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PHG SR B b TGRS, R IO S0 . W — AT ERT , 458 00—
0, BRNAMCL, F 0 5 2 AR A TR AR, K0T 5 =, B 11 . — el
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e7 | e8 eb
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1.5 SHNERME

N p ANHEEATIATAN N, PHG A5 RIRHI Be p AT RS . PHG 1R A 505 F e
T B RBS TP F G A A p AT ASKEIAZ I T4, REA FHR MBS F R b . AT, iR
Fe S — SURRE RIS B p AT SRR TR A TR e LR T A% (1R
J0). B 14 RAEE 13 IR A F R (p = 2) B F BRI T RUR B, AT
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&9 ell
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4 F—F ARiLF

YT HBAN 0 FFaf . B, TSI ITN RS 1E 0 - 3 200, A5 7E 0 - (nvert — 1) Z[H (nvert N
TR TS, 42 R%*57E 0 - (nvert_global — 1) X [f] (nvert_global 4 Jmy M H (T A 40

B BRITCHANEIN TR TCAR R g T S ERTTI TR TR T PR AS R4 i 5 o B TR (B4
AT AT BBl — AN

TR PUS AL, S TIEILA I 281 . DIFIA$R S ICH ALy — 7>
IR A2, T I DU R T R AT (R AN TR W T TR K3 . PHG R 2 A 41
AT &4 R G 5 AN TR (R DR kAR A PR A0 I I G 5, 1T ) AR DDA RN PR 2% i1 25453 2]
BAH (42)5) ST .

TR 5 AP, QRSP YIRS . DI S DR R, e
ACFR T AL 0 AR 32 B PR A TR P A DI B = A I T, R AR LS AR A i . PHG
208 0 B A AT 1R A T o4 ) i 5 B/ ER) Tt PR A A 170 S0 T 4 7 A2 B 06 Y T R 9 55 1710 73 41
PR AU ) T AT TR 2 BT R 4

YT IGH S, PHG L@ AL & BATR/NWA R g5 40412 BT AU B a 4R 5 B T I
T, MR — AT B IC RO T

1.7 —&Es

NHZ PHG 2RI B 2e W &, e XAE L3 phg.h e

Dim fURZS[MYERL, —HENy 3.

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

1.8 BT Migx REFELH

1.8.1 SIMPLEX %£#4
PHG ik PTG Bdm 454 & SIMPLEX, P A4 n R LA B 0

typedef struct SIMPLEX_ {

struct SIMPLEX_ *children[2] ;

void *neighbours [NFace] ;

void *parent ;

INT verts[NVert] ;

INT edges [NEdge] ;

INT faces[NFace] ;

INT index;

SHORT mark;

BTYPE bound_type [NFace] ;
} SIMPLEX;

1, children[0] Fl children[1] 4354 M PN T HRJG; neighbours [i] $i7 M) 2 4 /NI [1R20 fa 5
TG, WAL ¢ iA S N neighbours [i] A2 $&%l, A ¢ LA EATEAM, N neighbours [1] &
[r] PR 10 1 DR ARG ) 408 Jo O 2R I — AN 548 (73 HH P 8 AN b OG0 ) s AR HE, bound _type [i] 45 HiTHI i
(R0 FRAY, R IS8 (K% 7 404 INTERIOR (A #7H7)  DIRICHLET (Dirichlet 21 %ifil) . NEUMANN
(Neumann i 5¢f). BDRY_USERO-BDRY_USER9 (] J"2J$%4 0-9). UNDEFINED (A #5528 HY )i FLii) i



1.8 BT KM R I E5 A >

REMOTE (4B Ja 762~ Wk iy P i, SR U B N I 541D ) s parent $8 M ACHLTG, ARBTG5
parent N7 FREr. PHG fSoiF—/Mifi[R A7 2 M5, W1 DIRICHLET Fl INTERIOR, IXAFAEREATA IR
TGV ] DAAE AR IR 9 e i AR A

verts[]. edges[]. faces[] I index Jl It 73 MIORAFII AT 20\ [HIFISRTCI A IS 5, BATT 4
Jaigm 5 ] L3 H % GlobalVertex. GlobalEdge. GlobalFace Al GlobalElement 3K7%, i, &
W g AR A HT A R EE (GRID %), e MFR M —MRICHIRES, W e->verts[0] ZAHHFIC e 115 0
AT A SR, 1M GlobalVertex(g, e->verts[0]) W45 HIZTIN 4 Rdns (5 TAE oA =
WA A O G 5 55 4 SR g 5 A AR .

mark J¥ O3 TAE B IS NS bR A AL BRI BRI, mark > 0 SRR ESREIX LT A ik
mark {X, mark < 0 £/~ VP IZ P CHRZ MM —mark K.

1.8.2 GRID %&#4

PHG Hifiik M (5 45442 GRID, HA A& R LA A -
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;

IXHE R T verts AN nxxxx. nxxxx_global Ji{ .
verts HALH T ORAF T PR Hh T AT TOUS P R 7R AR, 2 TR RO AS s 5 U7 A7 T8 92, AR
g NPIRSTRE, e NHITIREN, W e IUEE ¢ DTS 2.y 2 BRI 54 :
g->verts[e->verts[i]] [0]
g->verts[e->verts[i]] [1]
g->verts [e->verts[i]1] [2]



nleaf 4717 MR & R ICE, RIS HT A& 1o oo

nvert_global. nedge_global. nface_global fl nelem_global 7345 H i 4= Jay WA A% H 1 T0T A
H. L HECN L TCE AR, nelem_global &5 T HTA T MAR Y nleaf {HZ A, XL/
Rerhoga—FE.

nvert. nedge. nface fl nelem M AN & 4448, e 1 )45 T IO L 30 TR B H o RAS
Mo 50 1o X FAR AR RURS, E AT 5055 T ROT R B TS SOAH SO e R
X T A A%, nvert & TP KT 2540, nedge. nface Fl nelem [P IS WA 1) 2040 7 XA
Ko XL LAL IG5 R, A7 ) Y] 7ok il WX e i (R G . BRI IR RS B — N T
eor FFHANL— AT BN AT HTC eq AT eq, REIZ P FATCHE FSCIR) WOAK Rl 20 D AT R A%, 7B 0 4
Toers T 1 er W 1.5 BT SHMOB AL A IS S, F55 W IIECTAR L 4
JRgi S, AT AR g T2 BN, ASHG S AT IS . T 0 HFRIC eo AT ey R eo 1=
FIAMAM (42)R) G50 0(0)s 1(1)~ 2(2), e I=FAMAM (22)7) Fi'5 0 1(1)~ 2(2)~ 3(4), KL
nedge EA 4o TH 1 HHERTT eg F1 ex FI, e I =S5IL A H (éﬁ) Hi'5 A 0(0)~ 1(1)~ 2(2), e
=4I (42 )F) 4854 0(0)~ 3(3)~ 4(4), KL nedge HIME N 5. A A HICHIF 570 (0] 1) 4w
TN RIESE 1.6 TPV

(1) (0) 1(1) 0(0) 1(1) 0(0)
e0 e0 e0
2) 2(2)
(1) W (0) 1(1) 3(4) 4(4) 0(0)
el e2
() (3) 2(2) 3(3)
L THE 0 TH 1

K 1.5 SCHIG, FHOCTHIMSg SRR, SIS, 55 AN RS

RKHL, REAE oo R T 30 T ARG 1 H R T A R S i S K
2 R AR I o

1.8.3 types_xxxx #¢H

GRID 41K H A YAl types_vert. types_edge. types_face fll types_elem, BT LEE )
i nvert. nedge. nface l nelem KA, 7345 H a1 WK h B TH A 320 TRURI PR G )3 S I 7k
XU AL 5 SIMPLEX 1) bound_type 4l —HEAIFREAL, JF HAZMYE bound_type 1 IR
ST (— AT R )32 S bR 7 55T I AT A0 8 12 TR B 1) 1T 2 b i 4% A7 8 S S 4
S, T T A SR & U KYE T bound _type £(4H ).

% T bound_type H AR ELIAL, types xxxx BLHILAT —ANFR A OWNER 4L, R 47T 1M
BoE g . TR0, — DTG RERIN & T2 A 7 kg, 1K R HA M E e
P& T, 7Ei% T P& L types_vert [i] [¥) OWNER {724 1, fEH AR T MH% L owner {7394 0, Hrp i &
NIV PR A L 205

) types_vert[i]l == 0 (F&£)7H il % H % & UNREFERENCED £7R) B, IR ¢« AT 4507+
RS 7 B8, BINZIR B B /T RS P S . AR5 00 T, e A g 5 0 0 A7 3 g
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W, a0, 6B R A R (B FE D) RN, DAz s v s Tk, 78 2k sk,
% 2 AT owNER JEPEIIR . 1610

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

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






FZE RS, BE. HIFEERXHER

PHG #4L5H g — S8 (94 1, 4445 PETSc. HYPRE. Trilinos. MUMPS. SuperLU_Dist-
SPC. LASPack. PARPACK. LOBPCG. SLEPC. Tcl/Tk. VTK. Zoltan. ParMETIS (5 METIS) %%.
AR AR APE AR T IR, (HE AP AES 3 PHG JU 223U B AT I LMETFIE PHG B4 LhAg . an Al ]
Linux #/E RS, W 23EMAE ftp://159.226.92.111/pub/RPMS AbfRftf)—4% RPM 14, PHG
FERC B AT DA E SR A X 88 RPM A3, 2235 R A T AN 6 8 F AR AT 258

2.1 EESHIF
£ PHG PRSI TZ H 4047

./configure
gmake

P gm e L PHG I 1ibphg.a. VR, i PHG IR GNU make, 77000 gEH 4. PHG 1]
BL'E ZHAEIEAT configure WIH I EINBIAN AR Bfg e, 1817 “ . /configure --help” W] LAfHE47 K
configure (7% B A= .

configure A I PR AR 1 2 A [ — £

cc fRE C gnikds (BRIAH mpicc)
CFLAGS fRE C gmifikin
CPP feE C TAbFE S

CPPFLAGS {RE C/C++ THALBEZEIN (41 “~I/0pt/include” )
LDFLAGS  fREHEFELEDI
LIBS 6 7 Bl A8 16 2R

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

FC {8 € Fortran (90) % i¥#s

FCFLAGS 8% Fortran (90) 4wk

F77 155 Fortran 77 JMiFas

FFLAGS Y85 Fortran 77 Zmideik I

Ferf, Fortran g ay AOE I 122 0 T AEAl H —48 35T Fortran IAMTEAE (41 PARPACK . MUMPS
SF) #fi32 Fortran BRI Ay 4 KU A BEFE I B 75 2215 Fortran 4 K MIE (configure AR IX LLIA I
A3 A Sy e el

configure i HI{ FE LA (X HEAHIMWATEE, RAKESHE S “. /configure —-help” [f]
LNE

--prefix=H K % fRE PHG @2 H3 (BRINA /usr/local)
--enable-rpath FEPEI H -rpath $i7 8 FELEH) A EM A (BRI
--disable-rpath FEREINAEH -rpath

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

--enable-debug Ja AR AR RS CBRIAE)

9


ftp://159.226.92.111/pub/RPMS

10

--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¢?2§
--with-tk-libdir=H & %
--with-tk-incdir=H & %
--enable-vtk
--disable-vtk
--with-vtk-libdir=H & %
--with-vtk-incdir=H & %
--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=/
--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 BE. BE. RERUEER

AR A e R A LR

Y PEEREE AV I T R AR AU B B RE (BRIE)
AR AR s ) D e

JAH Tel AR (BRIME)
AR Tl AR D

fRIE tclConfig.sh A4 (T Tel FLE)
f/E Tel FESCAFPTAER) H 5%

R Tl kAR FTAE H s

JAH Tk AR (BRAE)

AR Tk AR N

fRE tkConfig.sh A4 (T Tk ALE)
R Tk FESCHRPRAE H %
fRE Tk SKSCHRFTAER H 3%

JE M VTK #H (BRAE)
2 VIK $#:11
faE VIK FESCHFTAER H 3%
7€ VTK SKCHF e n H sk

JEH MPI i S8 (BRIAE)
AR MPI W B L6
Fe5E MPI FE U2
FRE MPI k3012

fi MPI J& (W1 -1mpich)

JH MPL-2 1/0 &%k
A MPT-2 1/0 % (ERIAH)

Ja H METIS (H T M%7, BRIAE)
2% H METIS

& METIS J#

B METIS SkSCHEPRAE) H sk

Ja Hl ParMETIS (FH T~ MA&% 1 7, BRI
%] ParMETIS

%€ ParMETIS J#

53 ParMETIS Sk 3CAEFTLER H 3%

Ja M Zoltan 421 (FHT- A& 7, BRI
2 Zoltan M

Zoltan Sk SCAFFTAER) H ok
Zoltan JESCAFFTAERT H 5%

Ja RfdEasdi o (BRAE)
AR Ae

JEH SPC fil#ikas (BRIAME)
25 SPC itk s

Ja H PETSc fiftvk#s (BRIAH)



2.1

BLE 5 % iF

--disable-petsc
--enable-hypre
--disable-hypre
--with-hypre-dir=H & %
--with-hypre-libs=/

--enable-trilinos
--disable-trilinos
--with-trilinos-dir=H & %
--with-trilinos-incdir=H &%
--with-trilinos-libdir=H &K %
--enable-trilinos-anasazi
--disable-trilinos—-anasazi
-—enable-superlu
--disable-superlu
--with-superlu-lib=/%
--with-superlu-incdir=FH & %
--enable-laspack
--disable-laspack
--enable-papi
--disable-papi
--with-papi-lib=/
--with-papi-incdir=FH &
--enable-gzip
--disable-gzip
--with-gzip=F2 /5 %
--enable-bzip2
--disable-bzip2
--with-bzip2=A2/5 %
--with-blas=/%
——With—lapack=ﬁ?
--with-£77-1ibs[=/&]
—-with-fc-libs [=/]
--enable-long-double

2.1.1 C/CH+ #iZFFHM MPI
PHG F2H CiESRWE, HAT A VTK Ml Trilinos 10 2& C++ B, FWE AT E X 1

BriE, HEA C Fikdsmi vl LA T . PHG il MPI WY BAL IS S4TSRy MPT SZH:, W)

G PHG M HRATRRA .

LRI MPT R GEH AL T XA (14

PHG ] configure JIAKII C Al C++ w23 L /EA & mpice mpiCC. mpicxx ZFAT4>s
WI{EIZAT configure N ANLFRELAT KT MPI (4.

Ei

A5 PETSc fiftihiad

J3 H HYPRE fi#i: sy (BRIAME)

A% HYPRE fi#ti 2%

HYPRE ‘%3¢ H sk (BRAEA /usr/local/hypre)
HYPRE /& (BRIAH N -1HYPRE, W ZEHIEATHEE BLAS

Al LAPACK J%)
Ja A Trilinos #:H

A5 Trilinos $2H (BRE)

25 Trilinos 2% H =%, HTS ISk 30k K%
Trilinos Sk 3CAF H 3%

Trilinos JE LA H 3%

Ja H Trilinos Anasazi FFIEE LA (BRIAME)
25 H Trilinos Anasazi R fE{E #1225

Ji F SuperLU Dist fi#ti:#% (BRIHE)

25 1] SuperLU_Dist fif#i2: 2%

{85 SuperLu JE

{8 SuperLu Sk CAFFTEN H 3%

JA Hl LASPack (H4T) fifikds (BRIME)

5 LASPack (F347T) fifizay

Ji Fl PAPI 411

A1 PAPT 411

fR3E PAPI JiE (4 [k 4t, BRIAH -1papi)

g PAPL K3 H 54

JAH gzip SCHF (LRFEEN gz KRS, BRIME)
25 gzip it e 4 SCRF

gzip P74 (BRINA gzip)

JAH bzip2 TEF GCRFEEAN bz2 KA SCAT, BRINE)
55 bzip2 MRS R

bzip2 PP % (BRIAK bzip2)

25 BLAS JE

25t LAPACK J%

Fortran 77 Jig (4% “= &7 I th PHG H ZhALI)
Fortran [ (%40 “= J&” IN'tH pHG HB)EII)

A5 F VU5 RS P2V mds 5 (BRI T XU B 7 i s 5

11

Hfig

(A,
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RS MPT RGUEH] T I E BRI S B d i, T LU IMEAZ B co A1 oxx KfinE el e
T configure 231K HATHR A K MPT k30 ESEAE B, W RMG, WFHFEA --vith-mpi-libdir
Al ——with-mpi-incdir I/} AR E MPI ERSL SR AT, LU ——with-mpi-1ib EIHE & MPI
IZESCAE e
CC=gcc CXX=g++ ./configure \

——with-mpi-libdir=/opt/mpi/lib \

—--with-mpi-incdir=/opt/mpi/include \

-—with-mpi-1lib="-1lpmpich -1lmpich -lpmpich -lmpich -lpthread -1rt"

2.1.2 METIS/ParMETIS 0

WHRIFJH T METIS/ParMETIS Y £§, 3 H. configure Al E] T AHMN 3k SCAEFIFEE, MIZEIZATRE
JPI I UL “~partitioner metis” K45 H METIS/ParMETIS BEAT MA% &Il 73 8% X1l 43

2.1.3 Zoltan #EO

WHEIFE T METIS/ParMETIS SC ¥, I H configure RrllE] T AHMN KISk SCHERE, MIAEIETRE
F i A EAJIET “~partitioner zoltan” KA Zoltan HR ) —LLHEEAT R MR 7 B X) 7,
FHIETN “-zoltan_method H-i%" KIRIE Zoltan IR 4351k, Horh “ Hik 7 nf LI “rcb” (recursive
coordinate bisection, FRIAME)+ “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F1 “hypergraph” (hyper graph, &!).
2.1.4 fEERED

Bk 7 PHG $ROEK N ARMLAS PCGL GMRES 25240, FI 3wl LUl PSS ARE SRR R e
FEdl. HAl PHG CRFMAMBIELEH PETScy Trilinos. HYPRE, MUMPS, SuperLU Dist. SPC Al
LASPack 5. {Ei24T configure I 1] LAFEE J3 HIWBLEfifiAdn i 11 (bW 75 BAR AL S SO o FERIAL
BAE) o FRE R o EARAGE PR A g0 8 AR P PR, BORAEIS AT RPN i i 4738 I “ ~solver” fi
7€ o LASPack »& —MRATHNESS, EE1EERA MPL RS LA,

2.1.5 Tcl/Tk. VTK

PHG #24it5 Tel/Tk BWAIEF RO T Tc/Tk BAIIGE, RGEHWLATLEEH Tel/Tk
FAUREFFRIAES . W contigure Joiki HNAGINE] Tel/ Tk, WIFFEIE & ML (-—with-tcl-*
A --with-tk-*) KFRE e,

PHG ) VTK #10 H A2 5256 M, &85k VTK 4.5.0-2 LAERAS. 84T configure I IEH H T
PR E cmake FRF I BT LLT

2.1.6 BLAS #1 LAPACK

—SUHNER AR, I PETSe, HYPRE A1 SuperLU_Dist 2575 5 H] 1 BLAS i LAPACK ¢, M
PETSc A1 HYPRE 5% LAPACK #1 BLAS, 1fii SuperLU_Dist X755 BLAS. 4184 %7 PHG
[ IS A X e, e ATT 6 2505 | AR TR (%) BLAS A1 LAPACK.

1217 configure W AIH 3 T PETSc, W] PHG 4 H 3 PETSc F13REAT % BLAS Al LAPACK
M 8, BEIHH P AN e v 247 L3832 BLAS R LAPACK J# (0S4 e I i vl g 4 )

WREA 22585 H PETSc, WH o] LUl configure METIKTEE BLAS /A1 LAPACK
JE. FIi& 45352 BLAS/LAPACK JERIH]
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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"

(vE: WL --with-lapack [AHF5& BLAS Fl LAPACK E, (HAMNZH --with-blas KI8T LA-
PACK J%).

M A A H PETSe JF HH P % ¢ BLAS/LAPACK JEI, configure 2k Hzh T
$R1&E 2 1¢) BLAS/LAPACK . WREH], W st OME) B2 REAR], W — 5%
EEE.

WA ] Fedora Linux Jf H ¥ H'E 4316 R BLAS/LAPACK FEIN, A LL% [E%2%% 1apack-devel
I blas-devel U,

2.2 RE

SERC R G, AEURRS H ST

gmake install
gmake install-doc

ok PHG I PERSKSCAT (BOE SO SCT) 2388 —-prefix JETRE M H ¢, H s —4amd

e, %%% PHG [T manual.pdf (752 CCT H3C TEX).
PHG %% J5 () 2SO H S Gkt 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 [¥)F-/, share/doc/phg/examples 140 7 —LEfe 3 S 451 Al
Makefileo

2.3 #l{E RPM &

PHG U565 A& Avif0 n) LLE A R HI/E RPM A4, HI/E RPM AN, O TP iiiot &, PHG 1
I H e, 4% VIK. ParMETIS. Zoltan 2545, it RPM HHIER 28, Mk
ftp://159.226.92.111/pub/RPMS
AbFRAE T IXEE RPM £,


ftp://159.226.92.111/pub/RPMS
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e PHG PSS/ 44 4 phg-x. x. x-xxxxxxxx . tar.bz2, M4 :

[rpmbuild --nodeps -ta phg-x.xX.X-XXXXXXXX.tar.bz2 ]

¥4 PHG 1554

/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 MO T- R GE b 38 VF 2 e AT, DRI AR ity — BBl (0l 1 HUd 5 T 23 a4
PTG Lo WERATE RPM WAEI LA L2eke, I SEAE R LehL & b SFr ek s (L 2E A T 2
P, GMIEmA N rpmbuild --nodeps --rebuild phg-x.x.Xx.src.rpm.

PHG 1) RPM BRI 281500 /usr/local. HI T PHG ¥ RPM /2 relocatable [¥], TJLA
TELEm R e e 2 A%, W: rpm —-prefix=/usr -ivh phg-x.x.x.i386.rpm,

2.4 EFZEH
examples HigH A& LA R CRE 7 5E4 (simplest.c. poisson.c. maxwell.c 55). Ih4gmiF

R ERCEA AT AT ST, AT AT EAT RIINR PHG % 62 75 IEA (1847 I 7T LAH “~help a11”
WIAF B E AT SRR I AT 24T IE T o

2.5 Tcl/Tk #0

W ST 2] Tel/Tk A VTK, “gmake all” iy 2454 1L LT phg_tcl, B2&— Y RN
Tel/Tk iR #y, HAER T VTK A1 PHG 1 (#4)) Yifig. phg.tcl J&— phg_tcl ARSI, ©5L
T AR B R A, VAT
[/prefix/share/phg/phg.tcl [ 4% S AF] ]
(K5 “/prefix” Bk PHG I 23E8%45) . Horh “ MAE A" J2—A ALBERTA 5 Medit #2001 ##
S FiAh, Wl LGS Shell BIA /prefix/bin/phg KIZFT %It

2.6 XA ERF phgdoc

PHG $flt— 4 fij 5.3 Bh v 4 phgdoc HIT-#51f) PHG BR AT JRAL K %% . phgdoc A& — /M HLIF) Shell
JAS, B i 24T S HAE PHG 115k S P A NI o B0 A4 R st ok B2t

% 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

RV YRR 44 4 mycode.c, HFRAE Makefile HUIIAN RIHI—47:
[include El 5k /Makefile.inc }
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RIGIAT “ gmake mycode” 4, 18R] 21 2E B nT 04T SCF mycode. i “ B 52”7 & UM Makefile. inc
FERI H 3%, Erl L2 PHG RS H %, ] L& “/prefix/share/phg” s

PR I90 1 #5480 2% /prefix/share/doc/phg/examples/Makefile. H:H “/prefix” 1§
* PHG 22389845

2.8 MBI HHER

PHG 1L P % phgTmport W LA Pl sUMIIKS SCA S ARIUR IS . HT, PHG R BET AR
ARG RS o AR EEA 20 PHG P SCRF (R IRS SCPERS 3o 3 HE X, mr DR DR I
PHG Pz 5k sk AR PHG o, EXAMEHATAEARR ] 4, —2e5 00 PS> Shell JASHT
RESEHL

2.8.1 ALBERT #&3%

1Xj¢ ALBERT 1.0 IRTUE M SCLEH% A, ALBERT FRZ A macro triangulations. ALBERT H1is,
eI E e read_macro() Fl write_macro() . HSCAFZERIANT -

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

vertex coordinates:
TR & 04 4%
TR & 1A AR

TR & nv-1 4 AR

element vertices:
¥ L0 %5
¥ AR S5

¥ Tne-1T0 .5 %5

element boundaries:
EToARER
B TAARER

¥ Tne-14 FEA

element type:
FTOKA
FALEA

¥ lne-1£#

element neighbours:
¥ OMARSE L
AL ARE ST

¥ Tne-189 48 &3 7T
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curved boundaries:
) & AN 4R
Wi G A2 x SRR E; y AT z AAKRE

PHG 3R “RAR )RR 6 4457 FI <2 1) 4 457 Y9551 3. “vertex coordinates” FHHTAL S =4
TFREL BTSN 2.y 2 2R, “element vertices” HHRRTHL & VUANIEEL, 25 H 5L oC i PUA
TS M5 (M0 JFUR). “element boundaries” HRRATHEL S DUANERL, 25 HiAH Y TG PUAS [ 1) 5t
2K, 1 %) Dirichlet 15, <0 %75 Neumann 15, 2-11 4354 7~X BDRY_USERO-BDRY_USER9, 0 #
IRX AN H. “element type” MUT4 AN TGN R, 0 %78 DIAGONAL, 1 #IR FACE, 2 &K
EDGE, PHG &I ANZEAL 705 H 3 (MIXED) 1 4 (OPPOSITE) X7/~N. “element neighbours” Z5iH
AP ICUIAAE R T dm Y, -1 KN g, PHG 20 ALBERT % A U 45 148 fi O R T
H AT HOH AR O OG5 R

curved boundaries ;& PHG M e, HIoKie )i st, A h— 85 n M n 450
K ee BEH AP E VYA <5 BIFIRE L, BTN o0y 2 BIEREL, BIREAH A X R B

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

ERANMITTRER Cl,y,2) = 0, T (P(x,y,2), Qx,y,2), Qx,y,2)) WHAL (2,y,2) BELBIHH L
FIARR (S8 WAS SCAF A test/sphere.dat). A SR R VFAE A X 2 81505 Ja 4T, (H35 A
REAE IS o

W NSAF AN “element type” Wi, W PHG SHRHHE € ML H B AR IoFR e —
PRSI, I HAHAE e oA PUAN IO RIS, CARA CRAT] i WA 36 A2 20 A AL S92 B2 SR R AR 7k
At

WRAN AP A “element boundaries” i, W PHG ¥ B il St (125 214 & Ay UNDEFINED.

KT ALBERT H AR TPEAE BE 2 E 1.

2.8.2 Medit &3\

Medit [3] f2 MR R SANBE A, — 2L B i RS E 3B ReEAT, I Tetgen [13], Gmsh [5]
S, ATRAf Y Medit R 3CHI MRS SCPF. KT Medit #4191 2 F Medit 1T

PHG 1L A\ Medit mesh format 4%/ M4%, {H LA Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals %4, ZBSILEH . PHG ZEREA ST I PRS2 B 1Ko 0 4
AN N R ITk . PHG A SRR NTHAR LI, 5 ANE 6 A DY A4 5070 DR R RS 11
Pt . PHG AR SCAFH ) Triangles Fl Quadrilaterals MMM e A% A il Fi il (110 2
Mo BRNTEOL T, PHG K Medit SCIFH IR 1 #e# ol DIRICHLET, XM 2 4647y NEUMANN, A7ty
ey UNDEFINED. WA, HIFAf URE — AN BECKHKE Medit SO P GIL SR PHG 114
RKH, % 283, .

WERAT A Netgen [12] AE /PR 1, o] AR BIA utils/netgen2medit ¥4 Netgen [¥] .geo 1{
neutral ##% X AR Medit #%30, AR5 2 AZ] PHG 1, RAARIETE ZF A 0 BhE B

Medit [ mesh SCAF#E T, BEASFICH 5 MG, /7 4 MR ICHITI AR S, PHG K
%55 MNEUE N FIX g 5 (R AFE SIMPLEX Z5H4[¥) region_mark & bit, I H7E RS INE I 1 244 i
o Frr BRIt P R AT LLE IS H KT region_mark HIMEKAA & S ITHTAE R 1 X 4.

PHG 24t T — M HIA utils/tetgen2medit, ‘EIE1T tetgen, AJGREILAE LIRS FE 44 Medit
2 (tetgen 1 “-g” EINA I .mesh SCAFELTG /D T AE ).
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2.8.3 hFR%EA

PHG 2 4L1ri %25 A945 . DIRICHLET. NEUMANN. BDRY_USERO-BDRY_USER9 f/l UNDEFINED. {FS A
WA SO, PHG K PAS SCAE R R e 1D AR e 3 IR 2 — s eI 4L A - 76U ] phgImport
200, FP LA phgImportSetBdryMapFunc A H 5 — ANl SR F 3ok 4, W0 R 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(... ... );

FHIET R be_map A& PHG [BRINIL SR s 5, Horh 240 betype W AN SCEFHIF1 282,
FREOR [MUE A AR ) PHG IR, -1 RoRARVE SR S0 S AL

B T HR R — AN SR W R B AT I R A A, AT DUHIE I “~bemap_file filename”
g 8 — AR, SR RAT RSP, e — AN A SO R AE L 2 — A PHG
RS, FIA SR B <tab> BRIT. S FA & — M EEE A <o BRIT ISR, R
PRI —ANRANE ], B HE AR, BYELZN “Dirichlet” . “Neumann” . “BDRY_USERO”. .. ..
“BDRY_USER9” Fll “Undefined” Z—, K/NSIYA[, KRNI PHG A KA 55— (1A~ 20n]
DI E ] < AR5, RoRFILITBIETLTT o Flln, kil A e S

*:0 Dirichlet
3 Dirichlet
1:2 Neumann

5 Undefined

TR NSO < 0 RASFNEARY 3 #4464 Dirichlet, 287 1 1 2 #4574 Neumann, > 5 {24
e Undefinedo 14 SR8 B4 U b B 5 7€ (R B — 04 Undefined o RAVHAR U] LA
REAE “# 5INUE, ERBELE 5 ) N S0 208 . W P #27 H phgImportSetBdryMapFunc fi
SE T AN R B, W) PHG ¥ ZRSET “~bemap_file” HITR 2 I ALt 1o
RIILAG AT — ] . bemap” MY A . (TODO: SRVFZALFRMH 5

3N Medit A, I HH P BAALE HED -bemap_file B, PHG & Hahk A 5 A X
% § R4 < bemap” WISCAE, U0 FAZSCHAAAE W) B B AR 1 F 8 B A 4 SC s N . FH P AT B
20 +auto_bemap K2E 1L PHG H 15 N 1A S FE 3304

3N ALBERTA #% U MAS#E U, PHG 2% a0 2R S 4 s F0OR SO, 172 L% T 2k
ALBERTA (i1 2R84 PHG Wil 5267
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ALBERTA 154288 | PHG 45261
<0 NEUMANN
DIRICHLET
2 BDRY_USER1
10 BDRY_USER9
11 BDRY_USERO
e UNDEFINED

BeAh, P AT LU iy 24T IR 0 -default_bdry_type, AT H R phgImport Z HiH A R
%7 phgImportSetDefaultBdryType, AHi & BRINIA LAY AWM [ (K] 38 A4 24 UNDEFINED I, 4
SAZIAE P P A g P S T AR B, 75 O iy RS g e DAy RN S 2
2.8.4 FHBR
F P AT LA I eR 30 phgSetPeriodicity B BRI, 4 7 1) 5 AR KR 7 ) AN — 2t , wl LA
FH PR %0 phgSetPeriodicDirections BEE AT M) o 1X 4 R F00A ZIAEAE A FH PR X phgImport S A MK
ZHTP A
PHG K JE 2 S I ROk 2 Ui ), AR AT i ST R 7] 43 2 B — S0 B I (TR AH
(RIATIAE S T BE S AN AR 1 4 A, IS ] LFIL5 0) I A% ARSI >4 0 %)
2.8.5 $RIGMIE
h T 7 (AR A AL B R BRI R IR, utils HsRHERME T A mirror.c BT, BT
TEFR € 7 (B 77 1) EREAT LT, NI it a2 J S P i SR Ky W gt , A FH D73 T
mirror [options] input_mesh output_mesh directions
Horp input_mesh fl output_mesh ST B E AN F R A SO 44, directions M ¢, ‘y’ bl
‘2’ KSR R, SR SRR MR TR 7 Il o A5
mirror cube.dat out.mesh xyzx
TR vy 2 o J7 AR (it ORS00 RN 2 SN AR IR 16 ) mirror SCHF T IIJLANIL
i (ATBAH “mirror -help user” E/NiZEIN):

-refine_depth I
BEAR IR W BEATFi3 58 OB — 20
-tolerance ¥ &.4%
T FIWTABTR & R AHEE (B 1e-6).
-symmetry_plane {min|max}
T E BRI BRI, min Fom HIARARE SN (SR 1), max o FARFRE f5 K R T .

-dir_file X 4%
TR I S N R 7 ) (FH 3 A 2R S 5 Tl AN [R) 1 AR AR A ) o ST N IZBL S 9 S
TR WRIRG =T aa , = AN A 1IEAL, HAIL TR,

-output_format {medit|albert}

fa i A%, B Medit #53.
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-vtk_file XHZ
" NFRE AR VIK XA

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

2.9 FmLEE

PHG T 7 82K A4 FLOAT, ERINE X4 C 1) double. fEIZAT configure I H]LAH
--enable-long_double JEMUK; FLOAT 453 4 long double.

M PR AE R T FLOAT ZRAUMECA BN, NAZAEH PHG & %, X885 i 4 i i
4 1ibm "' double PRELH T FREMCAH R'E432, 4 Sqrt, Sin, Log 5. /& MPL il 5, MixfiiH
PHG_MPI_FLOAT fENAHN K] MPT Hi#s58, AN E M MPI_DOUBLE, XA n] LALRIEACHIE H T AN A
AN FLOAT (W ILERMY, Wi INT, PHG 42 4L TAHM B MPT #3s 257, 41 PHG_MPI_INT).

*H] phgPrintf 55T H FLOAT VAR R, @UHHl double #irHh, 4.

FLOAT a;
DOF *u;

I FLOAT K5 format " BT A VCEC I it 45 SREANKT

1. 1686 Hll x86_64 “F- 55 I, long double SEfr R AT 80 frAfE (XL double 214y 3-4 itk
HIKEREE) . fEHE 24 |, W SGI Origin 3800, long double 1] LLIAZ 128 fiASEE (£ 32 {1k
RS RE), (Hiz S n] ge AR 18 .
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F=8 BEFZH

3.1 Poisson A&

examples/simplest.c /& PHG " fiif 5L (1) il N AT PR TG v R S . &K f# N iR Dirichlet i
F4AF Poisson i RE:

{Au —f zeQ

(3.1)

u=g x € 0N

3.1.1 FIEF

i g ARG . DOF %% u_h F £_h 70 547 A A4 v ek 45, 287404 DOF_DEFAULT (ER
INEOL T 4 DOF_P2, Rl 2 Bfi Lagrange 76, W 7E@ATHEF IR Ay &4TEIN -dof _type & N ER
), grad_u M T HHAEAEEEMIIRRE « error H TARAFIRZESG/R T, J5H0 DOF_PO (43 F i 40) -
GRID *g;

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

~

phgInit(&arge, &argv); /* #4640 PHG */
g = phgNewGrid(-1); /% QIERAEST Z */
phgImport (g, "cube.dat", FALSE); /* FNMNAESTAF */

u_h = pthofNew(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) { /x BIEFIEIR +/
phgBalanceGrid(g, 1.2, -1); /% PET ARIE 5o */

solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /* G|ZEfFESE */
build_linear_system(solver, u_h, f_h); /* TR&KMEHAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /* RAEZKMEHZAZL */
phgSolverDestroy (&solver) ; /x EA KM IES */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /* # F4(AfGAEE +/
estimate_error(u_h, f_h, grad_u, error);/* it HiZ£Z487T */

phgDofFree (&grad_u) ; /¥ EABALBARE (RBERZ) */
if (%R EAF) break; /* PR T RITE +/
mark_refine(est, ...); /x ARIEIR £ 48T T ARIE LT */
phgRefineMarkedElements(g) ; /x WA B Sl «/

}

phgFreeGrid (&g) ; /% EAERAEXT Z «/

phgFinalize(); /* 1Bd PHG x/

B A A% u_h IS B3 Dof Interpolation, ‘T AH4% 24 AR 41 AL SR AL N A S} u_h BEAT
faifE, B £_n BHHEBI A R AL func_£ O X HIHTE, 1MEJHE error WA T 2% DofNoAction,
FORANE B B S TAT A B ) AE G E AR BE, JUE R B T REAH M. A7 25 7] o grad_u H RR AL
phgDofGradient G, KAl 55 )5 7RI il phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
B —A L un HRAEIREA N S, AR (Pf#L48 ) SOLVER_DEFAULT (¥RIA N PCG, I aLL
FAr AT “~solver” SKfgE MM I E ffvk4s) . PA%L phgSolverCreate H— NS LY HIAE
ARG ) A NG, X8 [ BN RAE MR PRI Gk 0, 1, 5

21
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3.1.2 FERZ&MHEAIEA

B build_linear_system() AMUARPE I AL, Bt 4 R AR O BT AT P CHEAT TG, H5EAEA o0
TGRSR 1R N Bt RS 25 o X Wk B 76 (1) 7 18 %% ForAllElements
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 E AN %/
for (i = 0; i < N; i++) {
I = phgSolverMapE2L(solver, 0, e, i);
type = phgDofGetElementBoundaryType(u_h, e, i);
if (type & DIRICHLET) {
¥ 1.0 EwE AGC,D;
Fow 9B AR ) B(D;

continue;

}

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

e

}
ﬁﬁt/wi%%mﬁBuh

}

Hr, oin o FREFIC e T JRFIE PR 2L phgSolverMapE2L (solver, 0, e, i) VI solver [ H HE
%1% 0 (B u_t) 76575 RS i A ARAIRLE 41 (15 #% % , pheDofGetElenentBoundaryType
ARG O i /grad @i -grad ¢; FITFHE A PR 2L phgQuadGradBasDotGradBas 58/, /fgoz
(¥ V15238 Fl % phgQuadDofTimesBas 5% /. A5 s H / grad o; - grad p; Xf i~ j HOREFRPERD
ﬁ%o

3.1.3 IREETTHIHE

PREL estimate_error () TR HIT LR ETR/R T, HAFMELE DOF X% error H. X HK
HMRZETR R T4

me = hllAun + fullde+ D hylleradun - ngllg
fEF(e),fCQ
Hrf he HHIT e WEAT, F(e) A e WIS, hy NI f FIEAT, ny AW f WRAERE, [
s T Bk . HARTHE ARG 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);
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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 T grad wy, WIHIBKE, HAFMEAE DOF X% jump
W #2551 F R 5L phgDofDivergence V14T grad wy, MHUEE (BN Aug), P38 H K%L phgDofAXPY Kb
£_h ARG 2] Auy, + fro AR 3 e R 2 phgGeomGetDiameter Al phgGeomGetFaceDiameter in
AR o HARRH Bt . % DofFaceData(jump, e->faces[il) Z4H jump F XN T I0 e )
50 AT EEE IR, %28 ] DofElementData(error, e->index) M4 H error T XN T HLIG e

HOE-V&/p: LRI






.....

FME BHEMNR

WERT T AT IR c s . 5], ) F A« A AT L J0 A 7 A% B, ) ) LTS R
(AR AR BHA% ¥ Jacobian) %5,

4.1 BHHEZR

H HIEESRM (DOF type) i3 B 1 EEX GIKISEARFAE, FLEa &R b (1 32 ZE R ik

const char

FLOAT

BYTE

struct DOF_TYPE_

/* BALFEAT */
DOF_INTERP_FUNC
DOF_INTERP_FUNC
DOF_INIT_FUNC

DOF_BASIS_FUNC
DOF_BASIS_GRAD

BOOLEAN
BOOLEAN
SHORT
SHORT
BYTE
CHAR
SHORT

SHORT
SHORT
SHORT
SHORT
} DOF_TYPE;

typedef struct DOF_TYPE_ {

*name ;
*points;
*xorders;
*grad_type;

InterpC2F;
InterpF2C;
InitFunc;
BasFuncs;
BasGrads;

invariant;
free_after_use;
id;

nbas;

order;
continuity;
dim;

np_vert;
np_edge;
np_face;
np_elem;

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

/*
/*
/*
/*

o AR BAEE R +/

£ XA 0 L ARR A +/
AlEAE (ESEAR) */
BRI SR KREL *+/
R B R R */

HE A A% 2 4m PR S AGAE 4K *+/
2 ) 4% 31| A R A& 4B A R 2L */
T EEL (1) =/

A BE */

KBBAE */

I AT R AHKRIE */
S ok Y

Al EER S */
—ANEAFEBEANEK «/
AR5 FMAKREL */
H T RI G E L */
R E L */

i R
B
W

o9
B

FANTRE Loy B s EAS */
BA e B EAS +/
HAE Lo g B EALK «/
BANEAF A HEANSL */

J

PP LR BUES A G — AR5, TR s A SR MOBB E AR AE. Gauss B3 mUAL I bR KL

i, Z%F 5.2

name 47 I H1 SR A4 R Bl 15 5 o

grad_type #7H1i% B th IR iE SRR RO AR B2 B 2R, T T B8R s B BB I | R
FE curl 25 F HEEX S, BN, 7EHER n B Lagrange JGH A HERAF, grad_type #iE X h n — 1
Y discontinuous Galerkin JGI#) H i EEZRA,
np_vert. np_edge. np_face Ml np_elem 73745 g AT L 34 AT EL T B AN E ]
I, —ANEoc B B RS

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

25

(4.1)
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nbas 43— NHITH E I (KAL) AL T (401) M.

invariant UiH] A R RIBER R BOR 5 5 TR TE R, RIEATERAERTA fooh 2+
) (4 Lagrange 7t), £ ZH T/ EE S order 45 H 3L bR EU I 5 vy 2 DB (WHR 204 orders
KAEETRER, WA o g Ak R B 2 s, B AL RN A np_vert +np_edge +np_face +
np_elem), J TIEFEEEM DRGSR dim 43 AERR B YERL, H140, XF Lagrange JC dim = 1, TIXSAE R
JG dim = Dimo,

K points MF4T T s 10 THAT G A o R AOSEAE RO B, 00 0 4 1 4k, 2 iR 3 4
HOMAAFRER IR . points K EE N %2

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

51, 5 F PR Lagrange 7, &M LA 1A AL, 8R40 B A A B, FE EH =4 A
I, A5 MITHRIH 1A I, points ALK AT F:

static FLOAT points = {
L., /¥ MEQHEALE */
.75,.25, .5,.5, .25,.75, /x L HEARE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /* MAWEALE */
.25,.25,.25,.25 /x R B EALE */
};

M R B A E A, NiZK points A NULL. PHG "B, 4 points A% T NULL
I, ] 8 H R B ST B AU I R K

AN E RN phgDotNew BREH SN, PHG N H— NS S, RAFLE id
%G S B e A BT SRS BN O . id == -1 KON E R AT

PHG WHBAREAIEAEETH B b B A — DS v, 08— ANE i B B 4,
XS LRI BB R A S vhEesspln b 1, TSRS —AN E BRI, % I A
AR5 DT RO 2 1, B — A E B BRI T8 o R A 51 2R AL
H B R 35 CE R, BB R free_after_use MJ{E A TRUE M6, PHG SBSGZ A H A h
name I points T f7 FIIR N AE R B A i B EH B RAR S e o FH R A A7 e

continuity %7t H HIBEZRAL IR 147 BRIC R BT ELE W] 1, < 0 RoRRBCEEWIT, 0 FoR
AR T C0 1 FoRmBUE T O, MKILEAHE.

4.1.1  FAMISEIZH M A HEE

H EHEE A R R 5Y InterpC2F 5 ) W0 kS A0 A0 I [ bl P 6T G b AT 4 1) R B, HLBE 1 28700
DOF_INTERP_FUNC, H{AHNF:

Lvoid InterpC2F (DOF *dof, SIMPLEX *e, FLOAT **parent_data, FLOAT #xchildren_data) }

Horbr dot N HHIEX R, e HRHTT.

HA parent_data T 15 MNMREF, FRIAHITH I B dEEEE, KA, L. A
I B BB AOE LA . B, XSRS NAER 4.1 HPar i, R dof->dim 4 A H
FEXRZMYER, S5 4.2 FHEHEMZ, 4 np_edge > 1 B np_face > 1 I, 1B 14k HEF 1IN
Jp o M T 100 Jmy 5 W (105 T IR0 ZBUARAT S T A o P 4.1 o TR M Bl (0 20 7R i o

AT A ASET U DU 5 ASEIEAT A AN B .00, A, #1041 children_data
RS 12 NMREE, 2 RIHR X LR B, XTI S AER 4.2 e, B 40 AR BT RTET L
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& 4.1 FHESRHPRBETEHERERE

parent_data i

L E NG

a7

parent_datal[?]

[np_vert] [dof->dim]

Wit FMAEHEHE,i=0,1,2,3

parent_datal[4 + 4]

[np_edge] [dof->dim]

Wi FREHEE, i=0,1,2,3,4,5

parent_data[10 + ¢]

[np_face] [dof->dim]

i BMABEE, i=0,1,2,3,4

parent_data[14]

[np_elem] [dof->dim]

ST A AR

27

*® 4.2 WERKPTFRTEHERFEET

children_data il E 82 NN st %
children_datal[0] [np_vert] [dof->dim] | HriiisS it B i EAE

children_datal[1] WSR2 TS 0 R i i A b (e
WS RZ TS 1 M i i A b R
B ANE TS 2 fI30 i B R A
WSR2 TS 3 A i i A b A
S RIZ T 0, 3 M ST/ B h RE(E
S RIZ T 1, 3 M -/ B b R
S RIZ T AT 0, 2 MR-/ B i RE(E
S RIZ TS 1, 2 M- [ il R
B FIZE T AL 2, 3 MY RITH -1 B h B
A& LT O B TTik B E d
ALEET 1 B TTiR B B B

[np_edge] [dof->dim]

children_datal2] [np_edge] [dof->dim]

children_datal[3] [np_edge] [dof->dim]

children_datal4] [np_edge] [dof->dim]

children_datal[5] [np_face] [dof->dim]

children_datal[6] [np_face] [dof->dim]

children_datal[7] [np_face] [dof->dim]

children_datal[8] [np_face] [dof->dim]

children_datal[9]
children_data[10]
children_datal[11]

[np_face] [dof->dim]

[np_elem] [dof->dim]

[np_elem] [dof->dim]

PN E . BREL InterpC2F T 55 e BT AE V5, JPI 4G 45 RIAAE children_data fR[7) [1IX 4%
Huk 4k

Vo]

V[2]

children_data[12]

parent_data[15]

Bl 4.1 PUinfR T =4 404k

e X BH R 2 S ETA L 1. AR B H S E R S E A, (XA AR RN
PR TS BT o B SR ) BRI AR N

PHG &L 7 — A8 A 2 41 76 18 bR 20 phgDof InterpC2FGeneric AJ H TATAn H Hi 5 2R A )
InterC2F Jl bt , (HHANEREEZE T4 4R E B b B 2R B Ut (1 i pR 2L

4.1.2  ZHMHEE)HHE WA E R AL

H H JERA P 51 InterpF2C 48 0] RS ALAL I 6 B B S T IR I R 2L e iR 2505
InterpC2F —HE, AHSE R E \E A A o 1 PR BCIE NI, SIS I B A children_data, PAAK
parent_data "4, FHAICILEM 4 NS L 5 408 AN T AR OB SR AL, s 071155 parent_data



28 FHE ABEXNR

AT HITH 43 PIAN IR R G I ER A

PHG &4 7 — AN FH 40 2K 6 1 pA 20 phgDof InterpF2CGeneric RJ H FATAn H 2 i)
InterpF2C W U1, (HHAEREIE B 22 T e H BB e vt 4 {1 pR 4

e 0T oA, FRIsh R A — AN AR, 15— AN RS, A R )
e->children[] #H%M45T NULL. AN FHIC/EIE 74 IN, 5 S0 A5 45 20 1) 3 B R .
UGS AR A%, HAT PHG WA SEBLVEAN], M2 %K InterpF2c X IXFHG DLEATRF IR HE, B4
AT HICH T TREN N B children_datall "B T4 AT HICHEHE, RASMEILE
T-BORVH A B To i HdE -

WD, (RBSCERICA e PIASTHRITTIN eg Fl ero WIR eo Fl e $BHAE 454, ] InterpFac
RS AR ITINIA 04 TH 2/3 AT A HFEIME, EAT150 A0 Y. parent_data HWEE 4 (34 0). 5
12 (M0 2)« 25 13 (11 3) FIZH 14 (FJT) I, parent_data "G IR children_data "1 HTA i
F R O S A AR, AT TR W eo A TRER, ULEH eo ANFEAHE, W) InterpF2c
BRobAIA 04 T 2/3 AT A HEERMESS, EEVHEACH TR 04 34 1/2 FIH 1 AR B B A,
I3 %S M. parent_data fUZE 0 (WA 0). 5 5 (34 1)« 2/ 6 (34 2) AIZE 11 (10 1) T, H HAREAEH]
children_data HTNJET eo MM HHEM (55 1. 28 5. 55 7 A28 10 J0). SR, 1R e A54R
Bf, W InterpF2c FRUFSHIL 0. 1 2/3 AT H HEEMESL, EFHEIHACHRICHTNA 1. 24 3/4 F
170 A M A A, 230 N parent_data 55 1 (T 1) 55 7 (4 3)- 58 8 (4 4) FI% 10 (17 0) 5,
HHARAEH children_data " 2. 2 6. &% 8 FIEE 11 WiHIME.

4.1.3 MWR{ESERK

H 2RI rh P52 BRI (UMY AA A BUBE B 20) InitFunc L9 B EETEH 45 € I B 2,
BIFE — A e B 245 2 1A ROoc s |), g L3RR DOF_INIT_FUNC, HARTEADnF:
void InitFunc(DOF *dof, SIMPLEX *e, GTYPE type, int index,

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

ZH type FiE EUHSE N B RS, VERTEX Ko Tl A (1, EDGE 3K7<14 H I8, FACE 7RIl H
HH A%, ELEMENT K78 970 H . 240 index 45 TN . I B HIAE S TG %% 5, > type 4 ELEMENT
I index {HH ZW& . InitFunc THRFRENER H HE, R4 RIBAEZSEL dotvalues 710 ZZ M
X A5 FR P, gt I i AR 5eft, KN dof->dim x np_xxxx, FIEAELM X111
(A7 4 FLOAT [np_xxxx] [dof->dim] (xxxx R¥H type MIAIFIME D MK vert. edge. face B
elem). {7, X Lagrange !FE A%, 24 type A EDGE BY, FACE Jf H. np_xxxx > 1 I}, InitFunc 75ZAR
I 12 BT 0 T A PR 4 SRy e Y R S (R A7 TBOW , ) mp_xxxx ZHEHE (B4 dof->dim ML) B
AT B M, DAORUEAH S8 5 ) Bodhs 1) — 2k

Z ¥ userfunc. user_func_lambda Al funcvalues 43 7l kAN BB E A — AN Bl fa s, &
1126 o SRR B A0 e B o e 35 R U A G2 e X ik, = ANRE a2 HACH — A AR iR
kto userfunc FRIM—NKT x, y, 2 WEEL, B854 DOF_USER_FUNC, HAAUIF:

[Void userfunc (FLOAT x, FLOAT y, FLOAT z, FLOAT *values) }

1M userfunc_lambda JF§ A — KT H AR REEL, HLH:287Y % DOF_USER_FUNC_LAMBDA, .44k
L

(void userfunc_lambda(DOF *dof, simplex *e, int bno, const FLOAT lambdal], w
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{ FLOAT #*values) J

P BB T 18 2 AR AR AR I B B, 3531 DofDim(dof) ANEL, YHEFEH values T A IZEIH X 1
(DOF_USER_FUNC_LAMBDA "] bno Z-4 HAH N A B 1) Jal PG BR B0 )

2 funcvalues ANARZHRENIN, B4R MAFA TE T AR (0 BRBUE D2 ph X o BBINF K [ i B2
T points AR AREFREN, I H AN E R B B BAE ¢4 A B 1) B BUE I %€ « funcvalues
AL ¥R R TS 1 BTN TE np_xxxx ME I RAEE, 30 DofDim(dof) x np_xxxx M4,
XA E AR points H AL E

—UBELPRHY, AN hierarchical basis ZRFERREL, ETHEIL . TEik B B, S5 250 BUCLER &
AETRY I EHBEAE o N oS3 ER R N R B2 R AN T AR 1) ) EH AR, TS B e I
FIZIHI ) =N TH RO = 45T A0 1) B AL 4 T e T, PHG "B InitFunc MR
SEAE—ANERTT A F MR R S e P 54T o BRI, fEvh S —ANME I B ER, 7R3 Bkt
RrEAL B B e, TRLE S WR S 4L pdotvalues Ky 4R4EE, KW P75 MIR4E
LB AR ) H BB T LA dof->data 1155, WK Z4L pdofvalues NAEFHEr, WIEKW] dof->data
R EAR AT, FFEEMN pdofvalues JITdi Il (1) Mtk SRAS I 75 A 4E A7 ‘B AR 1K) H HHBEE . pdofvalues
LS 15 ANMREE, ZrldR R 4 AN 6 4. 4 ANECRAR A B RS, 3% L5 InterpC2F B
P (#) parent_data ZHEML (ZF 4.1.1). HHl, pdofvalues != NULL MR LA H] T30 FH 4 (i R £k
M (Wl phgDofInterpC2FGeneric. phgDofInterpF2CGeneric)s

AR R AT PR G IE R B, W1 Lagrange G, DG Ju%%, o 1S 0 1E G 5t 2 A0 B 25 A0 1)
PREE . XTIXRIE R EL PHG $2 4t T —Nill B B8 21 phgDofInitFuncPoint fE N H HH R
InitFunce.

WA —ANZ5E, WIE DOF_TYPE H 1) points H4l NAEA 484, W InitFunc 761 H user_func ¥
user_func_lambda I AN 4% 4% points ZALH s FINUF K FH - PHG H [F)—%4p 25, U1 phgDof Copy,
5 SEIR I ARG X — 28 R LS B BE (W0 cache FRICH IR EUHE)

vE: 483t InitFunc M 8% 288 BasFuncs tE A RILA1E., S, 24% %)% & BasFuncs &
=) 494 % X 23 F) user_func 3 user_func_lambda Z /&4 T ek 2%, B 45 #H T #1848 BasFuncs
At HA PR RSAE, X E—ANER G TR PHG 4918 7 361853 phgDofInterpC2FGeneric.

4.1.4 EEH
H R A R 5 BasFuncs 57 b 5045 & B O AR AR B IR B4 B 4 0 s B (il , o 2y
DOF_BASIS_FUNC, ¥ 1Z%l -

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

P no0 Al not Jy Ja ik bR i 5 YE ] (KO ISR oC R T0 AL 3 THIMMAS B el EE B4 5, I 0 O
4R), FoRTHHE no0 F| not - 1 Z AT EEREL W12 not <= 0 JUZIK nol = dof->type->nbas.
lambda[Dim + 11 A HLARER. ZeRBOR [l NZeph X ik, T 055 I i i 3 B sl 4 i 2k b 2
ME, 22X 1 BasFuncs #2fft, W 2EANK, &K BasFuncs I 2 h X 1) A A2 BT
R, BE R IX 2 K% BasFuncs JLIR[A] dof->type->dim * (nol - no0) MH, 1%
FLOAT [] [dof->type->dim] HINUFHES .
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4.1.5 HEEREHHE
H i 2R 51 BasGrads 75T v 545 5 T O AR AR B AL #8435l A 0 J bR B 0 1 F OV AR bk [ 6 2
i, 4% 128804 DOF_BASIS_GRAD, #1154 K.

const FLOAT *BasGrads(DOF *dof, SIMPLEX *e, int noO, int noil,
const FLOAT *lambda)

K SHE X5 BasFuncs L, pREGR AME AN EIE LT & BasFuncs PR Dim + 1 £%, F76E0UT 4
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBEHEZRD

SESC— AN RS, HTRE S AN (R 2R A, JF SERUAH N 4 H R 2, LA S
lagrange.c ' Lagrange JGIHJE X, B{ geom.c WU & Lo B, HFHH Mt 2 2
(FIeR%, AR AT AAERME, BAHES ik NuLL BiA),

4.2 BHEMREIEEN
L EH BE G R S ) EZE G T

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

— A H B GBI — AR S G R . — SRR Bl SR PTAT 5 E AR B
X5, MR SR (it Mt FI3AE), & A EUHX S [ O R, in MARRERN, & H
ik 0 GIRERS R EPSUSINISIE S0 e

dim JREASS Y E MO G AER . > E T REXRT R BN N e B AR T H R 4R A
X S 42 B (dim x type->dim, 7]l it DofDim #3%).

data JR A7k B HEEHR I ZEr I, B EAE T A th BOS AL 2 /T 7 B T B B SR
B (BB B SASCE RAS R N 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 AFJE T 8 Oy AR R 20 10 Bt BER . % T RN T 2 A 7 RS (K T L 32 800 B
B, ENTE S AR R OIFOREF 8 B B R MR 2 W 14 TR B AR
CATRA MG S E LTI M AL PHG 2 H WS T T A . b, — A1 Mg
1 1S B A Uy 7T LR T AR 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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4.3 BHHEXRBRE

B H X G B s S5 M A 3 ATT 0T DO S TEAT R AREL 1oy AR s B, —A> dim =1
1] n B Lagrange JCHTXS N 1 R EUPIBR B /& — > dim = Dim [ n— 1 B discontinuous Galerkin JG, X't
(A1 Hefs 5 ECA RS (#4321 ' (] Laplacian, —4> dim = 1 ) n—2 Y DG Jt. f3U1, X244 #.7C (DOF_ND1)
TS (BB L HUZ | curl 55) 153012 A FZEET) 0 B Lagrange JG (70 7 %40 . PHG 24t T
— 4L I A N R s FARAE, DUOTE S AT IRCNY I &, 26 Ad3.

4.4 EHEFEBHEXMREE

B N S A A A e — A, 26 4.2. PHG 34— 241%: H TVl B B B S0,
BATRBIEE Bt EEEGRE Gk, H AT RO A s AT B, B
DofVertexData(dof, TH.,&AKH%5)
DofEdgeData(dof, &) AH%5)
DofFaceData(dof, W #)AH%5)
DofElementData(dof, %L AT )
DofData(dof)
P A3,

VTR I, AP PR B b, E 534 TR IT R AR G 5 A6 1 WS R ANEAE T,
EAIISEMFR& ) UNREFERENCED, 4 FLEEN B i1 BE RO S BEA T3 O N, iz kit IX 280 . ml
Elﬂﬁfﬁﬁﬁiﬁ:pthofGetBoundaryType a, phgDofGetElementBoundaryType RIREE B R AR

H4h, —A B R BRI AL T 2 A7 A% b, A7 I T2 A F K OWNER ARaS SRk St
Al —A> B H BEAEAN ] 5 PR P B R AL BE . PHG $fft—M DofIsOwner, i[RI A L) OWNER ARk
.

Blhn, N BT B R A
INT i, n;
GRID *g;

DOF *dof;
FLOAT sum, *data;

n = DofGetDataCount (dof) ; /* ARG AR ) x/
data = DofData(dof); /% AR B B EEAERIE */
sum = 0.0;
for (i = 0; 1 < n; i++, data++) {
if (!DofIsOwner(x, i))
continue;
sum += (*data) * (xdata);

3
#if USE_MPI
if (g->nprocs > 1) { /x T WA 2B KA */
FLOAT tmp;
tmp = sum;
MPI_Allreduce(&tmp, &sum, 1, PHG_MPI_FLOAT, MPI_SUM, g->comm);
}

#endif
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4.5 45KBHEZRE

PHG 24t T PANEEE B i 2R, U dEw =289 3t 25 AY DOF_CONSTANT FIfENTHY 3 i A
DOF_ANALYTIC.
4.5.1 F==HEHRELR

W A AT T AR I B R . B, R TS s ST — AN R R EUE N 17
w (1,2,3) MEBENS:

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

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

WAl LA WA S H 28 $0 phgDofSetDataByValuesV K45 i w284 [H H X G A AH -

GRID *g;
DOF *u;

u = phgDofNew(g, DOF_CONSTANT, 3, "constant vector", DofNoAction);
phgDofSetDataByValuesV(u, 1.0, 2.0, 3.0);

J

PHG foVFH &M 3 HEXN 2SS 5EER 5, ] LLlIE W% DofData. dof->data fiEl 45 H %
Vil e B . X T B8 [ X%, phgDofEval () ZHIEE % e Fl 1lambda. H AT, PHG A SLVEN)
I H N RTINS
4.5.2 fRAEIEHREEER

WL 1015 00 1 AL SO, — MR ] X R BERT B — AT AR A
PR EAH G (userfunc B, W] LLS —ANJE T F 0 AABR 1) bR BUAH G (userfunc_lambda i 1), J
t userfunc BERJ DUIE i pR %L phgDofNew FIZ e e, W] LU pR %k phgDofSetFunction BE, 1M
userfunc_lambda JI| H f& 1 H B8 % phgDofSetLambdaFunction WiE. H H X GAEFR & A i i
5 ZAHKER ) userfunc B userfunc_lambda PR35 PHG RVHF#NTE H HEEXN %2 5 EUER )
B8, UL B %L phgDofEval SRAH, [HA RVEX HHE TS H, WARMCY B %L phgDof AXPY
)y S

4.6 JUWMEEHEMNR

A geom.c ST —AMRRIR H XIS, O PR AT BR G E T & H B — 28 L
AFE R ICI R AR S v HAR, PR . HARIELAAFR Jacobian. geom.c HHEML T —4144
M phgGeomXxxxxx [FIEREUHLH P i R SRIUX L8 ) L &, 2/ A7,



FHE HERS
A7 BRLTE o1 2 B ML TR B SO UBRIE . B SF OB . PHG $R0E T — R B EUA L) B
BT RIS , S5 RB U MOAYRIT Gauss TOSLAUBUN 7% [15, 4, 10, 2, 6, 1],
5.1 EAHIEEN

SR BT A RS 2 B B SRR o 6 T AR R E SR AL A R, B3 8
BRAFER. 250LT ALBERTA [11] THS QUAD %, PHG i XAtk K4 s
ASREEEELERR R, BATRZEEIEN BT (BB . Lk s XU T

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

} QUAD;
SRR R i ] -

.......

o name: & XMV TR, WM A CffE, =L DUAE IR W A 444 € <3D P42
o dim: MBI TUERL, 1 ARREE LIOEUY, 2 RRE =M LRy, 3 ARRME 7 LR
e order: & XPF I ¥

e npoints: & SIS T HIB D A HL

e points: & %M T HIRR > AL S TT T B O AR R .

o weights: & BN s IIALE .

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

PHG HE X T —4AEEM—4E (ZBO Bloprr, 48 (A1) BUF PR =48 (YiiE #n7,
‘EATIMAR 44 A QUAD_[123]1D_Pn, K 1J& Legendre-Gauss B A [10], —LemgEfior 2 Ue
I —4 LegendH}Jacobi*Eﬁ}é§iﬁﬁﬁfi?&§%*ﬂ*@ﬁiﬁgo T e XA, AP RLE e e
RIIHRI A A Ban, —4E 3 B Radau 7820 AT BALGTT & X

static FLOAT QUAD_1D_Radau_pts[ ]= {0, 1./6.3};
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 —A order 4, M T-Ham I LR IIBIFE L (2 I 5. Wik
A PHG (R4 R EIEL) A e B0k B, nREAR S HONCh S0, B2 A 1w Ui o
QUAD_DEFAULT ({24 -1) LA AUIAY T He b

52 BEMRESHENES

TS ORI I A DL TN RBEAT I, FL il 2 S 13 o 25 f L 5 A0 — LA R B
I3 i L 3T — IR EL, W1 Lagrange BUEpR AL, EAIHEL AR i ERMEAERTA Hoth 2
—FER o Dy T S AE B AR S o S R SR AR e AR R R B AE, AT PHG HhBE T
Tl cache LKA BRI — 7] 8L, “E0RE 21T 0 HH B A v 5L (1035 o Kb SRR A R A7 72— L P A2
A DA, SREEGAY DL B A E BRI HAC AR B d1 SR X R I B 4 i, B2 T — B
FESRA R B A, Wil 5.1 ius o X B cache WU P2 & I, MR Fh A&HEEE
P FIBE AR 738 L eR BCEI AT, i AN S ] R A7 I B R ] © 28 v 50 (0 6% o 50 S B JEE I
HUE R 12 11 R A E S AT Z A7 X rP IR 5 2 5 R IR, G0 SRS T Y U)o P AR G PR o8 e K B

(FLARDTR)

5.1 Cache HLiI% 7 E

5.2.1 HiELEH

AT S cache HUH], FRATTBEVE T PIAN N B2 4544 QUAD_CACHE il QUAD_CACHE_LIST H T
A AT BT 2 PR Bk B s [N 7E DOF_TYPE FiI QUAD ¥R &5 M rh ¥ B T AH N [ B 52 151



52 EEB KL FHRENEZT 35

QUAD_CACHE 4k 4t iy 52 LK -

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

AR AR B AR S A ) B AR, b dREr e FR M SEAF I EAR A NI AR R G . FREE data
8 10 A7 B M 22 A7 X
QUAD_CACHE_LIST {445+ 52 X N -
typedef struct {
QUAD_CACHE **caches;

SHORT n;
} QUAD_CACHE_LIST;

ZBAREERIAE I E el DL & 5.1 T cache o n ACFR 1% BELE A K] QUAD_CACHE e KEE .
DOF_TYPE Z5MJWPsIN T 40 N — 48 5 53 I .

void *xcache_basfunc;

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

BOOLEAN invariant;

HH, cache_basfunc. cache_basgrad. cache_gradient fll cache_curl J&45 W] QUAD_CACHE_LIST X
ZIFEEL, 0T A7 LR HL FEpR RIS OCTTHLOARRR) « JE BB IE ST HTRIRARRR) |« JEp8
HOWESERIME invariant AR50y TRUE W B i% F HH BRI e AE BT WA 0 B2 —HF D X
D)4 500 AR N o S EOH U A7 P A

£ QUAD X HE AL id, AR EA BRI AS:

o id = -1 I, RUIZRIMBU AR I, A7 DXh BATAHOREE B 247 X PR Iic %

o id > -1 W, KIZIEHIFN > T5 B RIAH s vl REAFAE T2 A7 X b (B AIWD , A7 %3
Y5 [¥) QUAD_CACHE % %A 22 47X (R} QUAD_CACHE_LIST X1 %) L E N id.
5.2.2 WEREO
AT P ER B L T R 52 A W I . X e L2/ P T PHG vhE RIER 23 R 5
N B 3
get_cache FRHUR[H[— ML) QUAD_CACHE 4#%)

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

HINZHCNTR M) QUAD_CACHE_LIST X% — R4 clist_ptr F1 QUAD X % R4 quad. %R
R []—AM45 7] QUAD_CACHE X R [M45Er . WA quad CLAF(E T QUAD_CACHE_LIST XJ %1, ik
5] ({6546 7] QUAD_CACHE_LIST A% h )5/ QUAD_CACHE %1% ¥4, MIZF QUAD_CACHE_LIST
MG ICFTI A R], T A 1% quad ZEBUBI5 %WV QUAD_CACHE %] 4, i/ BLi¥) QUAD_CACHE X%f
S data AHN NULL, 3R [AIHT43ACH QUAD_CACHE % % ik,
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PLUR YA R £ get_cache BRECGREUAH Y. IK) QUAD_CACHE X4

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

—

% A |
WANZHECNHTC oo HIEE u, FBEIITFS n, FI0HA quad. ZEREGRIEHHE w E£HIC e
FIEE 0 ANEEREFER T quad SRR ATAL I

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

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

Z % X IF] phgQuadGetBasisValues, V14 &3 bR EoC T8 R AR ABBR P BR S .
[ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) }
o 2R

Z % X JF] phgQuadGetBasisValues, V4 &3 pR BT e JE .
5.2.3 T{EHLHI

PP A BB AR 73 e B ] get _cache £33 —/Mi17) QUAD_CACHE X B [Fif4t. I8 F 41 K pfh
LI QUAD_CACHE X G Hh 2 A7 I Bds ) vl TR, S Z MIANTT Y, s 2B it 5

(1) QUAD_CACHE X4 (1) data Bl AN 2% Hix H A invariant A7 8 TRUE, RIZ A HE
A IR S BT oK

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

P A T R 3 S DR AT AE — ™ QUAD U4 quad_list "o AFIMZEAFEYE CUnkEpki %k
(A« R EIOBE 2 (1 (E 55D 1) QUAD_CACHE X% #5473 7l R A7 7E AN [F] ) QUAD_CACHE_LIST 1. XFT-[A]
—ANIT, BFAS QUAD_CACHE_LIST W] DAZEAE 2 FiR - KA E  (HR2 A REZE A [F]— R R AEANA]
BT R, B 5.2 45 T M. (B “3DP1” AU 3 4k 1 BB, e AR IR

/) QUAD FRAF AL A7 I, QUAD->id fRER'EFE quad_1ist PN AHZR QUAD_CACHE_LIST
(FIALE o IXFE{E QUAD_CACHE_LIST H'#x#k 75 (¥ QUAD_CACHE XI%mf, 7] DLk, HEAHIL
QUAD->id SEAT. {HIE %ML B2 QUAD_CACHE_LIST /™4 “2%3”, Wil 5.2 FiR. X cache
SERIBU IS T AN EAR R, BIEA BRICTE SR, T A AN RIS B B AR 53 R A BRI, DRI
XL cache JIT 7 FH I PO AE 25 18] 0] LLZBE AN T, B 2 T DL A1

get_cache [WHEARFIL,

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

£ quad_list FiLEKiZ quad;
# quad->id JIR1E;

fi

if clist_ptr is NULL; then



5.2 HEH I TRMNEE

DOF _TYPE
3DP2 1DP1 2DP2 1DP2 3DP3 | 2DP3
Cache basfunc —> NULL onel NULL onel one3 onel onel on e4
n=8
3DP1 2DP1 1DP1
cache_basgrad [f— ] cnet NULL] onez | ones
n=4
3DP1 20P1 | 1DP1
cache_gradient [ onet NULLY one2 | ones
n=4
cache_curl —> NULL

quad_list |3ppP1 | 3DP2| 2DP1 |1DP1 | 2DP2 |1DP2 | 3DP3 | 2DP3

Kl 5.2 DOF_TYPE th 21740 w151

#4364 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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ERE SHITHIERGSITIED
6.1 PHG BIHSITRIN

PHG L/ 1T LUE R A AT I I 5Ok B2 1817 240 PHG [ 24T B IR okl L2 g X
Ji T Ay =2

(1) PHG PN S5
(2) PHG WA =T (W PETSc) & g i
(3) M P B AT LIk

b, BT SRIE DU AT PHG 27 #2105 =S U E g T P R

M PRSP phglnit B, PHG W\SH arge Al argv IR P 6 247, 0T F0rb e i
HATAEEE . I pheInit RECRFIN, FTA)E T PHG MIED K& ZEGHE N arge F argy IR

PHG FEET—HKH “-&£R 8 A%, &R 47 o “+2 R L7 B, M ADETEM AT
2 I, s —IRIEAEERH . PHG BRI 8 A5 Z 5N A S EO R, <+ 2 1)
JEXBEH TAH S HNED, RKonY -2 & RS SCWEAE, @5 A THOE — A i
(T, XT3 LT, KEI44 5 250 Sk B S B0, #e52, S EE IR v LS
“SHRIRL AH TBASN, WALV - L =A% FE. i LEA S S HUP S S el e
Shell FEFRFAF, WINAZAE AT AT B (BN 515 F X Lok i al S 4G L K .

BRI DL B A AT g ki sk, B P AR mT DL — 4L TR — AN S0 (RROEDSCAT) 1, 4R
JAtEm A2 AT “-options_file A&7 KIMASCAFHF L. PHG fE N SCAF R NIETIR, DL
R ow FFIRIAT A RBAT 205 . AT RVFHHILZ A “-options_file” &I, PHG % MEA]
HE I PTG P A4 IR X6 AR AN JE T SCA A (IR TR AT A 3 “~options_file” JEI RVFRE, RIAEIEIN L
AT LAH “-options_file” Fli AEMIETICAE, PHG 2 ) AL B (R T S (F P W%
T e tH I B AEAE R ) o

JA8—A> PHG FEIFRF, A 407 H R AE 2SO <7 #4147 LAF % . options”, N PHG & H %%
PN P SOt F P n] AR FR 7 208 — R 6 e BRE I

MR, e n] BATE phglnit ZHTHH phgOptionsPreset PRIECR i S LU TS R LT, X4
RIS AE BT e 0 2 i Ak B

e, HP T DO PR G A8 i PHG_OPTIONS KUk I, i iz i A i {E 45 0%, PHG & H
B0 AT A B o D PRAIEIE I — 2k, SERREORT 1 I, P dERR AT 2ERE 0 ' PHG_OPTIONS
(R{H

& FE R 0 Ay AT IR AL SR Qi R, [R]—3E 50 2 I I DA Jo — IR A b 4«

(1) J] phgOptionsPreset Bf¥H & LI

(2) PB4 EL PHG_OPTIONS 45 Hi ()34 10

(3) SCF “STHATIAF 4 .options” 4y H LI
(4) AT gy kI
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N

6.2 FILAAMEIETMER

PHG #4t 1 KH () fir SAT RN T 5 A 25, A AT RAE ST b —— e 4T A R 2
IEATAEAT—A PHG /@, #AT LA “-help” &TUA1 H & PR AL 1K B A7 e 3 S 5 B 5 5L o “~help”
MRIRE SR — AN LA NS5, I ‘~help hypre’ W nfi % Hypre [T, ‘-help all’ W/RFifT ik
I, 1M ‘-help help’ ME /N AT 2m 4.

6.3 RELEAPEFIE=ZATRENGSITEH

A 4 o = 7 A B T P R I i AT S H L il I “-oem_options” MEMIZ . HET PHG Jf
TERSE =Tk, 245 PETSe M HYPRE ff) Euclid Fi4cf T34 THRYER ar 247180, X T
I 2ATIE DG S B EAI0 SRS . Blan, o] R e e 3k 4y PETSc:

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

AT LT ARIESUE S E (B T RAR ~ B+) IR A INE] -oem_options 47 i
WSt ARG = R AP P R . AN, O TSR R AR BE, AR 45 58 = 5 AT BT
PREFPISE, A AEESUE NS Ea b A 2 P iEB0E RS Eez . 1 RPAE A
phglnit Jii, A LA arge Ml argv[] 1ilnIXLE340,

6.4 MR BEXEDR

PHG #2flt—21 i3 phgOptionsRegisterXXXX, LA PRI E QMM 2ATIEIT. X 48R 21T
S TR ER A — A R B SR R L, IS TR A AT T 4 AN FE TN, PHG 2 4H
S %A R, A2 6 N T S U

HE, AR SCETUA T phglnit Z ATHEAT.

KTH P A g agWin] L2 F /R~ HIFE)T examples/poisson.co

6.5 7EREFFPIREE TR SITIETAE

PHG "PVF AR, B as it . AR s B At , A — S8 g i S HoRFEHI s T . 1Xu
ZHCAH AT AR, P I AN E RIS S e PHG BT SR BE3RINEE X 2545
I Z 2000 BREHE 11, R B P R m DA {68 R sk of % (1) iy AT 1 TR SR B B AE L e AT T

PHG $24t T PR %l phgOptionsGetNoArg, phgOptionsGetInt 5 FH ' FE P SR EN Ay 247 5 T I
DL K PR phgOptionsSetNoArg, phgOptionsSetInt, phglptionsSetOptions 25t H F A2 P& M &
ATIETREL . XL R HER AL T — MOy (F B e BRI P (S HU0 T B, 584l LBUVF 2 e b4
o TS0 R B R A 1 o A7 Sl iy AT IR TR e h BB B S BN 1 i B 7.3,



FtE KMERERED

PHG 24— W O TRAREE yFRe, Sebrskims, BERTLAAA PHG #2451 PCG.
GMRES 25307, thill L% PETSc. HYPRE. SuperLU. MUMPS. SPC. LASPack %4}
PR A o

PHG [MZPEMER XS, SOLVER, HI PR el id ek S0 SRtk y Rl i AR Jan i . R AGHE
WEANA S 2. P 3T AN 6560 SOLVER [P FREEHE, T U PHG SR M2 MR ER (K45 11 bR
Ok SE AR R A . KT IEZHE D AT HI W LA % B examples/simplest. co

71 KHENES

PHG HfEA S TP IO AR B AT AR I 2 (K H i SOR G (1 RS A rPort AR
T TS AR A R R A

JRER A G S R AR T RS R BT F ERBEAN O JTARH% 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 $2)H FH Jajifl H B EE S5« £ PR ICvHEIE NI &
R A S IRy, T LA ] R # phgSolverMapE2L KT fHHIAFRIZEANES & DOF X RAEREAFFE T
RS At BE R B B g S, iR B DB

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

Hrh, dof_no Ko DOF X RAEM CRRNA RN 4k DOF XRAEH (A 0 IFR) 5, i,
BARFN 5 H=A DOF X% u. v w M EL W u KFS5H 0, v IIFSH Lu KFESH 2. ¢ A
M. index A u I H HEAENTT ¢ TGS (EET u fE0IT e IR EIIE AL ) o

PHG ZEMRES TS — DN REGER (mat BG) MM (rhs 5. PHG 1)
AL S5 IR 7 BAF AR B RE P o JRER I g 48— D EERE T, AF B EAIN 7= A 0
TFUR U2 > 4 ey [e) 8 i 5 U 1) 2 R 4R 0 BN O TFIRIIBUY 2 o — A 1l 8 0 H FX) e 0 )
G I A A TR T BB — A 1) R 4 R ) S R S A R I . R T B
BURFE TRy &0 B RS R . A IR e HAh, PHG gt 17— 41 T4 Jm) i 4 5 O
B Ao IR BR B, AL phgSolverAddGlobalMatrixEntry. phgSolverAddGlobalMatrixEntries.
phgSolverAddGlobalRHSEntry Pl phgSolverAddGlobalRHSEntries, AT OB ST REE B
G 5 1R EE AR, ABFEREAT L A AR A I SR A2 ) el 5 i 5 o PHG AORRRE L [ R 1 9
(N EAINE (B E e AN

7.2 APRPEORHY
PHG PR SRR — AN RGO R LU R LB R

(1) Y H phgSolverCreate GIEfREA XIS, Pl Eda il R M=K —4 DOF %%, PHG R
P IX 4L DOF X7 ) DOF FI 21 2 Ze i i 12 0] (R 26 R

(2) M phgSolverAddMatrixEntry B phgSolverAddMatrixEntries [1]Zk!E R USIIHFEIGER,
W H phgSolverAddRHSEntry X phgSolverAddRHSEntries NI . PHG A 4AHRE K A7 bt

41
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10 0, 3K L8R BORE B K 70 3% SN RIH R A im0 Lo i I, A AR I 10 35 4 s g
P A% R

(3) (WIik) M phgSolverAssemble 564k R LM A %e .

(4) Wi phgSolverSolve KL NE RS, Hrhili 2t 24 DOF X5, EA1MIM Hekh it 6l
IREE AT BRI SEAE I DOF X858 e VLET, SKAFHT AL S HIURIL LU, SRR e 15 IR [ e 2475 2]
it o

KPR RIS E A5,

7.3 FEASRSHENEE

PHG #2457 — 41 Ay SATIE I T 15 flvdias S 40 W ML LT ] “~help solver” i
TR, T AN R IRE SR AR IO T “—help MRIEZ 47 (41 “~help peg” %) Wik

PHG [WIARE A P AT (1) 25 i 2 50 v DA B 200 1 AH N 1 iy AT IR D e o, 0] AAERE b i
phgOptionsSetXXXX BAIEUK I . — MEVEAR G, MESEI M S RAF e LT, BG
FEXFIX S S K0T B AN 2 5 i B L g o DAL, W] DAZE G MR 28 2 i s e AR I S 50U, )
i 254548 H phgOptionsPush il phgOptionsPop KIRAE KR SEFURIME, & e sg e 2L 84
MIEAT

B, R A A ANE S TR T LAY, IR RS R UCR BN AR 28 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 S B E AR AT USROS

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

7.4 PCG #1 GMRES f#%2§

PHG P EBSEEL T NSRRI RTESS : PCG (preconditioned conjugate gradient) 1 PGMRES (pre-
conditioned generalized minimal residual), 44 %X53%]k SOLVER_PCG Al SOLVER_GMRES (iX Mg
BT R AT S H0T 0 5 -help peg Al -help gmres $575). /Al LA i iy 44736 T ok 70 FE
FEH i FH B8 phgSolverSetPC KA EATTHE & AT T

i, FIRIEIR s HERS EE ) MUMPS VA0 GMRES [ Hi4A: 1



7.5 PETSc fi#ix % 43

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

A, gmres_pc_type H' “solver” ZHFKI/RTE GMRES R Pk A I H 55— AMEA O T4
PEF, 1M1 -gmres_pc_opts M1 NI KB TR A1k as e 4L
RS M, BAERED PCG IERHFIA 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 & H 3K TAAE T RRE 8 BB S S 1, WesE ek 0).

7.5 PETSc f#%3%

PETSc HH#ML T —ER& N AT S5 O T oe M tilfiilas L 24, PHG oV
Tt IEIN -oem_options KAL M 1T S 44 PETSe (3LF5 L, XS ES WAL 45 T SN fisas
HFZ X PETSe #2/ER, P B Ss A EANSCREIE L fir AT IR TR BE SKIE S 4L

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

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

PR 4L phgSolverSetPC JT i i TSk F 1 T PETSc fiftvkids. BRItz 4k, F - adnr LLR kI
“—petsc_pc_opts” KAFER A =TT LA PETSe BITRAAE T CUJGIbiE I i PETSc
(R A BB 7) e BT, FIRIEIE ] Hypre [ BoomerAMG 4 PETSc [HITR4AT 1

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

-hypre_pc none"
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FNE BRY. mE5%EE

PHG $246— 41 B 1 BOE S BAF I o A sC i B, DUREE AT RO AT IR A7 il IO A
FFEo i AR RE AR O A T L RIS (MAP) BEAT IR 58 B

PHG BEr] LU B ihi A7 FROCRR . A7 IR OT RO K Al s e s AR, th vl DUAR B J 4% B gy
AT 1 AT s A (R

8.1 R4S

PHG WL (MAP) IR —> ) EAERERE B ) 70 A, LUA R ICER S B [ R R AR
8.1.1 B SARREY

i BRSNS ] TR AN 5 1 BER GAH DRI I 1) f o B LR R 1) 1) 42 Ry KN & B R R R
/o QIR S MAP PR RRBICAI R
[ MAP *phgMapCreateSimpleMap(MPI_Comm comm, INT m, INT M); }
Hrh M AR RKE, n g HARSER PR,

AR m MRS T M, U E SC RO M SRS Al At
FEF I BN m (A

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

QUL B SRS 1) R 5 T
[ MAP *phgMapCreate(DOF *u, ...); }
W HZ RSO ] — 21 B AR RO 2, S HCR LR SREE NULL S50 AR MAP XAV T
SRR I B R SR BT Bl R S R, R4 RN I BT B R S B
R, AN RERR ) 73 PO/ NS TZadb R T (0 5l BEAN S (R, I T 2N RE R A
A A — AR “PA 7, d A hERTER AL L TR ITH OWNER FREHIE).

8.1.3 MEHRS

BV 50 A2 i e 0 70 4 o B O 5 TC R M R 5 LR TP AT R 4
0, HATCELEIE N 1, M. BT R % T BL 4 R (G 0 — 1), 1

A SRy B A
SRR 6 1 Fh A SCEG IR TR ) B 5 80, A LAY 1 e P e i 5 ok iR — A7
%o MU A RO RN, S RO B R — L, TCR AL

St 2 R RHOR e X 289 5, 45
phgMapE2L H— M FICH 1) RS 5 75 2R o )= 8 4 5
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46 ENE B mELHERE

phgMapD2L FH—™ I BHEEXT G 1K 1 bH B G 5 21 Bl S o 1) S il
phgMapL2V HHIT 2 1m0 4 5 153 208 13350 ) 4 5
phgMapL2G FH G 28 0 J) il 5 19 21 1R 4 Ry 1) B4 5

7E MAP 45 RIH, nlocal R DAA A& A BN RN T m)o A TE T AR B )
1, R R T TIE R VFEE AN E T AL &> &, localsize il 51 A [l & ¥ JR & g
SR EEL, localsize > nlocal, R4 57t [0:nlocal-1] Z[HJf¥) & A /&, 1M Ja g o 7E
[nlocal:localsize-1] Z [HI[4r M AEAR M &, EAIIA RN B 5 4] 02Gmap [1 45, 1%
AR /NA Localsize-nlocals Bk, i NICE I RES R B T4 4, W& 4R 0] 5405 A

i+ng W i < nlocal (AHLITE)
L2Gmap[i — nlocall W i > nlocal (FEAMITER)

Horp ng RIRABERE P (1) d /N4 ) ) B 5

XTI E AT S AN R, localsize J G SE T T-ANHL 1 MA% BRI H HEERIZH, T
nlocal i bt WSS T ARERE B0 10 B HEE 2 H -

TEMIERL 1, localsize = nlocal, M HHAAEAGA)E T A ICE, JRH S 5 AR ) i g
e FE.
8.1.4 RRETHIIHZR

PRI %L phgMapDestroy JH 55— NI, FETBCH BT o FH I B2 U5

BT AU s 2 A & FEREILH], b TR S AR, EREA WU TR AN,
PR 5 LRIV B — SRS QU N 3L 5 VRO 00 84— ANB IR S GRFE 1 &) 51
S, LS RTHECS AR IS . 4 phgMapDestroy I, WIBLE 5 HFECRT 0, WA AT %1%
Wi, T R E STk 1o RSN S T HITHEECh 0 I A S B teAh, BEANFERE
G m) SR B, IRy BBl H BT | I BRI B phgMapDestroy .

8.2 [EE

8.2.1 MEMEMEIRSHR

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

MEESdER S

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESAR

— AN AN S, WE AT AR A A SR 4 5 B 5L phgVecAddEntry Al phgVecAddEntries DA%
A5 FH 4= J5 4“5 1¥) PR 20 phgVecAddGlobalEntry Al phgVecAddGlobalEntries NN EITER, A LHE
FERAE R B A1 data Fl offp_data & i . SERNT M EICEMIMAE S, NiZ1E ] phgVecAssemble PR
Ot 1) FEEAT 2%
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BRI S, A H] PR 2 phgVecAddXXXXXX HfE ] —/M R AR ) SR MTE, WAl ) —
MNELALEER =R MITE, nTLASGIHH phgVecDisassemble X [ it THIZE. PHG ', 1l R %L
phgMapCreateVec fll phgVecCreate G ) EERIA & CLAL 2L, DREAE ) VAN n oo & w20 56 R A
phgVecDisassemble & HHI%E,

] FE AN Hh 7y R B A7 A 7 VEC 45K data AT, BN map->nlocal x nvec. ANJET
A3, ABAL T A 7 WA ) H T B ) FE TR AR AT VEC S5 FT) offp_data B, X
PeKEN (map->localsize — map->nlocal) x nvec. [WIEAIZEN, ANE T AT TGRS A IES N
FHN (R ERE o

) A5 R AN mat, WIAGZ R R AR A P A I, ) mat 34 n) S MR
EAER AR, ) R mat O N AR FR%EE, IF H mat->handle_bdry_eqns & TRUE I, [n] 523
PP s AR A2 ) i 2 K A# mat->bdry_eqns Ly [n) 5 P (KIU ST R M /NGt T RE 4, O FHIX L8
T3 R B SR ) R A N T 3R o X RN T U AT A BR T B RN Dirichlet 34 S 4 A4 (1AL
. 2% 8.34.

8.2.3 HHESMEERMEIELE

PRI phgMapLocalDataToDof Hl phgMapDofToLocalData HFAE I AL Z A ORER B X %
Z VRGBT R A phgMapVecToDofArrays F phgMapDofArraysToVec MWHT 24 e5H %
PN G A 2 AL S K

8.3 EME
AP :
{ MAT *phgMapCreateMat (MAP *rmap, MAP *cmap) ; }

rmap 45 HFEFEAOATIRGS . cmap 45 HAEREAGSUMLSS, EATRT BUZ NS (17 210 5 AT A R RN 23
AT ), R LU AN R (g
MEESS R
[ void phgMatDestroy(MAT **mat_ptr) ; J
WAL, PHG MR B b7 — AN L AT (0 2 ARV 48 3 [ — e 42T
AL XS F R HEAT S Ao V5B AR, RS STV EOCT 0 WK 51RO 1, A7 245
FIHECh 0 I A2 BRI SBOE R .
8.3.1 RINFEMETTE
PHG $24t N & s U T 1 — AR IARE 0 J0E:

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

XL PR B i E O R N B R iR € o R B e DO TR ERE AT AN 81 73 SAs T T )R 2
SE A RS (R AH R R ERE AR 0). A RAR BT A 0 K vh AT (L, AT B
AR 3 bR 2
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phgMatSetEntry phgMatSetEntries
phgMatSetGlobalEntry phgMatSetGlobalEntries
phgMatSetGLEntry phgMatSetGLEntries
phgMatSetLGEntry phgMatSetLGEntries

i BRI, B — AR AR PR FEA Tz, i R AR ] — A DA R AR A N T ER
A2 58 ] phgMatDisassemble X HEAT HI%E

PHG ', 11L& % phgMapCreateMat* fll phgMatCreate* I FIHIFEER I A& AR B, WTLLE
P rhs oo .

8.3.2 “JciEME” 5Ef%E

PHG SCHF “HEE” (matrix-free) FEAIHIEE, B RERE AN A5 B BOf FE - E 1)
FFE, AN P S IR R oK 5 U PR i) B (1 SR AR

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,
void *mv_dataO, ...);
MV_FUNC /2 5¢ il K ) Bt SR B ) e B8R BT, #5618 an T
L typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ *A, VEC *x, VEC *y); ]
Hop op AILABY MAT_OP_N (K43 &) MAT_OP_T (HHFEHE & 31 &) A1 MAT_OP_D (H 4 A%t i) £k 3
Bl L),

AR ZH mv_data0 S5 A ATIESE, EAIMAFAELE MAT FIFREM B0 B mv_data Y, o] HIkALI6
S04 MV_FUNC.

8.3.3 S IR%EME

£ PHG ", S BAEREAAROR — Bl BRIK) “ JCHIRE” R AR o R i — LA [) Bl SR AL R Aty
JRR A PR AT LAY 48 A7 il 2 8] . PHG (73 B BT R iRk

a1710P1,1(A1,1) a1,20P1,2(A1,2) al,qOPl,q(ALq)
A— . ) . .

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

Hor, Ai FRERERR, a;; AR FIT, PHG ANSCRERTFEEURU: B R
PHG @7 P FE¥ B %0 phgMatCreateBlockMatrix, HAASESHIM K Ao 7 HRFFERI{E
HI R 2277524 examples/maxwell-complex.co

8.3.4 4EMERYLA%E

— N R A3 B phgMatAddEntry . phgMatAddEntries. phgMatAddGlobalEntry 25 R H%
AR 0 oG, EATH AT ZH ] phgMatAssemble BEATH%E . — MBS G H A RVFHE HEEB K
H oo E, w0 e S BOLVETRNT 45 R

PHG WA AT R 4ifr e 2o R IR 4 e R rh AN J8 T A (R AT 4 2 928 I BAH R 3R R,
[ IS0 R TR A S AT Ge vk L T, B T ARSI G K cmap [FRES M &9 S, T
JEFEZE 0 3 cmap->nlocal-1 Z 0] AN T A A K o 3 an el 14 cmap o R, M %
DT, G s Y0 A cmap->nlocal B2l cmap->localsize-1 Z 00 A5 D)D) 43 B — AN 8 B4 S s 1) F g
Y5 JUI7E cmap->localsize F| localsize-1 Z[f], i MAT fJJ% 53 localsize %5 T-FTH 1E cmap
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PH g S HFIEICE (G TEEILE 0 2] cmap->localsize-1 X [H)) LUK T HL e i B A A b8
I HBIAICE (Gi's JHETE cnap->localsize F localsize - 1 Z[H]) Z A, WX localsize >
cmap->localsize. 5BRIFSRML, Hiffrb th Hl— R A L2Gmap R ORAF AN T A H IR 471 1) 42 =) 2
5, HAHIET cmap->localsize — cmap->nlocal M55 cmap->L2Gmap H 584 FF.

H A R IG5 Dirichlet JA ¥4 PFRIALER, JEFEHHT — /R B S handle_bdry_eqns,
WA E A TRUE, WUTERTHE BEREAT 21 & HT 23 SE R A HI IR 320 AT HEAT AL BE o b I 2 SR o b BT 320
FATHIIAE 0 JCEINE TG, IXEEAT L SR S ARSI AT A R N Aty RE 2, R 21 ke e
75X e N TR LU o) fRARATAEREFE 1) bdry_eqns i, ARG I 0 AT IO F koo 32
BN L AR EITEREN 0o BARAFIT LU 7321 1) 50 20 2B R e P SR AE 1) 2 2 2B i B80T 1) TP )
WF LR, B 8.2.2.

8.4 %EfE. mEETE

PRI E phgMatAXPBY U Y = aX 4+ 8Y, XV BIFEEE, EATLAHNA AR N3 AT AT S 51
RS o

PR % phgMatVec W y := aop(A)z + By, =~ y HIE, A NI, KHEFHMISE op WTH
4 MAT_OP_N (op(A) = A)+ MAT_OP_T (op(A) = trans(A)) 1 MAT_OP_D (op(A) = diag(A)). 4 op A
MAT_OP_N I, 1% PREEEK x->map 5 A->cmap AH[F], y->map 5 A->rmap AH[Al. 1% op & MAT_OP_T
i, MK x->map 5 A->rmap, y->map 55 A->cmap #H A,
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FENE FHEHE. FERETE

PHG #f{t5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi fll PRIMME [{j#% 11 J1]
TS SCRFEAE IR AE ) & (CANEAR) o RFAEAR S RRAE 0] )T SR e — 3 1, AT AEas AT R e i) al
iy AT B ORI FEATAT — A T R RFAE AR K A s«

PHG 1) JDBSYM $% I BE S FF IR 4G #3147 JDBSYM R, 03755 i /N9 52 s 96474 ) JDB-
SYM FEF¢. 1847 configure 2 H AN FTHIH) JDBSYM 752 AT

PHG MEEARHIEME VR4 s 2 F

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

) R E RS Ax = ABz ) n ANMRFIEXT CREAEECRIAR R REAE [ ) . 280 A F1 B 44 HE
i, 4 B W IRENIN KRR B = I, IEHIBAPRAERFIE(E 0 . n R UF B IRFEXT N2 which
FEWITHEE n ANSAERT, 7 LAHY EIGEN_SMALLEST. EIGEN_LARGEST BY, EIGEN_CLOSEST. tau %! shift
o evals F&IRAF UM A BIRFIE ML M ZZ M X (KA 0 n)o evecs IR R FIRFIE I o nit IR
e SO R o B A R (B AR (AL D) & S BTl R AR E 28 %) o BRBOR (AU D v 55 H
FREXT AN (€ [0,n)).

FEAT BR TG TH L B 5 A 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, ...)

EER U B REE ) R AGEE SR T I A N S AEFE A R B I NZE H map O, A
JE il it PR 2L phgMatRemoveBoundaryEntries Ml LA FATAIZ] (5 WK A5 K= H Dirichlet 1154 4%
e AR OV RFAERT ) o WS map 2N N PR S HCEL u, ... WA HEN SR HRSHWE S
phgEigenSolve e —FE,

o1
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D

B}

MisR A PHG TE. BH5

Al BB

ARt MR A PR phg BUSUIN— L 0 SCERR B AR B R G, BN ERR A S (N RS,
HA4FBF/NE . Ul phgInit. phgRefineMarkedElements. phgRank 4.

PHG g XIW C RAA KRS A RER B, 41 GRID. DOF 4.

Jal (static) AR BLRREL HH/NE FRE. FUF SN R G, 140 refine_path() .

PHG e X% HENAFIET S542)R8 R R Rar 480, H%A phg TI8, #1
Wl: NVert. DofElementData 5. {HAY It A K5 7~ BEAI R K2k, 41 TRUE. NEUMANN. DOF_P1 %%.

A2 EE. 2RE

Z

il

Dim > YR, 5T 3

NVert > —/NERITH TSR, ST 4

NEdge > —AMERITPRILE, ET 6

NFace > — AR, T 4

phgRank > ASHEFEAE MPI_COMM_WORLD HF f{IHEFE 5
phgNProcs > MPI_COMM_WORLD P [{JikFE %L

A3 B R

CHAR S RS SRR G 4

BYTE S Y1 i S Py i

SHORT > FEEAN R (/D 2 )
USHORT > PSRN R (/D 2 P
INT > B (/D 4 FT)

UINT > LRSI (2D 4 )
FLOAT > VRN

BOOLEAN > AF/RAAR R, U TRUE (1) 5% FALSE (0)
PHG_MPI_FLOAT  © FLOAT [f] MPI $#i525%!
PHG_MPI_INT > INT [¥) MPI a3
PHG_MPI_UINT > UINT () MPI #5252
PHG_MPI_SHORT  © SHORT ) MPI 45252
PHG_MPI_USHORT > USHORT ff] MPI $#52K%4!
PHG_MPI_CHAR > CHAR [f] MPI %#5252
PHG_MPI_BYTE > BYTE (] MPI #5257

Pow > 15 FLOAT UL pow BR%L

Sqrt > 5 FLOAT UCHCHY sqrt BRAEL
Fabs > 15 FLOAT ULFLI fabs AL

Log > 5 FLOAT ULHLH log PRAZL

93
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Exp > 5j FLOAT UCECHY exp %K

Sin > 15 FLOAT UCFCY sin pRAL

Asin > 1 FLOAT ULPCHY asin PREK

Cos > 5 FLOAT ULCHT cos BREL

Acos > 15 FLOAT ULHCH) acos BR%X

Tan > 5 FLOAT UCFLIY) tan BR%L

Atan > 55 FLOAT ULHCIY) atan PR%K

GTYPE > enum KA, ¥ 51{UF5: VERTEX. EDGE. FACE. ELEMENT (DIAGONAL). OPPOSITE.

MIXED. UNKNOWN. Hi 4 AM0d 3 T 7R T el 0 4EJLf 5 (VERTEX). 15K
1 4EJLf & (EDGE). [Mizk 2 4 )L & (FACE). LAkl =4k JLfi[ & (ELEMENT).
DIAGONAL. FACE. EDGE. OPPOSITE Al MIXED HT-3R/R i yodifb IRy

BTYPE > fibrids, MR R . AR, nTELUP){E DIRICHLET (Dirichlet i
%)\ NEUMANN (Neumann 21 %%). BDRY_USERO (JT /2574 0). . ... BDRY_USER9
(/28214 9). UNDEFINED (SR3E X4 4t). INTERIOR (X3 /476). REMOTE (£
F Xk 5E) . owNER (P45 34) FII UNREFERENCED (0). H:*[', UNDEFINED FK/NA
TR E R ML Ft . UNREFERENCED KA A 1~ # oo I, FUR AR AR+
B e — AR AT LARINAA JUAN Y, 10— 4512 AT LABEJE T Dirichlet i
Jt, MJ&T Neumann 5%, [RII MOAS[E]F Pk T IL 5 (REMOTE) . — AN A1 18
S AT LRI & T2 A7 A%, A0 AT ME— A R D R AT AR
OWNER A77E 1% T MA& 4 1, 7RIS A% 4 0.

BTYPE [ T HI T LT %46, AT H X S, HE S8R0,

SIMPLEX > HICK S (struct)

GRID > MRS (struct)

DOF > HHEHE (DOF) X4 (struct)

DOF_TYPE > HHERMNE (struct)

QUAD > AR E (struct)

SOLVER > RIS (struct)

OEM_SOLVER b AR AR AR IR (struct)

COORD > Dim 4 FLOAT V4041, FI-T-Hid 2= AL bR

A.3.1 BHEXZEDERMRIGEORE

DOF_INTERP_FUNC o HH{HIREIE DR (ZF 4.1.1 F 4.1.2)
DOF_INIT_FUNC > HHERZREIEORE (ZF 4.1.3)
DOF_USER_FUNC > i z, y, = M B 2R (2F 4.1.3)
DOF_USER_FUNC_LAMBDA > {4 FH EE.OoARNRIN FH P BR £ 28T (B F 4.1.3)
DOF_BASIS_FUNC o MHEEREREE RN (BF 4.1.4)
DOF_BASIS_GRAD o THALERRR ML I s Bd% 2R (5 4.1.5)

A.3.2 MEXRIBHREZRR

DOF_CONSTANT > Rk E A, HTAAE . AP .
DOF_ANALYTIC > RRER E R, HF I AN INT T R



Ad Ban
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 BAHAK

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 VvV VvV Vv Vv Vv V

v vV VvV VvV VvV VvV VvV VvV VvV Vv V

vV VvV VvV VvV VvV VvV VvV Vv Vv V

55

RN A, Al AEIsAT R I i i A
(BRIME N DOF_P2).

I REL BTN E B

1 By Lagrange JG, M40 v 2t s, SEANTIA—> B HE

2 Bt Lagrange JG, ‘$Q§;§:}}#:77\§Iﬁﬁ RN  FRAL S — A H HE

3 [fr Lagrange JG, H£:70 =R I, l/\Tw Gy RN AN A
SIS H S

4 |3fT Lagrange JG, 250 R PR Z I, REANTIR L BN H I,
Sl B HA =B

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

n i DG JG, 0 <n <15

2RI Nédélec 7 (B HI0)

1 B #.C (= DOF_HC1)

2 (i L0 (= DOF_HC2)

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

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

AATIEI “~dof _type” HALE I BIE

0 B Lagrange JGC,

1 Bk EE—4E Gauss B AR
2 BrkE B —4E Gauss Bl
3 BrkE I —4E Gauss B7r A5
4 MRS —4E Gauss B A
5 Bk B —4E Gauss Bl Ak
6 BYREFE—4E Gauss FR4r 2
7 R4k Gauss B3 A2
8 Mk g —4E Gauss L 2
9 Bk g —4E Gauss Bl At
10 RS & —4E Gauss TR AR
11 YRS —4E Gauss FL4rA 3

1 Bﬁ*%fig E Gauss F1437 \:—EE

v

v

%m%%ﬂm»%w

v

5
(= QUAD_1D_P11)
(6 ~0)

Ay

v

Tir

v

3 BYREEE —4E Gauss DﬁJ\/A
4 BSR4 Gauss B A
5 BrksE — 4k Gauss B A

6 BREE 4k Gauss B A (1
7 B RS 4k Gauss U A

8 MRS E — 4k Gauss B0 a3 (1
9 BRI 4k Gauss BUP AL (1
10 YRS & —4E Gauss FRAAF (25 £)

)

Ir Tr

N OO O W o=
I I Ir Ik 2
S N N N N



56 MtF A PHG % &. @ 5 %

QUAD_3D_P1 > 1 BRE = 4E Gauss B A3 (1 £9)
QUAD_3D_P2 > 2 MREIE =4 Gauss LA (4 45)
QUAD_3D_P3 b 3 MrkEE =4 Gauss B A (8 &)
QUAD_3D_P4 > 4 FrkE =4 Gauss B AR (14 145)
QUAD_3D_P5 > 5 Bk =4 Gauss B AR (14 15)
QUAD_3D_P6 > 6 Mk =4k Gauss B AR (24 55)
QUAD_3D_P7 b 7 BrREE =4E Gauss Bl AR (36 1)
QUAD_3D_P8 > 8 BIRSEE =4E Gauss B A0 (46 A5)
QUAD_3D_P9 > 9 B E —4E Gauss B A3 (61 1)
QUAD_3D_P10 > 10 RS E =4E Gauss B2\ (73 31 81 #)

A.5  BREF. EEFNEERE

MAP b WU, 5 SCRERE L ) B A A B AR R R SR R
VEC > M EXSER (WP AR -

MAT > FEFEXS S (WbiAT IRAA A7) o

MV_FUNC > “CTCRRRE” R i R R R T 2R

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

GUEEEE T — 20 B HEEX B .

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

void phgMapDestroy(MAP *xmap_ptr)
CEE S TS

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

QU “ AR . mv_func Z5ERMOFE . RN R R . 26 8.3.2.
INT phgMapE2L(MAP #*map, int dof_no, SIMPLEX *e, int index)

EY[E] map HIPEE dof_no NMHEHEXNZRIEHIC e I index A~ H HHEEFE WL+ (1) 51 Y
‘5. dof_no A index ¥M 0 IT4G.

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

RIE] map FKIHS dof_no A A HIEEX R IHS index 4> H HISEAEBES o K o 20
INT phgMapL2V(MAP *map, INT index)

IZ[A] map "R SN index FICER IR IR En T .
INT phgMapL2G(MAP *map, INT index)

&8 map )RS N index MITCEMA RGNS .
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
P RREOH] K 1) b (R R A a2 B AR ORIBR K B e BEXT 52
int phgMapDofToLocalData(MAP *map, int ndof, DOF *xdofs, FLOAT *vec)
R E T BB G O A o 1)
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF **u,...)

B2 Y BB AL LS — A B S AL, A B X S L2 vec->nvec
AR RGeS FEIN H X %o remove_bdry 55T TRUE WKIR vec AR ETUA BHHE . 1%
BRI ] TR A T R R .

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

F 20 A N R AR AR 6 g 2 Yk o R S TR S R b, K
Hv & X5 phgMapVecToDofArrays 3L,

MAT *phgMapCreateMat (MAP *rmap, MAP *cmap)
QUEEHFE, rmap A1 cmap 7345 AT AT B o
MAP *phgMatGetRowMap (MAT *mat)
R [BIFERE mat FEIAT IS (WU A5 T TH B0 1)
MAP *phgMatGetColumnMap (MAT *mat)
R [BIFERE mat FEIFIBES (WU A5 IV B0 1),

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

B> px q ZFHURERE, HER (i,5) 8T coeff[iq+j1 x trans[iq+;] (pmat[iq+41),0 < i <p,
0<j<q.

WIR coeff 55T NULL WIK/RPTA REIYN 1. WA trans 5T NULL WIRRPTAITCELA
MAT_OP_N.

¥ : PHG B FESEIIE T matrix-free #21, ‘B2 RITE IEXS AL handle_bdry_eqns {H
M FALSE, 1M T %} fiHkff) handle_bdry_eqns {H [ & TRUE 5 [A] I & FALSE.

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

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERETC R, AT HIIE 2R i 5

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

IR TR, R AT S 2R RS .
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void phgMatAddGLEntry (MAT mat, INT row, INT col, FLOAT value)
ASINAIFETCER, AR AT S L R .

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)

IS0 nrows x ncols MEMEILE, 175 HAE R M ER S .

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

NN nrows x ncols MNMEFEILE, I HRHATH S RINEY S,

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

# I nrows x ncols MHFFILE, MR EATH T RS-
void phgMatAssemble (MAT *mat)
HUBFERE, KA T A AT AL I I A N HERE .
void phgMatDisassemble(MAT *mat)
R A o
void phgMatDestroy(MAT **mat_ptr)
B S R
MAT *phgMatRemoveBoundaryEntries(MAT *mat)

FRAE T ASHTIRE R, e B T R R R P A L AT A S o F IR AT AN B T S
(K1 XS B P ) DB_mask J& A, AR WU AN ] BN AR ORI . BOFTAT B X S (1
DB_mask 424 0 I 12 bR IR [P SR R o 7 A2 RO A K AN B SRR £ 1 e FRE AT DR K

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5 %0 phgSolverMat2Solver 1FHAHIH
VEC #*phgMapCreateVec (MAP *map, int nvec)
QU , nvec Ml EYEHL.
VEC #*phgVecGetMap (VEC *vec)
RN vee MR (WU ST VHE0E I 1),
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)

W EICER (FHRAHT). vhich F&FAINE] ) & A7 H .
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void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
NI o DM EICEK, indices 4 HUXLEITH RS 5 o which $5WISINE] ) & A0S 70
void phgVecAddGlobalEntry(VEC *vec, int which, INT index, FLOAT value)
IR ICE (AR5 ) . which F8 B INE] ) 5 (1WA 43
void phgVecAddGlobalEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
NN o AN EICER, indices 45 HIXEETTR N4 RS 5. which $5WIASINE] o) & 1WA~ 73 & .
void phgVecAssemble(VEC *vec)
AR, RN T A 1) T FR AL I8 0 2AH B ERE o
void phgVecDisassemble (VEC *vec)
2 1]
void phgVecDestroy(VEC **vec_ptr)
GEGEE
VEC *phgVecAXPBY (FLOAT a, VEC *x, FLOAT b, VEC x*y)
W y:=aZ +bjo M b == 0 B RVF y == NULL, SEEPEEGIEEIFRPI—NF i E v.
VEC #*phgVecCopy(VEC *src, VEC **dest)
) 3 DLERE . %R EUSCTT dest == NULL, BERPREGIEEIFIRIA—NF1 10 & dest.
MAT *phgMatAXPBY (FLOAT a, MAT *x, FLOAT b, MAT *xy)
VAR Ze s 5. 250175 XY phgVecAXPBY UL
VEC *phgMatVec (MAT_OP op, FLOAT alpha, MAT *A, VEC *x, FLOAT beta, VEC **y)

Ty == adz+ By (55 BLAS B %t DGEMV 24{b1). MAT_OP 55 E 0 FF A 754 &, W LI MAT_OP_N
(0) MAT_OP_T (1) BY MAT_OP_D (2).

ZER B AVE A == NULL, %78 A NHLTFE. 24 alpha == 0 I 0¥ x == NULL. 4 beta == 0 I}
SoVF y == NULL, JEIPHEIE— NS yo BRECT X alpha Fl beta FUHRFERME (0, 1, —1) BEAT T%¢
RALBE LD AN D0 LT pAs B, PR RT BLHIR S8 BV 22 2R AL R RE R R ) s 5, 49 2

phgMatVec(0, 1.0, NULL, x, 0.0, &y) y:=x (MEHEI)
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+ LBy
phgMatVec(0, 1.0, A, x, 0.0, &y) y:= Az
phgMatVec(0, -1.0, A, x, 0.0, &y) y:=—Ax

i op = MAT_OP_D I, ZPREHAT A IR ML x (3R,
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FLOAT phgVecNorm2(VEC *vec, int which, FLOAT *result)

T L2 B, WRIRET result ARSI R FIAAET R M . which F5 W] V15 ) 2 OIS
SRR, R which < 0 WRMIVHEITA SR, LR result AR RREN U S iR 1 1 gz
XK JERNAZA DT vec->nvec, HTRAT vec->nvec Mor . REUR [MIME 4R E /& (B —
S EUWIR which < 0) 1) 45,

FLOAT phgVecNorml (VEC *src)
VRN L B, S4505 XA phgVecNorm2,

FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
TS R R KA . 2405 XA phgVecNorm2.

FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)
WEmE x My M. 25 which_x. which_y Fll result 5 phgVecNorm2 H1AH (A,

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

FEHEE CL MATLAB #0551 =it 2150, var_name 45 MATLAB 28544, file_name
S SR (EHE LD o AP RESR), Hith BN “var_name = spconvert([ ... 1);”

void phgVecDumpMATLAB(VEC *v, const char *var_name, const char *file_name)

S R (v->nvec /) 43 HELL MATLAB B7 2 5 AR 20 S SCRE T, R R AR 51T 1
Frh A . var_name #7i! MATLAB 4544, file name 404 GEHLL .0 H¥
), FithEAh “var_name = [ ... 1;7

A6 FREZE
AT PHG P Fefgvsas, AT T %l phgSolverCreates

SOLVER_PETSC > PETSc fiftidids

SOLVER_SPC > SPC itk

SOLVER_SUPERLU 1 SuperLU fi#i}#%

SOLVER_HYPRE > HYPRE fi#i54%

SOLVER_LASPACK > LASPack fi#ty:8s ({27 H4347)

SOLVER_PCG > PHG [ PCG fi#tikes

SOLVER_GMRES > PHG [f] GMRES fiftyJ: 8%

SOLVER_AMS > PHG ] AMS (Auxiliary space Maxwell Solver) fitik#s
SOLVER_DEFAULT > BRIAMFEDS, Honil PHG ERLA
phgSolverList > ZEA Y PHG A RS, w6 F .

extern OEM_SOLVER #*phgSolverList[];
phgSolverNames D> ZEAANL PHG FIFTA LR 0K, B )G & —A NuLL, g

extern const char *phgSolverNames[];
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PC_PROC > PHG [f] PCG Ml GMRES iz as st 130, HARW R
{VEC * (*PC_PROC) (SOLVER *M, VEC *b, VEC *x_1, VEC **u);

PRI RE, JRRE AR wu 3R]

A7 WiEK. BEH. #ERAERIERHL

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

WG PHG (J MPI. fif2:4555) . MA{EW Y PHG AT . arge F argv 22002 FL5K
AT SH AL

void phgFinalize(void)
B PHG. WAZAERE S5 RAT A o
int phgSetVerbosity(int verbosity)
P PHG M5 Bt : 0 CBRME) R Agth W iE B
void phgPause(void)
PHERRFY, 2 g gk st TR M.
int phgPrintf (char *fmt, ...)
BonfE B [ printt AL, (HIFERERE 0 O]
void phgInfo(int verbose_level, char *fmt, ...)

BoRMEE, BRI . BRS 3L verbose_level #b, #% 5 printf JSl. MG Y
MR -log_file MEIRE T HASCIFIN A S A5 K.

void phgWarning(char *fmt, ...)
WIRES(E R #F printf.
void phgError(int code, char *fmt, ...)
BRERAE B WIR code 1= 0 MBI B P IEFEFHAT .
void phgAbort(int code)
S I ERF AT, code ARRFIR AL
double phgGetTime(double tarrayl[])

RIS [A] o tarray & —MKEA/NT 3 [ double BUEUA, Y tarray != NULL I, tarray[0] i%
[T IR, tarray [1] 3RIRGN ], tarray[2] B [BI5E L], DA 807 . bR BCR [AIE R 24 i
B b TE], DARD A FRLA .
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A8 HEEIE

void *phgAlloc(size_t size)

24T malloc (), (HAMA A A7 FTR IO b R AT .
void *phgCalloc(size_t nmemb, size_t size)

2T callocO), (HAIRAAF HHE RN R FPAAT
void *phgRealloc(void *ptr, size_t size)

24T realloc O, {HATR AT HIE RO 1 ERE AT o
void phgFree(void *ptr)

T free(), {H'E SLVF ptr == NULL.

A9 THEEHEIT

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

SRECYFTTF SUPERE(E (Mflops) (75 2L AU PAPI [132%F) . aggregate IR [FI MFEIT LR
TR AFTHF I TERE, since_last_call MR BRI AIZRRE (55 1 DT B0UE AFE S JF IR AT)
FMATHCE TR RE . BRAEURMIMEAE T *since_last_call. X TG IPERE L g->comm HFTH BERE
PEREZ A
size_t phgMemoryUsage (GRID *g, size_t *peak)

IR BRI AF (RSS) 198K, W2k pear AR HREL, WIAE xpeak "R [HIFEFAL L
(K1t K P AF i (LURF S8 RS AF KA T BEA T KA 4528 o

R g == NULL, JUIR[PIREABERE I AL B0, S Z WER A g Hh BITAT HERE Hh s K A7 AR
it
size_t phgMemoryPeakReset(size_t value)

¥ PHG W K AP THECE )y value, 3R [BIE KN AF VIR G2 AT RME

size_t phgMemoryPeakRestore(size_t value)

¥ PHG WK AF U ECE WA TME Y value TP, IR MR G2 AT 55K A7 LT
fE.

A.10 @RITIEM
void phgOptionsRegisterNoArg(const char *name, const char *help,

BOOLEAN *var)

MM S U A 2 ATIEI . name 43 HUEIAFK (7“7 %5)o help 4 HIOG THZIEI 1 HE
WifE 8. var Jy—> BOOLEAN B (&)ielifiy) A2t %A BRI WILAEIN ) FALSE, 44T+
WEIZIETUY, PHG ¥ E MK TRUE.



A10 AT 63

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

M — A B S H N Ay 2 ATIE D . name 45 HUEINAFR (A5 “-” 5). help 25 HH K TiZIE T
HWIME R var H—A INT B (A JREERA) AR HLEE, a7 P S IZIE TN, PHG FAHMN 1)
ZHUHIRS: *var.

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

FENE— AN f SR AT AT I name 45 HALTAFK (ANl “=” %5). help 4 IR TZILIN
MIFNE R e var > FLOAT A (4 Ruliifads) 2R Mstuhl, My 47 sp 5 izI£uiiy, PHG H5AM
() B IR G, *var.
void phgOptionsRegisterString(const char *name, const char *help, char *xvar)

FENE— AN A5 B SR A AT I name 45 MAETA AR (A1 “=” %5). help 43 IR THZILEI
PG B e var A—A char * Y (4 J5EkEfas) A pyht, Mar 247 P Sz e, PHG KA
RS EEIRGS +var, PHG 4745 H Zh 2800 B AT BRI DT AP BRIRE IS HEP REP AN RE FL AT R
B

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

A S S E i A ATIET . name 45 HIETUARR (AT “” 5). help 25 HH O T I
FIE R var H— char * B (4 )Ralifidy) 2w pHhl, Mar AT A B ZIs iy, PHG KA
NS EAEIRGS *var, PHG K455 5 A 0 Bl W AFEIF 00 57 I AE B R T8, P R P AN fE 1
ITRETCE

void phgOptionsRegisterKeyword(const char *name, const char *help,
const char *xkeys, int *var)

TN - S HUN AT AT IR T . name 45 HUETIAFR (A7 -7 5). help 45 HI G TIAIEDT
FIFE G S o keys &&—ANLA NULL &5 R FAF B a6 504, HHAZIE T R VFI S48, var A—A> int
B (A )RERERAS) AS AL, A RRIE N keys ARG (M 0 TFER), M AT &g
N, PHG ¥AHNABL var HIEH.

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

VMR R func AEPERAY ZE0) i 247380, func Dy HAT 4% 1 KRR 2L

int func(const char *name, const char *string)

ot name AEIN4, string AEETUG [ PTERFE 250, W REORFIEE o (HNFR RS H DA%
(ilﬂilF/zJE%%ﬁI)o MZHUE string ATFIREII, LR BV X R B IE B (S H AR ).

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

R EOTEAS & SOFT iy A28 0, 1 1o — 2l AT IE A M — AR, R AT IR I
BhfE B . category HFn 4TI 402K,

void phgOptionsPreset(const char *string)

BB R — 2S5 ME, B W IIAE phglnit ZHT]. F1anm] LU
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phgOptionsPreset ("-oem_options ’-ksp_type cg -pc_type bjacobi’")

ks PETSc [BRUMIES R B4 T4 BN CG A block Jacobi.

void phgOptionsShowCmdline (void)
I AR AT
void phgOptionsShowUsed (void)
HU AT IR A AT € (B BUAE Ay 247 IR TR (1 2 5fE .
void phgOptionsHelp(void)
H BT A i AT IR AR L (R B A7
BOOLEAN phgOptionsSetOptions(const char *str)
MR str &y H R IR A1 R AL R AR
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
W LT op_name TR NIKAL FEAE %4 value, op_name WAUE—MESHUNIEINA, A - 5
140 A,
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)

BHIETN op_name FTXT WV AR FAH BN value, op_name DAZIE— it M S H LT, ANF
=
) *5‘0

)

BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)

BIEITN op_name AT N [AF A E N value, op_name WAZIE— AN SEMRSENIEIN S, N
y_ —%D

BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)

H4ILT0 op_name TS REfFAL FAH B value, op_name WAJHJE Ml KRBTSRI, N
=
PR ) ~5‘0

BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

F TN op_name FTXS N[ AL FEAH A value, op_name WAl —AMilr 4 B S HUWIEIN 4, ANF
—
P —5‘0

BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

KL I op_name FTXS NI AL FAH E A value, op_name Wt — My A SHUN LI, A
=1
I ‘5‘0

BOOLEAN phgOptionsGetNoArg(const char *op_name)
IR[AIZETN op_name FTX W A B, op_name W& NS EIEINL, A& - B+ 5,
INT phgOptionsGetInt(const char *op_name)

R [P op_name FIAfMFKIALFEAE, op_name WAZilit — AN BB SHURILITIA, NG - T
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FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZETN op_name FTXF N AR FAE, op_name A &M SKSHENY, AE - 5,
const char *phgOptionsGetKeyword(const char *op_name)

MRAIEIT op_name FITXT (AR HAE, op_name WAUE AN ST SEINEIAL, AT - T
const char *phgOptionsGetString(const char *op_name)

JR[FIETR op_name JIT4f N[ AR H{H, op_name W& — M A SEUNIE T4, A -0 5.
const char *phgOptionsGetFilename(const char *op_name)

MREIT op_name ITXf Y (AR HE{E, op_name WAUE AN AL S EIIEIIA, AT -2 T
void phgOptionsPush(void)

DRAEPITAT IE IR 4 i L
void phgOptionsPop(void)

P L —IKH phgOptionsPush FRAT7IHIIETIHE .

A1l MIEEIR

GRID *phgNewGrid(int flags)

CUELH I MRS 0 %, IR [EIE) RS (T 5. £lags GLE—SUkRAGAL, JH T2 PA% AR I
T T LN %, AFEW S —2bR A VERT_FLAG: X A% I 5 3E 4T 4% ; EDGE_FLAG: X M #%
B ATY% S ; FACE_FLAG: XM AIE T4 ; ELEM_FLAG: %Mot 4T49% S ; GEOM_FLAG: HZNiT
SO (1 /ARFR vE . EHAE. Jacobian 4§), 2 A.17 I phgGeom PRA%L, W HIN flags = -1.

void phgFreeGrid(GRID **gptr)
REBIRE T 5 (S AR SRR H X B
void phgSetPeriodicity(GRID *g, int flags)

T80 WA AR — A AN A 7 ) ERRAYE, Horb f1lags HX X_MASK. Y_MASK J& Z_MASK [f]

{EREFEAL A A o WI: phgSetPeriodicity(g, X_MASK | Z_MASK) KIRMIASTE = Ml 2 J5m) b2 3N .
%R 20 phgImport L HTHEAT, H H B X HIUG AR T i — LK

(1) PAASAE BT 2002 W 8 1)

(2) WG AAEANGEAHH , BESRAT R — X R 45 R el PR oA R B AR 20 2 DA 5 = 4630, A
WRR Y25 A o 0 RATTAR PR AN AR 3K 45 AT, T DA o) FLIE 22 0 25 A AN (R0 a2 1% 4 A
(RIRIAG o I, X RIA% test/cube.dat BEAT 6 X SUME 51421 EL 5 384 AN FRITIK RS (5
A
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void phgSetPeriodicDirections(GRID *g, const FLOAT dirs[])

fasE MW o B dirs RS 9 NG R =ANENE R R, AR IR I =8 7 1),
X=ANTTAZERIEAS . phgSetPeriodicity "FAFER AT MO 2 J5 1, 2B =ANJ5 s y J7i,
B=ANTTICA 2 T7 T o %R UK T A Z0AE phgImport Z BT HEAT

void phgCheckConformity(GRID *g)
Ko R RO, 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)

FrRic RS AL FIRLAL . strategy TRE MAS AL SRMG . FH M KoM Th A FRIC i8S, Wik
PRACR PG 45 € WS T A Soc S M, (M I T4E). H n(s) Ronfon (8Ufl) s ERZESR R
T, 0 RoRgIL e, PHG $efit N iR 401k 5 -

(1) MARK_MAX

Max 5#W&: M, = {e|ec M, n(e) >0 maxer n(s)}
(2) MARK_GERS

GERS #lg: M, AL Y. cpp ne) > 03 cppnle) BN 15
(3) MARK_MNS

MNS W& : M, = Merror U Moscr HP' Merror #2MHXI T error Ml theta 1) GERS AL HITE

By Mose X T osc Hl zeta ] GERS 460G o AREEKIRZESR /R T error & XAE

[TTI SRR N
(4) MARK_EQDIST

EQDIST #l&: M, = {e|e€ M, n(e) > 6-tol}

(5) MARK_ALL
ML RIC: M, = M

(6) MARK_NONE

AMUATATHITT: M, =0
(7) MARK_DEFAULT

A 2ATIE DL -refine_strategy B -strategy & & ff) A%

PR FCR RIS, M, F A ¥ mark B0 R{ER 8 E A depth (%X phgRefineMarkedElements 23K
XL IT 3 /b A 4K depth 1K)

%Mﬂﬁ, coarsen_strategy TE%M*%*H1£’E&H§, *ﬁ@éﬁilﬂgmﬁﬁi'ﬁéﬁﬁkﬁﬁﬁo &iﬂﬁﬂ%?ﬁ%ﬁ’]’ﬂ%
WETHEHAC R TR S M., H n(s) RomIon (B0) s R ZERR R T, + Fonki ], W) sk
W ZE A R AL 0 2 X
(1) MARK_MAX

Max %ilitt: M. = {e|e € M, nle) <~ maxsen n(s)}

(2) MARK_GERS
GERS #ilg: Me AL Y cpp n(e) <y Y eenrnle) MK T 5,
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(3) MARK_EQDIST

EQDIST lf: M, = {e|e € M, n(e) <~v-tol}
(4) MARK_ALL

AL 50 M. = M
(5) MARK_NONE

AHAATFTHIT: M. =0
(6) MARK_DEFAULT

A FH Ay 247 1 T —coarsen_strategy Y, -strategy 8 28 ) S
BRECR AN, M, T 5701 mark B R BN -coarsen_depth (P4 phgCoarsenMarked Ele-
ments 23K IXLEFITI £ coarsen_depth K)o

HHJEX % error HAIIRZETR /R T, osc M data oscillation, coarsen_error A & H KAricHl
B EH X G LTS5 theta N error I4HMLELHI, zeta A osc ANMLILG], gamma AHI{LLE
B, EATLIUE IR A H/ANTEEET 1. 8BS depth LA & coarsen_depth 435 J AL FURHLAL
REL BT T 00 SEHSET tol A tolerance, {X#¥ MARK_EQDIST FH .

eI, BEES M\ (M, UM,) PRI, H mark iR ERHE R 0.

X5 2 T B A

(1) =B HEXNZRAREFRIN A NULL, error WL EFH XS, siF A& L E B, (1R
BE* (AN S A A B E: osc HESRE A EHREIT], coarsen_error HZERAA A Hid
RIA], %FF osc LAM coarsen_error #i{di ) H A &2 & DOF_Po. XF4H4k, MARK_MAX DA K¢
MARK_EQDIST, error M U AAF/E4A b, @I H DOF_Po. FF 22y B2 Lie e Faiaa 4 b
PIEHE, HReEAa o — Fdi

(2) AEHETEE A X H HE RS FRd SR MR K . BRIAT AR WIR osc A& NULL, Bt
FRIC

(3) RT4ufk, FRicd S an 2 MARK_ALL B¢ MARK_NONE, )| error RJ LLJh NULL; Xf J-kHAk, Fric sng
W5 /& MARK_ALL BY3 MARK_NONE, Nl] coarsen_error F]LAA NULL.

(4) 4iALi i 201 B X 502 error BLK osc, B 21 J/& coarsen_error.

Frid ¥ R — L BT A

(1) FrRECERIATAIIPR S, ARJE TR AR .

(2) X491k, osc ANJ& NULL [FIRFA%,, WIS osc KA [FIFE I SIS o % MARK_GERS 1f] 75, osc fE error fx
TC A P KW AR IC BT A2 11075 A2 MARK_GERS Tl ; IR error MU A7 A b, NSRS
ZEAF MARK_MNS; f1 JE SIS A MARK_MAX, JUIX) osc EL#21§iH] MARK_MAX HW&. W osc & NULL,
BN error #ifE. osc s&RIEM, {HX] MARK_MNS NI & 242011

(3) XF4i{k, MARK_EQDIST, IR osc ANJ& NULL, 1 —FEf 5 .

(4) XT4itt, RNy MARK_ALL, W44k Anid 58 5 DLG BAER Hbmid 708, AR TR

(5) MHAAUALH coarsen_error, W1 F KA SIS AN & MARK_ALL B{# MARK_NONE, coarsen_error A
At} NULL.

(6) A HRLAL I TS & MARK_ALL, Z HARC A0 430 78 o5
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(7) WERANE S AN MARK_ALL - EUFLAL SEM& AN /& MARK_NONE, Jll| coarsen_error ANAE N NULL, i
DL SR ANHE 2 AL A 5, AL SR mS — a2 2% MARK_NONE.

(8) WAL AP MARK _DEFAULT, 1X/N3RHE 4040 DA A AL |, BRIAFY SRS J& MARK_GERS, HI7E4HL
(Pbrac FEAT D, (ERLA 5 B, W RAMECHLA 1, AN ZDRRAL SRS % 9% 4 MARK _DEFAULT.
A FH 25 0] AEIZ AT () I T B IR B 2 B LT ZEM SEms, FIETT -strategy EFE.

(9) T HEIESEAE PP bR iC BB, SR R R, JESE I AR T MRS, (H3AT BT R DA K
b HEAE, ARG ST T FRic SRS, PSR eR B T RIS A 1R 2 AR R 1R iE L.

(10) 2 ATILEDI -refine_strategy. -coarsen_strategy fll -strategy I 5VESH N nax, gers, mns,

eqdist, all, noneo

(11) 75 AT PHG, A error, osc LA coarsen_error, bric J7 s\ EHI IR KA, X T-AN[F]
L, T A DA 4 AR, SR L B SRR K

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

55T phgMarkElements j& X [M%, Hbrid4i{b e,

void phgMarkCoarsen(STRATEGY strategy, DOF *error, FLOAT gamma, int depth, FLOAT tol)
55T phgMarkElements & (W%, HAmic AL IT,

void phgRefineMarkedElements(GRID *g)

AL RS IFE € H 0. FTAT mark KT 0 (UM T HCR /DA mark . PHG 2 A3IXTIE
FRICHEAT B ANAL DUORFF RS I B e o ARS8 e OB RS Hh B 7 B mark BGA R{EAE T
Ji WA 1 B G R R 1% T A AL R IR

void phgRefineAllElements(GRID *g, int level)

R T THCAME Tevel YR (BI—EUMR NS, 12 TR AT T~ 0 mark B4 level, 4
S — Ik phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FHAL A% P R € BT . M7 BICH) mark {HoMZ R0 2 ARVIRORAL I B S S, B —ANit 1
IR Z VPO —mark K. PHG GRUERIL S HOBT A5 SR TC BT AL) RSCH) W S Pl 1) I ELAE s
AL mark B K R PR PE LR A AT B N AR 2 0. RUALSERUA , BT RS T BT 5 L0 mark
J5 5 (RS5O I B0 R PR 25 % PR SR LA R O
void phgPartitionGrid(GRID *g)

IIAT AR KT AR o T RO, A B S HERR R . R ECY PHG W], TR
1% phgBalanceGrid.

void phgRedistributeGrid(GRID *g)

HLTP WK e R WM HEAT YR R LLIE B S AF K S BT R BN PHG WEBEHT, H PR Y 1%
I H phgBalanceGrid,
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int phgBalanceGrid(GRID *g, FLOAT 1if_threshold, INT submesh_threshold,
DOF *weights, FLOAT power)

HHE M 1if_threshold fl submesh_threshold W{4E 1 M A H 550 4. Hrh 1if_threshold
T FERITAATG N 1, Ros 2 AP A5 KT 888 %A N H 70 B A%, submesh_threshold
FIT-HEhl 5 WA B H AL 7 PR -1 2 S e H A>Tl (O IRZ5E , 2 submesh_threshold
BN s ] PHG W ERIERIAE) %GR T 0 ZoRm AR AAE, AR 0 Kot AR EAT T k)
/3. weights Ml power 25 Hi 1 WA J0 I I B TCAN EE (M weights (1] power K J7), 2 weights A NULL
8¢ power A 0 WINPT FICHIB RIS
GRID *phgSurfaceCut(GRID *g, const FLOAT cuts[])

PR BCR [B RS g LA AT AZ ™ A2 AR R, S 9 B 2 A B B T DL R i i 5 2
RIRL T A R B4 cuts IIKIEN g->nedge, "EHLIIA 1 Jm g 5 3> 4k vk 2 H i 5 B3 40
MIAZ AL E, BUEAD T3 T 0 BUR T35 T 1 R 5B A ni, 5 W7 AT s oL F A4 i 5 52
/NI 3 4 SR i 5 UK R TR FRARR A B o PT LU BR 1 phgDof Transfer SKAE PN R4 1] 423 H

VR H A% eR B R i S R A I R 2 BT AN R IR EHLARRAS B0 A AT i A A 20 AL
e E PR RIS I, AN SOV B A OB PR HEAT oA . AL, e R R D R AR I
PR, KR T RE 2 R
FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

AL M ST, R HTC e BT A3 2 50 32 6 o B G S 380 oy oy 0 s TR P
BT B (AL R B iR s o

ForAllElements(g, e)

FIF5% WA R BT M S AT D R TR T BROC E IBem R e At o i S, R
TG e $R IR 70, MEIALTRIN e #E 4 NULL.

GlobalVertex(g, index)

A HAHG S A index [MTT S HA)R5%4 S .
GlobalEdge(g, index)

o5 ARG S index [T A R4 5 o
GlobalFace(g, index)

A S index M 4 RS0
GlobalElement (g, index)

A GR 54 index IIFRIGINA RS o
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A12 A

void phgImportSetBdryMapFunc (BDRY_MAP_FUNC func)

88 S ANMME SOOI, A SCPEIL AR PHG JU AR5 3 s B . % eR 30N 1% R FH 7E
phgImport R, P ise e a0 28 T 2 e bR BN I B2 1 phglmport PREGEMER . func & H
Ao v PR E R AL

[int func(int bctype) }

Z R HOR [P 5 i N IA S betype AN PHG A28 (41 DIRICHLET. NEUMANN %%), JR[A] -1
FORAFEARE ML TR LR be_map SHTLCH A FRE, R I ERIA ML SRR 4 iR
. BF 283,

BTYPE phgImportSetDefaultBdryType (BTYPE type)
P g RV A, % R BV 1% R A phgTmport Z BT H . T 105 (1 BRI IA AR AN i 1)

phgImport PREGEAEH - type 2 T BN SR, R EGR [PME K 2 AT I BRI AR, type Z
BHL 0 254/ T UNDEFINED. % 2.8.3.

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

M A E NS . g /2R TRED, ‘B E H phgNewGrid HralE1); filename & X144
WR distr 4 TRUE, JUZERIRE NG 32RO AT 5020 J05 1 RS o0 A BT AT RERE 2 (W2R AN
HGZHHVIER, @M TRUE).

H T PHG SCRFEI RS SO . ALBERTA 4% 301 Medit 4%,

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

F i PR O ALBERTA (19 PR SRS o A 2R 27 AR 4035 2> 7 WS, ek 25 H i X
Wb a0 SRk

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

2 HT RS H A MEDIT (http://www.ann. jussieu.fr/"frey/logiciels/medit.html) #z,
T SR T RS L5 2T RS, AR BT A S 0 5 T A

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

¥ Pk LA VTK vtkUnstructuredGrid KB 248 e S0fF, DM ST VIK KA #iAk
AU ParaView ( http://www.paraview.org/)~ MayaVi ( http://mayavi.sourceforge.net/) ¢4k
S A Bk legacy VTK fileo WES IR E S ) H HIEXT 4, B NULL 453, KA
DOF_PO (43 7 40) I H HHEEX SAE N cell data fivHh, AL e B X S AEN point data i
th, 5 SR ) A R ) BasFuncs B ECK TS RS TR HIME . W RS Hb 4y th ik SefE44
ANEYRE, ZRE AN LY A vek. BREGRIE LSO O T RELUS) B304 . e H
AN SCHEfTH 28802 DOF_ANALYTIC ) [ B4

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

¥ W% L IBM Data Explorer [f) native file format #5207 H 248 52 SC4F, LM OpenDX 25544
(http://www.opendx.org/) AT W ALALALEE . WLE S E0HR & E 5 I B HH I, LU NULL 453 1


http://www.ann.jussieu.fr/~frey/logiciels/medit.html
http://www.paraview.org/
http://mayavi.sourceforge.net/
http://www.opendx.org/
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RBHRE S LAAEY R, SRS AN LY 4 . ax. BRECOR B SO On T3 R LUR)
I SCAE 48 o 1% PR ECH B A SCRES 257 4 DOF_ANALYTIC 1) H HEEX %o

A.13 BHEEH®E

SpecialDofType (type)

TP —A B 2R A2 TRk 257 (DOF_CONSTANT 5¥, DOF_ANALYTIC) )% .
DofTypeDim (type)

SRHL A R 4R type 9 A IR 4
Dof TypeName (type)

SRANE BRI SRR . type R A HHEESSARDO %
DofTypeOrder (type)

AR A R 2 T 8 type v H ISR B
DofNoData

T DOF ] userfunc it , FnfI B bR GAS g s gz X
DofNoAction

HF DOF 1] userfunc {5, KX B HEXNGHAT B RIE . iGES0H,

DofInterpolation

M- DOF 1] userfunc B A, s MR 4L FHALIN B3l B R S T4 .
DofDim(dof)

JR[E]E EHEEX R AEEL (55T dof->dim x dof->type->dim).
DofData(dof)

IR [mIAHE [ H R AR A, dof O I BEXS B o AR ) b B O HE ST A SERR AR T

DofVertexData(dof, 0)o
DofVertexData(dof, index)

R RIS Y145 78 TR B BB A 4 ik, dof A H HHBEXT S, index 4T AL A HI S 5 .
DofEdgeData(dof, index)

TR [ADF Y T-25 58 A B R R A ik, dof A H HHEEXTSR, index NIl HA IS 5
DofFaceData(dof, index)

R [E]F T4 5 TR B P (R df ik, dof i H HHIEXS R, index AT A HISN 5

DofElementData(dof, index)

IR DK 45 5 G i R R Ak, dof b HHIEXT SR, index A FRITHIAHIYN T o
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DofGetVertexDataCount (dof)

AR [ R A T AT TR e B R
DofGetEdgeDataCount (dof)

A 1] 5~ P T L A e R
DofGetFaceDataCount (dof)

AR [R5 A% TR BT A T R PR
DofGetElementDataCount (dof)

IR [B]F R RS T T (1) A R A .
DofGetDataCount (dof)

AR L A S REEPE R4 €l SEIN
DofGetVertexDataCountGlobal (dof)

IR (B 4 ey WA o BT T B e R
DofGetEdgeDataCountGlobal (dof)

AR [l 4 JRy A% TR BITAT I B e BE RO R
DofGetFaceDataCountGlobal (dof)

AR [ Jey AR R BITAT THD P B R
DofGetElementDataCountGlobal (dof)

R B4 R RS T T T (1) A R
DofGetDataCountGlobal (dof)

3R (1] 4 Jg P T R e R R

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

BB A X G g NPT G type N H HEZRAY (DOF_TYPE); dim A [ HH X S0 4E 5L
(FFMLE dim N R); name K H HEXRT R LR userfunc $8 € 514 H XS GAHCHLN FH /- 04
4 (B 2KA % DOF_USER_FUNC), HF451% H HEXZIR(E, userfunc i AHURF#K{E DofNoAction
8y DofInterpolation, HIi & K/NAX H H A S IAT AL FhEL, J5 38 &Ko 4 S A0 40 Bk A iy
bei WM EEIE LIRS
void phgDofFree(DOF **dof)

FETCH B EERT 5o
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)

BERE L5 R A ST ORI M B8 %R B0k F T451% A R XS S
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void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)
BEE 5 EEX AR G AL T FLOARAR 1 T P R B, IR B0 T 145 1% 18 b B R .
BTYPE phgDofSetDirichletBoundaryMask (DOF *u, BTYPE mask)
WE u->DB_mask MI{H, BRER[FME A u->DB_mask Ji AT [FME.
void phgDofDump (DOF *dof)
FTEN A N RN T TR
void phgDofSetDataByValue(DOF *dof, FLOAT value)
¥ A 1 BN LB A 1R EE value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values([])
B H X S BRI N $R 2l . array_of _values L% DofDim(dof) N, HHREEN
I3 AN o
void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)
K B N S BRI AR B vo MIBH T A 28 g A, AT 8o 1 e 2iisE T
DofDim(dof) o
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)
IR E BB B B XN IRl . 276 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)
RBHRE B N SRAHEI K (5% DofGetDataCount hAE—FF).
size_t phgDofGetDataCountGlobal (DOF *dof)
RIAHE E H HEEN %4 R (1K B (5 %2 DofGetDataCountGlobal THAEFF).
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)
T H B EXN SRR 2 e iR e B E. dof A HHEXN S e HIJG; lambda N E.LMAR
br: values RHMHIZEMTIX, HITAFBOE S L) A BEAE, Y HIRE 3 B A% DR AE Qb DX AR K /N o % [l
zrhx Mtk

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

5 phgDofEval FACL, AETTS H B T SRR RS R B gradbas N, B E
FMAE B TTH W AT SE B A BR LR, W1 2R gradbas A7 FR%H N phgDofEvalGradient A i
AAT L R BB BB . gradbas S I GI N BN T 7 [ 38F S —LE 70 AR 155 s A0BE BEAE I TH 5

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

Y5 phgDofEval ML, HTHE H BN RIGEEAES E RFE. S50 gradbas AN AESTEH S
5 phgDofEvalGradient ':F‘%é*ﬁo
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FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)

5} phgDofEval KL, (HIHE A HEEX B0 Curl 4 E M. B30 gradbas N A SIS
PR %L phgDofEvalGradient 1584 —FE.

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

B —ANE BB SR, BT stc BB . name 45 HIHT H HHEEXS B A FR . newtype 45 HIHT H
HH X S IR, 1S3 S BCA NULL W78 B i EEXT S i Y 451 src->type->grad_type,

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

BN BT A XS, BT src B . name 25 W [ HH S B I 44 PR o VE 7 DofDim(src)
DA 3 BIF5 4L newtype 4 BT 1 I FERT S AR, S50 RO NULL ER7SHT H B BEX 441
FKMEET src->type->grad_types

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

BN H XS, BT sre If) Curle name 285 HUHT B BN S 14 FR . 135 DofDim(src)
WIE 3 INF5 L. newtype 4 HHT H HH XN RIS, %S00 R HUCA NULL WIER 758 F B BEX 401

KIET src->type->grad_typeo
DOF #*phgDofCopy(DOF *src, DOF **dest, DOF_TYPE *newtype, const char *name)

S E BHEN S ZREB A B B ESRA, G, ] U ER AN = Lagrange JG
(1 B B EER R IEIR S — 2R A —F Lagrange JGl) H HHEEX % o newtype 45 HUHT B HHEEX S 1136
B, ZSE R NULL 28T B XN R IR ST sre->type.

DofIsOwner (u, index)

R g (K A iR A 5 MRS T

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

TH5 C:= a op(A) op(B) + BC (A>T BLAS H[f) GEMM B %L, Hr op RRFE AR E).

Y cptr AT NULL I, THEER ¢ IRIELE *Cptr 1, JFH ¢ MRS «cptr HIZRALAHIA .

4 cptr 55 T NULL I, THEZER ¢ 2 —Halen . 84000 B->type [ DOF X% (UL 2K B
HAEETRE)

ZPRECEL K DofDim(B) = N x K A DofDim(C) = M x N. transa il transb 7] LA%3 7L MAT_OP_N
(ANEEE) M MAT_OP_T (%% &), MO0 T IR FEYER SO G R R AL 45t

! blka < 0 M7 A NiliRE, M ZESK DofDim(A) = M x K.

2 blka > 0 I, FIR A & DIIPSHAARE, SRR blka x blka. BN ESK M=K, blka
L% M, JFH DofDim(A) = M x blka. —FH HITHILE blka = 1, BEI) A RoR— M x M [FXFA%HE
P, DofDim(A) =M, A M3 FRE WA B R0 A 0 3R

A BN NULL, 78 A NHATFE, BBk M=K, 2 o= 0 I B AJ LAY NULL. 24 3 =0 I} ¢ 7f
DA NULL, BN, eRECEEIRA—ANEr B i EEat %, HRAE B (RAVHIA], 4500 M x N.

T ZHREUR TS T B phgDof AXPY A1 phgDof AXPBY [{I T
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F A.1 phgDofMM HHYMEFELHEHRIZE X R

transa JUH | transb HUH | FEBE4EEL A SEREIZ S
MAT OP_N MAT OP_N Cuny = o Ak Bxy + (3 Cun
MAT_OP_T MAT_OPN | Cuy = & Ay Bry + 3 Cmy
MAT_OP_N MAT OP_T | Cuy = o Awx Big + 3 Cmy
MAT_OP_T MAT OP_T | Cuy = Ay Bix + 3 Cmy

DOF *phgDofAXPY (FLOAT a, DOF *x, DOF **y)
WHy 1= a* x + yoa==0 MY TTHMNE a =1 HENTAHELHM, a == -1 FEHT
EEH AR
DOF *phgDofAXPBY (FLOAT a, DOF *x, FLOAT b, DOF *x*y)
WH y :=a*x+b*yoa==08b==0NAHMHYTHHERLEE.
DOF *phgDofAFXPBY (FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {151 y := a * £(x) + b * y. K%}
£ HIANSEL in 4 x KA, HAEECE T x I4EELG Mt 24 out O y sRERM, HAEESE T v 14k

DOF #*phgDofAFXPBY1(FLOAT a, FLOAT (*f)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) {|4f y := a * £(x) + b * y. 15 phgDofAFXPBY
IR HIAE TIX B8 £ AR AL E Al EHIE x MRS E L. R BESR x A1y A HIF
YEA.

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

4 y := alpha*A*x + betaxy, 24T BLAS TFLJ¥ DGEMV. 24 A == NULL &7~ A R Hf7
I, 4 DofDim(A) == 1 IEIN A NbrETeLLHAIFE, 24 DofDim(A) == DofDim(x) K/~ A XA
[, T4 DofDim(A) == DofDim(x)? I R~ A MikilE.

FLOAT phgDofNormL2Vec (DOF *x)

T BERT G ) o 2 YaH, BDBTE 1A B Y O R R T
FLOAT phgDofNormL1Vec (DOF *x)

VB BRI R R 1, BT B A
FLOAT phgDofNormInftyVec(DOF *x)

THE A BN S W) I w55 e, BEPTE B i R 1 s R4
FLOAT phgDofNormL1(DOF *u)

THL B B BN RPN A R ICRR B L A
FLOAT phgDofNormL2(DOF *u)

T B H O RPN A R ICRRE L2 A
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FLOAT phgDofNormH1 (DOF *u)
T A B R B R AT BROCRR ) HY B (BUY).
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
R[] dof fEFTC e LHAITCAGE SN index A H HISEAE A HI X S P I % 5 o
BTYPE phgDofGetBoundaryType (DOF *u, INT index)
IRICE H AR R I A, index A& [ AR A G
BTYPE phgDofGetElementBoundaryType(DOF *u, SIMPLEX *e, int index)
IR AR BRI A, index A2 H LA H K HIC N S 5 .
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
AR A AR R AR, index & H AL R IC A 45 -

void phgDofInitFuncPoint(DOF *dof, SIMPLEX *e, GTYPE type, int index,
DOF_USER_FUNC userfunc,
DOF_USER_FUNC_LAMBDA userfunc_lambda,
const FLOAT *funcvalues, FLOAT *dofvalues)

T2 e B B ERA, G35 Lagrange 76 DG Jo%%, HEHPGELREL, nl XL 5 b i
M) InitFunc, & 4.1.3.

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

PR DA A 80 A0 A RS PR B R 25, T3 8 R BRI A ) InterpC2F B, 24 4.1.1.

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

P 0 D A SR RS PR R R K5, T 8 BRI 1) InterpF2c BIL, 245 4.1.2.

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

XA BEXT S w fEHTC e T bas_index ANJRITHIERRAEL, U HAH N B F130 Fibr & h A
P u->DB_mask TMAL, WK BANVBATAT AR 2, pREOR [FIE A FALSEI(EE&T%iﬁﬁgﬂ mat Al rhs). 1
M), A4 func &5 tH AR 25 AT W SR 07 R R B A i P00, IR I mat A1 rhs 3% (12500 IR
pR HGR BBl TRUE.

NI @ %7 bas_index, n FRHICEERREI ML (n = DofGetNBas (u, e)), ¢; KxH j Mk
BRI, wy FORAHI E FHEE, 0 < j <neo

Xf Dirichlet 11545 (AL BER FH B HAdi (20 L2 $5% .

BHIAHHZK u->type->points !'= NULL, MBI BASBE B o (At & s 50Ml, 70 -

u; = func(x)

o o O A AL E AR R .
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W u->type->points == NULL, WS REEE L2 Bo¥gtgis, R

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

Horp v £om B HBEFTEMN TS (WS BB 4 G BB 1 (T E B BURI0 (0 H ).
M u->dim > 1IN, BHTTEE AT w->din A, BT PTH RN RECZ —FEK, P mat HRA
SURIEL n AN REL, o F RSP AR 75 E0 X 28 REGHAT R o rhs R[] u->dim ANA7 030
ZH proj frE D FAAEMBEE T, Hir {8 DOF_PROJ_NONE (A$%5%) Al DOF_PROJ_CROSS,
HrhEH I REHTE u->type->dim % 3 == 0 (W4, H T4 Maxwell T FEAA KM uxn = gxn.

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

WA AR 8 B o % pR BOE L B 15 B RE AT FE TR i E e O, R B Al e — AR
4 NEIGHBOUR_DATA [FJZ5 ) H o pREGR [MME A 1% &5 /TR %L

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

AR A1 4R s A T A LCAS S IR B R (R . RS AR SE, RS HARAR 1A
T EE G AT A B, A5 ST 1) nd A7 fif 408 s K (KA A7 o nedghbour $i5 5 WES4H
Ji (T ). bas_no FH&E H MM E (Al L. MERITH ). gindex AR SRETI, &[EH
JEE R4 ey 1) R 4 5

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

ﬁi[]@BEgﬁgjﬁégjiﬁ@fﬁifggﬁﬂjiE@§§@§§ﬁ4\§ﬁ(*Hﬁéﬂ:ZEgﬁﬁgﬁgjﬁquﬂﬁfﬁ phgDofGetBasesOnFace
HIIRIEIE) o 4 peer_type M ARZS RN, IR [FIGR & FIc B A SRR (T hp SCFF, HATA
Y DG ),

void phgDofReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)

DR AT A0 o A 1 B 3 &6 7
int phgDofGetBasesOnFace(DOF *dof, SIMPLEX *e, int face_no, SHORT bases[])

B3 H HEX S dof fEHIG e I face_no LAIFEMREL (575 1% LATE R 0 FIHIC e IR
). $04 vases IR [AIIXLEHL bR FAE LT IG5, EATIIHESIIGUT B 1R =N T00 R 4 e g 5 i o
DRI, 0 a2 A 110 9 > 507 1 FH 12 o8 B0 459 21 0 7 20 D5 R B8 E i —— R R o R 80K [IME R THI
KL EAN 4L
A.14 HERS

EXHAIHF) PHG HUE P BRECRA ), AR 75 2L I3 78
QUAD *phgQuadGetQuadiD(int order)

RIFIFFESRERG R (I —4E (B k) KA
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QUAD *phgQuadGetQuad2D(int order)

RPIFF SR ERGE (2B 14 (ZMmmt) KA.
QUAD *phgQuadGetQuad3D(int order)

RPIAF SR ERGE (2T =48 (D) KRB

FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)
IR AN A ZE X ik, P8 R BT userfunc EAAN T quad MIFTAE RS SAL MG, dim &
PRI S —
ZERECR T — M L cache BIL, 4 e AT HI[R]—A B [R]— AN 5 e A — M4 1 I AR
53 MBI AT DL S R 0HE . N 7 : phgQuadFuncDotBas.

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

REANEE G X AL, e B RS u R T quad IIFTH TS s

ZPREUN . cache HLH, 2 [ RAEHTIF —AS E RN SAE [ — A e i) — M 1 I 7 Rk
{ELIS ] LE o B A v 5 (Wﬂﬁﬂﬁﬁiﬁ phgQuadDofDotBas). 734k, 4 u->type->invariant A TRUE Bik
AL R w MR (B F ). MRS FE phgQuadDofDotBas.

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

IR [E] AN P X ik, P ) HEEZR Y u->type 3 n MEREAEFS T quad T H
3 AL R .

LR AN E cache ML, 4 AT RN B EE 2SS 1) 2 o e ) AN B oo Rl MR T
(IR 53 s MBI wT DA RE 4 7 5T U (WﬂﬂﬂgﬁiﬁjpthuadDofDotBas)o Y348, M u->type->invariant A
TRUE ‘&30 ] DU S R T4 u (FER B (26 8 115 N R#12%E phgQuadBasABas.

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

RA AN A X AL, P [ R u->type M n MEEREUNBE R T quad
(KT Ry R AR
e M %Y phgQuadGetBasisValues FMBl. N H 7’12 % phgQuadGradBasAGradBas.

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

RPN A X bk, P B R u->type IIEE o NMERREUT curl ZEB10 T quad
(BT A AR 3 s b AL
Ihie M FHi2 5 phgQuadGetBasisValues J3fBl. W 7R#Z 7 phgQuadCurlBasACurlBas.

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

WHARENS o5 v R (W) BUERTE ¢ LBy, order 7R ANXMMEL, HENT
0 8% %51 QUAD_DEFAULT R, R7mHH R4l H B8 BIE 20k L sk B A K.
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FLOAT phgQuadBasDotBas(SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHHIC e LHMEXNE u I o ANRFREERES B HEXNS v B2 o AN RIER T R
EHIG e LIRS . order 81 XA phgQuadDofDotDof. H HIEXI% v ANfi& h) DOF_CONSTANT Al
DOF_ANALYTIC 2&7,

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

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

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

WEAMENS u 5 HMEXNS v R R IR N ARSI e EIAR Y. n Al m 231
gl w A v BJRIIEE R B S o order S XA phgQuadDofDotDof, H X% u fil v AfE
4 DOF_CONSTANT F1 DOF_ANALYTIC 257!,

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

HEABENS o« 5HBEXNS v R IERE curl ARERIC e LIRS n Al m 439
Y u B v BRERIE R B S o order U1 7 X [F] phgQuadDofDotDof. [ X4 u Fl v AN
A DOF_CONSTANT F1 DOF_ANALYTIC 257,

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

TR EHENS w5 BHENSR v ()RR RAER T e LI n g5 v IEERE
5o WWHE S FIRAE res FRE FIZZ P IX HR [FIZErh X HhE (MY w b o) S B AU T 25 B2 Rl () - order
S IR phgQuadDofDotDof. [ HIEXIS v ANfE A DOF_CONSTANT FiI DOF_ANALYTIC K7,

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

WHHENR v SHEXNE v 05 o DNRBERBIARERTT e LIRS, E2K v EEK
HOE R REL, 1IX/2&5 phgQuadDofTimesBas AN 2 4b.
FLOAT phgQuadDofDotGradBas(SIMPLEX *e,DOF *u,DOF *v, int m, int order)

TR E B u AR S B E R v 1050 m MR BB AR RRTT e BB
DOF #*phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

TR E A BN S u ) () Bk, @8 T ERREM T IR —ASE B R
%, RANE M, UL  FEEE OB L2 BT AT, B proj $85E WATH u 34T

5: DOF_PROJ_NONE £/~ A5 . DOF_PROJ_DOT 755 [H FAA7 25 [m) s HE1T W FX . DOF_PROJ_CROSS 3£
TN TH PR R B BEAT AN (36 o order AR A IR £
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DOF #*phgQuadFaceJumpN(DOF *u, DOF_PROJ proj, const char *name, int order, DOF *g)
VIR EBHENS u 1 (EE(J) Bk, Thresql phgQuadFaceJump, X AE T a3 Rk S

ke, ATHEL S . phgQuadFaceJumpN TH4. Neumann 5 HIBkE, HHAXN S ¢ M/ u 78

Neumann A5 H4MER FE. HS405 85 phgQuadFaceJump 4[] .

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

VEfREm EAEE vy v FIERBUS IR . proj $8€ u ZEMMAMNER _ERIBsE 73, AT
DOF_PROJ_NONE. DOF_PROJ_DOT BY, DOF_PROJ_CROSS. order J§ & /K5 .

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

WEieem FAHEE v 5 v SR proj 52 u MR 7, W HL DOF_PROJ_NONE.
DOF_PROJ_DOT 5% DOF_PROJ_CROSS. order 5B/ .

FLOAT phgQuadDofNormP (SIMPLEX *e, DOF *u, int order, int p)

T J.|u?, order FREM RS

FLOAT phgQuadGradBasAGradBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v, int m,
int order)
WHEBHBE u 28 o ANMEEREUOBE R LR BOERE A o AL v 5T m AN JERR BB 1 1R
JG e BEIRVY. M A Ky NULL RonH R A, R 1% R %% 7 T phgQuadGradBasDotGradBas. A
NARZIRE Y, DofDim(A) WA T 1 (R B LARAL ) B DofDim(u) * Dim (Faxxf fiFE) B
DofDim(u) * Dim [RV-J7 CRARTFE ), Jo PR Il 1 A AN Il ko
FLOAT phgQuadBasABas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF #v, int m, int order)

T E B w 5 o NMEREERAREGERE A SR A L v 105 0 DMEREHER T e BRI, 2 A
N NULL o HOhy SRR, eI 2% e #0485 7] T PR £ phgQuadBasDotBas. A A AEA 4RI, DofDim(A)
WHEET 1 (FoR AT RLVE) Y DofDin () (FEToM M) BX DofDim () HITI7 (RAFMIE, i
PR D0 I AT G 3 o
FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,
int order)

TRE HE o 56 o DMEEREIW IR SRERE A IS B v 1028 m N R BN AR R e
ARG 0 A B2 S AERR i [F] PR 2L phgQuadGradBasAGradBas.

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

T E W u BB SR A SRS S v 05 o D IER BB A BILER I e LI
o Kt A 258 P YK B 1 7] 26 %% phgQuadBasABas, X HL 35K DofDim(u) %5F DofDim(v) * Dim.

A.15  ZRERRLSE

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

M&[H] solver M55 dof_no M H HEEX RN index AN H HHEEAEZ M RGE P 1R A HH B S

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

iZ1] solver 55 dof_no PMH MM GAERIC e FHIEE index AN H HIEAELM: RGP R H
G5 .

int phgSolverInitialize(int *argc, char ***xargv)
(N BT
int phgSolverFinalize(void)
(P )
SOLVER *phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

BV 2 X % o oem_solver 15 & f#i):4s, FJH! SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS Y, SOLVER_DEFAULT. 1] A%
ZH (N u JTTIR) ARG EZ, LI NULL 45 0. 3R Bl 60 ik de st % 184t .

int phgSolverDestroy(SOLVER **solver)
BB AR B, R T R R U
int phgSolverAddMatrixEntry(SOLVER *solver, INT row, INT col, FLOAT value)
¥ value {H R MBI E T FEA REOERE Alrow] [col] b, HA row I col AR HHEM T -

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

¥ value i 2 INBNLME T FEA RBUERE Alrow] [col]l I, Hr row Al col A4 MM EH S

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

¥ values Hf) nrows x ncols MREME B MBNL M T FEA REUEFESF, rows Fl cols 4l
o R BUEFE AT RS R A B YRS .

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

¥ values "1 nrows x ncols N™REE BN BNt el REGERES, rows Al cols H4l 43
oh R BUE FE AT A 6 42 JR) i) S

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
F value {H RMEBILANE RS index NATHEIN, index Ay JaHB A HIELSH 5 o
int phgSolverAddGlobalRHSEntry (SOLVER *solver, INT index, FLOAT value)

¥ value (H R MNBILMETTFEA LS index MG, index A4 )m M HE 5 -
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int phgSolverAddRHSEntries(SOLVER *solver, INT n, INT *indices,
FLOAT *values)

$ values H n AME R INBILNETTREAIA 50, 2L indices 45 MY A i T4 ¥4 ) F1 2 2
=

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

¥ values W n AME B INBILM T FEA AT i I, $04] indices 4 HIX LA bty I ) 4= J= 1) & 2
oy

int phgSolverAssemble (SOLVER *solver)

BN RS P RE e 58 I A 0 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Hl phgSolverAddRHSEntries BRETINI V5, T LAAE S AR mi i T 1% o B0k 56 B
LM RS %E  IZRR B AT AT R . A 2 phgSolverSolve 2% H AN B E ML NE R
iR

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

T S ML AR G AR B I A i TUZAT I A A A7 i A% 5K (CSR) i 204 € S0« matrix_fn 45
HARGEHIB A SCAE AL, matrix_fn 45 AT S0 SO 4 o matrix_fn B0 matrix_fn AJLUZZEHRE,
o AN A SCAT o 1% pR 8 H T AN SZ R AT K 2 R 2

MAT *phgSolverGetMat (SOLVER *solver)

RIS DI RO o iR EUR ] solver->mat, JFH4 solver->mat 51 THEUN 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 IRAITFEA I o 1% e80T il Ho e — e R # U phgSolverSolve 251 H o
int phgSolverSolve(SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

RGN TR PTAEZEL (A w ITER) 45 RFNRSIE, DL NULL 250, A TE AR S 11461k,
B A S M R G o TEEORFIR SR P AN BRI 2I Y phgSolverCreate H1H—H AR
destroy == TRUE {37, WIS 5EHR A 3L R SR BOH B AN A S 0 OB TN A7 1% PR BIOR [P] 3 454K
U (RIPME < 0 R A AR IR) .

void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)
BRI E MR S s RIEAR AL 45 R 2% R S5O 5 447 1 8 ) e KB AR EORE 2R 2
void phgSolverSetTol (SOLVER *solver, FLOAT user_tol)

BEEIREMHE SIS SIS L L R o 5 T T 2% R BN 1 iy 47 B B B A A L R 2R 2
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void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

BB MHEMR NS solver HITIAAT 1o F AT LB % bR #4551 PC_PROC pe_func SEILE % T
ZAF o 2 pc_func Ky NULL W}, ERIANH A phgSolverVecSolve (pc_solver, FALSE, *u) Kfi#f Mu = b,
IR w 3R ], o M OFEEE ) pe_solver iE Y.

TE: AR B M A H RO PCGL GMRES LA PETSc fifA# G2, PCG fl GMRES
BRIMNER jacobi FEALT

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

] Jacobi J5ik, KfF Ax=b, W45 RARAFAE x Fa 1 VEC K5 CENT S 75 A % BR 20
SCEhul phgMapCreateVec aE, @ﬁﬁ@fﬁﬁiﬁﬁfﬁﬁ(éﬁ max_its fURENIERLDE, rtol £oR
IER L IRAE

void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(T3 HYPRE 2.0.0 BLL_ AR & X HYPRE AMS T E T A, AT A HFES
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[i] phgSolverHypreAMSSetPoisson, HT o Fl 3 ¥ N HE I TE .

A.16 4SFHERIFEEEHE

A.16.1 FE

EIGEN_SMALLEST o I8/ n AR FIREE [7) 5
EIGEN_LARGEST o &R KH n MR ARRE 7] &
EIGEN_CLOSEST o tIHEIFELT tau ) n ANMRFAEME AL 0] &

A.16.2 PEMFEERES

phgEigenSolverARPACK > PARPACK HFIE{EMRE Y
phgEigenSolverJDBSYM > JDBSYM HHEAH fifiEn%
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) HFFF{H il #s
phgEigenSolverSLEPc > SLEPC FFE{EMEERS
phgEigenSolverTrilinos > Trilinos/Anasazi 45 fiE{f il 2%

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 SCRHEE R Az = ABx 1) n MFFE(E /RHEI9] & o which W] LAY EIGEN_SMALLEST (f5/)>
F5AEAH )« EIGEN_LARGEST (H AHF/EAH) Al EIGEN_CLOSEST (HR%EIT tau MUHFAEME). nit MR [AIHEEFLIK
5, WA w, ... 41 DOF X RIEAL, B RN BEFIEE T DOF W R INRIA S A FT B
[¥) DOF X 5 —%, AL n 4> DOF X%, IR 453 (FRFE ) i
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int phgEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
FLOAT *evals, VEC **evecs, int *nit)

T SCRFEE R Az = ABa (1) n ANMRAE(CARFAE 7] 5o RPAE 1) Il I *evecs 3R] (G SRk
NI xevecs == NULL, WHZRECK AZ00IE M EXNS). HRZH Y phgDofEigenSolve 11X
N ZHHATR] .

A17 JLAEMHESERE

void phgGeomInit(GRID *g)
Faate LT Edls (WS o

FLOAT phgGeomGetVolume (GRID *g, SIMPLEX *e)
IR Al 52 BT AR

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e)
IR [B[RE T EAR.

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)
R 8] 45 € BT EL L ARBRIE Jacobian

FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face)
IR B $5 € RN, face AT IC NS .

FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
REEHER, face AHIMIHICHI T .

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

FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
IR [R5 52 T HALANE ) B, face MTHIHI R ICA ST .

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IRIBIR T R IRABAR (2, y, 2) TEHTT e I LARER.

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

R[E[FTTE e FPHRE HOABR I R R AR .
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