE R 1 X 45k

PHG 24t T — M HIA utils/tetgen2medit, ‘BIE1T tetgen, AR LI A FE 454 Medit
X (tetgen 1 “-g” IR .mesh SCAFELTG/D T AE ).
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2.8.3 hFRER

PHG 24113 %25 A945 . DIRICHLET. NEUMANN. BDRY_USERO-BDRY_USER9 fIl UNDEFINED. {FS A
WAS SO, PHG o PAS SCAE R R 8 1D AR e 3 IR 2 — s eI 4L A - 76U ] phgImport
Z A0, HP LA phgImportSetBdryMapFunc A H R E — ANl SR F Mo 4, 10 Rl s :

static int
bc_map(int bectype)

{
switch (bctype) {
case 1: return DIRICHLET;
case 2: return NEUMANN;
case 3: return BDRY_USER1;
case 4: return BDRY_USER2;
default: return -1; /* invalid bctype */
}
}

phgImportSetBdryMapFunc (bc_map) ;
phgImport(... ... );

BTN be_map A& PHG FIBRINIL SR sk 5, Horh 240 betype Wi A SCEFH 10 280,
FREOR MHE A AR ) PHG IR, -1 RoRABTE SR SN S AL

B T HR R — AU SR W bR B AT T R T A, AT LUFIE I “~bemap_file filename”
g 8 — AN RIS, SR RAT RS Y, FaE — AN A SO R A L B — A PHG
HA AT, HIA 2SR B <tab> BRIT. S—FIA & — /M <o BRIT ISR, R
PRI ARG, BB FE AR, BUEUZIN “Dirichlet” “Neumann” . “BDRY_USERO”. .. ..
“BDRY_USER9” Fll “Undefined” Z—, A/NSIYA], RIRAMNI PHG A ARE . 56— 1A~ 30n]
DI E ] < AR5, RoRFILITBIETCTT o Flln, kil R e S

*:0 Dirichlet
3 Dirichlet
1:2 Neumann

5 Undefined

TR < 0 RASFNEARY 3 #4404 Dirichlet, 287 1 1 2 #4574 Neumann, > 5 {2874
He Ay Undefined o 14 FR I B SO b B A 5 7€ (R B— 04 Undefined o AV SO ] LA
FEAF “# 5INUE, ERBEAE 5 ) N S50 2006 . WS P #27 H phgImportSetBdryMapFunc fi
SE T AN R B, W) PHG ¥ ZBSET “~bemap_file” HTHR 2 I A4t 1o
RIILAG AT — ] . bemap” MY A . (TODO: SRVFZ AR A5

3N Medit A, I HH P BAL HIED -bemap_file B, PHG 2 Hahk A 5 A X
fEF% S § R4 < bemap” WISCAE, U0 FAZSCAAAAE W) B Bk 1 F 8 B 3 4 SO N o FH P AT B
20 +auto_bemap AK2E 1L PHG H 215z N 1A S FE 3 S04

5N ALBERTA #2UW A U, PHG 200 1 S B F 4 s ORI SCAF, i 2 G R
ALBERTA (i1 2R84 PHG Wil 5267



18 ¥_F RS WE. GiF RS

ALBERTA 154288 | PHG 45+ 261
<0 NEUMANN
DIRICHLET
2 BDRY_USER1
10 BDRY_USER9
11 BDRY_USERO
e UNDEFINED

A, FH P AT BAH Ay 24715 —~default_bdry_type, 5 7E A H BE %L phgImport Z A i H H b&
% phgImportSetDefaultBdryType, AHi & BRINIA LA 2 — AWM [ (K] 38 A4 24 UNDEFINED I, 4
SR HIAE W PSS A g P S T AR B, 75 0) T iy R 2 AR gl O R S

2.8.4 [FEHisR

F PRI LA I BR 30 phgSetPeriodicity B ML SE, 4 BT 10 5 AR bR T7 ) AN — S0, wl LA
FH PR %0 phgSetPeriodicDirections BEE AT M) o IX 4 R F0A Z0AEAE A FH PR 2 phgImport S A MK
ZHT A
PHG K JE 2 S IR ROk 22 Ui ), AR i ST R 1) 48 2 B — S0 a0 B I (TR AH
(RIRTTAE S ] BE S AN AR 1 4 A, G IS ] LTI 56 0) I A% A >4 0 %)
2.8.5 $RIGMIE
H T 7 A A AL B R BRI R I RA, utils HsRHERME T A mirror.c BT, BT
TEFR € R (R 77 ) EREAT SR P, IR et a2 J S P i SR Ry W s, A FH 73 T
mirror [options] input_mesh output_mesh directions
Horr input_mesh il output_mesh Sy e g AN R H RS SCAE 44, directions AN ‘X ‘y’ N
‘2 BRI AT, FRE BB IM A R J7 ) o 45140 :
mirror cube.dat out.mesh xyzx
TR o3y 2 o J7 ACEEAR (it ORS00 RN 2 SN AR 1K) 16 ) mirror SCHF R IHIJLANIL
i (ATPAAH “mirror -help user” E/NiZEIN):

-refine_depth I
BEAR IR W BEAT $i3 58 OB — B0
-tolerance ¥ &.4%
T FIWTABR & AR (B 1e-6).
-symmetry_plane {min|max}
TR E BRI BRI, min Fom HIARARE SN (SR 1), max o FARFRH f K R T

-dir_file X 4%
MR R SCAE TR N BT ) (T A B BT (AN [R) T AR ARl R A% ) o SCAF R B S 9 A
L WRIRG =T aa a, = AN A 1IEAL, HAIL TR,

-output_format {medit|albert}

faE i iA% s, B Medit #53.
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-vtk_file XHZ
R E R AR VIK 3.

-opendx_file ﬁ[ﬂ#éﬁ
AR € SR OpenDX S04

2.9 FHRER

PHG T 7 R82R A4 FLOAT, ERINE XA C 1) double. fEIZAT configure ] LAH]
--enable-long_double LUK FLOAT 457 A long double.

PRy AR R T FLOAT SRAY 2 s S, ARG PHG € X%, IXE8 44 FRil i
# 1ibm ' double PR I F RSN R E1535], U Sqrt, Sin, Log %o & MPI {51, MWizfliH
PHG_MPI_FLOAT {F AN MPT #2828, ANEEH %] MPI_DOUBLE, XAY W] LLARUEAC & H] T A ]
FAM FLOAT (RILERAY, 4 InT, PHG WAL T AN MPT $#i 288, 41 PHG_MPI_INT).

1 phgPrintf S5 RAEUHIH FLOAT BUAR RIS, FRUULH N double Hith, flln:

FLOAT a;
DOF *u;

Y FLOAT R Y format HH ) F I 55 AN UG T i i &5 AT

1. 1686 Hll x86_64 55 I, long double SEPr K AT 80 fiAfE (XL double £ 14y 3-4 itk
HIKE ). fEHE 284 |, I SGI Origin 3800, long double HJ LLIAF] 128 A4S (£ 32 £ -1k
RS RE), (Hiz S v] ge R A 12 .
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3.1 Poisson F12
examples/simplest.c s& PHG " A 511 H G N AT R TG H RTS8 . &K% FI& Dirichlet /1

FLZAt Poisson JTHE:
{Au_f zeQ
(3.1)
u=g x € 0N
3.1.1 iR

At g ARG DOF X4 u_h Ml £_h 53 547 TECEUE RN A S R 48, 28288 DOF_DEFAULT (K
INEOL T 4 DOF_P2, Rl 2 B Lagrange 70, W7E@ TR IR Ay &4TEIN -dof _type e N EHK
). grad_u FH T ERGRAEEUEARIBRFE o exror I TORAERZEFR T, 2RAL DOF_PO (43 F i 4K) .

GRID *g;

DOF *u_h, *f_h, *grad_u, *error;
SOLVER *solver;

~

phgInit(&argc, &argv); /* #4640 PHG */
g = phgNewGrid(-1); /* QIR Z */
phgImport (g, "cube.dat", FALSE); /* FNMAESTAF +/

= phgDofNew(g, DOF_DEFAULT, 1, "u_h", DofInterpolation) ;

phgDofSetDataByValue(u_h, 0.0);

f_h = phgDofNew(g, DOF_DEFAULT, 1, "f_h", func_f);

error = phgDofNew(g, DOF_PO, 1, "error indicator", DofNoAction);

while (TRUE) { /* BIEMIEIR */
phgBalanceGrid(g, 1.2, -1); /* PETMAEZEB 555 «/
solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /* G|ZEf#E% «/
build_linear_system(solver, u_h, f_h); /* TR&KMEHAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /* RAEZKMEHZAZL */
phgSolverDestroy (&solver) ; /x EARMEIRIE S */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /* # F4K(AfEAEE +/
estimate_error(u_h, f_h, grad_u, error);/* i HiZEZ48TT */

phgDofFree (&grad_u) ; /* EANBALBAR L (NBE &) */
if (%R LIEEAF) break; * FIB Tk Rt E +/
mark_refine(est, ...); /* RIEIR E I8 T TAREMILE T */
phgRefineMarkedElements(g) ; /x WA B I el x/

}

phgFreeGrid (&g) ; /% EAERAEXT R «/

phgFinalize(); /* 1Bd PHG x/

B A A% u_h IS B3 Dof Interpolation, ‘T AH45 24 AR 41 AL BUHHAL I A Zh%) u_h BEAT
FME, A £_n BRI B2 func_£ O XTILEATIAA, MBI exror I f ] T 24 DofNoAction,
FORAKE 1 BEX GHATATA [ S A s A B, U e T REAH . A7 it 5 18] o grad_u H1pRIEL
phgDofGradient I, &K fH H5¢ 55 7. BIFE . phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
AL u_h AR RSN S, AT I##35 8 SOLVER_DEFAULT (BKiAh PCG, M/ AIEA
H AATIED “-solver” kIR H L EfiRIEAY). ALK ptholverCreate H— MBS HERY HAE
ARFNE A B XS, XL T XN S MRER TR KSR 5o 0, 1, 5555,

21
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3.1.2 FERZ&MHEHIEA

B build_linear_systen() MUZHE I AL, BN 24 RT RS 1O BT AT L CHEAT TG, H51REA 30
TR TC I BEHE B ANAT B 100, SR S N B G R Gerh 25 o 6 A vh FRLIG ) [ 3L 0 %% ForAl1Elements
KAEAT o BB TT AL RBOERE ) AL, ), A4 B(I), 1,J=0,...,M -1, M JRFIHE
AN WIS R R

ForAllElements(g, e) { /% XFETHATIR N */
N = DofGetNBas(u_h, e); /% U H AN x/
for (i = 0; i < N; i++) {
I = phgSolverMapE2L(solver, 0, e, i);
type = phgDofGetElementBoundaryType(u_h, e, i);
if (type & DIRICHLET) {
¥ 1.0 EmE AC,D;
B ow 9B AR ] B(D;

continue;

}

for (j = 0; j < N; j++) {
J = phgSolverMapE2L(solver, 0, e, j);
ﬁﬁ/gwwrwﬂﬁ%%WﬂAﬂJh

e

}
ﬁﬁt/mi%%mﬂBun

}

Hr, oin o FREHIC e TR JRFIE PR 2L phgSolverMapE2L (solver, 0, e, i) U1 solver M H HJE
K50 (B u_h) R0 e TE ¢ NARINEA T FEA T 155 %5, phgDofGetElementBoundaryType
IR AR G P I 2, /grad @; -grad ¢; (FITH5594 F PR 20 phgQuadGradBasDotGradBas 52 /fgpz

(0T 510 T R 2 phgQuadDofTimesBas SE . A7 H] /grad @i - grad p; XT i j ORTFRYERCD
A )

3.1.3 RERTTHITE

PREL estimate_error ) WHAANHIT LR ETR/R T, HAFEMELE DOF X% error H. X HK
HIMRZET R T4

me = hllAun + fullde+ D hylleradun - ngll§
fEF(e),fCQ
Hrf he HHIC e WEAT, F(e) A e WIS, hy NI f FIEAT, ny AW f WRAERE, [ R
s Bk . HARTHE AR W
DOF *jump, *residual;

jump = phgQuadFaceJump(grad_u, DOF_PROJ_DOT, NULL, -1);
residual = phgDofDivergence(grad_u, NULL, NULL, NULL); /* Aup */

phgDofAXPY(1., f_h, &residual); /% Aup + fr */
ForAllElements(g, e) {
int i;

FLOAT eta, h;
FLOAT diam = phgGeomGetDiameter(g, e);




3.1 Poisson 77 &

e->mark = 0; /* clear refinement mark */
eta = 0.0;
/* for each face F compute [grad_u \cdot n] */
for (i = 0; i < NFace; i++) {
if (e->bound_type [i] & (DIRICHLET | NEUMANN))
continue; /* boundary face */
h = phgGeomGetFaceDiameter(g, e, 1i);
eta += *xDofFaceData(jump, e->faces[i]) * h;
+
eta = eta*.5 + diamxdiam*phgQuadDofDotDof (e, residual, residual,
*DofElementData(error, e->index) = Sqrt(eta);
}
phgDofFree (&jump) ;

-1);
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J

IR, SR R 2L phgQuadFaceJump 5 grad wy, WIHIBEE, HAFEAE DOF X% jump
W $%5 1d F R 5L phgDofDivergence V4T grad wy, MIHUEE (BN Aug), T3 H K%L phgDofAXPY FH
£_h FHIMAIAS 2 Aup + fro A id I e A phgGeomGetDiameter i phgGeomGetFaceDiameter i
AAFE R ICH AR H AR % H DofFaceData(jump, e->faces[i]) Z5H jump HXI N T HLIC e [1
50 AT EEE R, %28 DofElementData(error, e->index) M4 H error T XN T HLIG e

OEAETRER RS
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FME BHEMNR

.....

WEmT ] T8 XA BRTCR B, 2 i), WRT )T A76k o AL BT A HLe o0 A e R S L i, il J LA 45 &
(AR AR BHA%. ¥ Jacobian) 5.

typedef struct DOF_TYPE_ {

- /*
const char *name ; /%
FLOAT *points; /%
BYTE *xorders; /%
struct DOF_TYPE_ xgrad_type; /*
/% RERARAT */

DOF_INTERP_FUNC InterpC2F; /*
DOF_INTERP_FUNC InterpF2C; /*
DOF_INIT_FUNC InitFunc; /*
DOF_BASIS_FUNC BasFuncs; /%
DOF_BASIS_GRAD BasGrads; /*
BOOLEAN invariant; /*
BOOLEAN free_after_use; /*
SHORT id; /%
SHORT nbas; /%
BYTE order; /%
CHAR continuity; /*
SHORT dim; /*
SHORT np_vert; /*
SHORT np_edge; /*
SHORT np_face; /*
SHORT np_elem; /*

} DOF_TYPE;

o AR BAEE R */
£ XA 0 L ARR A +/
AlEAE (ESEAF) +/
B EBL SRR */
R B R RAE */

HE A A2 4m PR S GAE B 4K */
2 ) - 51 A8 W) A% HE1E B 3L */
BB (I,) */
AR +/

KRS AE */

IR ELEAHBKEE */
T EZANBEX +/

Ao EER S */
—NEAFEHEANEK +/
AR5 S RMAKREL */
H TR I E L */
R E L */

B

o it

HANTRE L6 B BB */
BA e B EAS +/
HAE Lo g B EASK «/
BANEAF A HEANS */

J

B> LR BUEHS A G — AL EE, TP s JE R MOBB E AR AE. Gauss B3 mUAL I bR AL

i, Z%F 5.2.

name 25 Hi H IS AY (1) 44 Rl I8 M5 8L
grad_type %y H11Z% B H JERAT @ IR EUABE LI B i 2R, F T A sl R BRI RE L . 1
B curl S EH BN S . B0, EH5K n B Lagrange JCHI E MG, grad_type #iE& X n—1

B discontinuous Galerkin JGIf H A&

FA,

np_vert. np_edge. np_face Al np_elem 3ol e SCAETH R 3 TR e (1 A B BEAN SR, A

e, — AT B A RSO

NVert X np_vert + NEdge X np_edge + NFace X np_face + np_elem

25

(4.1)
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nbas £3H—NHITH H I (KAL) AL T (401) M.

invariant UiH] A R REER R EOE 5 5 oTTARTE R, RIEATE RAERTA oo g+
] (4 Lagrange 7t), £ ZH T/ EL S order 45 H 3L bR B0 B vy 2 TR (WAR %04 orders
KAETRER WA 2 g5 Ak R B 2 T s, B AL RN A np_vert +np_edge +np_face +
np_elem), N TIEFEEEM DRGSR dim 45 AERR B YERL, #1140, XF Lagrange JC dim = 1, TXSAE R
JG dim = Dimo

K points MF4T T 10 THAT G A R AOAEAE RO B, 0 0 4 1 4k, 2 4R 3 4
HOMAAFRER 7R . points R EE N %2

np_vert + 2 X np_edge + 3 X np_face +4 X np_elem

51, 5 FPUBR Lagrange 7, RN _EA 1A AL, 8R40 B = A B, GAH B =4 H
I, A5 MITHRIH 1A I, points HUALKIA AT F:

static FLOAT points = {
L., /¥ MEGHEALE +/
.75,.25, .5,.5, .25,.75, /x LB EARE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /x MAWEALE */
.25,.25,.25,.25 /x R B EALE */
};

2 R A AT, Y% points BN NULL. PHG HEE, 2 points A% T NULL
I, RO R 5 T AR A ) oR £ {1

B HH R phgDotNew BRI HII, PHG HHpE—MERM ST, (RAFAE id
o g B LS A R A SRS BE I . id == -1 RoRiK 1 BRI .

PHG W RN IEAEAE I B FER AR AR — AN I TS, B —AN8r i B el B i,
TGS B RS TN 1 AR B BRI, % s A
FHRESR A 5 | VBN s 99825 1, 45— B BRI 5 TR o o IR I 5 I SR L )
H BN S ORI, BT W free_after_use [ME N TRUE Wi, PHG &R 0% H AL
name Ml points JT (i AR DL A% 1) PR BESS T AR 5 B o 1) N A7 B0

continuity 45 H HH R P IR 1A BRI R B L v S, < 0 RORRBUERIBT), 0 £ox
PR T C0, 1 FonmEUE T O, MK

4.1.1  FAMISEIZH M A IEE

H BRI % 5 InterpC2F F5 1) M 40K IR 1 1 E A 5 EAT B A A pf Kk, g Al
DOF_INTERP_FUNC, HL{ALNF:

[void InterpC2F (DOF *dof, ELEMENT *e, FLOAT **parent_data, FLOAT #xchildren_data) }

Horh dot N AN E, e HRHIC.

HA parent_data T 15 NREF, FRIAHICH R B I EEEE, KA, L. A
I B BB AOEELL AT . B, XSRS NAER 4.1 HPgr i, R dof->dim 4 A H
FEXBIMYER, S5 4.2, FHEHEMZ, 2 np_edge > 1 B np_face > 1 I, JLB I 14 HEF 1IN
Jp o MR T 8 Joy 5 W 0 (1405 T P 0 ZBUARAH S T A o P 4.1 o T M el (0 20 7R i o

—ANITTAA A ASE U DUSEHTIA L 5 ASEIATA AN B .70, A, #1041 children_data
AT 12 NMREE, 2 BIHR XL B, XTI S AER 4.2 e, B 40 AR BT L
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& 4.1 FHESRHPRBETEHERERET

parent_data i

L E NG

Ha P 7

parent_datal[?]

[np_vert] [dof->dim]

Tt BB MM, i =0,1,2,3

parent_datal[4 + 4]

[np_edge] [dof->dim]

Wi LA HEE, i=0,1,2,3,4,5

parent_datal[10 + ¢]

[np_face] [dof->dim]

i B ABEE, i=0,1,2,3,4

parent_data[14]

[np_elem] [dof->dim]

ST A AR

PRI InterpC2F MM e MATIE T, IR G4 B IAE children_data 15[ 11X 26
* 4.2 WESRBPFETEHERRERES

children data Jif EEITE NG BN %

children_datal0] [np_vert] [dof->dim] | HriiisS i B i EAE

children_datal[1]

[np_edge] [dof->dim]

B AZ T 0 KL i A AR

children_datal[2]

[np_edge] [dof->dim]

B A T 1 KR i Al AR

children_datal[3]

[np_edge] [dof->dim]

B A T 2 KR i 8 el AR

children_datal[4]

[np_edge] [dof->dim]

BRI 3 K i A el AR

children_datal[5]

[np_face] [dof->dim]

PG AME T 0, 3 AR AT LAY B (e

children_datal[6]

[np_face] [dof->dim]

PG AME T 1, 3 MR AT A B e

children_datal[7]

[np_face] [dof->dim]

B RIZE TS 0, 2 MR IR B E HE(E

children_datal[8]

[np_face] [dof->dim]

PG AZ T 1, 2 MR AT A B d e

children_datal[9]

[np_face] [dof->dim]

BIUAI 2 TR 2, 3 K BCHA TR L F8 1 RE R

children_datal[10]

[np_elem] [dof->dim]

BTG 0 ootk BN B b e

children_datal[11]

[np_elem] [dof->dim]

BTG 1 Moo BN B d e

V0]

V(2]
parent_data[15]

children_data[12]

4.1 PYEAERRIT =901k

s FHEEOF NSRBI A 4. AR B B ER L E R, HX SN
BRTTTE S B o U E SR ) LA AR 7

PHG &4t 7 — AN FH A 2 41 76 1 pA 20 phgDof InterpC2FGeneric RJ H FATA [F Hi 5 28 A i)
InterC2F it , fHILPEREEZE T L € It BE R AL B (4 (i R £k

200 P 4% 21 ¥ 0 A R 1B R 4K

H R R B 3 InterpF2cC $i [a] IASHAG IS G B B EEX SO THE I R, SN S8
InterpC2F —HE, (HSE R ERAE I AP A S o 1 PR B NI, 4 A% 1 B A children_data, PAK

4.1.2
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parent_data H150 FHLICILIER) 4 NS 5 453 PR AR BR324, s %91 9711 . parent _data
AR T HICH — 453 PN I ARG i B R .

PHG 24t 7 —N18 F 40 2H 46 {5 i 3L phgDof InterpF2CGeneric R A LA H f ESE A rh 1)
InterpF2C i1, (HIHVERRIE W 22 T L oA%E e A o B R B I 4 {1 ok 4

e X T oA, FRocrh e A — AN AR, T — AN E R, A R )
e->children[] #8551 NULL. 49—/ FICAEHE 7 AN, 75 B A5 15 20 & 1 B i A .
XEEGIER E %, HET PHG ¥AHSEIVEANT, /225K InterpF2C X IXAHE DLBFATHRFAAL B, B4
— NI FREN I KB children_datall HE T R — AT 8o, RASMAEILE
FBORUH A Io R -

I, RSCRICH e PIANT BTG A eo Fl eqo WA eo Hl eq BIAEZS4R4L, Wl InterpF2c
ST S AR ITINIL 04 THT 2/3 FIELTT H IR, EAT150 A0 Y. parent_data HREE 4 (34 0). 5
12 (11 2)~ 2 13 (1 3) MZ 14 (F.7T) i, parent_data H I children_data H [1fTA T
F8 M S DS AR s, vTH TR W oo I FRER, UL eq AEAHN, W InterpF2C
Brotdad o4 1 2/3 ML A HEERMESS, EEVHEACHITHI T A 04 34 1/2 FIH 1 AR A A,
I3 XS, parent_data 125 0 (AL 0)s 28 5 (14 1) 28 6 (314 2) FIZE 11 (10 1) TL, HHAREAEH
children_data VBT e M E A MEEML (55 1. 25 5 5 7 FI5E 10 T0). 2500, W ey AR
Bt, W InterpF2C BRUFHIL 0. [f1 2/3 FIHIC H HHEEMESL, EFFEVHHACHITHI TR 1. 121 3/4 F
[0 AbT E FEAE, 43X Y. parent_data 2F 1 (108 1) 28 7 (44 3). 28 8 (441 4) FIZH 10 (1f0 0) T,
FEHARGEATH children_data HINEE 2. 28 6. 55 8 FIEE 11 JUHI{H.

4.1.3 MW{ESERK

A R Y R B (LY W) UG A EORAE R £) InitFunc AR BRECE V46 2 10 B A,
BILKs— AN eR BB 248 € A BR oo (a], HA% 28745, DoF_INIT_FUNC, BARTEA 41T
void InitFunc(DOF *dof, ELEMENT *e, GTYPE type, int index,

DOF_USER_FUNC userfunc, DOF_USER_FUNC_LAMBDA userfunc_lambda,
const FLOAT *funcvalues, FLOAT *dofvalues, FLOAT **pdofvalues)

ZH type T EU K B RS, VERTEX oIl A I, EDGE K7<id A I8, FACE KR H
FH AL, VOLUME K/xHI0 H HE . 240 index 45 TN IR G %5, 4 type A4 VOLUME
It index {H#% 2. InitFunc VFIRERLE R A BB, IR 4 RIS HL dofvalues 17 [ FIZZ
DA B2 Y IR, 228 P X i ] R P 5eftt, KEh dof->dim x np_xxxx, HHHAEZEM X )
(AT 4 FLOAT [np_xxxx] [dof->dim] (xxxx HR¥E type HIAIFME > HARE vert. edge. face B
elem). y£iL, X Lagrange B K%L, 24 type A EDGE BY FACE Jf H. np_xxxx > 1 I, InitFunc 752 AR
3 720 ST PR T PR 4 e i Y B8 TR A7 TBUME 6 np_xexxx ZHEHR (BRZHAL T dof->dim 4NEK) i
ATIE 2 B, DLORAIEAR 4T 5 T i) ieths 10— 2k

Z ¥ userfunc. user_func_lambda Ml funcvalues 43l N AN BUFREHFI— N B d54t, ©
A48 H V55 R B0 ) R B R AT B 5 B BB R g2 P XM R, =AM e 2 HACE — AN IR R
kfo userfunc 81— ANKT z, y, z MREL, HE0255 )4 DOF_USER_FUNC, HARUIT:
[void userfunc (FLOAT x, FLOAT y, FLOAT z, FLOAT *values) J

1M userfunc_lambda WJF§[a]—N5¢F FOARFRIY A%, i 284 DOF_USER_FUNC_LAMBDA, H.{A
mr.




41 BWmEEA 29

void userfunc_lambda(DOF *dof, ELEMENT *e, int bno, const FLOAT lambdal],
FLOAT *values)

PRI BR B T 4 4 8 ARFR AR IR R B {E, 34T DofDim(dof) /ML, HHAEH values i ] ZE X 1
(DOF_USER_FUNC_LAMBDA "1[f] bno Zx%i4h thAH N B 1 =) 8 3k o Kl ' ) o

4 funcvalues AIAEFHRENI, BRI A A TG THSLLF 1 B BUE D2 01 X o BBINF K 1l 2R 7Y
) points B AREFRER, I HAME R B H AR 5E 4 A B 1 PR BUE I € « funcvalues !
BEFRE TR 1 R TCAR T np_xxxx NMLE W BREUE, 3571 DofDim(dof) x np_xxxx ML,
XL AR points HH I E o

—ULEBLPR £, 4N hierarchical basis ZRIERREL, EvHE04 . HEl/R B B, S5 BURYER &
AR A o AR v S B e R I A B I R P AN T AR 1 1] e AR, ST I 2
ST ) =T = 23U AL ) B A . O TR R, PHG T BREAE T InitFunc M
SEAE— A ERTCN TR F MR YE 2 iy 2 NPT o DRI, VS —AM B 1) B B ER, 7R Bt
PrEAR A HEE S E SR, T EESIH . WA SH pdotvalues N 2455, KU 75 IKYE
RLE AL B AR LA dof->data 35, WIRSHL pdofvalues KAEAHEEN, WKW dof->data
PEER AT H], TN pdofvalues i [ (1AL SRAT I it IRAIRAE A B ALK H FH B . pdofvalues
AL 15 ANMEER, A hldR T 4 DN 6 4532 4 ANTAVA N ) B B, 5 5 InterpC2F i
) parent_data SR (ZF 4.1.1). HilJ, pdofvalues '= NULL [P 04 A T30 i B o5 £
H (ﬁﬂ phgDofInterpC2FGeneric. phgDof InterpF2CGeneric)s

W FIEE A AT BRC K K3, 40 Lagrange JG, DG JG&%, o[ 1 MO8 I 47wl 2 AH WY £ AR 1)
PR . XHIXFILRR AL PHG $41E T —/N 1l W AE PR %L phgDof InitFuncPoint 1A H M SRR H[H]
InitFunco.

WA —A205E, Witk DOF_TYPE "1 points 4 0 A 45%t, W) InitFunc 7EM A user_func BY
user_func_lambda I 25" 4444 points FUAL s FINUF KU FH - PHG H)—2Ep% %4, W1 phgDof Copy,
5 SEIR IS AR I — 2 R e — LS BB (W cache FRITH KL R -

72: 3%t InitFunc B 7T 8% %98 Al BasFuncs A A ®Ea914. Sbit, 245 5]/ & BasFuncs &
= 494+ X 28 F) user_func 3 user_func_lambda Z /&4 T e R 2K, B 45 # T #4/8 BasFuncs
Kot FA TR URSE, X @ —ANEA GH TR PHG 4918 F 3618 % 4K phgDofInterpC2FGeneric.

4.1.4 HEE
H iR A ) BasFuncs T 5T 115545 € B0 AR AR B 03B 0 s 4 i RL s B0, Hae 28y )y
DOF_BASIS_FUNC, £ S ¥ T

const FLOAT #*BasFuncs(DOF *dof, ELEMENT *e, int noO, int nol,
const FLOAT *lambda)

Horh no0 Fl no1 Sy JRFHE R Kl 5 G Il (MR R IT PP T A 32 TEFIAA ) EH FE U 9 5, 0 IF
1), R noo F not - 1 ZIEMFTHEEREL W not <= 0 JUFIK nol = dof->type->nbas.
lambda[Dim + 1] A HLAARR. 12 BRG] —ANZErp X Mk, 3L 25 B4 e V0 ] R 4 3 26k e 4
HIME, %250 X 1 BasFuncs $E4E, W ZFAR, SR BasFuncs 2530 X ) N A2 88T
R, B b X ik 2s k%L BasFuncs LR [H| dof->type->dim * (nol - no0) MH, %
FLOAT[] [dof->type->dim] MINFFHES.
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4.1.5 HEEREHHE
H i 2R 51 BasGrads 75T v 545 5 T/ O AR AR B AL #5435l A 0 J5 bR B 0 1 F Oy AR bk [ 86 2
i, 4% 128804 DOF_BASIS_GRAD, #1540

const FLOAT *BasGrads(DOF *dof, ELEMENT *e, int noO, int nol,
const FLOAT *lambda)

HSHH X5 BasFuncs L, pREGR AME AN IE LT & BasFuncs PR Dim + 1 £%, A7AE0UT 4
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBEHEZRD

SE LA SR, NSRS AN (B 2R A, JF SERUAH R 4 L R 2, T LA S
lagrange.c ' Lagrange JGIJE X, B{ geom.c WJUTE & L. BH s, HFHHRMET 2 2
(FIeR%, AR T AR, BHES i NuLL Bim),

4.2 BHEMREIEEN
L EH BE G MR A ) £ ZE R R

typedef struct DOF_ {
char *name ; /x LARSIAHE */
GRID *g; /x PSR x/
DOF_TYPE  *type; /* BEEEAR x/
FLOAT *data; /* Fhk B 0 ERAR A E T RibAE «/
SHORT dim; /* B HEAT R UERL */
} DOF

A B X GBI — PR R R — A WA RS P S E AR A
X5, PSR (ngife M. O AR), 2 A EPNXLE [ h RS, i MR N, 2
BRI A IR B X B

dim JCEAS HE A G AEE . > T REXRT SR BN N e B AR RS T R 4R A
X S 42 B (dim x type->dim, 7]l id % DofDim #351).

data $R A7k B HEEHR I ZEr I, B EEAE T A th BOS A 2 /77 B T B B R
A (e B R RA R AR 5N g):

dim X (g->nvert X type->np_vert + g->nedge X type->np_edge +

(4.2)
g->nface X type->np_face + g->nelem X type->np_elem)

REAHERE RO A7 JE T 8 3 AR B2 1) Bt BER . % T RN T 2 A4S 7 RS K T« 320 800 )
B, ENTES AR R IFOREF 80 B X MR 2 W 1 TR B i BEARYE
CATRIAR G 5 WP SAT T AR R PHG 2 A S ST T R, #idh, —AS7 Mg
1 1 s A Uy 7T LA T A 84 s

{FLOAT [g->nvert] [type->np_vert] [dim], FLOAT [g->nedge] [type->np_edge] [dim],
FLOAT[g->nface] [type->np_face] [dim], FLOAT [g->nelem] [type->np_elem] [dim] }
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B H T G s S5 M A 3R AT 0T DO S T T R AREL S 1oy AR s B, —A> dim= 1
1] n B Lagrange JCHTXS N 1 R EFIBR B /& — dim = Dim [ n— 1 B discontinuous Galerkin JG, X't
(PIAeFs FSE AP 43 21 ' 1) Laplacian, —A4 dim = 1 [ n—2 By DG JG. U1, X2 PER 50 (DOF_ND1)
AT IS (BREE S BURE S curl 55) 33 B2 A REET) 0 B Lagrange 7 (73 #5440 . PHG #2841t T

— AL B R S A A, DU S MAT IO TR, 26 A3,

4.4 EBEiFiprRBHEMNREE

B B ERT B A B AT — DAL, S 4.2 PHG $&t—41 1 T U5 1) A il BEX S50,

EATRIERE B b B Rkl B A DOk B b B B AT B R A,

DofVertexData(dof, TR &A% 5)
DofEdgeData(dof, i4#) ALY )
DofFaceData(dof, W49 A% 7F)
DofElementData(dof, L AMEF)
DofData(dof)

M A13.

S RIS, AP0 R B, B34 TR T ) A 5 AT RS R R AR,
EANSIUAR A UNREFERENCED, 4 ELHA A th S M A A3 iy, AZE Rk IX 28 03k . m]
LL H B % phgDofGetBoundaryType B phgDofGetElementBoundaryType KFREN H B FIR A bR &

4.5 FREHERE

DOF_ANALYTIC.

4.5.1 TEHEHELER

Hm

PHG $24E T PANRRIE B i 2R, s =28 3 i 25 4Y DOF_CONSTANT FAANT Y H i 2k

W A ph BRI T A U H B R e i, R AR E SO T SRR B A 3 )

W (1,2,3) WHBENR:

GRID *g;
DOF *u;
FLOAT values([] = {1., 2., 3.};

u = phgDofNew(g, DOF_CONSTANT, 3, "constant vector", DofNoAction);
phgDofSetDataByValues (u, values);

WA AL WA S 52820 phgDofSetDataByValuesV K45 w2 [ HH T G AR -

GRID *g;
DOF *u;

u = phgDofNew(g, DOF_CONSTANT, 3, "constant vector", DofNoAction);
phgDofSetDataByValuesV(u, 1.0, 2.0, 3.0);
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PHG RVFH &M A HEXN %S 5EER e f . ] LLlEIL W% DofData. dof->data FRElI 45 H %
Y7 ) S B EAE . TR E X, phgDofEval ) ZMEZ L e F1 lambda. HAY, PHG A fRFX
WM H BN AAT B .
4.5.2 MRTEIEHELER

AT AL B R BT T AL BT B — MEHT Y B B R AT DA AN TR R ARAR Y
PRACAH L (userfunc IR, AT LS —ANEF FAAAR K BRI EUAH CHE (userfunc_lambda % 51), JL
"H userfunc BT LU B2 phgDotNew IS4, T LLIH BE%L phgDofSetFunction WL, Il
userfunc_lambda JI| H G817 H p& %L phgDofSetLambdaFunction Wl B HEXN AT E S EE
5 ZAHKEE ) userfunc B{ userfunc_lambda A3 5. PHG RVHENTA H HEEX 52 SHUER
BH, LLMGEE B phgDofEval KRME, HA RVE TINS5, AREHON K%L phgDotAXPY
Ry B

4.6 JLEBHEXNR

At geom.c S T —AMREIR A HIEEXS SR, g P SR IR OT TSR A T B ) 28 LA
BFGFRICIH AR YL M. BAR, POTHAT . BARFIEL.OARER Jacobian. geom.c 4t 7 —4 4
} phgGeomXxxxxx [ RRELHLH P IR RIUX LL L[ 5, 6 A.17.



FHE HERS
A7 BRLTE o1 2B ML TR B SO CBRIE . L SF OB . PHG $R0ET — R A EUA A} B
BT (UMD, RSB AR Gauss BB J7ik [15, 4, 10, 2, 6, 11].
5.1 EAHIEEN

B> e T B350 43 AR 00 r (R B R OB TR (R 5 o T AN DR FEE IR SR B A 2, BL43 s i 8
ERA R . 81T ALBERTA [11] ") QUAD 45, PHG g SC—ANERIAER, K4 2 i R
N EAE G R AT, BAIRRZ GBI (BIRR2RAL) o BAAGE AR

typedef struct QUAD_ {
const char *name;
int dim;
int order;
int npoints;
FLOAT *points;
FLOAT *weights;
SHORT id;

} QUAD;
e ARENARVIE

.......

o name: & XMV TR, WAHIH T A CRE, =L DU IR W A 444 € <3D P42
o dim: MBI TUERL, 1 ARRER LIORUY, 2 AR M LRy, 3 ARRMNE 7 LR .
e order: & XPF I ¥

e npoints: & LIS T HIR D A HL

e points: & %M T HIRR > RAE S TT T B O AR FR .

o weights: & AN s IIALE .

o id: XN THI RN, SRR, MMEA —1, 78 5.2 W RATSAF BRI 4.

PHG g (T —4UEER—4E (LBO BUrr, —48 (=B Bl ra =4k (Wi BT,
BS54 24 QUAD_[1231D_Pn, KHJE Legendre-Gauss B A3 [10], —2emdifin A2
A —4E Legendre-Jacobi A7 2 sl i sk ARG BR 7 F0€E IR+, AP AT BL B SOLE
KBRIA R B, —4E 3 B Radau FR2> 220l LR E X

static FLOAT QUAD_1D_Radau_pts[ ]= {0, 1./6.};
static FLOAT QUAD_1D_Radau_wts[ 1= {.5, 1.5};
QUAD QUAD_1D_Radau3_ = {
“1D Radaul” ,

1,

3,

2F

QUAD_1D_Radau_pts,

QUAD_1D_Radau_wts,

33
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-1
g
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

PHG MIEUER 8O — order 4, M TR T E R IR FEE (20 E) . Wik
A PHG (MR4E R E I L) A e ARG B, nREAR S HORCh S, B2 A0 1w IR
QUAD_DEFAULT ({24 -1) LA AUIHY T Be b

52 BEMRASHENES

TSR ORI I A DL T RBEAT I, S FL ity 2 S B3 o 25 S I G AfE — LA R B
I3 i R 3T — IR EL, W1 Lagrange BUEpR AL, EAIHEL AR i ERMEAERTA Hoth 2
—FE o D TS AE B AR S o S R SR ARk e AR AR AR, FRATIAE PHG hBEr T
Tl cache LKA BRI — 7] 8L, “E0RE 21T 0 H B A v S (1035 o K b FLRR A DR A7 A LY N A2
A DA, SXEEGAY DL B AR R HAC SR AR B d1 BRI X R B 45, LT3 T — A
FESA R BE R, Wil 5.1 izs o 3X Bl cache WL P2 B, MR Fh A&HEEE
PR FBE AR 738 1 pR BB RT i AN S ] R A7 I B SRR ] © 287 50 1R % v 50 S B EE I
HUE R 12 11 pR A0 E S AT E A7 X rP IR S5 1 5 R IR, G0 SRS ) Y U)o P AR G PR o8 e K 5

(FLARDTR)

5.1 Cache HLiI%cH 7 E

5.2.1 HiELEH

A TSI cache HUH], FRATTBEVE T PAS N B4 4544 QUAD_CACHE Il QUAD_CACHE_LIST Hl T
T AT BT b B PR Bk B 3 {l s [N {E DOF_TYPE FiI QUAD ¥ 45 M rh VOB T AH N [ B 52 I5i
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QUAD_CACHE 4k 45 k52 LK -

typedef struct {
ELEMENT *e;
FLOAT *data;
} QUAD_CACHE;

GEAR S5 8 B T A S A AR S s, b dREr e $R 1A B X N N 0. FRE data
5 M ZAF AR M A X .
QUAD_CACHE_LIST #¥is 445 XN :
typedef struct {
QUAD_CACHE **caches;

SHORT n;
} QUAD_CACHE_LIST;

ZHAREERIAE 5 E ol DL & 5.1 T cache Mo n AR 1% BELEA# ) QUAD_CACHE e KE & .
DOF_TYPE Z5 MR T 40 N — 48 5 B3 1 .

void *cache_basfunc;

void *cache_basgrad;
void *cache_gradient;
void *cache_curl;

BOOLEAN invariant;

HH, cache_basfunc. cache_basgrad. cache_gradient fll cache_curl /&§g[7 QUAD_CACHE_LIST X
ZIHRE 70T SA7 SR M FERREORR B COC T HLOARARD « SEpR BB OG- RIRARKRD © LR
HOWESERIME invariant 285y TRUE W B i% F HH B A A e e P 7 WA o0 B2 —HF D X
I 4 50 AR N o S EOH A7 P A

£ QUAD X HE AL id, AR EAT RIS

o id = -1 I, RUPZRIMBU MR I, Z2Ar Kb BATAHOREE 7 B 2 A7 X P iR Iic .

o id > -1 W, RINZIEHIFN > T5 B RIAN B vl BEAFAE T X (R AIWD , ZBAF %5
Y5 ) QUAD_CACHE % % AF 247X (R} QUAD_CACHE_LIST X1 %) L E N id.
5.2.2 WEREO
AT N SR D T P R 52 4B I . XSRS AE P A PHG e R 25 bR 5L
i E B
get_cache FRHUR [H[— NI QUAD_CACHE 4#%)

[static inline QUAD_CACHE *get_cache(void **clist_ptr, QUAD *quad) }

HINZHCNHR M) QUAD_CACHE_LIST X% R4 clist_ptr F1 QUAD X % R4 quad. %R
R [A]—AM45 7] QUAD_CACHE X R [MH45Er . WA quad CAF(ET QUAD_CACHE_LIST XJ %1, ik
5] ({5546 7] QUAD_CACHE_LIST % "h )5/ QUAD_CACHE %1% ¥4, MIZF QUAD_CACHE_LIST
MG ICFTI A ], T A 1% quad BB %WV QUAD_CACHE XJ 4, /3 BLi¥) QUAD_CACHE X%f
S data AHN NULL, 3R [RIHT 40 ACH QUAD_CACHE X % ik,
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LR DU R0 get _cache PREGRIUAHN [ QUAD_CACHE %J%:

FLOAT *phgQuadGetBasisValues(ELEMENT *e, DOF *u, int n, QUAD *quad) }

—

% A |
WANZECNHIC oo HIEE u, FBEITS n, F9HEA quad. ZEREGRIEH HE w E£HIC e
EIEE 0 NMEREFER DT quad SRR ATAL I

[ static FLOAT *get_grad_lambda(ELEMENT *e, DOF *u, int n, QUAD *quad) }
o 2R

4% X |F] phgQuadGetBasisValues, TSR REOC T HOABRIIFLE .
[ FLOAT *phgQuadGetBasisGradient (ELEMENT *e, DOF *u, int n, QUAD *quad) }
o 2R

ZH & MIF] phgQuadGetBasisValues, VIS B AR PR O T 1 R IR AR BR IR R B
[ FLOAT *phgQuadGetBasisCurl(ELEMENT *e, DOF *u, int n, QUAD *quad) }
o 2R

Z % X IF] phgQuadGetBasisValues, V5 &3 pR B e J .
5.2.3 T1EHLHI

PP A BB AR ) e B ] get _cache £33 —Mi 17 QUAD_CACHE X B fFif4t. I8 34k pyfh
LI QUAD_CACHE X G Hh ZZAF I Bt ) T AT, S Z MIANTT Y, s 2B it 5

(1) QUAD_CACHE X4 (1) data fEl AN 2% Hix H AL invariant Ar 0 TRUE, RIZ A HE
AR S BT TG

(2) QUAD_CACHE I data Fi5%F A 4¥1M H. QUAD_CACHE ZZA7HIMENILF 2 5T e LI,

B A T AR 3 S ORAFAE — ™ QUAD U4 quad_list "o ANFIMZEAFEE CUnkEpki %k
(A« 5 R EIOBE 2 (P55 1) QUAD_CACHE X% #5473 Il R A7 7E AN [F] ) QUAD_CACHE_LIST 1. XFT-[A]
—ANIT, B> QUAD_CACHE_LIST W] DAZEAE 2 iR/ KA E . (HR2 AR A [F]— R R AEANA]
FIC EEHE. B 5.2 45 T M. (Bt “3DP1” AU 3 4k 1 BB, eI EHE)

2/ QUAD FRAF AL ZE A7, QUAD->id fREREFE quad_1ist DL AHZR QUAD_CACHE_LIST
(W07 & . IXFE{E QUAD_CACHE_LIST 174k T L[] QUAD_CACHE X4}, nJ LR, B AL
QUAD->id SEAT. {HIE %ML B 438 QUAD_CACHE_LIST /™ “2%3”, Wil 5.2 s, X cache
SERIBU LT MR, BIEA BRICTE S, BT A AN RIS e 8RR 43 R TR A R, DRI
XL cache FIT 7 FH I A7 25 18] 0] LLZBE AN T, B 72 T LA AR

get_cache [WHEARFIL,

procedure get_cache(clist_ptr, quad)
if (quad RFKZE fF); then

£ quad_list ¥iTL3RKIZ quad;
Z quad->id JIRAE;

fi

if clist_ptr is NULL; then



5.2 HEH T FHMNEE

DOF_TYPE
3DP2 1DP1 2DP2 1DP2 3DP3 | 2DP3
cache basfunc —p NULL | ¢ NULL on el one3 | onet onel | one4
n=38
3DP1 2DP1 | 1DP1
cache_basgrad f—]coet NULL] one2 | onet
n=4
3DP1 2DP1 1DP1
cache_gradient [T coe NULLY one2 | ones
n=4
cache_curl —> NULL

quad_list |3DP1 | 3DP2| 2DP1 |1DP1 | 2DP2 |1DP2 | 3DP3 | 2DP3

K 5.2 DOF_TYPE th 2150 w151

#1364 clist_ptr;
fi

if clist->n <= quad->id; then
# clist->caches #) K/ ¥ /& %] quad->id + 1 R
JF B4 clist->caches[clist->n, \ldots, quad->id] HLAA NULL;
clist->n = quad->id;

fi

if clist->caches[quad->id] &=& NULL; then
#1464% clist->caches[quad->id];

fi

return cache = clist->caches[quad->id];
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ava A

ERE SHEFI RASITIEDR

f

6.1 PHG B SITRIN

PHG M7 il LA Ay SAT R I 2R BT 1817 240 PHG iy AT R IR IR IR A e X
Jr A AT LAA =2
(1) PHG B I iEIm
2) PHG WIS =J7 AT (41 PETSc) i L iz i
3) PR AT e SLIFE I

o, BIPRRIETONAT A PHG F2 /7 #f5 238 FH (1), 1 568 =2k i ek 1 - #2075
Y P FER A phgInit B, PHG MBE arge M argy F3RAGH 7 16T 24T, FHxd Hod (13 1
AT, N phgInit RECRIFIE, AR T PHG LI SHEH N arge Fl argy HMHIFR

PHG M —HERH “-2R % A4, &R L7 o “+ R L7 HMER. DRI 47
W2 I, B E K IMERIER . PHG (RS R SEUN RIS S5 PR, 227 1)
TR B T ARG SHIET, £ kML M RERE, 385 T B0 — N1 B
BT o Tt ZEURIE T, I A4 5 S8R T A% BREAE S BRI, 52, i SR ISR T LL'S A
G AH BARSL, WATLIE R -G =540 B, WRETAZ s S B
Shell FekTF4F, WINAXTEAT2AT B (CRBON) 5145 KX Sk sl S 4 da ik .

UEAh, P SEEEAU SR VR AR R E T, PHG I “- MG x=540 B (HL
s ARRTRT “o—x/%1&™ RIS, WL, <7, “=” MBS WAREE S S FEFHHNS
e, <xm HEEA 7, BRNGESEITG B I B IR G I 2 5, Z [0 MBI o %
BOWSH, G NS CiESTHIR =7, “==n | s=m | /=7 SRR, Hh g s MEsH, <« R
REJE “+—x/" I —A

BT DL E AR A AT g ik miah, P mT DR — 2R TS — AN SCEF (BRCORIE TS o, 4R
JEAEM AT “-options_file XAFZ” SKRIHASCAFF LT, PHG fE NSO NIRRT, LU
5 o# TFAIAT BN AT 20 . AT RVFIHILZ A “-options_file” ML, PHG &M &A1
HE LR35 A3 TH S A P (3 TR A T AL BE o “~options_file” MEI e vFiikE, EIFEIEIIC
PE AT LA “-options_file” HlAILE ML, PHG 23 IH AN IR E L TUSCAE (7 B %
T R I G IR BB ER) o

JAE—A PHG F2/P I, WHRAE 57 H sk AR SCIF <77 #AT LA % Loptions”, W PHG & H 56
PWAIL e kI F P o] AR Rh 7 X0k — AR 7 e e BRIAE T

I REFe, JERTLA{E phgInit Z B /1] phgOptionsPreset PREKE L —LEFUE (LI, XLL
BT AE T A L e R B AL 2

i, H PR R] DUE PR AR 5 PHG_OPTIONS K@k, 0 iz sk ik, PHG & H
B0 IHREAT AP o Sy ORAUEIE IR — S, SRR T 1 I, R A R 0 ' PHG_OPTIONS
HOE(ER
FHAFIIE 5 i AT BT AR BG4 F 5 R — 3G I00 2 0 H IR At S — IR PR Ry 7«

(1) H phgOptionsPreset PRELTEE 1IN
(2) HEEAL i PHG_OPTIONS 45 H ¥

(
(
H

)
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40 # 7

(3) LA “FT#ATXAF % . options” HZ5 H LTI
(4) A AT 4y kL

H TR TR 2 JZRE Ry 2 ATIE, PHG RVFHIAESRE S 0 F Y B AT IR S HdE k.
B, IS ANEIE U AT RS 5 (1, E4RE ] GMRES 48, ASM (Nt Schwarz)
WEAET, I HAE ASM FUAAT 5~ Hh Al F BOKE BE (R AR ELHR AR A MUMPS SR X 455 1) 8

# Options for using PHG’s ASM preconditioner with MUMPS as the sub solver.
-solver gmres
-gmres_pc_type solver
-gmres_pc_opts {
-solver asm
-asm_sub_solver_opts {

~

-solver mumps # any solver (recomm. MUMPS or PARDISO)
-mumps_symmetry sym # spd, sym, unsym
-mumps_precision single # double, single

}

-asm_restriction global # local, global

—asm_prolongation local # local, global

-asm_overlap 4

-verbosity O # verbosity of the ASM solver

6.2 FILATAEIEBHMER

PHG #&4t T KEMar 2ATEIUH T4 6 S B 28, AT HAE SR b —— /- P Ik 1
BATATA—A PHG F2/PHF, #nT DL “-help” MEINF H & Fri@ ALk B Ak 1l & F Bh 5 B o “~help”
EINELR — AR E NS EL, W “~help hypre’ Wi X Hypre (LN, ‘-help all’ WoRFTfiik
I, 1f] ‘-help help’ ME N AT A 2H 4.

6.3 EELEAPEFIE=ZTRENBSITSH

b 25 55 =7 AT BT P R R )t AT S HU B “~oem_options” MEMIZT . H AT PHG Jif
SCREIER =5 %Ak, R PETSc #1 HYPRE (¥ Euclid TR HE TARAER) iy AT, 6T &
M A AT IE IS S B EA SO . B, T H R i TS AL 818 T4 PETSc:

[mpirun -np 2 poisson -oem_options "-ksp_type cg -pc_type bjacobi" ]

AT BT ARIESUE IS E (B 7 RAR = B+) IR AN E] -oem_options 47 i
WS Hh, ARG = RS P R . AN, O TSR BRI AR B, AR 4 5 = AT B
PRERFINZEh, IraARESE N S8 A st 2 TR mOB NSz mr. 1P R AE A
phglnit J&, AILLEIT arge Fl argv[] 15X LS4,

6.4 FHFBEXENR

PHG 2t K% phgOptionsRegisterXXXX, HtH]/ " FEFANIN H CH A AT LI X4 PR 1K)
SRR ERM A AR e S R AL, B TR A AT TP g N AGIE TN, PHG 24
AEHOZAR R, Al 20 N TS5



6.5 TEFEF o IR B K% & A 4T 3 T B 1 41

AR, WP B SOEWLAHE ] phgInit Z HHEAT.
KT H P A€ SGEW] LS F 7R FIFEFT examples/poisson.ce

6.5 7EREFFPIREE TR SITIETIAE

PHG HJVF A, GIUIARIRAR AT . WM o LRSS, i — L A AR S MOk Pl e 1T . 1Xse
SHOBF AR, PR S HER B e AT, PHG BAT 32 AL 5 o 28
IS H SR 1, DRh P RS T DA (5 3 3 VPR iy A4 T 1B TR SR B EUAE L e AT T

PHG $21it T pi %l phgOptionsGetNoArg, phgOptionsGetInt 5 FH P FE e SR EN iy 247 15 T 4
DL bR L phgOptionsSetNoArg, phgOptionsSetInt, phgOptionsSetOptions SEAEH PR S iy &
AP IRIRIAE o IXLE R AR T by (M B € SR P 25U T-Be, S8l DU 2 g
T T2 e MR R 1 . A O Ay AT BT P T BE RS E B IS F 7.3,
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FtE KMERERIED

PHG 24— M O TSRARENE JyFRe, Sebrskgms, BERTLAA PHG #2451 PCG.
GMRES 25307, thifl I #4FH PETSc. HYPRE. SuperLU. MUMPS. SPC. LASPack %4}
PR IS o

PHG FIZMEML SR 50 SOLVER, HI FEFF IR &R E L AR M FEAL KR S . R
PEANAT S I P 3 AN 50y SOLVER FY P FEEHE, T Ui PHG B E M2 MRS (K45 11 bR
Ok SE AR A . KT IEZHE D AT HI W LS % BT examples/simplest. co

71 KHENES

PHG A S TP IO A K B BT As I 02 (K F i SO B (1 PR SE o AR A PR AR
= TS AR A R R A

JRER A G S AR T RS B EITAT H ERBEAN O T ARH% F BN B R BEAS G 5 1 1507
IR G HEr= A1 o FERE A g IUERAE BRI 2R phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Al phgSolverAddRHSEntries $)H FH Jajil H B EE S5« 6 PR ICTHEIE NI &
R A S Ny, W LA ] R # phgSolverMapE2L KT HHIAFRIZEANES & DOF X RAEREARFE T
RS A e BE R B g S, iR B B

phgSolverMapE2L (SOLVER *solver, int dof_no, ELEMENT *e, int index)

Hr1, dof_no & DOF X RAEM BAHN A 424k DOF XL 5IZKH (A 0 THaR) WS, filtn, &
BEARHNA H H =AY DOF A% us vy w KM, W u P58 0, v PSR Lw PS5 Hh 2. e A
AHTHIC. index A u W H HEEAERIC e PR S (BT u 7EHIC e P IRMBILR BTN T).

PHG &Mkt s — D REFEE (mat Boi) MDA & (rhs i 0). PHG )
AR S WU 73 BAFAEAE S BERR D o R ) g 5 15— DN RERE T, AR AEAS HU ) o) & 70 5 AN 0
FHOR FU St 4 ) 0] e DU 1) o PR AR 70 B N O FFRATRIIURR S o — 1) 8 4 14 30 1)
TN EARE AR ACE R TP (R 5 A [a) B O3 B (0 4 R ) g S (R I R e B T . BT TR
B EE T RES R g T AR P L A m U R S, PHG ARAE T — A T 43 Jm) n) 52 5 (R
FE . A7 i R BR 2, £4FE phgSolverAddGlobalMatrixEntry. phgSolverAddGlobalMatrixEntries.
phgSolverAddGlobalRHSEntry Pl phgSolverAddGlobalRHSEntries, eI O ST REE B
45 B R SE AR ] AEREREAT | 81 RS s T o3 R 42 Ry o) B4 5« PHG HOHERE L 1) iz 1142
T EZ A, Z2EH I\,

7.2 APRPEORHY
PHG A p SRAR—AZ bk R B8 et 7 b LA R LS5 #

(1) M phgSolverCreate G fFLAR NS, Hh T w MO R FEN—4]1 DOF X%, PHG
PEIXLEE DOF #H %@L DOF FILE 1 2 G0 fift 1) H 7] A i 5 55 3R

(2) M phgSolverAddMatrixEntry B phgSolverAddMatrixEntries [1]Zk!E R USIIHFETLER,
W H phgSolverAddRHSEntry X phgSolverAddRHSEntries NI4T I. PHG A LAHLRE K A7 bt
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10 0, 3K L8R HORE B K 70 38 SN BRI R A im0 Lo i IR, vl A AR I 10 35 4 s i)
P 4% PR L

(3) (Wik) H phgSolverAssemble 564k R LM 4 %e .

(4) M phgSolverSolve KL NE RS, Hrhifi 2t 24 DOF X5, EA1MIM, Hekh ity fl
IR AT RIS SEOE DOF X858 e VLlS, SKRAFHTAL S HIARIL LU, SRR 5E 15 IR [ e 2445 2]
it o

KTRXLERHHRAREASE Als.

7.3 FESRSHBNEE

PHG #2417 — 41 Ay SATIE I T 15 E fivdias S 400 W fRLARIE DT ] “~help solver” i
TR, T AV R RS IR TSN T “~help M % 47 (W1 “~help peg” %) Worilik.

PHG [WIARE A AT (1) 25 i 2 50 v DL 08 1 AH N 1 iy AT IR D o, 0] AAERE b i
phgOptionsSetXXXX HRIEUK I E . — MEvEAR G, S EI YA S8 RAF LT, G
FEXFIX LS H T TG O 252 B i h 48 « DRIIG, 7] DUEE BV 4% 2 BT e A RIS 5UE, [
i 454548 H phgOptionsPush Ml phgOptionsPop KIRAE KR SE SR MIME, e sg e 7 2L &84
14T o

Blhn, AR A —ANME I TSR T I ARE RS, 2V B UCR I RHM H — 2P Hypre
BoomerAMG &4

MAT =*A;
SOLVER *pc;

phgOptionsPush() ;

phgOptionsSetFloat ("-solver_rtol", 0.);
phgOptionsSetInt ("-solver_maxit", 1);
phgOptionsSetKeyword ("-hypre_solver", "boomeramg") ;
phgOptionsSetKeyword("-hypre_pc", "none");

pc = phgMat2Solver (SOLVER_HYPRE, A);
phgOptionsPop() ;

BRI SRR E AR AT AR O

phgOptionsSetOptions("-solver_rtol 0. -solver_maxit 1 "
"-hypre_solver boomeramg -hypre_pc none");

7.4 PCG #1 GMRES f#*x2§

PHG PEBSEEL T /NSRRI RTESS : PCG (preconditioned conjugate gradient) 1 PGMRES (pre-
conditioned generalized minimal residual), H:44FK453%°A SOLVER_PCG I SOLVER_GMRES (IX M AMiVE
BTSRRI AT S H0 0 I -help peg Al -help gmres $575). /Al LA i iy 44738 T ok /0 FE
FEH i FH B8 phgSolverSetPC KA EATIHE & AT T

B, FIREII s H RS BE ) MUMPS VA0 GMRES [ Hi4A: 1



7.5 PETSc fi#ix % 45

—gmres_pc_type solver -gmres_pc_opts "-solver mumps \
-mumps_precision single -mumps_symmetry unsym"

bR, gmres_pc_type I “solver” AKX I/NTE GMRES &P LA H 57— MAETESS A 4%
¥+, 1) -gmres_pc_opts 28I NI F oK 15 5& TS T ik 48 N S 40
RS M, BAERED PCG IERFIA P Hypre Boomer AMG &AM A TS 41+

-pcg_pc_type solver -pcg_pc_opts "-solver hypre -solver_maxit 2 \
-hypre_solver boomeramg -hypre_pc none"

(VE: PHG 2 HEPR I T il ds i i S RSB0 1, WSaEIBEA 0).

7.5 PETSc f#:%3%

PETSc HH ML T —ER& N AT S5 WO H T oe M tilfdilas L 248, PHG oV
WIS T -oem_options KAk T 21T S 445 PETSc (SEbr b, XU SH oL 25 P A3 SN if s
HEZ 0N PETSe &2 4EH, By ML EEA A SRR iy S AT WOR BOE KRS 40 -

B, FiRarAATIEDUR € K H PETSc 1 CG i%EAXHT block Jacobi T TR fif:

[ -solver petsc -oem_options "-ksp_type cg -pc_type bjacobi" }

PR % phgSolverSetPC T & T4 M: T4 T PETSc filtikias. BRItz 4k, F /v idny DL & I
“—petsc_pc_opts” WG RN = EIE AR PETSe BIF4&ME 1 (CHIC bk i f# H PETSc
I IBTREAET) o B, FIREDEH Hypre ) BoomerAMG 4 PETSc HITHEAT T

-solver petsc -petsc_pc_opts "-solver hypre -hypre_solver boomeramg \ J

-hypre_pc none"
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FNE BRY. mE5%EE

PHG $24t— 4L B 15 BOE S BAF it I o An sCm B, DUREE AT RO AT IR A7 il IO A
FFEo i AR RS MK O A T L RIS (MAP) BEAT IR 5 B

PHG BErT DL B i FROCRRH, A7 BRIT R BOR I A ey s R, o m] DUAR P T 42 e 7y
AT 10 17 AT s e A (R

8.1 R4S

PHG WS (MAP) ik — >l EAERERE B A 70 A1, LAA R ICER S B R ] FR R AR
8.1.1 B SARREY

] B AR F] T R AN 5 1 BER GAH ORI 1) f o B LR ) 1) 42 Ry KN B R R K
/o QIR S MAP PR RRBCAN R -
[ MAP *phgMapCreateSimpleMap(MPI_Comm comm, INT m, INT M); }
Hrh M A RKE, n AR PR,

AR m MRS T M, U E SC DR B M F RS Al At
FEF I BN m 1A

P IERE m ARSE T M, MR E SO SR AR [RGB A R R 1 [ X
WU R AT
8.1.2 HHERE

QUL B H RS 1) R 5 T
[ MAP *phgMapCreate(DOF *u, ...); }
W Z R BN ] — 21 B AR RO 2, S HCR LR85 NULL S50 A4S MAP XA T
SRR I A R SR BT B R S R, R A RN BT B R S B
R, AN RERR ) 2 PO Tzl R T (6 8l BN (R, I T 2N RE R A
A A — NIRRT “PiA 7, t A ERTER AL L TR ITH OWNER FREHIE).

8.1.3 MEHRS
FATFR— A3 A K = TR AL R T S TR RS, R DT RR TN
0, H A TUEG TN 1, WIKEHE. MEILENG S T UHE R ER Y (G5l 0 — ¥-1),

EEE Rl EE R NN L TR
Up SR 2 PR R E SCIV, RS AP 1 i 54k, tn] UMD A el BE ARS8 2 5 Kb iRt
o MBS T2 B BN GR I, KX B i RN SR UOE RS R S — AL, JT R AR+

St 2 R RO R X 8% 5, 4T
phgMapE2L H— M FLICH 1) RS 5 75 2R o 1K) = 8 4 5
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48 EANE BG. mESERE

phgMapD2L FH—AN H 1 EXT G A (1) B b B G B LS vh 1) )= i g
phgMapL2V HHIGE R g 519 2 1w 1] #4 5
phgMapL2G FH G2 0 JR) i 5 19 21 1R 4 JR) 1) 29 5

7E MAP FHEEEMIT, nlocal KA ) E FIARM AN RN T m)e A TAE TR ) R
1B, 1 R 5 ik VP & — 880 AN B T AU W 5 4r i, localsize Ji bt K [n) 2 1 Ry B 2
SHIMEL, localsize > nlocal, JAI¥f4m 5 1E [0:nlocal-1] ZIAJH) s A&, 1R 51
[nlocal:localsize-1] Z [HI[J4r M AEAR &, EATIA RN B S 4] 02Gmap [1 45, 1%
B IPIK/NA 1ocalsize-nlocal. B, B NICE MR &S5 A o, WE 4R RS N

i+ng WHR i <nlocal (AMHITE)
L2Gmap[i — nlocall W i >nlocal (FEAHITER)

Horp ng RIRASBERE P (1) d /N4 ) ) B O 5

XTI B S AR IR, localsize B IS5 T-AL T A1 M#& Ef A HEEMIEH, M
nlocal i bt WSS ARERE B A 10 B HEE 2 H -

TEMIERL 1, localsize = nlocal, MU HHAAEGEAE T A TCE, JRH S 5 AR ) & g
R
8.1.4 BRETHIIHER

PRI %L phgMapDestroy M5 —MIRT, FETBCH BT o FH I B2 U5

BT AU s 2 A & FEREILH], b TR S AR, RO TR AN,
PR 5 LRIV B — SRS QU N 3L 5 VRO 00 R —ANBIR S GRFE 1 &) 51
S, LBV 0. 8 phgMapDestroy i, WML E5HTFEOCT 0, WAL BZ
WS, T AR E S RO 1. RS AN S DT ECh 0 I A SR B IbAk, BEANFERE
B ) AT SN, JRas F B S LR SRR A phgMapDestroy.

8.2 [EE

8.2.1 MEMEMEIRSHR

O i
{ VEC #*phgMapCreateVec (MAP *map, int nvec); J
Ferp nvec $R5E 1) B I 4EHL

T 55 ) F e

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHR

— AN EAN S, BE AT LA A A R4 5 R 4L phgVecAddEntry Al phgVecAddEntries DA
5 4 JRi G [ PR 2K phgVecAddGlobalEntry Al phgVecAddGlobalEntries winmEIcE, el blE
FERAE R B AN data Fl offp_data & i . SEMNT M EICEMMIE S, NiZ1HH phgVecAssemble PR
Hoo] ) B AT 2 2
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i EVE RO, ]R3 phgVecAddXXXXXX L RE ] — AN AR AR o) SR I TC 3R, W 2R AR ) —
MNELALEER =R MITE, TSGR H phgVecDisassemble X} [ it THIZE. PHG ', 1l %L
phgMapCreateVec fll phgVecCreate G ) EERIA & CLA 2L, DREAE ) VAN n oo 3 w2056 R A
phgVecDisassemble & HHI%:,

) B A1 7y B B AP E VEC Z5MH data RO, BSR4 map->nlocal x nvec. ANET
Ay P, AERL T AT AR EG) B R RE TS B ) BT B AR AE VEC S5 MUK offp_data BRI, #
P E N (map->localsize — map->nlocal) x nvec. [WIEAIZEN, ANE T AT TR S A ES N
AR R HERE o

[ B GG AL N mat, WRZ IR R AN A RO S I, ) mat 23 FR ) Z M
EAE PR, ) R mat BOACN AR FREE, IF H mat->handle_bdry_eqns & TRUE I, [n] 523
FEFP AR 2 ) 5 22 BT SK A% mat->bdry_eqns Ly [a) 5 1 RIA AT ER A R /N M DT RE 4, JF AT IX s
T3 R B R ) R AR N T 3R o IX N T U7 HEAT A BR T B RN Dirichlet 34 S 4 A4 1Ak
. 2% 8.34.

8.2.3 HHESMERMEIELE

PRI phgMapLocalDataToDof Hl phgMapDofToLocalData AR AL 2 AHORER H X %
Z RGBT R A phgMapVecToDofArrays F phgMapDofArraysToVec WHTFEZ4mne5H M
PN G A 2 TG s K

8.3 M
lfESAEUCE
{ MAT *phgMapCreateMat (MAP *rmap, MAP *cmap) ; }

rmap 45 HFEFEAOATIRGS . cmap 45 HRAEREAGSUMLSS, EATRT BUZ RN (17 51 5 AT A R RN )
AGEITT ), R LU AN R (RS
MEESS R
[ void phgMatDestroy(MAT **mat_ptr) ; J
WL, PHG MMM ST A A I LU (8% MRS 55 AN R T
AL XS F R HEAT S Ao VB AR, RS S IO T 0 WK 51RO 1, A7 245
FIVHECR 0 I A2 0T SR
8.3.1 RINFEMETE
PHG $24t N & s U T 10— AR IR 0 J0E:

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

XL PR B i E HOE R N B R iR € oo R B e DONAE TR ERE AT AN 81 73 S As T T )Ry 0 2
A RS (R AE R R EREIAIAMEN 0)o Qi RAR BT I 0 K vh AT (L, AT B
A3 R 2
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phgMatSetEntry phgMatSetEntries
phgMatSetGlobalEntry phgMatSetGlobalEntries
phgMatSetGLEntry phgMatSetGLEntries
phgMatSetLGEntry phgMatSetLGEntries

M BRI, B — MR AR PR FEA Tz, R AR ] — A DR AR AR A T 3
A2 58 FH phgMatDisassemble X HEAT HI%E

PHG "', 1L A%l phgMapCreateMat* Fl1 phgMatCreatex 5 FIHIFEER A& AR B, WTLLHE
P rhis s .

8.3.2 “JciEME” 5EfE

PHG SCHF “ A (matrix-free) FEAIHIEE, B RERE AN A5 B Bof FE A E 1)
FFE, e AN S IR R HOR 5 U PR 1r) B 1 Sfe AR

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,
void *mv_dataO, ...);
MV_FUNC /2 50 i K ) B SR ) e B8R BT, #% HBn
[ typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ *A, VEC *x, VEC *y); }
Hop op ATLABY MAT_OP_N (K43 &) MAT_OP_T (JHFEHE & 3 &) Al MAT_OP_D (H 4 A%t ) £k 3
Bl ).

AR ZH mv_data0 S5 A ATIESE, EAIMAFAECE VAT FIFREM B0 0t mv_data Y, o] HIokALi6
S5 MV_FUNC.

8.3.3 S IR%EME

£ PHG ", S BRAREAAROR — Bl BRIK) “ JoHIRE” R AR o R0 e — LA [ B S AL R Ay
JRIR, AE I R W] LAY 48 A7 il 2 W) . PHG (73 B BT R iR gk

a1710P1,1(A1,1) a1,20pl,2(A1,2) al,qOPl,q(ALq)
A— . ) . .

ap,1 Opp,l(Ap,l) ap,2 OPp o (Ap2) -+ apyg Opp,q(Ap,q)

Hor, A FHEFRERR, a;; AR FET, PHG ASCRERTFEEURU: B A
PHG @7 PSE PR s %0 phgMatCreateBlockMatrix, HAASZHSHIM K Ao /- HRFFERI{E
HI R 22727524 examples/maxwell-complex.co

8.3.4 fEMEAYLA%E

— N A3 B phgMatAddEntry . phgMatAddEntries. phgMatAddGlobalEntry 25 R H%
Ak 0 JeE G, EMEFETTE 2 phgMatAssemble HEATZEE . — AN FELLEE ARG AS o VFFF ELIZ B 1
H oo E, w0 e FBOCVETRN 45 R

PHG WA AT R 4ifr e 2o R IR A e R AN J8 T A AT B 2 928 I BIAH R 3R R,
[FJ ISR B TC 2R (R 81 5 AT Ge vk B F g 5 IR T AMAN I G 3R R cmap ()R8 10 45 T
JEHEAE 0 3 cmap->nlocal-1 Z 0o AN T A A o 3 an A el 14 cmap A R, I %
DT, I s V0 A cmap->nlocal B2l cmap->localsize-1 ZT0)s A5 D) 43 B — A 8 B4 S s 1) F G
Y5 JUFI7E cmap->localsize F| localsize-1 Z[f], i MAT fJJ% I3 localsize %5 T TH 1E cmap
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R g 1B R R GE (5 TUFEIAE 0 B cmap->localsize-1 Z[H]) LA A FTAG e 4 A B 1) AR i 356
I HBIAICE (i I TE cnap->localsize F localsize - 1 Z[H]) ZHll, AR localsize >
cmap->localsize. yMUFFIEALL, FEFE P — A LoGmap RARAFEANJE T AU 51 (1) 42 Ja) 2
5, HAHIHT cmap->localsize — cmap->nlocal M55 cmap->L2Gmap H 584 FF.

KRR R IGTHSLH Dirichlet i S 4R AR, HiFEH A — M /KA 71 handle_bdry_eqns,
WACE B TRUE, JUJE 0 HE SRR AT 2 202 1 25 SR A HB PR30 AT HEAT AL BE o IS SR [ o T A7 34
FATH AR 0 JCEIRE TIATRA, IXEEAT L SRR R ANBL R A ) N Ty REA, PR 2R
e ix BN RRALIN LU 5 fRAORAETERE (1) bdry_eqns SO, SRR T A 14 AT X fri 2k T 5=
B L AR MEITREN 0o BORTFIN LU 732 B Im) AUy PR AE 1) R 42 i ST 1) )
WHILER, B 8.2.2.

8.4 %EfE. METHE

PRI E phgMatAXPBY U Y = aX 4+ 8Y, X\ Y BIFEEE, EATLAHNA AR N3 AT AT )
SR o

PR AL phgMatVec 1 y := aop(A)z + By, =+ y AE, A N, REFHIZSE op ATH
4 MAT_OP_N (op(A) = A). MAT_OP_T (op(A) = trans(A)) 1 MAT_OP_D (op(A) = diag(A)). 2 op A
MAT_OP_N I, %PREEEK x->map 15 A->cmap #H[A], y->map 5 A->rmap IRl 14 op & MAT_OP_T
i, DK x->map 45 A->rmap, y->map 55 A->cmap #H [,
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FENE FHHE. HFERETE

PHG #f{t5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi fll PRIMME [{j$% 11 1]
TS SCRFEAE IR AE [0 & (CANEAR) o RFAEAR S RRAE 0] ST SR I g — 3 1, AT AEas AT R e Iy al
iy AT IE ORI FEATAT — A T R RFALE AR SR A s

PHG ] JDBSYM #2 B2 B R GG #3147 JDBSYM FE1%, S0 fF il N e s il 4740 i JDB-
SYM FEJ¥. 1847 configure 2 AN AT I JDBSYM 752 AT

PHG MEEARHIEE 4 L s 1

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

) R E RS Ax = ABz 1) n NMRFIEXT CREAEECRIAR R REAE [0 ) . 280 A FI B 44 HE
B, 1 B W IRENIN KRR B = I, ICHBAPRAERFIE(E 0 . n R UF B IRFEXT N4 which
FEWIHEME n ANSAERT, 7 LAHY EIGEN_SMALLEST. EIGEN_LARGEST BY, EIGEN_CLOSEST. tau %! shift
{Ho evals F&IRAF VMG BIRFIE MM X (KBE A0 n)o evecs IR RN FIRFIE ) o nit IR
=] SR o B A R AR (AL U] & U BTl R AR E 2R %) o BRBOR MU D vk 55 H
FREXT AL (€ [0,n)).

FEAT BR TG TH L B 7 (2 R IR T B B R

int phgDofEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
int *nit, FLOAT *evals, MAP *map, DOF **u, ...)

EEPR U B REE ) S AAGEE SR T I A N S AEFE A FD B I NIZE ) map O, A
J il it PR 2L phgMatRemoveBoundaryEntries Ml L FAT A (75 WK A5 K= H Dirichlet 1154 4%
PEP R DV RFAERT ) o W) map IMZHRS N AT AR SR u, ... G E BN SR . KRS XS
phgEigenSolve o —F.

93
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ENE L. R E BT E



D

B}

Mi® A PHG TE. Ri5E

Al BB

AR g BREU A FR T phg BTSN — L85 SC AR BRAR B A R, RS SRR AR S 1 RS,
HgFBRE/NE, Wl phgInit. phgRefineMarkedElements. phgRank %%,

PHG g X C RBA KRS A BERI R, 41 GRID. DOF 4.

Jal (static) AR BLRREL /NS FRE FF SN R R, 140 refine_path() .

PHG e X% WENAFIET 54 )R% 8. R 42808, (%A phg TI4, #1
Ul: NVert. DofElementData 5. {HA It A KS F- BRI N RIZL, QW1 TRUE. NEUMANN. DOF_P1 4§,

A2 E=E.Z2RBT

Gl

Dim > YR, FT 3

NVert > — NI TN, ST 4
NEdge > NI RILEL, T 6
NFace > *ﬁ%ﬂ:‘*‘ﬁ@fﬁ@, %T 4
phgComm > PHG 4 sl o

phgRank > AHFETE phgComm H K HEFE S
phgNProcs > phgComm SR BEiTE

A3 ZHE . WR

CHAR b AR

BYTE > LS A AN

SHORT > AR (2D 2 )
USHORT > AT RN (D 2 P
INT > R R (/D 4 FY)

UINT > LT HERAR R (/D 4 F)
FLOAT > VR AR

BOOLEAN > A /KRB, HU{H TRUE (1) B{ FALSE (0)
PHG_MPI_FLOAT  © FLOAT [f] MPI %254
PHG_MPI_INT > INT () MPI k28
PHG_MPI_UINT > UINT ) MPI 2y
PHG_MPI_SHORT > SHORT f) MPI #t#52k%Y
PHG_MPI_USHORT > USHORT [¥] MPI $(#i35%!
PHG_MPI_CHAR > CHAR ff] MPI #5257
PHG_MPI_BYTE > BYTE f MPI 342

Pow > 15 FLOAT UCICHY) pow BREL
Sqrt > 5 FLOAT UL sqrt MR%L
Fabs > 5 FLOAT ULECIY) fabs PREL

95
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Log
Exp
Sin
Asin
Cos
Acos
Tan
Atan
GTYPE

BTYPE

ELEMENT
GRID

DOF
DOF_TYPE
QUAD
SOLVER
OEM_SOLVER
COORD

vV VvV VvV VvV VvV VvV Vv Vv V

vV vV VvV VvV VvV Vv VvV V

itk A PHG LT &. B 5%

55 FLOAT ULHCIY log BRIEL

Y5 FLOAT UCACHY exp PRIEL

Y5 FLOAT UUACHY sin PREL

55 FLOAT JEPCHY asin REL

Y5 FLOAT UURCMY cos BREL

1+ FLOAT VLHCHY acos BR%K

55 FLOAT ULPCIY tan PR

L} FLOAT VLHCHY atan pREX

enum MY, ¥ 51f04%: VERTEX. EDGE. FACE. VOLUME (DIAGONAL). OPPOSITE.

MIXED. UNKNOWN. Hij 4 /M2 il H TR T sk 0 48L& (VERTEX). 8k

1 4 JLf[ & (EDGE). [z 2 4k L& (FACE). LLR& Ao =4k JL{T5 (VOLUME).

DIAGONAL. FACE. EDGE. OPPOSITE Il MIXED ] T-3K /R HLocdi {24!

Rrbrak, HIRFOR /L, 4. AR, WHUR{EA DIRICHLET (Dirichlet i1

5%) NEUMANN (Neumann 4 4¢). BDRY_USERO (F /2% 0). . .... BDRY_USER1 (H

J1J5A 1), « ... BDRY_USER9 (] J" 257 9). UNDEFINED (A& i1 4t) . INTERIOR

(X 3k Py )« REMOTE (£~ F X3k JE=2) . owNER (#1145 %) Fl UNREFERENCED (0).

JLH, UNDEFINED R7NAHE KA 14 F . UNREFERENCED &7~ Af GBI 1

JCHI M, HHIEEM-F e . — AN gnl LRI LA EYE, fln—4

i A] DLEEJE T Dirichlet 5%, X J&T Neumann 145, [ X AN ET M#& AT

L (REMOTE) . — Ay 3L 8if A] AR N g 5 2 A4 1 R, (H A E——A4>

WS A BT &, AR OWNER 77517 Mg oA 1, fE eI 2R 0.
BTYPE Ff T HI T JLATR %4, AT B X %, HE 822K

HLITK (struct)

MRS (struct)

H % (DOF) X% (struct)

HHERAIX S (struct)

B AKX R (struct)

RIFZRAT S (struct)

HNERSR AR AL I % (struct)

Dim 4 FLOAT AUE041, F T8 7 ) Ak b

A3.1 BHERZDFERERKEOLE
DOF_INTERP_FUNC > fH{HpREHL NIRA (BF 4.1.1 Ml 4.1.2)

DOF_INIT_FUNC
DOF_USER_FUNC

>

>

B HEBCEREGE DR (BF 4.1.3)
2, y, 2 A BREEE DR (B F 4.1.3)

DOF_USER_FUNC_LAMBDA > {4 FHE.CARNRIY FH P BR £ 288 (S F 4.1.3)

DOF_BASIS_FUNC
DOF_BASIS_GRAD

>

>

VLM B R (B 4.1.4)
VB B KO 1 B M R (B 4.1.5)

A.3.2 MEXRBHREZRR

> FEIR A EERAY, ARG AR R
> FEIR A R, TSI — A AMRARAT R AL

DOF_CONSTANT
DOF_ANALYTIC



Ad B
DOF _DEFAULT

DOF_PO
DOF_P1
DOF_P2
DOF_P3

DOF_P4

DOF_DGO
DOF_DGn
DOF_ND1
DOF_HFEB1
DOF_HFEB2
DOF_HBn
DOF_HCn

A4 FAHAK

QUAD_1D_P1
QUAD_1D_P2
QUAD_1D_P3
QUAD_1D_P4
QUAD_1D_P5
QUAD_1D_P6
QUAD_1D_P7
QUAD_1D_P8
QUAD_1D_P9
QUAD_1D_P10
QUAD_1D_P11

QUAD_2D_P1
QUAD_2D_P2
QUAD_2D_P3
QUAD_2D_P4
QUAD_2D_P5
QUAD_2D_P6
QUAD_2D_P7
QUAD_2D_P8
QUAD_2D_P9
QUAD_2D_P10

v v Vv Vv V¥V

v VvV VvV Vv Vv Vv V

v vV VvV VvV VvV VvV VvV VvV VvV Vv V

vV VvV VvV VvV VvV VvV VvV VvV Vv V

o7

RN R, Al /RIS AT R I T I A 2 ATIE I “~dof _type” HiAR B WE
(BRINME A DOF_P2).

0 B Lagrange 7o, 70 J7 W4, ST HHE

1 B Lagrange JC, 470 v 2eth k8, A TE—A A

2 Bt Lagrange JG, ‘$Q§;§7\}##77\§Iﬁﬁ RN RRAL S — A H R E

3 B Lagrange JG, L5 P =ik Z K, /\Tﬁﬁ\ BEANTIA—AS B
ZAPAN H

4 |3fT Lagrange JG, X270 i WIRZ I, BT B FRIT& D H H B,
SN S TR g M SN E] 3

0 B DG (discontinuous Galerkin) JG, %4/rJ- DOF_PO

n ffr DG JG, 0 <n <15

2k Pk Nédélec 7T (B HIT)

1 B ¥.C (= DOF_HC1)

2 fr# L0 (= DOF_HC2)

n v H' ¥3)23E (hierarchical basis), 0 < n < 15, K H.vp DOF_HBO %" DOF_DGO

n v H(curl) Pp)Z3E (hierarchical basis), 0 < n < 15, H:H DOF_HCO AHX* T
DOF_ND1

1 Bk EE—4E Gauss B AR
2 BYRE R —4E Gauss F4r 2
3 MR BE—4E Gauss B 3
4 rk§E—4E Gauss #1434 30 ( = QUAD_1D_P5)

(1 &)
Q
Q
5 ki E—4E Gauss B0 A3 (3 /)
Q
Q

1

(:: UAD_1D_P3)
(2 )
4

%%%%%

6 BG4k Gauss *Rﬁj\/\fc ( = QUAD_1D_P7)
7 MR —4E Gauss B A3 (4 £)
8 BrkG [ —4E Gauss *D/VA\:—& (
9 BrREE—4E Gauss B A3 (5
10 Bk R — %ﬁ(Eauss$ 1532430 ( = QUAD_1D_P11)
11 BrksE—4E Gauss Bl 23 (6 1)

1 MRS B2 — 4 Gauss B1or AKX
2 PRSI 4k Gauss B At
3 RS 4k Gauss B At
4 BJ/I\*%E{; E Gauss *WVA:EE

ﬁ%

UAD_1D_P9)
(5 &)

ot

Tir

)

T

N OO O W o=
: Tr M 3
— N N

)

W

Tir

Y

Ty

W

)
)
)
)

dir v

10 Bk BE =4k Gauss *Eﬁj\/z}—ﬁ (25 KQ)
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QUAD_3D_P1 > 1 PREE =4 Gauss A (1 45)
QUAD_3D_P2 > 2 Bk =4 Gauss B AL (4 &)
QUAD_3D_P3 > 3 MrkEE =4 Gauss B A L (8 &)
QUAD_3D_P4 b 4 BREIE =4 Gauss AR (14 1)
QUAD_3D_P5 > 5 Mk =4 Gauss AR (14 55)
QUAD_3D_P6 > 6 Mk =4 Gauss B AR (24 15)
QUAD_3D_P7 b 7 MrREE = 4E Gauss B AR (36 1)
QUAD_3D_P8 > 8 BREIE =4 Gauss LA (46 £)
QUAD_3D_P9 > 9 PR = 4E Gauss B A3 (61 51)
QUAD_3D_P10 > 10 RS =4k Gauss B2\ (73 31 81 #)

A.5  BREF. EEFNEERE

MAP b WU, 5 SCRERE R B A K B A el ] R R R
VEC > X R (WP PAEA) -

MAT > FEFEXS S (WbiAT IR4A A7) o

MV_FUNC > CTCRRRE” R L i R R A 1 2R A

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

GUEEEE T — 2 Bt EEX B .

MAP *phgMapCreateSimpleMap (MPI_Comm comm, INT m, INT M)
A — AN FRL R

void phgMapDestroy(MAP *xmap_ptr)
CEE S S

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

QU “ AR . mv_func Z5ERMOHFE . RN R ERE . 26 8.3.2.
INT phgMapE2L(MAP #*map, int dof_no, ELEMENT *e, int index)

EY[E] map I E dof_no NMHEHEXZRIERIC e I index A~ H HHEELE W+ (1) 51 g
‘5. dof_no Al index ¥M 0 IT4G.

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

W& [A] map HEE dof_no AN H HHEEX B IEE index A HI LA KRG 5 o
INT phgMapL2V(MAP *map, INT index)

IZ[9] map RSN index FICER IR IR Edn T .
INT phgMapL2G(MAP *map, INT index)

&8 map )RS h index MITCEMIA RdN T .
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
P RRHOH] R 1) b R A a5 H AT QIR B e BEXT 5%
int phgMapDofToLocalData(MAP #*map, int ndof, DOF *xdofs, FLOAT *vec)
R E T B ER B G O A o 1)
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF **u,...)

W—AZYE 10 SRR — A A X G, A B N S 2L vec->nvec
AR HER e A FE A XS S remove_bdry 45T TRUE I KR vec AR LA AHE. %
BRBCE B TR S A R B

VEC *phgMapDofArraysToVec(MAP *map, int nvec, BOOLEAN remove_bdry, VEC **vecptr,
DOF **u, ...)

B2 A H N SR B LS g A2 Y R e ECE EH TR I E T R s ot 1S
it & X5 phgMapVecToDofArrays Z{bl.
MAT *phgMapCreateMat (MAP *rmap, MAP *cmap)
QUEEHFE, rmap A1 cmap 7345 AT FIZIILA o
MAP *phgMatGetRowMap (MAT *mat)
R [BIFERE mat FEIATIS (WU A5 DTV B0 1),
MAP *phgMatGetColumnMap (MAT *mat)
R [BIFERE mat FEIFIBS (WU A5 IV B0 1)

MAT *phgMatCreateBlockMatrix(GRID *g, int p, int g, MAT *pmat[], FLOAT coeffl[],
MAT_OP trans([])

QI —A px q P HHIFE, JLHE (i, 5) 5T coeff[iq+4] x trans[iq+ ;] (pmat[iq+;1),0 <i < p,

0<75<qo
WA coeff 4T NULL WI/RPTA REIIA 1. WK trans 5T NULL NIRRT CHE A

MAT_OP_N.
v PHG PR SEIEE T matrix-free 211, ‘EERTA IEX AT handle_bdry_eqns fH

M FALSE, 1M 1A Xf fiEff) handle_bdry_eqns {H [ % TRUE B [A] I & FALSE.

void phgMatAddEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERE TR, AT AN RS 5

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERE TR, ATHIIE 2R i 5

void phgMatAddLGEntry(MAT mat, INT row, INT col, FLOAT value)

AR TC R, R AT S R RS .
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void phgMatAddGLEntry(MAT mat, INT row, INT col, FLOAT value)
ASINAIFETCER, AR AT S RIS .

void phgMatAddEntries(MAT *mat, INT nrows, INT *rows, INT ncols, INT *cols,
FLOAT *values)

AN IN nrows x ncols MEMEICE, 1THIIMEH RS .

void phgMatAddGlobalEntries(MAT *mat, INT nrows, INT *rows, INT ncols, INT *cols,
FLOAT #*values)

SN nrows x ncols MEMEILE, 175 HA R M EH S .

void phgMatAddLGEntries(MAT #mat, INT nrows, INT *rows, INT ncols, INT *cols,
FLOAT *values)

NN nrows x ncols MEMEILE, T HRHATH S /I EY| S,

void phgMatAddGLEntries(MAT *mat, INT nrows, INT *rows, INT ncols, INT *cols,
FLOAT *values)

# I nrows x ncols MHFFILE, TR EATH T JFHBII% .
void phgMatAssemble (MAT *mat)
HUBGERE, KA T A AT A& B I 2 A N HERE .
void phgMatDisassemble(MAT *mat)
R A o
void phgMatDestroy(MAT **mat_ptr)
B SR
MAT *phgMatRemoveBoundaryEntries(MAT *mat)

FRAE T ASETIRE R, e A T U R K BT A L A AT A S o F IR AT AN BT S
(K1 XS B P ) DB_mask J& A, AR WU AN ] BN AR ORI BUPTAT B X S 1
DB_mask 44 0 I 12 bR IR [P SR R o 7 A2 RO A K AN B JEURELREE £ 1 e FREAH DR K

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5 %0 phgSolverMat2Solver 1FHAHIH
VEC #*phgMapCreateVec (MAP *map, int nvec)
QU &, nvec Ml BYEHL
VEC #*phgVecGetMap (VEC *vec)
RN R vee MR (WS VR0 1),
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)

AN EICE (R T). vhich F&AAINE] ) & A7 5.
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void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT #*values)
W o AN EICEK, indices 4 HYXLEIT R RS 5 o which $5WIVSINE] ) & A0S 70
void phgVecAddGlobalEntry(VEC *vec, int which, INT index, FLOAT value)
IR (AR5 ) . which F8 BN INE] ) 2 (1WA 43
void phgVecAddGlobalEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
SN o AN IR, indices 45 HUXUETTR N4 MG T o which $5WIASINE] o) & 1WA~ 73 & .
void phgVecAssemble(VEC *vec)
AR, RN T A ) T 3R AL I8 0 2AH B ERE o
void phgVecDisassemble (VEC *vec)
2 [7) o
void phgVecDestroy(VEC **vec_ptr)
GEGEE
VEC *phgVecAXPBY(FLOAT a, VEC *x, FLOAT b, VEC **y)
WH yi=aZ +bj. 4 b == 0 W LV y == NULL, SERPEAIEIFRPI—ASE M E yo
VEC #*phgVecCopy(VEC *src, VEC **dest)
) 3 DLERE . X PR EUSCTT dest == NULL, BERPREEGIEEIFIR[A—NF1 10 & dest.
MAT *phgMatAXPBY (FLOAT a, MAT *x, FLOAT b, MAT *xy)
VAR Ze s 5. 250175 XY phgVecAXPBY 1L
VEC *phgMatVec (MAT_OP op, FLOAT alpha, MAT *A, VEC *x, FLOAT beta, VEC *xy)

T y .= aAz+ By (5 BLAS B4 %k DGEMV 24{b1). MAT_OP 55 E M FF A A&7 4 &, v LI MAT_OP_N
(0) MAT_OP_T (1) 8% MAT_OP_D (2).

ZHREAVE A == NULL, %78 A R, 24 alpha == 0 I 0¥ x == NULL. 4 beta == 0 I}
fOVF y == NULL, SERPEAIE—DNH S yo BREH X alpha Fll beta MURFIRME (0, 1, —1) BEAT T4F
RALBE Ll D AN D6 L) mAE B, PRI RT DLHIR 58 BV 22 2R AL R RE R R ) s 5, 49 2

phgMatVec(0, 1.0, NULL, x, 0.0, &y) y:=x (MEHEN)
phgMatVec(0, -1.0, NULL, x, 0.0, &y) yi=—x
phgMatVec(0, alpha, NULL, x, 0.0, &y) Y= aQx
phgMatVec(0, 0.0, NULL, NULL, -1.0, &y) | y:=—y
phgMatVec(0, 0.0, NULL, NULL, beta, &y) | y:= Sy
phgMatVec (0, alpha, NULL, x, beta, &y) y:=axr+ Py
phgMatVec(0, 1.0, A, x, 0.0, &y) y:= Az
phgMatVec(0, -1.0, A, x, 0.0, &y) y = —Ax

™ op = MAT_OP_D I, ZPREHH A HIXIMZHR D x (IR,
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FLOAT phgVecNorm2(VEC *vec, int which, FLOAT *result)

TR L2 B, RIRET result ARSI R FIAAET R ML . which Fi5 W] V15 ) 2 OIS
SR, IR which < 0 WIERHITHE T A 0 S AR, BRI result AR fiR e W& fiv 1) B g2
AN AZAN T vec->nvec, T TRAF vec->nvec MM ML BHURIME N IR E & (B —
W which < 0) 1) 45,

FLOAT phgVecNorml (VEC *src)
AP L1 B, 807 XA phgVecNorm2.

FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
T ) )RR . 40 IR phgVecNorm2,

FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)
WEmE x My M. 23 which_x. which_y Fll result 55 phgVecNorm2 "1 4H (A,

void phgMatDumpMATLAB(MAT *A, const char *var_name, const char *file_name)

FFEFELL MATLAB #igi FR B A% U H 2050, var_name 2511 MATLAB 48 # 44, file_name
S SR (EHE L o AP ESR), il BN “var_name = spconvert([ ... 1);”

void phgVecDumpMATLAB(VEC *v, const char *var_name, const char *file_name)
KB ITA (v->nvec %) 40l MATLAB A58 HiFE s st B SCPErl, S0 BE G 3006 1
T EM—4 5. var_name %47} MATLAB Z# 4, file_name 45 HHIH U4 (L. .m A
fE4), e “var_name = [ ... 157
A6 fRIERR
AT PHG P FeEEAs, AT T 4l phgSolverCreates

SOLVER_PETSC > PETSc fiftikids

SOLVER_SPC > SPC fiftikids

SOLVER_SUPERLU 1 SuperLU fi#i}#%

SOLVER_HYPRE > HYPRE fi#ikds

SOLVER_LASPACK > LASPack fi#ty:8s ({327 H4147)

SOLVER_PCG > PHG [ PCG fi#tikds

SOLVER_GMRES > PHG ] GMRES fiftika%

SOLVER_AMS > PHG ] AMS (Auxiliary space Maxwell Solver) fiftik#s
SOLVER_DEFAULT > BRIAMFEDS, Fonil PHG EHMLA
phgSolverList > AZEAS PHG WP A fRESS, w&anh.

extern OEM_SOLVER #*phgSolverList[];
phgSolverNames > ZEXA1SIH PHG KT A MHESS AR, Bl )5 2&—A NuLL, HAg T

extern const char *phgSolverNames[];
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PC_PROC

AR A R E B 63

> N PHG AT 0, BRI

VEC *(*PC_PROC) (void *ctx, VEC *b, VEC *xu);

ZRRBILAA TR, BRI Mo Jk g Bl wu A, Hop Mt
RERTGATRER ot T PUAAT BB P SR ) PR R, RIS A SR A I I 1%
PL O VEAAME . AR *u := b, JUAHS T FAAH o B R IR A) .
ZH ctx XN T phgSolverSetPC HH ctx 4.

A7 WAk, BY. EROBEEEEEH Y

void phgInit(int *argc, char ***xargv)

WILHAL PHG (J MPI. #3855 o WA{E A LS PHG BEGTRH . arge Al argv WA 20& 5K

T AT S H L

MPI_Comm phgInitSetComm(MPI_Comm comm)

¥ PHG M4 il G 28 W8N comm, RV FIIEIEAS 8. 1%MRECUIE T phgInit Z FTH
. PHG )4 Rl {5 28 (R A7 (£ 42 JR 28 & phgComm ', ERIA{H Y MPI_COMM_WORLD.

void phgFinalize(void)
B PHG. WAZ0AERE S5 AT A o

int phgSetVerbosity(int verbosity)

e PHG FIP M5 Bt : 0 CBRIME) R Agth s B

void phgPause(void)
PHEREFY, 2R gk st . TR Mt
int phgPrintf (char *fmt, ...)

B E B [F printf pH, (HAAEDERE 0 FORAEH .

void phgInfo(int verbose_level, char *fmt, ...)

BoRMEE, BRI . BRZ 4L verbose_level #b, #%X 5 printf JSL. MR Y
ML -log_file MEIRE T HASCIFN A S A5 &

void phgWarning(char *fmt, ...)

WoRELE R, #2UA printf.

void phgError(int code, char *fmt, ...)

SRR E B WK code 1= 0 W EAfE RS TP IR P IAT .

void phgAbort(int code)

SR PR FPIAT ) code AREFFIR MG
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double phgGetTime(double tarray[])

SREUN ] o tarray s&—/MSEANT 3 1 double A4, X4 tarray !'= NULL i, tarray[0] iR
B I TR], tarray (1] JRIEVRGENIA], tarray (2] & [o]5G FFa], DA A A7 . bR 2300 [RI4E D 24 i
AU TYY SR AR

A8 HEFEIE

void *phgAlloc(size_t size)

24T malloc (), (HAMAR A A7 FTR MU R AT
void *phgCalloc(size_t nmemb, size_t size)

T callocO), HAMAL A AF H AR MO b iR Fe AT
void *phgRealloc(void *ptr, size_t size)

2T realloc O, HAIIR A7 HIE RIS 1B P H0AT o
void phgFree(void *ptr)

4T free(), {H'E fuVF ptr == NULL.
A9 MEBEGIT

double phgPerfGetMflops(GRID *g, double *aggregate,
double *since_last_call)

SRIPCH AT R RE(E (Mflops) (7 ZE &AL AN PAPT f304F). aggregate 3R [0 WREF TFah4h
TR AT TERE, since_last_call MM B RIZRREC (55 1 JCUHT 806G AR HF IR HAT)
P ETH P TERE . PREUR [PMESE T *since_last_call. X B Gl MERER g->comm W FTHUEFER)
PEfEZ A
size_t phgMemoryUsage(GRID *g, size_t *peak)

REIFEFF HEH AE (RSS) F 198, Wk peak AR HER, WITE xpeak "R [HIFE A A it
K1t KA (LURF S8 IR0 W AF A AT RAE I 4528 o

Wik g == NULL, WR[AIFGEADBERE KA AT IO, S 2 WER IR g A A7 R b S K A A
Tl
size_t phgMemoryPeakReset (size_t value)

¥ PHG BB K NAF T EUE N value, IR [BIEK WA UHEUIE IEZ BT AE

size_t phgMemoryPeakRestore(size_t value)

¥ PHG WM K AT ECE D LA M S value TRNBCNF, R IEIFEILZ BT KN WA EET)
fE.
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void phgOptionsRegisterNoArg(const char *name, const char *help,
BOOLEAN *var)

FEME— M SR i AT IE T name 43 HUEIA AR (ANl “7 5o help £ HIOG TAZIL I
WifE . var Jy—> BOOLEAN B! (&2)Riolifi ) AL pdthhl, %A BRI ILAMEIN ) FALSE, 44T
FAIEIN , PHG H ' A HSAE Ny TRUE.

void phgOptionsRegisterInt(const char *name, const char *help, INT *var)

FEM— AT S E P Ay AT IE T . name 25 AT FR (A “=7 *5). help 4 HH R TIZIEH
HhfE B var A—A~ INT B (4Rl BEibhl, M7 P EIZIETN, PHG BAHMN
ZHAHMKS *var.

void phgOptionsRegisterFloat(const char *name, const char *help, FLOAT *var)

FERE AN SN A AT T name 45 MIETA AR (A7 “=” 5). help 43 K THZILEI
I BE S o var Jy—A> FLOAT B (4 JRIias) 2R A Hal, a7 P A& ZIEII, PHG KAl
S EEIRGS *var.

void phgOptionsRegisterString(const char *name, const char *help, char *xvar)

FEM— AN R B SR i L ATIE IR name 2 HHIEIHAAFR (N7 “=” *5)0 help & K THZIE IR
KBNS o var > char * M (4JajokEiAy) ASmKhl, 2y A7 P iZIE TN, PHG H5AH
NI BHEAEIRG *+var, PHG 745 8 848 700 AT BRIF 05 AP B KREI T RE PP AN BE AT R T
IS
Eio

void phgOptionsRegisterFilename(const char *name, const char *help,
char **var)

FEME— AN A2 S BN AT name 45 HIEIAFR (A7 “=7 5)o help 45 HOG T%IL T
I B B var —A> char * M (L) eliidy) AR ht, 2ar AT RS %L, PHG K
NI B HAEIRG: *+var, PHG N SCIFA 74T 38570 I A BRIF S 5T AP BR RS, I R AN g
IREE .
void phgOptionsRegisterKeyword(const char *name, const char *help,

const char *xkeys, int *var)

M — N7 R T S H AT 2 ATIE D name 45 HUETIAFR (A4 “-7 *5). help %A H ST I%IE I
15 B o keys & —ANLL NULL 45 RIS B FrEH AL, B2k i VP 240 var 4—4 int
(AR A) AR L, %A R AN keys BZLIIZR S| (A 0 TFER), A 4T 00 &%k 1
I, PHG FAHNAE Y var [FI1H.

void phgOptionsRegisterHandler (const char *name, const char *help,
OPTION_HANDLER func, BOOLEAN append)

VENE— AR E R func KRB S EUN A 2 ATIET, func D9 FAT U1 H 12 1 R 2L

int func(const char *name, const char *string, int prefix)
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I name T4, string HIEIUR FATEBARIZ 40, AR HOR I 0 (AR SO HE B (n
LS. MBHUN string NAIREN, ARBNIL R EBIE B (MBI ALK R A). prefix
2 BAE += = SPRIFRE +. - Sk 0.

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

LR ANE SCFT I fir 218 500, 1T — A AT I W — MR, WA A AT I 7
WE T . category M T-in SATIE I 1) 532K

void phgOptionsPreset(const char *string)

2R BRI — S5 2 H M, L AUE phgInit Z AT . F140m] LA
phgOptionsPreset ("-oem_options ’-ksp_type cg -pc_type bjacobi’")

Kok PETSc [IBRAALH AT 203 8 CG A block Jacobis
void phgOptionsShowCmdline (void)
FUE DAL NI i T
void phgOptionsShowUsed (void)
FU BT AL A AT E () BLAE i 247 IR0 (1 2 5fH .
void phgOptionsHelp(void)
B 4 I i AT S TS AT (R 745 B A5 6L o
BOOLEAN phgOptionsSetOptions(const char *str)
MR st g KR TUs0 8 AR Y A8 (1
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
K5I op_name FTA M [AE EAH N value, op_name WAL —MESHINIET 4, A5 -2 5L
40 '%‘o
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)
BIETH op_name TGN IAZEAL B N value, op_name WAZHE AN SRR, N
y_ %0
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)
KT op_name JITXI IV [1AZ HAEH BN value, op_name WAUE— AL SHIMIEIN LY, A&
) J%"o
BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)
W TN op_name FTXS N[ AL FEAH A value, op_name Wl —AMili KHEFSHUNIEINS , AN F
y_ —%o
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

¥ op_name TN [RAZ A E N value, op_name Al — N AT RS HETIA, A
=
PR ~540
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BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

F LI op_name FTXS MR AL Al A value, op_name Wit ANl A SHUNILEIN A, ANE
=
P ~5‘0

BOOLEAN phgOptionsGetNoArg(const char *op_name)
IR[AIZET op_name FTX W A B, op_name W& — N ESEIEINL, A& - B+ 5,
INT phgOptionsGetInt(const char *op_name)

MRIEI op_name XS N )AL HEAH, op_name WZJE MBS HHIEIL, AN = .

N

FLOAT phgOptionsGetFloat(const char *op_name)
R[EEI op_name FTXS WAL FE(E, op_name WL — Ml SRS EIIEIA, A E 1~ T
const char *phgOptionsGetKeyword(const char *op_name)

IRAIZET op_name XN AR EA, op_name WAZIE— ANy B S EIEINA, A -2 5,

0

const char *phgOptionsGetString(const char *op_name)

IR [H[IETH op_name JTAf N {JAZHAH, op_name WAL — it AT B SHUINEIIA, A -0 5.
const char *phgOptionsGetFilename(const char *op_name)

& [MIEIH op_name TSN HAH, op_name WA ZlJe —MMili A SHUNETIA4, A E -2 .
void phgOptionsPush(void)

TRAF T LI 4 i
void phgOptionsPop(void)

WE F—IxkH phgOptionsPush PRAE I IETTAE -

A1l MR ETE

GRID *phgNewGrid(int flags)

BB AT 5, IR BB ) R IR FRED o flags B & —SEbrAr, FHT-45 0 24 PAS 5 AR )
5 W S I LT 5, ST R — L8R : VERT_FLAG: AfWA% T s HE4T4% 5 ; EDGE_FLAG: XJ Mk
B ATY% 5 s FACE_FLAG: % MMM T4 5 ; ELEM_FLAG: % MA% el 4T49% % ; GEOM_FLAG: HZhiT
SLME (/B V. HAR. Jacobian %5), 2 A.17 H¥) phgGeom* %L, MW HH flags = -1,

void phgFreeGrid(GRID **gptr)
RERBAS XS G (S5 Z SRR A HEEX 5R)
void phgSetPeriodicity(GRID *g, int flags)

T 808 WA AE— a2 AN E a7 n) ERFRAYE, Horb flags HX X_MASK. Y_MASK J Z_MASK [f]
{EFREAAT 44 - T phgSetPeriodicity(g, X_MASK | Z_MASK) FonMASLE o F1 2 J5 1) b2 I .
% BREU U ] 204 phgImport ZHIHEAT, I HEXWIAG MA%AT T 1 — LK
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(1) WA AE ST A 25U B o

(2) WIIRMIASANBEARH, ZEORAERIER X A W4 i) el el i s g A A 2 D 3 = 4500, &
JUIRR P2 R o S SRATT IR A% AN A2 3K — 45, PT LI 0] i 2 s A e — S8 R A2 1% 4
FIRIA% . Blhn, XFPES test/cube.dat HEAT 6 Y HUMNE S A3 BRI ELE 384 AN FRLICHT A% (s
AEAZGEA T

void phgSetPeriodicDirections(GRID *g, const FLOAT dirs[])
R I T B airs LA 9 AV St S MR IR, U AR,

X =ANJT MANEESKIEAT . phgSetPeriodicity U — AT Mk = J7l, 55 —ANJ7 mABCA v J71A],
AT 2 5 e %R A Z0AE phgImport X HIHEAT .

void phgCheckConformity(GRID *g)
R A B oA, TR

void phgMarkElements(STRATEGY strategy, DOF *error, FLOAT theta, DOF *osc,
FLOAT zeta, int depth, STRATEGY coarsen_strategy,
DOF *coarsen_error, FLOAT gamma, int coarsen_depth, FLOAT tol)
PRAC MRS AL AL o strategy $7E PR AIAL NG . T M s o BT FOC S &, W%
PR B 45 (K s v S At TR & M, (M TAR) . H n(s) RonBot (8Uf) s ERIRZESRIR
T, 0 Rongiitb ], PHG 34 NR41L R
(1) MARK MAX
Max SW&: M, = {e|e e M, n(e) >0 maxsern(s)}
(2) MARK_GERS
GERS Helg: M, L Y0 n(e) > 0o nle) MNTAE.
(3) MARK_MNS
MNS il : My = Merror U Moser HeH' Mpror AHXS T+ error 1 theta ) GERS 41k Hioudk
By Mose 7E X T osc Fil zeta ] GERS 4L . Ao %PREUE R IR ZETR/R T error & X7E
LT ST i
(4) MARK_EQDIST
EQDIST lf: M, = {e|e€ M, n(e) >0 -tol}
(5) MARK_ALL
AT IC: M, = M
(6) MARK_NONE
AMAEATHTT: M, =0
(7) MARK_DEFAULT
Ay 24T IE D -refine_strategy ol -strategy 8 [ M&
PRECR B, M, T T HIGH mark B FERE A depth (FR%L phgRefineMarkedElements 2344
KLEHIT R /b T 44K depth K)o
FAUML, coarsen_strategy F5E PIARALAL S, AL SN (1) 42 K 55 A AL ATTIR] o bR AR 415 5 10 5K
WETHERA R TS M., H n(s) oot (8if) s ERHAGIRZESR R 1, v KoL, & 36
W ARSI 7R 25 SR
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(1) MARK_MAX
Max #il&: M. = {e|ec M, n(e) < v maxger n(s)}
(2) MARK_GERS

GERS g : M. JiaL Yy m(e) < v+ Deen nle) MR TR,
(3) MARK EQDIST

EQDIST Hf: M. = {e|e e M, n(e) <~v-tol}

(4) MARK_ALL

ML $o0: M. =M
(5) MARK_NONE

AHACAE T I M. =0
(6) MARK_DEFAULT

A FH iy 24T 1 T —coarsen_strategy o, -strategy RN
PREGR PN, M, T I mark R K B% S 4 -coarsen_depth (Fi%L phgCoarsenMarkedEle-
ments 2FFIX LR ITHL R L coarsen_depth iK).

H XS error NAMLIRZETR/R T, osc A data oscillation, coarsen_error A& HKARic A
T H BN %o SET S 4L theta A error [NANMLLLS, zeta A osc MIANMLLLY], gamma SAFHALLL
@, EAT AR B HAN T T 1. B S depth AL coarsen_depth 737 4 4L AL )
WEL EATUKRT 0. SERISH tol A tolerance, [V 4% MARK_EQDIST HiZI.

PradeE s, WS M\ (M, U M.) PRIFIT, L mark B RERAE L 0.

X R ZE T it7 BT R ) 2

(1) =B HEXNZRAGERIN A NULL, error AL FIH X%, sl A LA HEE, (H R
BEF RN B AR B s osc HERAE EAEHREITT, coarsen_error H KK A E
RIAT, XFF osc BAA coarsen_error #EUWUAH HH H H R )& DOF_PO. XT4{t, MARK_MAX DL
MARK_EQDIST, error [ WAL/ AR b, @/ DOF_PO. 77 £y 2 Lik 2 i b a4k b
I, HEeEA o — Fdh

(2) M T2 B O B R A S bRl SR AR K . BRUAT N W R osc AJE NULL, Htos#l
FRic o

(3) X401k, bric S i 4 JE MARK_ALL 5% MARK_NONE, JUl| error AJ LA NULL; XF-F-klfk, kric sms
IS /& MARK_ALL BY 3 MARK_NONE, Jl] coarsen_error H] LA NULL.

(4) AL 20 B XSO error LUK osc, FALIIH )& coarsen_error.

FridF R — 2 BRAAT N

(1) FERECERIHATARIbR S, ARG TR AR .

(2) XF4ifl, osc ANt NULL HIIHE,, WIS osc K H] [FIFE S0 . %] MARK_GERS 11175 » osc 7F error by
W HEERE EP R ARIC B FEE M6 /2 MARK_GERS Rl W error MM A7 e -, ) SR M
ST MARK_MNS; U1 505 /& MARK_MAX, WX osc EL4%A# H MARK_MAX 3H&. U osc /& NULL,
BN error #ifE . osc A& RJIEM, {HX] MARK_MNS W& 242011

(3) *F4H1k, MARK_EQDIST, HI'R osc AN NULL, 4 FH—HE I 50 .
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(4) P4tk i sEm A MARK_ALL, WA AEAR10 56 B LU HEAR AR L T e g, AT

(5) FALAAXALEH coarsen_error, WA AL HENK AN & MARK_ALL 5{# MARK_NONE, coarsen_error A
A& NULL.

(6) T HEREL AL e & MARK _ALL, 2 RikRic AO40AK 1) 4 4 78 5

(7) W gnib SEmE AN & MARK_ALL FF H 1AL 5 0% /AN /& MARK_NONE, )] coarsen_error ANfE A NULL, fif
DAGT R AHE AR A 115, R SR WS — 2 2% MARK_NONE.,

(8) LML MK IEFE MARK_DEFAULT, XN 3RHE FHAEAN AL UL A AL |, BRI P SFEME & MARK_GERS, HI7E411k
R bsc LA T e, ECRLAL T 20T, A RAMECHA R 3, AN SEHHR AL SN 126454 MARK _DEFAULT .
AP AT DAAEIE AT R P TIORIE FE6 AL F O fa 2L SR, HIIET -strategy 1E#%.

(9) WAESAL P ARIC R ISR IR ISR AR T MG, (HEAT AL DL K
AL ROERAE, SR J5 ST T AR ISR, PIASBRIC R B 8] RV 55 A AR 2 AR th A 1 2k

(10) ATAATIED -refine_strategy. -Coarsen_strategy'$D -strategy HIAvESE N max, gers, mns,

eqdist, all, noneo

(11) 255 XFT pHG, HIA error, osc BLJ coarsen_error, Anic /7 xUH& i (W K, X T-AN]
AR, FH P AR DA e e A, kel 2 F BT R o

void phgMarkRefine (STRATEGY strategy, DOF *error, FLOAT theta, DOF *osc, FLOAT zeta,
int depth, FLOAT tol)

Eé?F‘ptharkElements X%, bR gl .

void phgMarkCoarsen(STRATEGY strategy, DOF *error, FLOAT gamma, int depth, FLOAT tol)
55T phgMarkElements jE X%, HFRicdHALEIT,

void phgRefineMarkedElements(GRID *g)
AL RA% R TR SE 0. PTT mark KT 0 B RICR DAL mark K. PHG 2 HEXILE

FATCHEAT B AL LUOREF RS IO P o AL SE AR BT RS Hh B BRI mark BSA FRI(E 55T
Jos A I LG AR R 25 1% TR A IR KR

void phgRefineAllElements(GRID *g, int level)

WA I ER T 1evel X (RI—ZUAS I, A TR 50 mark &0 level, 44X
Ja W H—IK phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FHAL A% P R € HoT. 79I mark (BN 20k 2 ARVFRORAL BB S S, B —AN i1
IR Z AV —mark K. PHG GRUERI S, HOBT A7 S ICBTAA RSEH R RS I DM 1Y O ELAE
A& mark B S RS DA PELT AR AT SR R 2 T FASE RN, BRIk BT G mark
8 PR A5 T i PR Pt B 6 FR AR 25 2% SR TG AR R T
void phgPartitionGrid(GRID *g)

TPAT ARG R RS I 7 B RS A B S BERRE . X BRECh PHG WEBEIT, I R
%I H phgBalanceGrid.,
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void phgRedistributeGrid(GRID *g)

P P T PR REA T IR RS LU B A (K S B . iR B0 PHG AEREERT, I R B %
P H phgBalanceGrid,

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

H 45 3{E 11f_threshold il submesh_threshold W% MA%IIELH 5404 2P 1if_threshold
TR BA R 1, s A SR AP PR  OK T 855 T AE I B2 73 4%, submesh_threshold
T30 MR S 0151 PORS B°F22 5 o3 H AN D Tz 8 (MO R ZT 38, 1 submesh_threshold
BB R m ] PHG N E IBRIAME) o %R EORF] 0 FRRMIRE AL, 4k 0 R Mg 2T T S X
73 . weights Fl power 45 Hi ¥ MA% X 43 B (1) 5. J0AE (M weights (1) power {XJ7), 24 weights A NULL
8¢ power A 0 WINPT FRICHIB R

GRID *phgSurfaceCut(GRID *g, const FLOAT cuts[])

PR EOR TS g 55— AN IR A 2R AROBT S, OB I A% A 35 28 IR 1) AT T LA & T 5 =2
PRSI IR T AT A 5o B cuts MK BER g->nedge, ‘B4 HEI (1 Ja) 52 U 4K O & A ot 1t 5 4 4502
MIAZ AL E, BUE/N 5T 0 BUK TR T 1 R 5B A R, 15 RIS A AT A SR 5
/NI 2 4 SR G 5 ORI TOUR B ARDN AV o 7T LU B 4K phgDof Transfer AR P> W A% i) 4325 1 1y

FE: AR HOZE R R 5 R A0 1 e 22 WU — N2 i, IF HARRAN #0520 s AL B 2500 AL
L PRI AS T o (R, AN SRVEXE T AR R P R REAT ST . BEAh, % eR R 1 A
PR, SRR e A
FLOAT phgGetBoundaryError (GRID *g, ELEMENT *e)

AFAE TR, 3R [FIHT0 e A A T A TRT 57 0320 18 B RS 80 p 1T () 22 e [ i
BSIPJT R K A (Al vH B 2Rz ) -

ForAllElements(g, e)

FIF5% WA b BTAT 1 S AT D R TR T BROC E eE iR e Al v i SR, R
3R e FR 1A AT T HI0, TEIASTRIN e HEN NULL.

GlobalVertex(g, index)

YA S index [T 14 JRdn 5 o
GlobalEdge (g, index)

IS A SR 54 index [MIA M)A RS .
GlobalFace(g, index)

25 A 54 index [T )4 JRidn 5
GlobalElement (g, index)

YA SR S index [MFAICINAS g .
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void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

R P AWM SN, NSRRI S| PHG U AR 3 £ . % e 20N 1% 0 FHAE
phgImport Z HIH, FT ¥ i 5t 28 Y 5 46 R BN 5 22 1) phgImport BRIEGEAEH . func & H
A~ B E R
int func(int bctype)

ZRHOR A S5 i NI SR betype AN PHG A28 (401 DIRICHLET. NEUMANN %%), JR[A] -1
LRORARFN AL A AR o %R E be_map ZE00] LA TREF, Rl BRI AR AL e 6 bRy
. 2% 2.83.

BTYPE phgImportSetDefaultBdryType (BTYPE type)

TR BRINIH AT . %R EN 1% M P AE phgImport Z BT, BT EE AU BRIAIL S RA KT i 8210
phgImport PREGENEH . type 45 HIBIERINL A, sEOR P K 2 BT BRINIL AR, type S
HEL 0 24 T UNDEFINED. 35 2.8.3.

BOOLEAN phgImport(GRID *g, const char *filename, BOOLEAN distr)

MR SN RS B g WA FRER, EaZiEH phgNewGrid BrolER); filename &4,
Wk distr J4 TRUE, WIFERIKS N5 57 B HLEAT 5120 05 5 A% o Al U T bR b 25 (W RANTH
RzZZHUIEN, @A TRUE).

H T PHG SCRFMA% SRS XA . ALBERTA 4% 20N Medit 4% 2o

BOOLEAN phgExportALBERT (GRID *g, const char *filename)

Fe 2 R O ALBERTA (1 R SRS o A 2R 20 AR 4035 2> 7 R, ek 25 H i X
Bt s 0 S

BOOLEAN phgExportMedit (GRID *g, const char *filename)

B 7 RS D MEDIT () %50 QR A AT RS L5 2> 10k, e 8OH B R 2 0 5
TR

const char *phgExportVTK(GRID *g, const char *filename, DOF *dofl, ...)

¥ W% LL VIK vtkUnstructuredGrid HJE A 245 @ SCfF, DMEH I ERET VIK Kl #iik
BAFN ParaView () MayaVi (1) SEAbE, SCHAR N 1] legacy VTK file. ISR E 24t
1 H A%, BLNULL 53, 287454 DOF_PO (70 v 4L) M)A BN RAER cell data ith, mMIE
ALK A X B IAE D point data Hith, J5 2w 2] A i EE2RA T ) BasFuncs BRECK TF LM%
T RAR B RS H P4 R ST A ST RE, iz s A3 LY R4 veko pRECR A SO
(T EULE) B304 o e 80 H BAS SCRP 28714 0 DOF_ANALYTIC ) H HHEEX & .

const char *phgExportDX(GRID *g, const char *filename, DOF *dofl, ...)

B Mk LL IBM Data Explorer ) native file format #2055 H 248 & SCLF, PMEH OpenDX 25544
() BATAIAALAR BE . WIS H R E E I E RN R, LA NULL S50 RS Hh &5 s s
SR, ks A3 Y R4 dxe RECR A SO (TR UUS) SCE4 o iR EH A
2R Yy DOF_ANALYTIC 1) H X 4.
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A.13 BEHEERE
SpecialDofType (type)
F T —AN B b 2R S SRR 2R (DOF_CONSTANT BX, DOF_ANALYTIC) %%,
DofTypeDim (type)
SRECH R YL type J9 H BRI 4.

DofTypeName (type)
SIA HERR LK. type M H HERAIN L.

DofTypeOrder (type)
BRI H 2RI 2 U 2 type 4 H HIBER AN 5
DofNoData

HIT- DOF (1 userfunc b1, FaQIg B X G A il HlE 22X .
DofNoAction

T DOF 1] userfunc ML, AN B X RBEAT HANMA . 1AL
Dof Interpolation

HIT DOF ¥ userfunc it , &Mk di4h . HALIN A ZxS 5 REX S AT
DofDim(dof)

R E SRR (%5 T dof->dim x dof->type->dim).
DofData(dof)

IR PIAH H H R i an bk, dof iy H HBEXS G KRR B B s I HEY ) Oy U SEBR S T
DofVertexData(dof, 0).

DofVertexData(dof, index)

I FDE R T-45 0E T TR )RR B RS an ik, dof O FHEEXT S, index A THUR A HIZh 5
DofEdgeData(dof, index)

IR [HD0S T4 e ) EH RO R AR, dof D4 H HIBEXS S, index AL IIA IS .
DofFaceData(dof, index)

IR BDRE R T4 7 TR ) ERRE 2a R AL s Mk, dof S B EHFEXS %, index M T A LSR5
DofElementData(dof, index)

R RDRE R T4 0 BT E R I A bk, dof S H HHEEXTS, index A FRICIMA IS 5
DofGetVertexDataCount (dof)

AR [A5 PR AT 0 A e SRR R
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DofGetEdgeDataCount (dof)

IR (B P R BT B i R A
DofGetFaceDataCount (dof)

A vl W A% R BT AT I e R R
DofGetElementDataCount (dof)

R By RA% R FRTT (1) A R R R
DofGetDataCount (dof)

AR A1 WA R R R R K
DofGetVertexDataCountGlobal (dof)

AR [ 4 JRy A A T B A T P A P I
DofGetEdgeDataCountGlobal (dof)

IR 8] 4 R PR HH BT 2 i R R
DofGetFaceDataCountGlobal (dof)

AR [ 4 JRy WA R BITAT T e B R
DofGetElementDataCountGlobal (dof)

IR [El 4 e PAS BT AT T (1K) B i R
DofGetDataCountGlobal (dof)

AR [l fey A% R e RO R B

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

QB B XS . g HPIRXTE: type J HHIEZRM (DOF_TYPE); dim 4 H HI X 5 HI4EHL
(BEME dim NP HE); name N H HEXN G A userfunc 5 51% H H X S AH B H J 68
ey (H 1K1y DOF_USER_FUNC), M 145 1% H HI X BRI, userfunc W] LAURF#R{E DofNoAction
{, Dof Interpolation, HIF &R AKS A IR ST A SIGE « #5305 2 RA% 40 AL SO AL I
BEAT B B -
void phgDofFree(DOF **dof)

FETE HEEXT R
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)

BT 5 HHEEXS SAH OG0 P BRI 2RO ) T450% A S R E .
void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)

BERE 5 1 SR AT ORI 2 T SO ARAR I R R i eR ORI 41 B i SO SR I
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BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)
BT u->DB_mask [I{H, PR [PIME Y u->DB_mask J5UA HI1H.

void phgDofDump (DOF *dof)

FTEDE BB R A2 38 H A TRt
void phgDofSetDataByValue(DOF *dof, FLOAT value)

B B R R EHE A IR N TR E(E value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])

¥ H S S ISR VI 4L FE el . array_of_values H L% DofDim(dof) N4, ek EE T
Iy AR o
void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)

B B N R BRI B vo FIBEJS f T AE S8 Al TTARSECN O 1 ik T
DofDim(dof) .
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)

IR BN B B BN Sl . 276 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)

R[BFEE A X GA B L (19 DofGetDataCount LhfE—Ff).
size_t phgDofGetDataCountGlobal (DOF *dof)

MR E B NS4 R (5% DofGetDataCountGlobal Mt —#f).
FLOAT *phgDofEval (DOF *dof, ELEMENT *e, const FLOAT lambda[], FLOAT *values)

T B BN SRAAERR E B e e B M. dof A HHEXN S e HIIG; lambda b H.OAR
bi; values MR, FITAFBOH S B i REAE, T HRE 7 N AR UE 2 h DX R/ o 3R [l
X Mk

FLOAT *phgDofEvalGradient (DOF *dof, ELEMENT *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)

5 phgDofEval AL, AHTHE B R BN B BE AR 45 2 RURE . gradbas Jj& —MAH, 5% H
RILE PRI P BT R R B BE EE, W gradbas A 234541 ] phgDofEvalGradient J§ ANl H &1
BAT VAL R BB FE {1 . gradbas 50105 |\ =4 T 77 (008 G0 — L6 704 10 356 bR B0k FE A 1 U1 5

FLOAT *phgDofEvalDivergence (DOF *dof, ELEMENT *e, const FLOAT lambdal[],
const FLOAT *gradbas, FLOAT *values)

L5 phgDofEval JEMLL, (HTHE 1 HHEERT R B4 € RIKMH . 280 gradbas KN A STEH 5
5 phgDofEvalGradient ':F‘%é**io
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F A.1 phgDofMM HHMEFGEHEHRIZHE X R

transa JUH | transb HUH | R4S SR REIZ
MAT OP_N MAT OP_N Cwy = o Ak Bxy + 3 Cun
MAT_OP_T MAT_OP.N | Cuy =  AfyBky + 8 Cuy
MAT_OP_N MAT OP.T | Cuy = oAk Byg + 3Cmy
MAT_OP_T MAT_OP.T | Cuy = o Ay Bix + 8 Cuy

FLOAT *phgDofEvalCurl(DOF *dof, ELEMENT *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
5} phgDofEval KL, (HIHE A X B Curl 4 E M. B30 gradbas N A SEH S
PR % phgDofEvalGradient H5E4—Ff.

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

QU ANE B XS, BT stc KIBHE . name %5 HUBT H X B A PR . newtype 45T A
HIBERT RIS, S ARy WuLL W58 A XS RIS RAE T sre->type->grad_type.

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

A AN H BN S, BT sre BIHUZ . name 45 3T H X R4 FR . VER DofDim(src)
WAE 3 IAEE. newtype 47 HUET H HI BN SR AGSRAY, ZZSHURIBCY NULL WERZRHT B 2R

FKMEET src->type->grad_types
DOF #*phgDofCurl(DOF #*src, DOF **dest, DOF_TYPE *newtype, const char *name)

BN H XS, BT sre 1Y) Curl. name 25 HUHT B N S 1% FR . 135 DofDim(src)
AITE 3 RS EL. newtype 45 HUBT H B XS S AIZRMY, 2S5 RHC NULL W78 5 B EEXT %10

HRM LT src->type->grad_type.
DOF *phgDofCopy (DOF *src, DOF **dest, DOF_TYPE *newtype, const char *name)

SHIE BN S R VSR H IR, i, v LU ek — AR 8h =B Lagrange JG
(K1 H B R IR ES — AN 2RAU ) i Lagrange JGH H X 5. newtype 45 HUBT At 52K
B, ZZHAUN I NULL RSB B N R IR BZE T ste->type.
DOF #phgDofMM(MAT_OP transa, MAT_OP transb, int M, int N, int X,

FLOAT alpha, DOF *A, int blka, DOF *B, FLOAT beta, DOF **Cptr)

T C:= a op(A) op(B) + AC (A4 BLAS ) GEMM BREL, HHp op KRFE BolAHE).

Y cptr AT NULL I, THES R ¢ IRIELE *Cptr 1, JFH ¢ SRS «cptr HIZRALAHIA .

24 Cptr %5 NULL I, THSREEIR ¢ 22— MBI 28840 B->type ] DOF X% (ML 2EK B
HAETIRED)

1% PAECE K DofDim(B) = N x K A DofDim(C) = M x N. transa il transb 1] LA%3 7l MAT_OP_N
(ANEEE) I MAT_OP_T (¥4 &), MG OL N A REAER S GE G R R AL 45

Y blka < 0 KIS A AHRE, LI 2K DofDim(A) = M x K.
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2 blka > 0 I, Fox A & DIrPO MAFERE, X AP/ R blka x blka. M 2K M=K, blka
#EBR M, Jf H DofDim(A) = M x blka. — i FHIIHHLZE blka = 1, BLI A FoR—A> M x M XA
P, DofDim(A) =M, A H'[R)S3 B AT WA B IR 0 3R

A ALK NULL, o8 A N HARE, BEIESR M =K. 24 a =0 I B iJ LAY NULL. 24 8 =0 B ¢ 7]
LAy NULL, BRI, sRECKR PN A B TS, HRALE B (2RI, 4E50h M x N.

T ZBRBER TS T BA% phgDof AXPY I phgDof AXPBY FITIRE .

DOF #*phgDofAXPY(FLOAT a, DOF *x, DOF **y)

WHy = a*x+y.a==0MYTTHNE, a == 1 WENTHHEMMM, a == -1 BHENT
1 R AT B

DOF *pthOfAXPBY(FLOAT a, DOF *x, FLOAT b, DOF **y)
W y :=a*x+b*yoa==058b==0KAHYTHHZRLFTE.
DOF *pthOfAFXPBY(FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {1# y := a * £(x) + b * y. A%
f WHIASEL in N x BREUE, HYEEEET < YRS S 240 out N y BREUE, HAEEET v 194
%&o

DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) {|'4{ y := a * £(x) + b * y. 15 phgDofAFXPBY
IDAE T IX B R KL £ bR s AL, eI x IR b e AR < A1y BATAHIR
i (8

DOF #*phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

M5 y := alphaxAxx + betaxy, #{24T BLAS TF&/7 DGEMV. 34 A == NULL W3R8 A 4 HATL
M, 4 DofDim(A) == 1 WK™ A MbriE LI A7, 24 DofDim(A) == DofDim(x) KK/~ A KX
FE, 11124 DofDim(A) == DofDim(x)2 BFE =~ A M4,

FLOAT phgDofNormL2Vec (DOF *x)

THREE X R & 2 Juk, BT B R R .
FLOAT phgDofNormL1Vec (DOF *x)

THEL A BRI ) & 1 YuH BT 1 H B A0 2 A
FLOAT phgDofNormInftyVec (DOF *x)

THEL B BN R ) S C 75305, BT B 5 11 ds R 46 A
FLOAT phgDofNormL1(DOF *u)

THE B H O RPN A R ICRRH L A
FLOAT phgDofNormL2(DOF *u)

THEEE RN SR PO N A BROC R ) L2 A
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FLOAT phgDofNormH1 (DOF *u)
TS TR BT DA FROCRR B HY B (B3
INT phgDofMapE2D(DOF *dof, ELEMENT *e, int index)
&I dof 7EHIC e EHICAS S A index K H HIEETE H XS S P 4
BTYPE phgDofGetBoundaryType (DOF *u, INT index)
ARIA AR R SRR, index o2 H AL B A IS 5
BTYPE phgDofGetElementBoundaryType(DOF *u, ELEMENT *e, int index)
SR AR R AR, index o2 H HI AL B HICA 5 o
FLOAT *phgDofGetElementCoordinates(DOF *u, ELEMENT *e, int index)
AR H B AR T ARBRAT E, index J& H AR BB ITHN S
void pthofInitFuncPoint(DOF *dof, ELEMENT *e, GTYPE type, int index,
DOF_USER_FUNC userfunc,
DOF_USER_FUNC_LAMBDA userfunc_lambda,
const FLOAT *funcvalues, FLOAT *dofvalues)
TEH T2 A Y, f04E Lagrange 76 DG Jo%, [l FHBGE AL, IO IXEE B B2
KM InitFunc, 2F& 4.1.3.

void phgDofInterpC2FGeneric(DOF *dof, ELEMENT *e, FLOAT **parent_data,
FLOAT **children_data)

PR DA A 80 A0 A RS PR B R 25, T 8 R B A ) InterpC2F B, 24 4.1.1.

void pthofInterpFQCGeneric(DOF *dof, ELEMENT *e, FLOAT **parent_data,
FLOAT **children_data)

P 0 0 s SR PRSP0 R R K5, T 8 BRI 1) InterpF2c BOL, 245 4.1.2.

BOOLEAN phgDofDirichletBC(DOF *u, ELEMENT #*e, int bas_index, DOF_USER_FUNC func,
FLOAT mat[], FLOAT rhs[], DOF_PROJ proj)

YT H NS u fEHIC e TIEE bas_index ANJRTBAE RS, W FAH AL E KA AR & A,
¥ u->DB_mask TAL, WU R BAMBATAT AR 2, pREOR R A FALSEI(EE&T%iﬁﬁgﬂ mat Al ths). 1
M), A4 func 45 tH AR S5 AT W SR 07 R R B S A i I0E, IRl I mat F1 rhs 3% [R125 U IR
PR R Bl TRUE.

NI @ %7K bas_index, n FKRHICEEREI ML (n = DofGetNBas(u, e)), ¢; KxH j M
BREL, wy RORAHNI EH B, 0<j < n.

Xf Dirichlet 11541 (AL BER F B HeAdi (2 L2 $5% .

FLHEAHR(E %K u->type->points !'= NULL, ULINBREEGE H B EE (A w2 eR 8, LA 7R -

u; = func(x)

Herb2 0 A AT E I ARAR
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i u->type->points == NULL, WS fEMIE L2 $o¥tis, R

n—1
Z(/ goj-cpidV)uj:/func-goidV
=0 v v

Hob v £oR B HEEFTER TS (WS BB 4 G BB 1 (T H B BURIG (0 H ).
M u->dim > 1IN, BHTTHE AT w->din A, BT PTH TR RECZ —FEK, P mat KA
SURIEL n AN REL, B F RS P AR 0 75 B X 28 REGHAT R o rhs R[] u->dim ANA7 030
ZH proj frE D FAAEMFEE T, Hi H A8 DOF_PROJ_NONE (AR$%5%) Al DOF_PROJ_CROSS,
P EE I REHTE u->type->dim % 3 == 0 [MIEHL, H T4 Maxwell T FEUA KM uxn = gxn.

NEIGHBOUR_DATA *phgDofInitNeighbourData(DOF *dof, struct MAP_ *map)

WIS 8 B o % pR BOE L B s 15 B FE AT FE TR i E e O, R B Al e — AR
4 NEIGHBOUR_DATA [FIZ5#)H o AR [MME A% &5 /TR %L

FLOAT *phgDofNeighbourData(NEIGHBOUR_DATA #*nd, ELEMENT *e, int neighbour,int bas_no,
INT *gindex)

AR A1 4R i I T A BICAS S IR B R R . RS AHIARSE, RS AR 1A
I HT B G AR A B, A5 ST 1) nd A7 i 408 s K (K A A7 o nedghbour $i5 52 WES4R
Ji (T ) - bas_no $87&E H MM E (WAl 4. MEHITH ). gindex AR SREI, &[0 H
R EITE A=

int phgDofNeighbourNBas (NEIGHBOUR_DATA *nd, ELEMENT *e, int face_no,
DOF_TYPE **peer_type)

ﬁz[]sﬁﬁﬁﬁéjﬁéajiﬁ@iﬁKEE%EﬂJ:E@§§@ﬁiﬁ4\%ﬁ(ﬁﬁﬁéﬂ:%EQBEEEéjﬁqﬂUEﬁﬁ phgDofGetBasesOnFace
WIRIEIE) o 4 peer_type MARZSFRENIN, IR IFIGRE FIc B A SRR (T hp SCFF, HATA L
7 DG ),

void phgDofReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)

DR AT A0 o B 1R S 46 4
int phgDofGetBasesOnFace(DOF *dof, ELEMENT *e, int face_no, SHORT bases[])

B A NS dof fEHIG e MM face_no LAIFEMREL (F57E %M LATE R 0 FIHIC e [
$0) . £ vases IR [FIX LKL bR ALAEELITT N (G5, EATTIIHEZUIT B TP = AN T0 A A JR 5 1 o
DRI, 0 =22 A 110 P > 50 7 1 FH 12 o8 B3 459 21 0 7 20 D56 R B8 E i —— R o R 80K [RIE R T E
FER B4
A.14 HERS

KB PHG BUEAR 0 H P BREBOE A 2R, AR 75 2RI 4 78
QUAD *phgQuadGetQuadiD(int order)

RIIAFE R ERERE (2T —4 (B L) SRR,
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QUAD *phgQuadGetQuad2D(int order)

RPIAF SR ERGE (IR 14 (= MBt) KA.
QUAD *phgQuadGetQuad3D(int order)

RPIAF SR ERGE (W) =48 (PUiid) KRB

FLOAT *phgQuadGetFuncValues(GRID *g, ELEMENT *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)
IR[A]— AN AR ZE P i, Horp Al B userfunc ER2) T quad MIFTE RSy s ARG, dim A&
PRI SR —
RO T — ML cache BILIL 4 e AT [R]—A B8O [R]— AN S e A — N4 1 I AR
53 MBI AT LB S R 0HE . N 7R : phgQuadFuncDotBas.

FLOAT *phgQuadGetDofValues(ELEMENT *e, DOF *u, QUAD *quad)

RE— AN X AL, S B RS u 7R T quad IIFTH TS R IRIE

ZPREUN . cache HLH, 4 [ AT TR —A> E IR RAE [ — A oo ] — MR 1 1R Rkl
{ELIS T LA o B A o5 (Wﬂﬁﬂgliﬁ phgQuadDofDotBas). 734k, 4 u->type->invariant A TRUE Bik
AL R w MR (B F ). MRS FE phgQuadDofDotBas.

FLOAT *phgQuadGetBasisValues(ELEMENT *e, DOF *u, int n, QUAD *quad)

R[] ARG X i, JErp O E A u->type HIEE n MEREERT T quad KIFTH
A7 AR IIAH -

ZPREUNE cache HLHI, BT A —A> B 1 BESR I A3 bR BAE ) — A BT P [l — MR 1
(IR 53 s A AEL S mT DA 4 7 5T U (Wﬂﬂﬂﬁﬁ phgQuadDofDotBas). J34F, 4 u->type->invariant 4
TRUE ‘B0 W] DL R UM u IERE (28 B H%). NHRHIZE phgQuadBasABas.

FLOAT *phgQuadGetBasisGradient (ELEMENT *e, DOF *u, int n, QUAD *quad)

R ARG DL, HoR A [ R u->type MUEH n DR BB EAER 7)1 quad
I P Ry RIAR I
Uik 25 phgQuadGetBasisValues K. N H7R#HIZF phgQuadGradBasAGradBas.

FLOAT *phgQuadGetBasisCurl(ELEMENT *e, DOF *u, int n, QUAD *quad)

IR —ANER A P X bk, o B B EER u->type B n NIERE curl ZEF> T quad
(BT A AR 3 s A AL
Ihfe M FHi2: Y phgQuadGetBasisValues 23l W H7R#IZ 7 phgQuadCurlBasACurlBas.

FLOAT phgQuadDofDotDof (ELEMENT *e, DOF *u, DOF *v, int order)

HHARENS o5 v R (W) BUERTE ¢ LBy, order 7R AXMM L, HE/NT
0 8% %51 QUAD_DEFAULT R, 3R7m i R4l H B8 BIE 20k L sk B A K.
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FLOAT phgQuadBasDotBas(ELEMENT *e, DOF *u, int n, DOF *v, int m,
int order)

WHHIC e FHMEXNE u M o ANRFREERES B NS v B2 n AN RIE R R
EHIG e IR . order 81 XA phgQuadDofDotDof. I HIEXI% v ANfiE k) DOF_CONSTANT Al
DOF_ANALYTIC 2871,

FLOAT phgQuadFuncDotBas(ELEMENT *e, DOF_USER_FUNC userfunc, DOF *u, int n, int order)

T REL userfunc 5 H X u (05 n DMEEREISR (N) BERIT e LIIBIN. order &
) X[ phgQuadDofDotDof,

FLOAT phgQuadGradBasDotGradBas (ELEMENT *e, DOF *u, int n, DOF *v, int m,
int order)

WEAMENS u 5 HMEXNS v R R IR0 e B n Al m 2351
gttt w A v KRR R ARG 5 o order 24K 5 X IF] phgQuadDotDotDof, [ HIEXT 4 u Al v ANfE
4 DOF_CONSTANT #1 DOF_ANALYTIC 257!,

FLOAT phgQuadCurlBasDotCurlBas (ELEMENT *e, DOF *u, int n, DOF *v,
int m, int order)

HEABENS o« 5HBEXNS v R FERE curl ARERIC e LIRS n Al m 4351
ot u Al v R EE RIS o order Z24U1¥)7% X [F] phgQuadDofDotDof. HHIEXT 4 u il v AfiE
A DOF_CONSTANT #1 DOF_ANALYTIC 257,

FLOAT *phgQuadDofTimesBas(ELEMENT *e, DOF *u, DOF *v, int n, int order,
FLOAT *res)

TR HENS w5 BHENR v () RAEER B RBERTC e LINBI . n g5 v IR B
5o WS RIRAE res F88 FIZZ P IX HR [FIZErh X HhE (MY w b o) S B AN T 25 B2 Ml () - order
S 7 IR phgQuadDofDotDof. [ HIEXIS v ANfE A DOF_CONSTANT Fl DOF_ANALYTIC K7,

FLOAT phgQuadDofDotBas (ELEMENT *e, DOF *u, DOF *v, int n, int order)

WHHENR v SHEXNE v 05 o DNRBER B ARERTT e ERIBY, E2K v KIEEK
R KRR AL, 1IX/2&5 phgQuadDofTimesBas AN 2 4b.
FLOAT phgQuadDofDotGradBas(ELEMENT *e,DOF *u,DOF *v, int m, int order)

HHMBE v 5HBE v K5 o MEEREEE R NRAERTT e B
DOF #*phgQuadFaceJump (DOF *u, DOF_PROJ proj, const char *name, int order)

RIS AHEN S u 1 () Bk, @% T ERREM T BRI A8 B
o B AME, ZERE u i ERBRE L2 BT . 28 proj fRE WX u AT

5%: DOF_PROJ_NONE £ /R A5 . DOF_PROJ_DOT 7~ -55 [ FAA7 25 [m) s HE1T W AN . DOF_PROJ_CROSS 3£
TN T A R S EAT A (X3 order AR T4
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DOF #*phgQuadFaceJumpN(DOF *u, DOF_PROJ proj, const char *name, int order, DOF *g)
THHEFRE ARG u (0 (1)) Bhi, IRl phgQuadFaceJump, X IFE T Tk Nl

Bk E, ATHEL S . phgQuadFaceJumpN T4 Neumann 5Bk, HHAXN S ¢ /e u 7

Neumann 15 H4MER FE . HIS505 85 phgQuadFaceJump 4[] .

FLOAT phgQuadFaceDofDotBas (ELEMENT #*e, int face, DOF *u, DOF_PROJ proj, DOF *v,
int N, int order)

VEfREm EAEE vy v FERBUS IR . proj $8€ u ZEMMAMNE R _ERIBsE 73, nTH
DOF_PROJ_NONE. DOF_PROJ_DOT BY, DOF_PROJ_CROSS. order J§ & /K5 .

FLOAT phgQuadFaceDofDotDof (ELEMENT *e, int face, DOF *u, DOF_PROJ proj, DOF *v,
int order)

EfRem EAEHE v 5 v SIS . proj A u BB 730, W HL DOF_PROJ_NONE.
DOF_PROJ_DOT 5% DOF_PROJ_CROSS. order 5/ i,

FLOAT phgQuadDofNormP (ELEMENT *e, DOF *u, int order, int p)
W [ |ulP, order iR EMIIHIIL

FLOAT phgQuadGradBasAGradBas(ELEMENT *e, DOF *u, int n, DOF *A, DOF *v, int m,
int order)
A M u 5 o ANIEE BRI LR EOERE A GO B HE v 5 m DR EORL TR
JG e EMIAS;. 4 A b NULL RORIH N BALRE, X R 55 [T phgQuadGradBasDotGradBas. A
HARZIRET Y, DofDim(A) AT 1 (s B LLRALFE) B DofDim(u) * Dim (FRasxy f1FE) B
DofDim(u) * Dim [FI°FJ5 CRARTEFE) , Jo P Ot 1o A Ao

FLOAT phgQuadBasABas(ELEMENT *e, DOF *u, int n, DOF *A, DOF *v, int m, int order)

T EH B u 5 o NMEREERAREGERE A SR A B v 105 0 DMEREHER T e ERIRIT. 2 A
N NULL o HOhy SRR, eI R #0455 7] T PR £ phgQuadBasDotBas. A A AEA 4RI, DofDim(A)
WHEET 1 (FoR AT ARV Y DofDim () (FETM FAFE) X DofDim(w) HITTT (RAFWIE, i
PR D0 I AATT G o
FLOAT phgQuadCurlBasACurlBas(ELEMENT *e, DOF *u, int n, DOF *A, DOF *v,int m,
int order)

TALE HIE o 56 o DMEEREI IR SAERE A (IS B AL v 1028 m N R B E AR e
ARG 0 A BIZ e S AE R [F] PR 2L phgQuadGradBasAGradBas.

FLOAT phgQuadDofAGradBas (ELEMENT *e, DOF *u, DOF %A, DOF *v, int m, int order)

TR B o S A RS BHE v 958 o MERECIBE A BESIC e ERIR;. X
A P20 5E I AEBT PR 1 [7) pR %0 phgQuadBasABas, X EK DofDim(u) 45+ DofDim(v) * Dim.

A.15  ZRERELSE

H BT A PR A 1 1 ORI 0, MR 5 2 B I 53 R 2
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INT phgSolverMapD2L(SOLVER #*solver, int dof_no, int index)

IZ[A] solver M) dof_no ™ H HEEX L H I index AN H LM R G4 I JR38 H B 9w

=3
INT phgSolverMapE2L(SOLVER *solver, int dof_no, ELEMENT *e, int index)

iz1] solver 55 dof_no M H MM EAERIC e LHIEE index AN H HIEAELM RGP R H
G5 .

int phgSolverInitialize(int *argc, char ***xargv)
(W HEBIF )
int phgSolverFinalize(void)
(P EE )
SOLVER *phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

BRI 2 AT % o oem_solver 15 Ef#i):4s, PJH! SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS Y, SOLVER_DEFAULT. 1] 4%
ZH (N u TTER) A RF1E2, DL NULL 45 0. 3R B0 2 (1 ik de st % 184t .

int phgSolverDestroy(SOLVER **solver)
BSOS R B, R B
int phgSolverAddMatrixEntry(SOLVER *solver, INT row, INT col, FLOAT value)
¥ value {H R INFIZANE T FEA R EOHRE Alrow] [col] L, JH row Al col Jy eyl H HHZ S 5 o

int phgSolverAddGlobalMatrixEntry(SOLVER *solver, INT row, INT col,
FLOAT value)

¥ value {2 INBNLME T FEA RBUERE Alrow] [col]l I, i row Al col A4 RMEH S

int phgSolverAddMatrixEntries(SOLVER *solver, INT nrows, INT *rows,
INT ncols, INT *cols, FLOAT *values)

¥ values "] nrows x ncols /N REH R INBIL M T FEA RETEFEH, rows Fl cols F4l 7l
25 R B PR AT RS B R0 B B RS

int phgSolverAddGlobalMatrixEntries(SOLVER *solver, INT nrows, INT *rows, INT ncols,
INT *cols, FLOAT *values)

¥ values H¥) nrows x ncols N FREME BN B PE T REH REEFEF, rows Fl cols £041 43
oh R BUE FE AT AN A 6 42 JR) i) S 4w

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value {H 2 MNBILME T FEAL index MG, index A Jml H H AL
int phgSolverAddGlobalRHSEntry(SOLVER *solver, INT index, FLOAT value)

¥4 value fH BN LM 7 FRAEE index NATUI, index A4 )R M) S 5
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int phgSolverAddRHSEntries(SOLVER *solver, INT n, INT *indices,
FLOAT *values)

¥ values 1) n AME S INBILNETT FEAA 00, $02 indices &0 HEY I HEAT S 10U A Jmy 50 1 o 2

o

int phgSolverAddGlobalRHSEntries(SOLVER *solver, INT n, INT *indices,
FLOAT *values)

$ values HK o AMERMBNZANE T FEA AT 5 I, HAH indices 4 HIIX LY A om0 1) 42 ) [f) 7 2
%o
int phgSolverAssemble (SOLVER *solver)

BN R G P REP S8 T A0 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Fl phgSolverAddRHSEntries BRETIXI V5, T LA S AR Hi I T 1% o B0k 56 B
LM R G %E  IZRR B AT AT R . A 2 phgSolverSolve 2% H AN B SE M NE RETH
A%,

int phgSolverDumpCSR(SOLVER *solver, const char *matrix_fn,
const char *rhs_fn)

B LR PE R G R B B S AT i I AT R i Fa i A7 A% 2C (CSR) %t 2145 2 SO - matrix_fn 45
RGP SO 44 matrix_fn 25 HUA S D H SCPFE A2 o matrix_fn B matrix_fn A LUETRER,
RINANE AR SO o %2050 B A SRR A 26 R 5

MAT *phgSolverGetMat (SOLVER *solver)

BRI I R B . %R E0R ] solver->mat, JF44 solver->mat (15| FHTHEUN 1.
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

QAL mat D4 RECEFE AR, RIS mat 195 HVHEON 1.
int phgSolverVecSolve (SOLVER *solver, BOOLEAN destroy, VEC *x)

SRARNE T REAL, x IRAITFEAL I o 1% pR 20 T il e — S p # U phgSolverSolve 251 H o
int phgSolverSolve(SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

RIFLNETTREA . PTAEZEL (A w ITER) 45 RFIREAIE, DL NULL 2500, EATE A S 1T an 1,
B HH A M R G o TR ROR AR SR AN B SE B2 Y phgSolverCreate H1H—H AR
destroy == TRUE {37, WISKAF5E R A 3L R SBCR BOH B AN A S S0 OB TN A7 1% PR BIOR [P 454K
U (RIPME < 0 R A A4 R) .

void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)
BEEARE A SIS BN B IR 5 1A 2% PR B3O T iy 44 1 L 1 e IR AR IR SOHs Rk
void phgSolverSetTol (SOLVER *solver, FLOAT user_tol)

BEESRE AT RIS L IR o I T2 R BN 1o iy 4T VA s A L R (DR 2R Ak
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void phgSolverSetPC(SOLVER *solver, void *ctx, PC_PROC pc_func)

WERAT S solver MITAAET A — A 8 LW BREL pe_func, HAZHEAZ W, pc_PROC,
CAATTEITASSAE S . 280 pe_func A DL NULL, b PHG #HHBGAK N B &R &
£ ctx (context, MH R0 &—AMHPIRE MR, EoWENE NS HULIES pe_func, T
(A 7285845 T pe_func g, A AR 2% pe_func " EAISH GEH K AR 2% o B (1) 45
.

e R AR B AT H AT PCGL GMRES LA PETSc fiftik #3444, PCG 1 GMRES
BRIMNER jacobi FEAF

int phgJacobiSolver (MAT *A, VEC *b, VEC **x, int max_its, FLOAT rtol)

i/ Jacobi Jiik, K Ax=b, ¥4 RARMEAE x 101K VEC KB G5 75 AR A HIZ ek B2 i
11T phgMapCreateVec ) o FAHUR [FIE K SEBRIEARIREL . max_its REFTNEDEL, rtol KR
IEARL L RAE

void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(7% HYPRE 2.0.0 sk PL ERRAS FE) 52 X HYPRE AMS AT FAEH A1 Ay A1 Ag JEBE
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[} phgSolverHypreAMSSetPoisson, HT o Fll 8 #I4H H T E

A.16 FHEERFHEREHE

A.16.1 FE

EIGEN_SMALLEST o I8/ n ANRFAEAEFVREE 7] 5
EIGEN_LARGEST o I AKH n AR FRRE [7) 5
EIGEN_CLOSEST o IR tau ) n ANMEFAEMEFRRE 0] &

A.16.2 SEMFIEERESS

phgEigenSolverARPACK > PARPACK HFE{EfRE Y
phgEigenSolverJDBSYM > JDBSYM 47 HE{H il s
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) AL fi#): 2%
phgEigenSolverSLEPc > SLEPC FFE{EMRERS
phgEigenSolverTrilinos © Trilinos/Anasazi Ff{E{H AL RS

A.16.3 EOERH

int phgDofEigenSolve(MAT *A, MAT #B, int n, int which, FLOAT tau, int *nit,
FLOAT *evals, MAP *map, DOF **u, ...)

TR RFIEE 8 Az = ABz 1) n MFAEE /RAAE 0] 5 which W] LA EIGEN_SMALLEST (#/)>
FEAEAE) . EIGEN_LARGEST (¢ KHFALAE) M1 EIGEN_CLOSEST (HiEilr tau [AFALME). nit MR[FHEACIK
¥, WS w, ... K4l DOF STRAEAL, BRI N BB DoF XIS A FT B H
(¥} DOF X4 —5, REAEAIE o /> DOF X5, IR IA7F 2 FRFAE ) 5 o
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int phgEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
FLOAT *evals, VEC **evecs, int *nit)

T SCRFEE ) B Az = ABa (1) n ANMRFEA AR 0] 5o RPAE 1) S I *evecs IR [T (G SRk
NI xevecs == NULL, WK AZNOIE — DR EXNS). HRZH S phgbofEigenSolve 11X
N ZHATR] .

Al17 JUTEMHESERE

void phgGeomInit(GRID *g)
Faa e LTSl (W BRI -

FLOAT phgGeomGetVolume (GRID *g, ELEMENT *e)
IR Al 5E BT AR

FLOAT phgGeomGetDiameter (GRID *g, ELEMENT xe)
Y CIEERE WD NEREE

FLOAT *phgGeomGetJacobian(GRID *g, ELEMENT xe)
IR B4 € FRIC I EL O ARBRIF Jacobian

FLOAT phgGeomGetFaceArea(GRID *g, ELEMENT *e, int face)
IR B F5E RN, face AT TGS S .

FLOAT phgGeomGetFaceDiameter (GRID *g, ELEMENT *e, int face)
RHEEHYEAE, face AN

FLOAT *phgGeomGetFaceNormal (GRID *g, ELEMENT *e, int face)
R[5 5 [ BRI &, face AR ICA ST .

FLOAT *phgGeomGetFaceOutNormal (GRID *g, ELEMENT *e, int face)
R [R5 52 T HALANE ) B, face MTHIHIRICA ST .

const FLOAT *phgGeomXYZ2Lambda(GRID *g, ELEMENT *e, FLOAT x, FLOAT y, FLOAT z)
IRBIFRE R IRABAR (2,9, 2) TEHTT e I ELARER.

void phgGeomLambda2XYZ(GRID *g ,ELEMENT *e, const FLOAT *lambda, FLOAT #*x, FLOAT xy,
FLOAT *z)

R[EIFTE e FPHRE HOABR I R R AR .
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