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G TN 0 JFUG . BN, TSR IG5 AE 0 - 3 Z 18], AR5 7E 0 — (nvert — 1) Z[H] (nvert
TR TURE), 428 5 7E 0 — (nvert_global — 1) Z[H] (nvert_global 4 Ja A I TH ni%k) o

BN FRITHANET, T H KRS TSR ITH T R AT A A AN 4 S o BT TR (B 4N
WL L) BB B RS 5

TATEA L P AT I, LR A B LRI AL BIRIIR LT A L k4
SRR P 432, THOHTAZ U AR TR L AT A A TR ) BT TR )38 . PHG HH 2458 4035 4
ML b JRi g BN B T (R DD BT 4k A S S e A I KI5 1T 57— 2 DD HLAT M B i 2= 13 2]
BIAH (42)R) S o

FHIEPL S 5 A AT, LRI BV TR AR IR S DI T, eA1
AZPATC AL A AL R P A T A 2RI DD R i A AR T, T U L A 4RI i . PHG
2958 A5 AL R A O e 2 ) 2t 5 50 /0N 10 T FK) A A U0 T 23 7 S #0000 2 T (0 20 > 1 73 b
PN D) F AT T 45 0 OB (4 5

KT HICH S, PHG PAE S BARN4 RS 5 A0 _E TR 7 5 e 4k S T
G 5o TR AT HIC OB K2 5 o

1.7 —&Es

T PHG P2 F B2 R, 015 A8 Sk SOk phe.h 1.

Dim AR MYER, =4l 3.

NVert. NEdge fl NFace 735l — AN GH T AL AT ALH o XT = 4EDY If R0 5
NVert = 4, NEdge = 6, NFace = 4.

1.8 Bk MIig T REELEHM
1.8.1 SIMPLEX 4#4
PHG iR B 6 R 454 2 sTMPLEX, i &rin R LA 8 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;

P, children[0] M children[1] 4345 M1 W/ HJT; neighbours [i] 5 M5 4 M0 b 120 &
TG, WAL ¢ i SN neighbours [d] W 48EE, Wk ¢ LB ATEAM, W neighbours [i] #&
1) FR) o 3R PO RS T 08 Ji O R IR Nk (Pl FH P 3 6 AN 0 90 ) s AHR M, bound _type [i] 45 HHIHT
LR, e R — 28 (3% 7 20 4 : INTERTOR (N #17)+ DIRICHLET (Dirichlet 1 %) « NEUMANN
(Neumann 14 ¥1fl) - BDRY_USERL (JIJ /7287 1 44 517) . BDRY_USER2 (JH /7282 2 34 Ffi) . UNDEFINED



1.8 BT KW R I E5 A o

(R R I S A REMOTE (&0 JE/EHE 1 WA b A Y BRI, JRED 5~ MRS R 3L 51T ) ; parent
FRIMA TG, MR HICIN S parent A TG4, PHG R NHRI AL £ Mr&, 40 DIRICHLET Fl
INTERIOR, IXFEAEREATAT BRICTHSRNm] LUAE P ff T4 s S AR

verts[]. edges[]. faces[] Al index & 73 A ORAF T A 14 AT ICHIA IS 5, EATTIN 42
Je g5 7] Lol A FH %% GlobalVertex. GlobalEdge. GlobalFace il GlobalElement 3£, U1, fi%
BE g ATRIA) AT RS KIREE (GRID *), e MR NHITHIFREN, W e->verts[0] 43t it e 4 0
AT A S5, 1 GlobalVertex(g, e->verts[0]) W45 HIZTIS 4 M5 (6 FTAE oA
WA A b G 5 55 42 R FEID) o

mark {53 M TAE A GE N oF S AR VE Ay S A SR IO PR TC, mark > 0 s EARKZ RIT A1k
mark {X, mark < 0 X/ VPR Z IR Z A —mark K.

1.8.2 GRID %&#4
PHG HR M B 454 2 GRID, Hoh & in N LA FE R .

typedef struct GRID_ {
FLOAT 1if; /x RBRFHETF */
COORD *verts; /x TREAAR */
BYTE *types_vert; /**< Types of vertices (bit flags) */
BYTE *xtypes_edge; /**< Types of edges (bit flags) */
BYTE *xtypes_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; /* #AZS */
int nprocs; /* #ARLL (FRAEL) */
#if USE_MPI
MPI_Comm g->comm; /* MPI #4132 x/
#endif
} GRID;

IXHE SR — T verts LA nxxxx. nxxxx_global /.
verts B HITIRAF 1 WA 0 DT A7 TOL UK a7 ARAR , 42 TR IR AS b 23 5 P A7 T8 9 an, ik
g HMIIETREL, e A ICHREr, W e BISE ¢ DTN 2\ yy 2 ABFRIM A4 :
g->verts[e->verts[i]] [0]
g->verts[e->verts[:]1] [1]

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



nleaf 41T RAKA & A ICHE RS HT RS 1M1 5 e

nvert_global. nedge_global. nface_global il nelem_global 7345 H i 4 Ja WA A% H 1 T0T A
B LE BRI TTE 2R, nelem_global 2513 1 WA H I nleaf {H Al IXLEs LT IE
R SEa— .

nvert. nedge. nface fll nelem (175 SUMX & 4% —28, AT 1530 5 T Tlsk « 3 TG I KA
Mo 5N 1o XFARS AT RIRG, EAT 355 T IO R T K BL R R TR G
1S T3 AT S S nvert 55T W 1T 540, nedge. nface A nelem [R5 W% (K150 A1 7 AT
Ko XL LA G5 R, A7 1) Y] 7ok Ul I e R R G . BRI IR RS B — N BT
eor FEHANL— AT BN T FTC eq AT eq, REIZPA FTCHE FSCIR) WOAR Sl 20 D IS WA, 190 0 4
T TR 1 eor W 150 BRSO AL A 5, 1755 WINEBCHARIL 4
J4i s, WA TR A RS2 80N, ARG 5 WA AR . 74 0 G eo A ey R eo =
FAUIAM (42)R) G524 0(0) 1(1)s 2(2), ep MI=ARIAIAH (22)R) 954 1(1). 2(2) 3(4), KL
nedge HIH A 4. TH 1 HIHTT eg T ex FIBG, eo FI=ACILMIAE (2)R) S 524 0(0). 1(1)~ 2(2), e
=4 A (42)R) 950 0(0). 3(3) 4(4), PIIL nedge [MIME N 50 A7 KL HLITHIT- BT H] 1) i
SHNRRIESE 1.6 B

(1) (0) 1(1) 0(0) 1(1) 0(0)

e0 e0 e0
(2) 2(2 2(2)
(1) @ (0) 1(1) 3(4) 1(4) O(O)
el e2
(©)) 3) 3(3)
2R ?H FH 1

Kl 1.5 SCHIG, FHRICHILING SRR, SRS S, 5 WA RS

XHL, RE AR e WA 30 T ARG S H R T A R S i S
2 R AR I o

1.8.3 types_xxxx #¢H

GRID 41K YAl i types_vert. types_edge. types_face H types_elem, AL
i nvert. nedge. nface ll nelem KIEZH, 43745 Hh i1 WK P B TH A 320 TRURI PR T )3 I 7k
X JE PEAE ] 5 SIMPLEX ) bound type A —FEIAEAL, FFHAZRYE bound_type E04 1 (145
AR A (— AT I T SRR RS A5 A A 2 I B ) T S S A B Is B &
R, M)A 5 RS WRYS T bound_type #41).

% T bound_type "H FHHIFRGEAIAN, types_xxxx LB — MR A OWNER [IN7, F7m 24171 M
B N8 e DATRRUN ], — AN TR RER]IN & T 241 W, 3K 88 7% o O — MR e e
)@, Ei% 7MWK L types_vert [i] 1) OWNER £7°4 1, ZEH AR 1A% I owNER A/ 358 0, Hidr 4 &
NIV PR A L 25

Y types_vert[i] == 0 (FEJ¥H il % B UNREFERENCED £7n) I, FRTifA ¢ NET 4011
BRI 5.8, BIZ IR B B 1T RS P S . AR5 D0, e A g 5 0 T3 A7 3 g



1.8 BT KW R I E5 A 7

I, a0, 6 R A R (BE B IUE) MR, Nz s e s Tk, 48 2SR,
% BN HAT owNER JE kIR . .

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

F T34 1A G &, UNREFERENCED A5 AH A 114 X






EZE R, BRE. HIERXHER

PHG #45H e — 28 (94 1, 4945 PETSc. HYPRE. Trilinos. MUMPS. SuperLU_Dist-
SPC. LASPack. PARPACK. LOBPCG. SLEPC. Tcl/Tk. VTK. Zoltan. ParMETIS (5 METIS) %%,
RIS T IR, RGP /RSB PHG JU 23U BT LMETT )R PHG B4 ThAg. an Al
Linux #/E RS, W Z23EM AL ftp://159.226.92.111/pub/RPMS AbfRAE)—4% RPM 11, PHG
FE GBI AT DA E SR A X 88 RPM A3, 2235 i A T AN 68 F AR AT 258

2.1 EESHIF
75 PHG PRSI TR H 5 4hA7

./configure
gmake

B Lk PHG ()% 1ibphg.a. 117, 4% PHG WL Z0U#H GNU make, 7507 A 4. PHG
BL'E ZHAEIEAT configure IH I EIN I AR Bd5 32, 1817 “. /configure --help” W] LAfH 247K
configure (1 B A5 o

configure i R PR AR 1 2 A [ — £

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

CPPFLAGS fRiE C/C++ TRALFILET (41 “~I/opt/include”)
LDFLAGS  fREREFELEDI
LIBS i 8 Bl A8 1 2

CXX fRE C++ HPEds (BRIAA mpicC B mpicxx)
CXXFLAGS fRiE C++ SRkt

FC i€ Fortran (90) JwiFss

FCFLAGS 8% Fortran (90) 4wiik I

F77 155 Fortran 77 dMiFas

FFLAGS Y852 Fortran 77 Zmideik I

o, Fortran gwifeds AOmI 228 0 T AR —483E T Fortran AN (41 PARPACK . MUMPS
S5) W€ Fortran PRI iy 2 KU S B2 I T 75 2219 5 Fortran 45 XHIE (configure 23 idHinixX SEFR
A H B e .
configure fff ¥ FELETA (5 PHG JRAA G, XA AEEE, HKIESH A4 “. /configure --help”

HRETNADE
--prefix=H X % R PHG M43 H % (BN N /usr/local)
--enable-rpath FEHEIN H -rpath $i7 € FELE B EM A (BRI
--disable-rpath HEREINAEH -rpath
--disable-shared G A K AR I libphg.a (BRIME)
-—enable-shared e L libphg.so
--enable-debug Ja AR A 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-cmake=X 1+ %
--with-vtk-libdir=H & %
--with-vtk-incdir=H & %
-—-enable-mpi
-—disable-mpi
--with-mpi-libdir=FH &%
--with-mpi-incdir=FH & %
--with-mpi-lib=/&
-—-enable-mpiio
-—-disable-mpiio
--enable-metis
--disable-metis
--with-metis-lib=/4
--with-metis-incdir=FH & %
--enable-parmetis
--disable-parmetis
--with-parmetis-lib=/
--with-parmetis-incdir=FH & %
--enable-zoltan
--disable-zoltan
--with-zoltan-incdir=H & %
--with-zoltan-libdir=H &%
--enable-solver
--disable-solver
--enable-spc

-—-disable-spc

F_F R, BE. fiFROUEER

AR AR e A LR

G IS SCVFIN TS 1l 3R AU R D RE (BRIAH)
ARV U I D fE

JAH Tel IAE L (BRIME)

AR Tl AR

fRE tclConfig.sh M4 (T Tel FLE)
& Tel FESCAFPTAE ) H 5%

f7E Tel SKICPFPTAE R H 5k

JAH Tk AR (BRAME)

AAH Tk AR N

fRE tkConfig.sh /T4 (T Tk AlE)
faE Tk JESCHF IR H %

fRE Tk SKSCHRITAER H %

JAH VTK M (BRAE)

2 VIK $#11

fRE cmake FE/7 (HT VTK FLE)

/€ VTK FESCAF (e n H sk

&€ VTK KPR H 5%

Ja H MPI i B %18 (BRIAE)

AR MPI 3 Bk

FR3E MPI FE SO 12

¢ MPT kU645

7€ MPI J# (41 -1mpich)

JH MPL-2 1/0 &%k

A5H MPI-2 1/0 BAEL (BRIME)

JaH METIS (H T M52, ERAE)
A% METIS

B METIS

fRE METIS Sk SCAEFTAEM H 3%

Ja H ParMETIS (FH T~ WA B 1) 73, BRIE)
2% H] ParMETIS

& 5€ ParMETIS %

{87E ParMETIS Sk 3CHFFTEM H 3%

Ja M Zoltan 42 H1 (FHT- A& 73, BRIE)
2 H Zoltan $2 1

Zoltan kICAFFTAERT H 5%

Zoltan JIESCAF RN H 5%

Ja Rfdkdsdi o (BRAME)

AR RfRLAR 1

JAH SPC fi#tikds (BRIAH)

5] SPC il o
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--enable-petsc
--disable-petsc
--enable-hypre
--disable-hypre
--with-hypre-dir=H & %
--with-hypre-libs=/%

--enable-trilinos
--disable-trilinos
--with-trilinos-dir=H X %
--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=ﬁ§}?é§
--enable-bzip2
--disable-bzip2
--with-bzip2=F2 5 %
--with-blas=/%
--with-lapack=/4
--with-£77-1ibs[=/£]
—-with-fc-libs [=/]
--enable-long-double

2.1.1 C/C+H+ #WiF:[F MPI

11

Ja Hl PETSc fi#tikas (BRAE)

AEH] PETSc fiftik s

JiH HYPRE fi#tykigs (BRIAMHE)

%] HYPRE f#iksas

HYPRE %3¢ H3% (BRINMEA /usr/local/hypre)
HYPRE /& (BRIAH N -1HYPRE, 2 Z AT HEE BLAS

1 LAPACK J%)
J& A Trilinos #: M

ZEH] Trilinos #2171 (ERIAME)

25 th Trilinos 2% H 3%, TS5k 30 2 %
Trilinos SKk3CA H 3%

Trilinos & 34 H %

Ji Hl Trilinos Anasazi FFAEE ML (BRIAME)

25 H Trilinos Anasazi FFE{E fif12: 2%

Ja ] SuperLU Dist fifti=#s (BRiAH)

A5 H SuperLU Dist fi# i #%

{8 5€ SuperLu JE

7€ SuperLu Sk PTAERT H 2K

Ja Hl LASPack (H47) filtvkds (BRIAMH)

A% LASPack (H3AT) filikes

J3 H PAPT 211

A5H PAPT 211

fR € PAPL [ (4 ) i4%, BRIAh -1papi)

FRE PAPI k30 H 44

JiH gzip SCHF CRFEEN gz IS, BRIME)
55 gzip Ml IRAiSCHE

gzip FEFF44 (BRIAN gzip)

JAH bzip2 CRF CGZFFRAN bz2 RIS, BRIAME)
A5H bzip2 MRE4E SCRF

bzip2 F&JF % (BRINA bzip2)

45t BLAS FE

Y5 H LAPACK J%

Fortran 77 Jig (441 “= &7 It PHG H )AL I)
Fortran J£ (44W& “= & N H PHG H ZhALM)

AT DU A5 RS P2V R 5 (BRI F OURG V7 i 5

PHG LA CiESYS, HETA VIK Fl Trilinos #2112 C++ 1. Kb AT Hx Lo 1]
(35, HEA C gitssinl LT . PHG ik MPI W AL ST, WS MPL ScH:, WG

Gl PHG HJHRATIRA .
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PHG ] configure JHIAKIM C Fl C++ Juiftas I PL/ERI T mpice mpiCC. mpicxx S 4. KUk,
IR MPT RGU Rt T XME 9 1T &, WIEIZAT configure I ANAFRELAT KT MPI (4.
UERAE ) MPT RG] T H e A PRI a5 i, T BLRIPABEAS R cc Al exx ke ef]. Hetiil
I, configure XU El HAT I MPL S0 PEAEAR L, WRRIG WG 2] ~~with-mpi-1ibdir
F --with-mpi-incdir TEIGA llF 8 MPT PEFISK SO p s 4%, BLAH] --with-mpi-1ib IR E MPI
IZESCAT, e
CC=gcc CXX=g++ ./configure \

--with-mpi-libdir=/opt/mpi/lib \
--with-mpi-incdir=/opt/mpi/include \
--with-mpi-1ib="-1pmpich -lmpich -lpmpich -lmpich -lpthread -1rt"

2.1.2 METIS/ParMETIS 0

WHRITJT T METIS/ParMETIS 32, £ H configure il £ T AHM (1K) Sk SCLEREE, WIAEIZ1TFE
I AT LU %I “-partitioner metis” K4 i H METIS/ParMETIS A7 /4% K1 43 8% &1 7

2.1.3 Zoltan 0O

WHRITJT T METIS/ParMETIS 32, £ H configure il £ 1 AH M (1K) Sk SCLERIEE, WIAEIZLTFE
JPE AT LA IE T “-partitioner zoltan” KFREHH Zoltan FeAt (1) —Le Sk AT WA R 2 Bk FE R 47
FHIET “-zoltan_method F-i%” SKIRE Zoltan [FMIMEH 43 5yk, Hoh “ Fik 7 nf LEL: “rcb” (recursive
coordinate bisection, ERIAME). “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F “hypergraph” (hyper graph, 2!,

2.1.4 fRERED

BT PHG $RBEHI N LSS PCGL GMRES 25281, I i w] DL ] AN LA R SR i 2t 7
. HRT PHG CHERIAMEBRE#SH PETSc. Trilinos« HYPRE. MUMPS. SuperLU_Dist. SPC Al
LASPack 5. {EiZAT configure N W] LAFRE i MR LER A as 42 11 (b 75 SR AL S SO o AL
BAE) o F P RE R b HARAL PR A i v s i R e ko, Bl AR IS AT R PP I e i AT 1B I “ ~solver” fi7
5E o LASPack J&—MHTARIESS, IEH/EBCH MPI RS LA

2.1.5 Tcl/Tk. VTK

PHG #2fit 5 Tel/Tk BAIE T HE . 4 T Tel/Tk WA IRE, RGP Wai2défs Tel/Tk
SAAN ) FF R AEE o WIER configure Joik HBNAG ] Tel/Tk, WIFT L4 L& Y HIE T (-—with-tcl-*
Al --with-tk-*) KI5 E e,

PHG f#) VTK #10 H BT /& SZI M), &35k VTK 4.5.0-2 LA EJRA, 1847 configure NIl H H
g?'ﬁ% cmake f‘i‘z’?ﬂ’ﬂﬁﬁ?)ﬁﬁfUT o

2.1.6 BLAS #1 LAPACK [E

— LB AN AL, W PETSc, HYPRE 1 SuperLU Dist %51 % H % BLAS 5 LAPACK &, Hrh
PETSc #1 HYPRE % LAPACK Al BLAS, ifi SuperLU_Dist N Y 7522 BLAS. 1875 %4 PHG
AN P X e, AT 1062505 | FHAH [R] 1) BLAS F1 LAPACK.

1Z1T configure W UIH A T PETSc, W] PHG 4 H3M PETSc H1 3K 5% BLAS Al LAPACK
(K15 2, DU PSR A 247 BHR 5 BLAS Al LAPACK J& (W1 46 2 B i ] fE H) o
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WA A a R A PETSe, W Al LB configure HIZETIRSS & BLAS 5/ f1 LAPACK
JFE . T2 28452 BLAS/LAPACK FEH5]1:
./configure --disable-petsc --with-blas=-lgoto --with-lapack=-1llapack

./configure --disable-petsc \
—-with-lapack="-L/opt/intel/mkl/1ib/32 -1mkl_lapack -1lmkl_def -lguide"

(#E: nJLLH --with-lapack [FIf#5% BLAS Al LAPACK &, {HAMN1ZH --with-blas K5 E LA-
PACK J%).

MU e E A ] PETSe I HJH %45 % BLAS/LAPACK JFER, configure 2it[&l [ 5
$1& M) BLAS/LAPACK Fi. Wi4k3), W st GHE) B0 RS, Mg —4%
CIEIEE

I FAF ] Fedora Linux I H¥%A HE £3& ) BLAS/LAPACK JFEI, n] DL [ 2% 1apack-devel
Fl blas-devel 1.

2.2 R
SEISR BRI, TEURRY H AT

gmake install
gmake install-doc

28 PHG IPERK SO (S —SeMIR3CAF) 23] —-prefix LEIURE M H o, H ) — 44
Yt %d% PHG [NTF M manual.pdf (7% CCT H3C TEX).
PHG ‘2% (1) L SN H sk Sk i F

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/*

H:HH share/doc/phg/manual.pdf & PHG [P/, share/doc/phg/examples A0 7 —LEf /3 5451 Al
Makefile.

2.3 #l{E RPM &

PHG FJ5RS A A 0T LB R HIE RPM . HE RPM LR}, h TR K&, PHG H
P BAE, U VIK. ParMETIS. Zoltan 2525, it RPM W ek, Rk
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ftp://159.226.92.111/pub/RPMS
K fit 7iZLE RPM (0.
e PHG YIS ESCHE4 N phg-x. x . x—xxxxxxxx . tar.bz2, A4 :

[rpmbuild --nodeps -ta phg-x.xX.X-xxxXXXXX.tar.bz2 J

K42 E i PHG 1059 E

/usr/src/redhat/SRPMS/phg-x.x.x.src.rpm
g1 e i )

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

H1T PHG MO T R Ge b 38 VF 2 B, DR AR ity — b (0l H Hd & 1 23 E 4
PHEERINLES e WERA R RPM WAEIENLAS L2, W SEAE R LehL g b gk st 2E 4 T 2
P, gmiEm AN rpmbuild --nodeps --rebuild phg-x.x.x.src.rpm.

PHG ) RPM B IERIN 222586424 /usr/local. T PHG ] RPM U 2 relocatable [f], 7] LA

T2 8 e e e kA%, . rpm --prefix=/usr -ivh phg-x.x.x.1386.rpmo

2.4 FRFIH
examples H k& —LH BT F5E4 (simplest.c. poisson.c. maxwell.c 55). IhgmiF

JE e ERCEAT AT AT SO, ATLLZ AT EA RN PHG 482 5 15 (1817 K] LU “~help a11”
TG BV EATI SRR I AT 24T IE ) o

2.5 Tcl/Tk 0

R SIS R Tel/Tk A1 VTK, “gmake all” iy 265 4n 56 E FE)T phg_tcl, &2 RN
Tel/Tk fifERedy, HHP4ER T VIK Fl PHG ¥ (#47) Yifig. phg.tcl &> phg_tcl A, & 5K
BT AR B R A, AT
[/prefix/share/phg/phg.tcl [P A& A ] }
(K5 “/prefix” Bk PHG FI 24 8645) . o “ MAE A" 2 —A> ALBERTA 5 Medit k%209 4
. G4, AT BAIE I Shell A /prefix/bin/phg KIBATIX I

2.6 LHERF phgdoc

PHG $2fft—4c i .85 Bh iy 2 phgdoc T &4 PHG pRE IR )2 % . phgdoc & Mij #1[ Shell
JEAS, EARYE A 24T S PHG 1Sk SO b8 2 N 1R bR sl 22 A4 FR I o ke 49t

% 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__)

e
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2.7 APEFNmESHEE

R PR SO 44 4 mycode.c, HUFGFE Makefile HIIA FII—47:
[include F 3k /Makefile.inc }
R IEHAT “gmake mycode Y A4, AE ] g A T AT A mycodeo Hrp“B &7 &M Makefile. inc
JRAE 3%, B Lg PHG WikAS H sk, W] L2 “/prefix/share/phg”.

H PR I9m 1 580 2% /prefix/share/doc/phg/examples/Makefile, H:H' “/prefix” 1§
* PHG M 22388845

2.8 MBI HHER

PHG 38 1d pK % phgImport n LU E RS UM RS SCHH 3 ARIERIIRS . HAT, PHG A BET AR
I ARG RS o AT TR 2 PHG P SR (RS SCPERS 300 3T IHE sk, T DU DR I
PHG PrsCH iR ok AR PHG 1, XFEHAEEAR W, — 28500 P B —A> Shell BIAH
RE KL

2.8.1 ALBERT #&3{

1Xj& ALBERT 1.0 [1UG WIS SO, ALBERT FXZ 4 macro triangulationse ALBERT H1i3,
HEAMMRE 2 read_macro() Fl write_macro()o H LMW :

DIM: SRR 12 AR 04 e 4K
DIM_OF_WORLD: 7 [8) e 5%
number of vertices: & 4K (nv)
number of elements: ¥ 04 (ne)

vertex coordinates:
TR & 04 AR
TR ,& 1 AR AT

TR & nv-14 4%

element vertices:
FLOTR %5
¥ UATR B S5

¥ lne-1T0 & %5

element boundaries:
oA F KA
RTAARER

¥ Tne-14 FEA

element type:
FT0EA
PALER
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element neighbours:
TR ARE BT
B ARE R

¥ Tne-164 4R &£ 7T,

curved boundaries:
w d N2
W FAE; x BARRF; vy ARERE,; z 2R KF

PHG ZE3R “RAE )AL 6 24457 FI “ 2 1) 2 457 Y%5T 3. “vertex coordinates” FHRATALE =4
TFEL TR o4y 2 AR, “element vertices” AEATALE PUANEEL, 25 T PYA
TR9n 5 (M 0 JF4f). “element boundaries” HRFAT AL PUANKEHL, 25 tHAH Y F G DU AN I ()34 7+
FKA, 1 LIR Dirichlet 7+, <0 &8 Neumann 1415, 2 7~ BDRY_USER1, 3 7~ BDRY_USER2, 0 %
IR I A B “element type” W45 tHAEAFRLICHIAN LMY, 0 IR DIAGONAL, 1 /N FACE, 2 KR
EDGE, PHG "3t~ 53 5 F 3 (MIXED) Al 4 (OPPOSITE) X7~K. “element neighbours” 47t
BN FICPYAN AR SR IR TG Sm S, -1 RonIU S, PHG Z0% ALBERT #ig A\ U &5 AR fE DG &M
B AT HH AR O OG5 B

curved boundaries & PHG [{— ¥ [, HIkaE ilhimid A, BHEdsh— D5 n Ml n AAR
e HARXPAE VYA 5 BIFRREL, B8 oy y 2 BIRREL, BPRRA A L Pk

C(x7y7 Z>7 P(Qf,% Z)v Q($7ya Z)a Q($7ya Z)

ERARMEG A Cz,y,2) = 0, 1 (P(z,y,2), Qx,y,2), Qx,y,2)) WAR (z,y,z) HEEZE
FIAKR (S8 A% SCAF 54 test/sphere.dat). HIA ST SRVFAE A X Z 81705 J5 4T, (H35 A
REAE I o

WA AN “element type” T, W PHG SARHEFE € ML H B AR H o E —
PRSI, I HAHRAS o e PUANTO A RIS, DA DR AT 46 WA 3l A2 20 A AL S92 B2 SR R AR 7k
%At

WRBAN A “element boundaries” i, I PHG A 14 St i 128 14 % A UNDEFINED.

KT ALBERT $ A SRR TEAE BIE 2 F 1.

2.8.2 Medit &z

Medit [3] &P LR S A BERAE, — 2L e i IS F 30 e, 0 Tetgen [13], Gmsh [5]
&, LU Medit # 2CHTPIRE SCAF o 6T Medit # 2NIA0TT1ESE Medit 1T

PHG " LA A Medit mesh format k&1 MH, {HHAN Vertices. Tetrahedra. Hexahedra.
Triangles Al Quadrilaterals ¥(#i, ZMgIIEHHE . PHG LR A SRR 0 RORSZ Db o ki
AP TR TCHI B, PHG H SRR /N TR T, 5 A 6 AN DU T4 5 T - ORA A% 1)
PrftE. PHG #RIEHIA S H 1 Triangles Ml Quadrilaterals YR e Wk Hads S I iRl 2K
Mo BOATHOL T, PHG $§ Medit SCHFHAOSERY 1 #6400 DIRICHLET, 284 2 #e4y NEUMANN, Aty
¥4y UNDEFINED. 42N, FPRTLLFEE KR Medit SO I AR E 0 PHG 1132
FRM, ZF 283, .

WA Netgen [12] ZE MR G, o] LAAIA A utils/netgen2medit ¥4 Netgen [¥] .geo BX
neutral #& XA Medit #4320, X5 FAZ] PHG 1, ARG S E WA 1 #1E B .
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Medit # mesh SCARE A, SAHICH 5 NEERH, BT 4 DMEUER RTINS %S, PHG K
5 MNEEN T IX 30 5 PRAFAE SIMPLEX £5M (1) region_mark Jf i1 1, FF HAE M INE i A 3% i3
S I T PR AT LG T regi on_marls [ A2 TG B ZE1 -5 k.

PHG $2flt T —/MHIA utils/tetgen2medit, EIE1T tetgen, SRR HA B M #6481 4 Medit
H 2 (tetgen M “-g” VEIERIY .mesh SCAHULT-8eb TS ).

2.8.3 hF%EH

PHG $2fL T fhifs 2K DIRICHLET. NEUMANN. BDRY_USER1. BDRY_USER2 Fll UNDEFINED., 7L A
WA SRS, PHG B PIAS SO 8 2 1A 2R3 g FIR FippR A 2 —, fE I phgImport Z A, H
P AT L phgImportSetBdryMapFunc A H AR E — NS RR A Hi 5L, W Mol

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 */
is
¥

phgImportSetBdryMapFunc (bc_map) ;
phglmport(... ... e

J

BRI be_map J& PHG MERIAL ARk 5, Hoh S 40 betype AHIASCHF A -8,
PRBCR [PMECA AN IR PHG AR, -1 RoRIETE B AL S8 A,

bR TR — N SR T R R A T 10 SR T A Ak, 0] UL “~bemap_file filename”
fig g — N SRR, Z SO RAT R A, FRE — NSO SRR [ 2 — A PHG
FALI e 4, A SHEEL <tab> BiITo B —FIA & — N EEEN AT o7 BT I3, RoRA
SO AN RO, B A AR, BUE LI, “Dirichlet” . “Neumann” . “BDRY_USER1” .
“BDRY_USER2” Fll “Undefined” Z—, K/NE¥A[, KIRFHN I PHG U FKM . 5—H 4T
DL BSEH 7 AR, RORMTLIHBUETCTT o Biltun, Nk SRR A A

*:0 Dirichlet
3 Dirichlet
1:2 Neumann

B8 Undefined

LIRS < 0 RIS 3 840 Dirichlet, 2R 1 F1 2 #:4#: Neumann, > 5 {871
el Undefined . 11 A AR HE 3 SO rh B H0 08 2R B Y640 Undefined o ZRAVE - SCAF ] LA
TR o 5INUREH, FRBETE S 1 P 50 20 o a2 A P 27 1 ] phgImportSetBdryMapFunc fi
T — AN FRB A R, M) PHG ¥ ZWIEIT “~bemap_file” i il S 4 S0 15
FR LA A« oemap” MNP REA
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3N Medit A, I HH B HED -bemap_file B, PHG 2 Hahk A 5 A X
fEE% S § R4 < bemap” WISCAE, 40 Rz SCHAAAE N B B 1 SR e S0 N o FH P AT B
2L +auto_bemap K2% 1 PHG H 3h15 N iU FR B EA A

5N ALBERTA KU A U, PHG 2005 10 St 2 B 40 R ORI SCAF, 2 G N R
ALBERTA iR PHG KL 2R

ALBERTA 1 52K% | PHG U 5t 261
<0 NEUMANN
1 DIRICHLET
2 BDRY_USER1
3 BDRY_USER2
He UNDEFINED

A, H P AT BAH a2 AT IR ~default_bdry_type, B 7E 1 H B # phgImport Z A i H H bR
41 phgImportSetDefaultBdryType, K45 E EBINIAF R — AWM I 288 % UNDEFINED B, 41
TRAZIAE PR PN IS A DAy P S T A B, 5 ) G S 2R AR A Dy BRI S22
2.8.4 FEHBRA
FH AT BLH FH B8 41 phgSetPeriodicity g IR SE, 24 B3 77 1n) 5 AR bR 7 o) AN — 20, AT AT
FH R4 phgSetPeriodicDirections BE JH T ] o IXLE bR E AL /L I H R AL phgImport A MA%
ZHTP A
PHG 3K Jil 32 F 1 b i PR 2 DR 1, I AT AT — 0 ) B3 T 1) &2 /D S = 2630 W T (TR
()6 W ks T BB 2 AN AR A A 1, SR AT ATISAE 6 1o A A 4 )
2.8.5 $EEMIE
o T 7 R L VPSSR R, wtils Hatbt T— A mirror.c BUF, AR
FEFRSE A3 )07 ) LA BEAGR D%, AT Fis A2 J ST B 1 SR A, A ikt T
mirror [options] input_mesh output_mesh directions
A input_mesh Fll output_mesh 73545 & 4 A FET H RS A4, directions J&—/ N x's ‘y il
‘2’ R FAT Hs, SR BT A0Sy o Bl
mirror cube.dat out.mesh xyzx
FARWURT o3 ys 2y 2 TS (i th ORI E SRR (816 %)« mirror SCRF R0 JLANIE
i (\TPAAH “mirror -help user” I NiEIN):
-refine_depth A
AR HONS RS HEATHR 2 B — EUn &
-tolerance ¥ &.4%
FEFHITASR LA H S (40 1e-6)
-symmetry_plane {min|max}
TROE BRI BRI, min Ko HIARBRAE I /NI (8R4 M), max 27 AR FREL SR K A T
-dir file X%
WA e B A TN T ARSI TS AR B ) . P L%t o 4
A A AT, A RS R EA, A X
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-output_format {medit|albert}

froE AR, BeAE 0 Medit #3K

—vtk_file X%
AR E AR VTK S0

-opendx_file I'ﬁ:%
AR E # PRI OpenDX 3CAFS

29 EFEmED

PHG " FH 77 s R 4 FLOAT, BRIAE O C 1Y double. {EIZAT configure I HJ LU
--enable-long_double TN FLOAT F8E 4 long doubles

PR VEH T FLOAT ZRAL A2 s BN, WAz PHG & IR %:, X482 i s Al i
# 1ibm ' double PR N RIS K'E435], U1 Sqrt, Sin, Log %%, fE MPI A5, Wizl H]
PHG_MPI_FLOAT 1 M AHMN (K] MPI #5257, A% $21] MPI_DOUBLE, X#F AT LLARUFACHSE T AN
A FLOAT (W JLe 2R, 1 INT, PHG t3R4E T A1) MPT 245255, 41 PHG_MPI_INT).

M H phgPrintf PR EGIH FLOAT BVAR RN, FUIUEHA double Hirth, fi4n:

FLOAT a;
DOF *u;

3002 FLOAT 2K Y format "R FFAN UL LI 4 HI 45 AT

7t 1686 il x86_64 “F-17 I, long double SEFr AT 80 fiAGE ({XIL double £ HZ) 34 i ik
HIRGRE) o 7EHE —48F 4 |, 0 SGI Origin 3800, long double W] LLIAZ 128 frksfE (£ 32 itk
HIRERE), (His SO R T B AR H AR 12
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Vavay
=5
3.1 Poisson A&

examples/simplest.c A& PHG A 5114 B &N A PR o R 7P SL6l . &K T ik Dirichlet 1
HL&A Poisson JFE:

{Au —f 20

(3.1)

u=g x € 0N

3.1.1 FiIEF

i g NS . DOF X% u_h Ml £_h 73 HIA7TECE A AN A i bR 45, 287144 DOF_DEFAULT (BR
INEOL T 4 DOF_P2, Rl 2 ffi Lagrange JG, W7EIEATHEF I fir &4TIEIN -dof _type & N HEHR
M), grad_u H T UHEACRAEEAEAAE FIBEE o error Fl T ORAFIRZEFR/N 1, RHEN DOF_PO (73 1 4K0)
GRID *g;

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

~

phgInit (&arge, &argv); /* #%E4L PHG */
g = phgNewGrid(-1); /x B AT 2 %/
phgImport(g, "cube.dat", FALSE); /% FONRAEAF */

u_h = phgDofNew(g, DOF_DEFAULT, 1, "u_h", DoflInterpolation);
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) { /% BEIEIR */
phgBalanceGrid(g, 1.2, -1); /x RETMAELE 555 */

solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /x MR XE «/
build_linear_system(solver, u_h, f_h); /* T R&KMEFAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /% RE&KMEHAZL */
phgSolverDestroy(&solver) ; /x EAERMER RS */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /* A48 fEAEE */
estimate_error(u_h, f_h, grad_u, error);/* HHEIEEIET T +/

phgDofFree (&grad_u) ; /¥ A BAL AR (RFEZ) */
if (HELIESM) break; /x FIET R T4 R E */
mark_refine(est, ...); /* ARIEIE ELG T T AT IE DAL +/
phgRefineMarkedElements (g) ; /x P& BB amit */

}

phgFreeGrid(&g) ; /% GEAN ARSI G o/

phgFinalize(); /* 1Ed PHG x/

B N4 u_h IS 3 DofInterpolation, & AH75F 4 AR AN AL BCHLAL T N5 u_h BE
ATHEME, A £ _n IR A BR 2L func_f O XTILHEATIRE, 1614 error YA T 24 DofNoAction,
FORAN B B ST B ) AE G E AR BE, JUE K & TFREAH N, (A7 25 (7] o grad_u H RR %L
phgDofGradient B, KAl 55 )5 . BIRBJi. phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
B —NEL u_h RSN FIAEE AR G, Al #5458 4 SOLVER_DEFAULT (BRiAA PCG, FIm] LA
AT AT “~solver” SKFgE M I E ifvk4s) . PA%L phgSolverCreate H— AN AAS LY HIAE
ARFNEI A B XS, X T N A MER TR SR 5 0, 1, 5555

21
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3.1.2 FERZ&MHAIEA

PA%I build_linear_system() JERGERPE T FELL, BN S uT WIS (M T S C A T Dy, vH AR
TR TC W BEHE B R 3 30T, AR 1k BN e Pk R Gerh 25 o 0 WA rh PR [ 18 i % ForAllElements
KIAT o LM T FRAL REERE A AL, J), Al B, I,J=0,...,M —1, M HARK
AN MRS R AT

ForAllElements(g, e) { /x STETHATIRG */
N = DofGetNBas(u_h, e); /x FTH KBNS *+/
for (i = 0; i < N; i++) {

I = phgSolverMapE2L(solver, 0, e, i);
type = phgDofGetElementBoundaryType(u_h, e, i);
if (type & DIRICHLET) {

¥ 1.0 EmE AC,D);

Fou ey AR mE| B(D;

continue;

}

for (j = 0; j < N; j++) {
J = phgSolverMapE2L(solver, 0, e, j);
‘i+ﬁ-/grad<pi-grad90j FEMmE| AT,I);

e

X
o /f%_ H#E 3| B(I);

}
i, gin o ARERITT e IR HIIE R £ . phgSolverMapE2L (solver, 0, e, i) VI solver [ H AL
X5 0 (RN u_h) 7EHIG e IS @ DNARINELE T FEAIH 1M )R8 % 5, phgDofGetElementBoundaryType
ACIE Sk apul B /grad i -grad p; MITHHE A H 3L phgQuadGradBasDotGradBas 56/, /fgoi
I TE S ek 2k phgQuadDofTimesBas S, FEFPHAH /grad @i - grad ¢; Xt i J RO AR D T
ik e
3.1.3 REBTTHITE

PR3 estimate_error O VFHEREAIT EIRZESR/R T, HAFELE DOF X4 error 1. X HLK
R ZEFR AT A

me =he|Aun+ fullde+ Y hylleradun - ngll3
fEF(e),fCQ
ot he AHTC e EAE, F(e) A e MRS, hy R f ER, ny A f PRAERNE, [ R
Bk . HARTHE AR R
DOF *jump, *residual;

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

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

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




3.1 Poisson 77 &

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

-1);
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J

IR, ST R 2L pheQuadFaceJump 15T grad g, WIHIBKE, HA7#E/E DOF X% jump
W B245 U PR 4L phgDofDivergence 4T grad wy, MIHLEE (B Awy), P38 H BE%L phgDofAXPY Kb
f_h.*HbDA&ﬁﬁ%%iUzﬁlul%—jﬁo AT B GiBUNTIE phgGeomGetDiameter Al phgGeomGetFaceDiameter vix
AR o HAARH Hit. % DofFaceData(jump, e->faces[il]) Z4H jump F XN T HIC e )
50 AT EE IR, %28 ] DofElementData(error, e->index) M4 H error T XN T HLIG e

HOE-VE/ap: LRI I






FMNE BHEMNKR

.....

WE] I T 58 AT PR TR =5
(AR AR HA% ¥ Jacobian) 5.

4.1 BHHEZR

], R F A5 AR BRAE AT e A AE WA it 91 n) LA £ 6

H HIEESRM (DOF type) fi3A B o1 XS GSEARGAL, R &R (1 32 2R S h .

typedef struct DOF_TYPE_ {

const char *name;

} DOF_TYPE;

FLOAT *points;
BYTE *orders;
struct DOF_TYPE_ *grad_type;
/* BALFeAT */

DOF_INTERP_FUNC InterpC2F;
DOF_INTERP_FUNC InterpF2C;
DOF_INIT_FUNC InitFunc;
DOF_BASIS_FUNC BasFuncs;
DOF_BASIS_GRAD BasGrads;
BOOLEAN invariant;
BOOLEAN free_after_use;
SHORT id;

SHORT nbas;

BYTE order;

CHAR continuity;
SHORT dim;

SHORT np_vert;
SHORT np_edge;
SHORT np_face;
SHORT np_elem;

/* %
/*
/*
/*
/*

/*
/*
/*
/*
/*

/*
/* =
/*
/*
/*
/*
/*

/*
/*
/*
/*

R SR */
EJ XA 0 L ARR A A +/
AlEAE (ESEMF) */
EAIRBEL N 2R X REL */
R B R R */

HL W A& 2] 2m PR A& FEAE 4L */
2m W) A 2 0 N ASFEAE B 5L */
% /’LL#( (II, ) */

A BB */

DA +/

%uﬁﬁ 5% aMREE */
FE B NB +/
Qm&%ﬂ%%*/
—ANELF B EAEK +/
ABIR G S RANRIL */
H IR B E LM */
HOR B R +/

BATRE Loy BB S */
Hhi ey i B EAEK */
HAE LW g B EASK «/
BAEAF A B EASL */

0 R B A X A — AR e, H T2

{E’ ?/% 5.2,

name 45 Hi H H1EESE R 1) 44 R ol iR 45 6L o

PR FE bR BORR S S5 TE Gauss B3 sSAL ) R AR

grad_type %% F BB R W B BCAIBAFE 1 B ER RS, T A Bl AR R BB L L
BE L curl 55 H XS B, fEHGE n B Lagrange 7ol H HEEZRM Y, grad_type #E L n—1

B discontinuous Galerkin JGHJ H 257,
np_vert. np_edge. np_face fl np_elem 73545 H & AT AN 12

g, AN R A RS ECh

A HAERICH ) B B AL D

NVert X np_vert + NEdge X np_edge + NFace X np_face + np_elem (4.1)
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nbas 45— MHAICH BB (iR ) MG T (4.1) HIME.

invariant UiH] A R RIBEE R BOE 5 5 HOTTARTS R, RIEATE SAERTA oo 2+
) (4 Lagrange 70), £ ZH TW/POEE U order 45 H 3 bR B0 5 v 22 DL (W R 204 orders
AR FRES WA 2 g oA A S R B 2 T, B N np_vert +np_edge +np_face +
np_elem), I TREFEEAIRESL; dim 25 FERR BN YERL, #1140, XF Lagrange JC dim = 1, TIXSAZ R
JG dim = Dimo,

K points MF4T T L 1 AT A R AR RO R, 20 0 4 1 4k, 2 4R 3 4
FLOAARR IR . points [REACE NV 1% &

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

i, X1 PUET Lagrange G, SN EAT 1A B HE, R EA=AEHE, B0 EA =11
HIEE, R HICIRAA 1 A A ML, points ML A U

static FLOAT points = {
L., /¥ MEQHEAE */
.75,.25, .5,.5, .25,.75, /x L HEARE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /x @A WEALE */
.25,.25,.25,.25 /x KA B EALE */
};

M R B A (E A, Ni%K points B4 NULL. PHG "EJE, 4 points A% T NULL
I, 2] A R B AT AT B R4 1 R S

M EHHERANEL phgDotNew FEH SN, PHG AT —ANEFAMLSG S, RIFHE id
i, %S A L B R BRI T SRS BRI IO . id == -1 RN H R AT ]

PHG W& AR EAEAE T b B RORAT A — AN S T8 808 — AN B X R, 1%
XIS B RS T v Eession b 1, 0B84 B S BRI, 12 R TSI I B
JERAR IO 2 2 1, 28— B B SRR S IV, o IR 51 AZR AL 5 |
FEXT G ORI, LN U free_after_use [FMEA TRUE [, PHG SFEH0% H HHE2EA T name
Fl points Jr iy I N AEER LA S i B Bl BESS RUAC 5 P o IR I A7 B

continuity %5 H HIBERAL IR 1A BROC R BUTE L] 1, < 0 RoRREUE RN, 0 FoR
AR T C0 1 FormBUE T O, WIS

4.1.1  FAMISEIZH M A HEE R

H R A R 53 InterpC2F 45 1) WM S AL I St B H 8 X G b AT #e 4 1) e B, Hepe 1 2880k
DOF_INTERP_FUNC, HAKWIF:

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

b dot  H XS, e HAIATT,

4 parent_data L 15 ANMEEF, RIS I B RS, X EAATN . 1. HAA
R B R A A . PR, X EERRE S AR 4.1 PG, KD dof->dim A HH
JEXRTGIYER, ZF 4.2, Wi EA R Z, 2 np_edge > 1 B¢ np_face > 1 I, B i) E 4 HE £
J7 2 AR T R 2 oy s 140 U ) N ZRURORH I R 2 o [ 4.1 7 2 TR R 5t 1R 4 5 7

—ANETCANAL G P AN TV S DU 5 ST IR S 87 5 G, AN, 2040 children_data
AL 12 ANEREE, 23 FE XL P, X R RS AR 4.2 than i, B 40 A VR RET A
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HuhikAL

& 4.1 HERPRBETEHERERT

parent_data i

L E NG

parent_datal[?]

[np_vert] [dof->dim]

et i B BB, i =0,1,2,3

parent_datal[4 + 4]

[np_edge] [dof->dim]

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

parent_datal[10 + ¢]

[np_face] [dof->dim]

M a FIEHEM, i =0,1,2,3,4

parent_data[14]

[np_elem] [dof->dim]

ST A AR

* 4.2 WERKPTFRTAHERREET

children_data il LAC 35 NN s 2%
children_datal0] [np_vert] [dof->dim] | HriiisS L B i AR

children_datal[1] [np_edge] [dof->dim] | FrIGSFIZ T AL O #4918 iR A
children_datal[2] [np_edge] [dof->dim] | FrIGSFIZZTI AL 1 A9 1 18t B A

children_datal[3]

[np_edge] [dof->dim]

BRI 2 K A el AR

children_datal[4]

[np_edge] [dof->dim]

BRI 3 K i 8 el AR

children_datal[5]

[np_face] [dof->dim]

PG AMZ T 0, 3 # AR ATTHT_E AR B (e

children_datal[6]

[np_face] [dof->dim]

BRI T AT 1, 3 K B T _E F0 e e

children_datal[7]

[np_face] [dof->dim]

BRI T AT 0, 2 K BCH T _EF0 e e

children_datal[8]

[np_face] [dof->dim]

BRI T AR 1, 2 K BCHA T _E B0 e e

children_datal[9]

[np_face] [dof->dim]

BRI T AT 2, 3 K BCHA THI_E A8 1 RE R

children_datal[10]

[np_elem] [dof->dim]

W ZTE 0 Mootk BN Bl EE

children_datal[11]

[np_elem] [dof->dim]

BTG 1 Mook BN B d e

27

PREL InterpC2F [IAES5 M EATHRAN VIS, FFAMMH 45 RIRAE children_data 7 [ f)IX 4%

V0]

V[2]
parent_data[15]

children_data[12]

4.1 PYrHfAR I g1k

A KB L SR . AR H RS R, (XS AR AN
BRGS0 H B o 1R SRR 1) LRSI AR /N o
PHG &4t 7 — AN FH A 2 41 76 1 pA 20 phgDof InterpC2FGeneric RJ F T4 F i 5 2R i)
InterC2F Ji bt (HHANERE S T4 e B i 2R A VT (4 {1 PR 2

4.1.2  ZHMIEE)HH WA HEE R AL

H BRI R IR 0 InterpF2C 7 M) A AHAL I XS B B BERT ST IR (E I R 2L, e 0245
InterpC2F —Hf, (HSERIERAE IEUFAH I o iR EE NI, A0 PIFS T B BB children_data, PLJK
parent_data 1A FHICHEI 4 N 5 400 PN AL B $E 41t PRGN D911 5 parent_data
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BT HIT 43 ARG 1 el BEAE

PHG &4 7 — AN FH 40 2K 18 PR 20 phgDof InterpF2CGeneric nJ H FATAw B A i)
InterpF2C B U1, (HHMERET M 2 T4 e B 2R A B vt 1R 4l {8 pR 2

e T ARk, FERITh e R ANEAM, TS AN e R, I AR R )
e->children[] #H%M45T NULL. 34— AN FHICIEILE AN, 20 @545 20 E 1) 3 A .
XUGHAE AR %, HAT PHG BT SKBUEAN], /22K InterpF2c X IXFG DUAEAT R FRALHE, B4
— AT HIT R A FRE I AT children_datall & T 5 4b— AT HICEdE, RAMEEILE
F-BORV A BT el -

FYIH, B TTA o0 ASTHITTT N e Ml ero WIER oo H1 ey 4 AREHRER, W InterpFac
TS AR ITINIL 04 TH 2/3 ARG H HFERIME, EA150 A0 Y. parent_data HWEE 4 (34 0). 5
12 (M0 2)« 25 13 (11 3) FIZH 14 (F.JT) I, parent_data "W 'EIIAI children_data " [T i
5 b O S RS, AT TR W eo N TRER, ULEH eg ANFEAHE, W) InterpF2c
BRobaIA o4 1 2/3 AT A B EERMESS, EEHEACHITHI T A 04 14 1/2 F 1 AL B B AR,
SIS parent_data [IZH 0 (TR 0)s 28 5 (1 1) 58 6 (34 2) AIEE 11 (0 1) Wi, - HAREAd A
children_data TXJ& T eo WML E H HEEMH (38 1. 28 5. 55 7 AEH 10 Til)o KU, W12k o N284R
Bt W InterpF2c BRUFELIA 0. 1H 2/3 FIEICH BRI AL, T EHHEA R ITHTR 1. 34 3/4 Al
[0 AbM E R EAE, 43 BIX Y. parent_data 2 1 (T0/& 1) 28 7 (34 3). 28 8 (34 4) FIZH 10 (11 0) T,
HHARAEH children_data "I 2. 2 6. &% 8 FIET 11 WUMIMH.

4.1.3 MWRESRK

H R b B e B LW UE A BB R 2Y) InitFunc AR s AR VHECFR 2 1 B B A,
BIPKE— AN pR BB 248 A B oo 28 (], H% 28R4 DOF_INIT_FUNC, HARTE T
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 fitsE EUH ) B A, VERTEX Kokl A 1, EDGE F7<i4 H I, FACE 3Rl H
FHE, ELEMENT KR H00 H HE . 280 index 45 TN I8 THIAE G 9905, 24 type & ELEMENT
It index {H#% 2 W& . InitFunc VHEIREN BRI A BB, JHR A RIAESH dofvalues 47 [ HIZZ
X AR A 25 HFR Y, % X A R4, KJEN dof->dim x Np_XXXX, HAAE g X A
(AT ) FLOAT [np_xxxx] [dof->dim] (xxxx #R¥H type HIAIFIME > MARER vert. edge. face B
elem). VEi, X Lagrange BIHEpR %L, 24 type & EDGE 5% FACE Jf H np_xxxx > 1 i}, InitFunc 77 84R
0 1 T 18 T A PR 4 Jrd s Y RS (R A TBOW >, ) mp_xxxx ZHEHE (B4 dof->dim M) B
A7 2 B A, DADRAUEAH G185 ) Hodhs 1) — 2k

Z 4 userfunc. user_func_lambda Al funcvalues 77l NN BREFREN A — N $R%E, &
1125 o SRR B A0 B B B B 35 R U R G2 b X ik, = ANRE a2 HACH — A b AR i
Blo userfunc $R10 KT =, y, z MRRE, HAL DALY DOF_USER_FUNC, HAKMIT:

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

1M userfunc_lambda JFE[A]—NRKFHOALAR IR S, 10287 DOF_USER_FUNC_LAMBDA, .44k
mr.

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

P BB T 18 52 AR AR AR T B B, JETT DofDim(dof) AN, MHEFEH values TS A LRI X 1
(DOF_USER_FUNC_LAMBDA "11f] bno Z: %4 HAH BV AV & (1 o) ¥ 55 R 50w 5 ) o

2 funcvalues AAEZIRENI, EHR MA-A TSETHRAF I BRBUR D2 0P X o BBINF K 5 i 2R
T points AR AREFREN, HF HAME R B AL S A A B ) B BUE A € o« funcvalues
AR E TR 3 TR TCAL I AT np_xxxx MV B (M B2, 257t DofDim(dof) x np_xxxx 4K,
XA E AR points H AL E

—UEILPR AL, AN hierarchical basis FEMIERAL, (EvhSRA . Mk B i EEIN, 755 BURAEAL &
ARTRT I EHBEAE o 90 v ST e R P B2 R PR A TO R AR ) 1 EH AR, TS B e I
FIZIHI ) =N TR RO = 45T A0 1) B B . 4 T S B, PHG "R InitFunc MR
SELE— AN LT N PR AR YE B 4E P AT R, ARV —NMACE R B R, fEIL BRI
RrEALI B A e, TRLE B . WIRZS AL pdotvalues K455, KW g MIR4E
LB AL B AT LA dof->data T35, WIRZSHL pdofvalues M AR FREN, WKW dof->data
HHIEARATT ], T2\ pdofvalues JTd A (1 Rtk 3543 T 75 AR e B AL 1K F HH (. pdofvalues
A 15 ANMRER, A ldR I 4 DT 6 453 4 ANTHAA N 1) B HEEEE, 7 X5 InterpC2F i
$h i) parent_data ZHEML (BF 4.1.1). HAEl, pdofvalues !'= NULL FREH0AN T T30 FH 4 {E PR 5T
M (Wl phgDofInterpC2FGeneric. phgDofInterpF2CGeneric)s

S PR A AT R G B 5L, W Lagrange JG, DG o, A b1 RE P 1E UF wl 2 A0 R 55 A4k 1)
PREE . XTIXRIE R EL PHG 24t T —Nill H B PR 21 phgDofInitFuncPoint fE N H R
InitFunc.

WA —ANZ5E , W DOF_TYPE H 1) points H4l NAE 484, W InitFunc 7E 1 H user_func ¥
user_func_lambda I WAZ 4444 points ZALH sS FINUF K FH - PHG I —2£ R %4, W phgDof Copy,
5 SEPR I ARG X — 28 R LS B EE (W0 cache FRITH LR HUHE) .

7£: K4t InitFunc B T 8% % ) BasFuncs it 3 A REA91E. tobt, 4552 % BasFuncs &
=) 494 % X J23 F) user_func 3 user_func_lambda Z /&4 T fe k2%, B 454 7T #1848 BasFuncs
At HA PR TR SAE, X B —ANEA G TR PHG 4918 8 3618540 phgDofInterpC2FGeneric.

4.1.4 EEH
H AR 5 BasFuncs 757 bF 5045 & B O AR AR B (K34 BR 4 i i B fl, L 2y
DOF_BASIS_FUNC, #1ZS%l F:

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

Hor1 noo M1 nod Ay Jwy s 55 R K 5 YO L (RO AT R T s 3 TRIANA B ER BE AR U455 A O T
4), R no0 F not - 1 Z[AIMPTAHEEKEL, WAR not <= 0 MFIK not = dof->type->nbas.
lambda[Dim + 1] AFOAAER. XK EUR [ ANGE P DL, b A5 T e Y0 T ) s 4 S 0k R
ME, 22X I BasFuncs #2fft, MH 2EANK, R BasFuncs N2 X 1K) A A2 BT
e, BRH P IX 2 K% . BasFuncs JLiR[A] dof->type->dim * (nol - no0) MH, 1%
FLOAT[] [dof->type->dim] FIMFEFES.
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4.1.5 HEEREHHE
H i 2R 51 BasGrads 757 v 545 i€ T/ O AR AR B AL #8435l A 0 J5 bR B 0 1 T O AR bk [ 6 2
i, 4% 112804 DOF_BASIS_GRAD, #1530 4

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

HZ AN S BasFuncs ML, pRECR [MMEL M EOESS 2 BasFuncs FALI Dim + 1 £, AFRENIT 4
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBBHERE

SE LA RS, RS AN (R 2R A, I SERUAH Y i C R 2, W LA S %
lagrange.c ' Lagrange JGHIE X, B{ geom.c W JUTE & Lo B g, AT ZH 2
(PIeR%, AR I AR, BAES pk NuLL Bim),

4.2 BHEMREIEEN
L EH BE G R A ) R ZE RO T

typedef struct DOF_ {
char *name ; /x LARSAHE */
GRID *g; /x PARST % */
DOF_TYPE  xtype; /* BEERA x/
FLOAT *data; /* Bk B B IE G E I R sk +/
SHORT dim; /* B W BT R YA */
} DOF;

AN HEEX GBI AN RS X ARG . — N RIRE R Bl A T 5 e A ORI I H
X, RS R (ndnte . ML FIM) . 2 ABIERTX L H B S i AR, 2 A3l
R A 5 HAOGIR) F X 5

dim S A4 E H OSBRI HER . — > I H BN SR BITNS I (1 eR BRSSPI R 4R A
HHEXT G AEE 2 AL (dim x type->dim, AL % DofDim #33).

data $R A7k A HEEAR RS20 D, B ESE T A B GAE 2 /T 7 A T B B R
B (BB BB S A RN 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 JE T H 3 AR 2 10 Bt BER . 5 RN T 2 A 7 S (K T s 3 800
B ENTEEAAAEAEA RIS T Orfr— 2 B i B SR 73 % R s 3 A A B AR
CAT A G T ESAF I MR ARAGIN PHG 2 B AT T V4. #d)H, — AT Mg
1 ER P (A T AT LU T ) B

{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 BHHEXIRBRE

B N G Rl S5 A AE AT FATTRT LI EATEEAT & AEL . o) Blria . B, —> dim=1
H) n B Lagrange TCHTHS R ) R Z R 2 — dim = Dim B n—1 Bt discontinuous Galerkin JG, X't
(A6 B U (43 2 'E 1Y Laplacian, —4 dim = 1 [ n—2 By DG JG. FHa0, X245 B0 (DOF_ND1)
BEATIR T IS S (BRI B S curl 55) A3 202 AN 4EEL) 0 B Lagrange JC (20 7 #41). PHG ffft T
— A B RN R A A e FRAE, UGS IRITNHRIT R, Z2F A3,

4.4 EHEFEBHEXNRYE

H S S I A A APl E— N, 6 4.2, PHG 348212 FH U5 ) B S % 4,

CATIRIAEE B iR k. F AT DO B R E AT TR, 4R

DofVertexData(dof, TH,&AKH%5)

DofEdgeData(dof, iA#)AH%5)

DofFaceData(dof, W #)A#s%5)

DofElementData(dof, ETAMST)

DofData(dof)
PEML A3,

SRR, AP A h R KA, S ﬁ%ﬂﬁﬁﬁ’ﬂiiﬂ%ﬁ%ﬁ¥|ﬂ%¢%$ﬁﬁﬁﬁ,
EATNISEMFR& ) UNREFERENCED, 4 FLEON B i1 BB S 3473 O, iz b X 28038, ml
CL H pR 2 phgDofGetBoundaryType i, phgDofGetElementBoundaryType SKARE H BRI AR &

Hhh, A B R REFIN AL T 2 A TRk, AR A EE!TLE’J OWNER F 285 SR 3 G %o
—/NE HEEARARF MR EE AR, PHG #24t—4~% DofIsOwner, &/ iR[FI B H ] OWNER bRk
ﬁo
flhn, i BACKSTH BT Bt AR A
INT i, n;
GRID *g;

DOF *dof;
FLOAT sum, *data;

n = DofGetDataCount (dof) ; /* ARG AR ) %/
data = DofGetData(dof); /* AR¥ G b E AR «/
sum = 0.0;
for (i = 0; 1 < n; i++, data++) {
if (!DofIsOwner(x, i))
continue;
sum += (*data) * (xdata);

}
#if USE_MPI
if (g->nprocs > 1) { /x FTRAERE & RFa */
FLOAT tmp;
tmp = sum;
MPI_Allreduce(&tmp, &sum, 1, PHG_MPI_FLOAT, MPI_SUM, g->comm);
}

#endif
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4.5 KRB HELEE
PHG $&4E T PI/NERER B B BER T, RG34 &7 3 i 2R DOF_CONSTANT FfEAT R B 28

DOF_ANALYTIC,
4.5.1 HBEDBEHEER

W E B AT T AR B B R . B, R AARED s ST AN R R EUE N 1R
= (1,2,3) MHBEENS:

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

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

WA DA WA S H 28 $0 phgDofSetDataByValuesV K45 i w2 [ H XS G AR -

GRID *g;
DOF *u;

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

J

PHG AVFH &R A HEXN G S 5HUER /85 . v LUl a1% DofData. dof->data FRENE 1%
Vi 1) B B . T R A X4, phgDofEval () ZWES 4 e Al lambda. HHj, PHG A fLVE%S
I H N ST S
4.5.2 fRAEIEHREER

AT 2 ) PR LS A T A B AT PR . — M 2 B R XS B BE AT DL AN T R IR AR R ()
PR A OCIEE (userfunc 1), AT LA —ANET H 0 AR BRI bR ZOHH DG (userfunc_lambda i 1), H
' userfunc BEnJ DUIE I pR 4L phgDofNew HIZ s e, W] LU pR %l phgDofSetFunction WL, 1M
userfunc_lambda JI| H fE1 H B& %1 phgDofSetLambdaFunction Wi . H HE X GAEFR & A i i
5 Z A G userfunc B userfunc_lambda PRETSH]. PHG RVF##NTEL F i XN % 2 SEER >
8, LUSE IS PR AL phgDofEval SKRAE, (HA FRVEX AT S5, WANGEMCY PR %L phgDof AXPY
)y S

4.6 JUWMEEHEMNR

A geom.c I T —ANEEER A HEXS S, A H PRI BT R 2 T B0 L8 L A
AR FITIH A VAR HAA, FIui AR, HARRIEAARR Jacobian. geom.c FHRAL T —4 4
N phgGeomXxxxxx KPR LA/ I HIRIRIPUZ L ) LI B, ZF A7,
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A PRI i B SR RE PR BB R B SESE IRy . PHG S T — R AV HUE AR 73 R
Ho GERME D, KB USR] Gauss BUEMERNT7E (15, 4, 10, 2, 6, 14,

5.1 EAHIEEH

B Rtz T B ()35 70 S AR 20 s A e B R R F A 2 o % AN [RDRS 2 SR AR A 20, BRI
HREA RN . 24T ALBERTA [11] H1) QUAD 45K, PHG g SC—ANEERIE, Kah e R4y
NABEAEL R, BATFRZEHI AN BRI . FLpsE Sk

typedef struct QUAD_ {
const char *name;

int dim;

int order;
int npoints;
FLOAT *points;
FLOAT *weights;
SHORT id;

} QUAD;
SRR R G Ui ] -

o name: & X F A, WLAH 7 A CfE, W =4EMPUBIRS R T LA 448 € 3D P47
o dim: & MBI TUERL, 1 ARREE LIORUY, 2 ARE =ML LBy, 3 ARERN A LR,
o order: & XHMF I ¥

e npoints: & SIS T HIR D A HL

e points: & %A T HIR > FAE S TT T B O AR R

o weights: & BRI s IIALE

o id: B XM THI AR, SRR, UMEA -1, 78 5.2 W IR R 4

PHG HE X T —4AEEM—4E (ZBO Blprr, 48 (A8 B 7R =48 (Yis Bor,
EAIAR 4 4 QUAD_[1231D_Pn, K /& Legendre-Gauss BUA /A5 [10], —2emgifil o a5l
I — 4 Legendm&Jacobi*Eﬁ}é§iﬁﬂ§fi?&§%%ﬂ*@ﬁ%ﬁ@o b T e XA, HP AT RLA &
RIIFRI A A lan, —4E 3 B i) Radau 45820 AT BLGTT & X

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

1,

3,

2F

QUAD_1D_Radau_pts,

QUAD_1D_Radau_wts,

e
4
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=il
g
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

PHG FIHERU 94— A order 240, I TR FTERINBUMEE (TR 40).
AL PHC (Rl i 550 18 35 BUMRE S, AT $0UA S8, RO AP 2 SLIR 3
QUAD_DEFAULT (JLAE -1) LASGEARTL ¥y nr itk .

5.2 ERURESHEMEST

TS ORI B I A2 DL GO RBEAT I, FL il 2 S 13 o 25 J L G A0 E — LA R B
I3 i L TR T— IR B, W1 Lagrange BUEpR AL, EAIMES AR i ERMEAERTA Hotrh 2
—FER o D TS AE B AR o U S LR R AR e B R A B A, AT PHG e T
— Tl cache LKA HRIX 7] 8L, “E0RF 41T 0 B A v S (035 o K b SRR LA R A A L N A2
A DX, IR AT DO B A AR I LA SRAE Bl B 3 i Bt ik b, (T 2117 — A il
FERBI E H BEX R, W&l 5.1 Fizs . XAl cache ML ZE IR, AR ARG EE
P P BE AR 7382 L R BCEI AT, i AN a6 St ] R A7 I B SRR ] C 28 v S0 (R % o 50 S LB JEE I
HUE R 12 11 pR A0 E Bl AT A7 X rP IR S5 2 5 R IR, Q0 SRS W U P A G P 78 e B B

(FLARDTR)

5.1 Cache HLHIHH LK

5.2.1 HiELEH

AT S cache HUH], FRATTBEVE T PIAN N B4 E 45 44 QUAD_CACHE Il QUAD_CACHE_LIST Hl T
T AT BT B PR Bk B {l s [N /E DOF_TYPE FiI QUAD ¥ 45 M rh VOB T AH N [ B 52 151



52 EEAB KL FRENET 35

QUAD_CACHE 4k 45 iy 52 LK -

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

AR AR T AR S A ) B RS s, AR e FR MG BT NI A G . FRER data
8 10 A B M 2 A7 X
QUAD_CACHE_LIST #¥is 445 XA :
typedef struct {
QUAD_CACHE **caches;

SHORT n;
} QUAD_CACHE_LIST;

ZHAR e 8 e E T DA ] 5.1 ) cache Mo n ACFRIZ M BEFE % QUAD_CACHE 5 KR .
DOF_TYPE Z5 4 VS I T 4 R — L8l 53 It :

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 7] QUAD_CACHE_LIST Xf
BRI T SA7SE R SRR BORR . O T HLOARARD | SERR BB OG- RIRARKRD © JERR
O SERIME invariant 28504 TRUE W Wi I HH LSRRI e 0 AE B WA 0 B2 —HF D X
D4 G AR N o S EOH R A7 P A

£ QUAD X B HE AR dd, AR EAT P RIRES

o id = -1 I, RUPZRMBI MR L, Z2A7 DX BATAHOCE I, 7 22 S Ay Xh A Inid >k o

o id > -1 W, RIZISHIF > T5 E AN B o] REAFAE T2 A7 X (Rt , ZBAF %3
Y5 [¥) QUAD_CACHE % %A 2247 X (R} QUAD_CACHE_LIST X1 %) A E N id.
5.2.2 WEREO
ARG N S O T P R e B I . XS 2 AE P PHG FR e IR 20 bR 5
i E B
get_cache PRAUR[A—/ NG QUAD_CACHE 4514

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

I NZHChTE M) QUAD_CACHE_LIST X %M — R4 clist_ptr F1 QUAD X % HIFEEE quad. %R
R[] 1] QUAD_CACHE X R [M45Er . WA T quad CUAF{E T QUAD_CACHE_LIST X %1, ik
5] (K656 7] QUAD_CACHE_LIST %% "h )5/ QUAD_CACHE %1% U ¥4 , MI7F QUAD_CACHE_LIST
MG EHTI A ], T A 1% quad ZRAURAS0 XS M) QUAD_CACHE X} 4, #i4r LI QUAD_CACHE X
%11 data ZB K NULL, JR[PHT /AL QUAD_CACHE X} %k,
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PLRPYAS R £ get_cache BREGREUAH M. IK) QUAD_CACHE X4

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

—

% A |
MIANSHECAHIC oo HHE u, FEREINTS n, FEM quad. 1ZREGRIFTE HE u FEHIC e
RS o ANEEREAEAR ST quad ISRAE RUAL IR

[ static FLOAT *get_grad_lambda(SIMPLEX *e, DOF *u, int n, QUAD *quad) }
% A |

Z % X IF] phgQuadGetBasisValues, 15L& 3E bR BT T O AR bR P RR S .
[ FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad) }
% A |

Z K% X IF] phgQuadGetBasisValues, 115 & 3E bR B T8 R IRABBR IR BR S .

phg

[ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) }
% A |

Z % X IF] phgQuadGetBasisValues, T4 3E bR B e S .
5.2.3 T{EHLHI

FITAT WA ) R BCHS I get _cache £33N W] QUAD_CACHE X S48, ZIBEIU1 Pkt
UL QUAD_CACHE X G Hh 247 I Bt it T I, S Z WIANRT I, 25 vt 5

(1) QUAD_CACHE X4 (1) data F&El AN 2% Hix H AU invariant Ar&8 TRUE, RIZ H HJE
AR S BT TE R

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

P AT T AR 2 R B H R R AFAE— ™ QUAD U4 quad_list o ANFEIISAFEAE (ke 2k
(AR 5 pR OB B2 MELS5) () QUAD_CACHE X R H8H 73 7l OR AF AEAN[F] ] QUAD_CACHE_LIST H'o X J°[F]
—ANHLJG, 31 QUAD_CACHE_LIST W] LAZZAF 2 R AR 73 KA E s (R RESAE i) — A5 R AEAN ]
e R, B 5.2 45 T — M. (KT “3DP1” AR 3 4 1 B Ry, HE IR

2/ QUAD RO R ZE A7, QUAD->id IR EFE quad_1ist DL AHZK QUAD_CACHE_LIST
(FIALE o IXFFE QUAD_CACHE_LIST "' #r#k 75 %:ff) QUAD_CACHE Xt 4, W] LGz, B I
QUAD->id SEAT. {HIEIZMIETT fE£3 M8 QUAD_CACHE_LIST /™4 “233”, W& 5.2 i, XFf cache
SERIBU LT N EAR R, BIEA BRICTE SR, BT S AN RIS B 8RR o R A BRI, DRIt
XL cache FIT 7 FH I A7 25 18] 0] DL ZBE AN T, B 2 T LA L o

get_cache ﬂ‘]ﬁﬁiﬁﬂi,

procedure get_cache(clist_ptr, quad)
if (quad R#KZ AF); then

£ quad_list ¥iE3KIZ quad;
#5 quad->id WKAE;

fi

if clist_ptr is NULL; then



52 AR KL FHMENEF

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

K 5.2 DOF_TYPE 22 r

#4364 clist_ptr;
fi

if clist->n <= quad->id; then
¥ clist->caches #) K/ ¥ /& %] quad->id + 1 R
J+ B4 clist->caches[clist->n, \ldots, quad->id] A A4 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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Pax/a gAY

BINE %%&*?%‘J&ﬁéﬁ/v\ﬁ'ﬁlﬁ

I

6.1 PHG B SITIRIN

PHG L/ 1T LUE R A AT I T 5Ok B2 1217 240 PHG (i 47 EIUR A kil S g X
Ji T Ay =2
(1) PHG P L
(2) PHG W KIEE =58 (1 PETSc) Pt iig s
(3) JHPRES BAT € Sk 33
Ferp, ATPSETIONAEAT PHG R/ 2B HT Y, 1008 =R e T 0 R o

M PR phgInit B, PHG WS4 arge Ml argv "PIRAFH K6 24T, H i )30
BEAT AL B M\ phgInit BGECR[AIN, P BT PHG KL NS EHR N arge Ml argy TR

PHG FREI—HERA “-£ & A0, - L” 8 " B U—/MEDE M 217
T2 UGB, fJa— KRR . PHG BIIEI0 i ST SE I PR, a8 (1)
BB T AW SEAHEI, Ronty “~ e RS SCREAE, 0 T B0H —A> it It
HIAEIR o X T SHURILETR, LI S HIR A B s SRR IT, #e52, S HURE IR vl LS &
“SEIML AR TBAS, WG iR g =540 B R s S S S g st e
Shell $7Pk 745, MINAZAEA-SAT L (X)) 515 R IX L 1 oS HG K .

BT AL AE fir AT 45 kA, AL ] Do — AL IUSAE — A SO (B IETUCAE) 4R
JAAERT AT “-options_file SLHF&” KIMASCAFH AL, PHG £E NICAF A2 MBI, LLF
7 o0 THRIAT RO TERAT B0 o iy AT SEVFIRILZ A “-options_file” JET, PHG #&IEAl]
EE PR MG RS A AN A SRS A o (R TRBEAT AL B o “—options_file” XEI AVFRE, BIYEILIHSL
PP AT AA] “-options_file” HAILEHILLIUCHE, PHG 2 i AL BB A IUCAE (H1) N 1%
VT T Gt B SRR o

JA B4 PHG RPN, WERAE 2T H sk P AFAE AT “7T AT LM 4 L options”, W PHG &L
ASEAR BT E SR 1w AR A7 35O — NP e BRI I

MR pH, en L phglnit Z A phgOptionsPreset PR ESCR i S RS TIUE R T, 1K L
IR AEPFTAT B IE T L AT AL B

6.2 FIHATHRRBREEESR

PHG 24t 7 K& ar AT T 6 S S48, AT H AL SO b —— A i
BATAEA—A PHG F2J7Hf, &7 LA “-help” MELUAN & Frad L pr A7k i A 3 815 B.o “~help”
EIELSR — AN HAN A AE NS H, W “~help hypre’ /R K Hypre LI, ‘-help all’ W RPTHIE
I, 1M “~help help’ WIZ /N AR,

6.3 EELEAPEFIE=ZTREHNBSITSH

AE 4 o = 7 WA BT P R I i 24T S H L Gl IS “-oem_options” MM . HET PHG T
YHEIE =5 AR, U5 PETSc fl HYPRE [#) Euclid T4 E 4L TRV RIar 4TI, KT8

39



40 FRE SRER B AT ET

My AT RIS S RSO . B, wT AT R I g s e T4y PETSc:

meirun -np 2 poisson -oem_options "-ksp_type cg -pc_type bjacobi" ]
T AT LA ARRBUE NS E (BB = B ) IR BB INE -oem_options 45

KIS, ARG =T A P R . AN, O T ORI R AR B, AR 45 58 — 5 AR e

PREFINZE, PraAREmE S 8a i B s 2T e mug A S i, 1 R AE i A

phgInit J&, Al LLEIT arge Fl argv[] V5 RIX LS4,

6.4 BREEXZEIR

PHG #2fft 2 K % phgOptionsRegisterXXXX, Bt AN B CHIfr- 4T E I, IX 48 pa £
SR BN R EEES A R IE, s AT R A AT TR 4 A N KR TN, PHG 23 AH
AE %A, A2 6 N T S

ARG, P E € SOEWUL A phglnit Z HTREAT .

KT H P A g GEBI] LS FH 7R IR examples/poisson.ce

6.5 TEREFFPIREE LR SITIRTIAE

PHG HVFZ AL, BIUNMRESR RS WA BB, AR L IS HOR I I s AT, XL
SHCE AR AR, PR E AN EEERIR R e T, PHG BUA R AR a8 X 2645
2R R B 11, DU PR P T DA {3 2o 0] B ) i A T I ITOR SRR BAE eAT T

PHG {2&{t T #i 41 phgOptionsGetNoArg, phgOptionsGetInt 45 F'FE P Hk M fir & AT 3 H () B,
DL bR %0 phgOptionsSetNoArg, phgOptionsSetInt, phgOptionsSetOptions S5t H P FE 1B iy &
ATIETRE o IXLE R BRI T FlOs (b B S AR b I 2 AU T B 58 4] DUURVF 2 e k4
FHI TS8O MR R B 1 o A R i AT IEIHERE 7 BUE RS HIN G 7 1T 25 7.3,



FtE KMERERIED

PHG $2ft—E85 18 O TRRLEE R, SeprRigns, Bl CUF A PHG #2451 PCG.
GMRES 25264835, il H & %A 41 PETSc. HYPRE. SuperLU. MUMPS. SPC. LASPack 254}
TR

PHG L PEARILAS 0T 54 SOLVER, H P FEFPIl It ek X AL fE gl R e . REE
BRI S I o HH P 300 AN 9GO SOLVER IS K, 1 5 T H PHG 2 Ze PR 2 1042 L R
R TE A DA o OC T ERR LI AT H vl DA S % 2 7 examples/simplest.co

71 KHENES

PHG fRfiftideds b IO AR Sl At B A S I 02 (K A R X S 0 8 R ks ot R
TS AP BBH A SR R

JRE A G S AR T RS R B BITAT A ERBEAN O JTARH% F B B A R BEAS b G 5 (1 157
MR G HE = A0 o FEFE L A i TR A pR 2K phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Al phgSolverAddRHSEntries $4)1H FH Jajif H FHEE S5 £EA PR JCvHEE BONI
B P R AT S TR, ] LA B4 phgSolverMapE2L K7 {8 75 #1542 DOF G %48 HANET /2 # T
RS A BE R B B g S iR B B T

LptholverMapEQL(SDLVER *solver, int dof_no, SIMPLEX *e, int index) ]

b, dof _no s DOF XA AR KN [ B 44k DOF XMRANIEH (M 0 IHaR) S, filln,
BEARFA) H H = DOF X% u. vy w KK, W u FSH 0, vIFSH LwlIFS5Hh 2. e A
M HIC. index N u A MELERTC e THIG S (EFT u FERTC e AR HHE e 2L 2 5 ) o

PHG ZeMEffikas i E D REOEFE (mat BiR) MM (rhs M) PHG 1]
AL S IR 70 BUF R R P o RS I R 545 DR, AF A EAIN = A 0
THER IR G, 4 Ja) ) B4 U 1) B PR A 0 BN O TR AU 45 o — A 1l 8205 14 =) 35 17
O N AP AE AR P 828 — A B 4R ) B S R E R R R S . BT _BiR
FIRYHEET R B R S R . A i R RSN, PHG WAt 17— A1 T4 1) 5 4 5 O R
B A7 i A B L, FUFE phgSolverAddGlobalMatrixEntry. phgSolverAddGlobalMatrixEntries.
phgSolverAddGlobalRHSEntry Fl phgSolverAddGlobalRHSEntries, ‘B X 5T R H H
P29 5 KRR B 58 A ), (HREREAT o B LU A S I 735 R ] 4 Jm ) B4 5 o PHG HORERE o) B2 152
ST EZ R, SE W)\

7.2 APRPEORHY
PHG A SRAR— A Bk 22 G5 (et 5 by LA R LS5 #

(1) H phgSolverCreate GIFMFIAAI AT, Hrh & L4 E MO AR A )4 DOF X%, PHG R
PHIXLE DOF AR AN DOF 2IZ: 1 5 G0 1) 5 7] R RS OG R

(2) Y H phgSolverAddMatrixEntry BY phgSolverAddMatrixEntries [MZ&MERLH NN FETER,
W H phgSolverAddRHSEntry BY, phgSolverAddRHSEntries ¥NINAT U . PHG FIHIUGKE FE M A7 ity

41



42 FLE AUMEEEN

TSR 0, X6 R HOKHT 1) 0 35 BN B RE B A o 00 b o BRSP4 1)
P A% PR

(3) (Wik) MM phgSolverAssemble 5684k R LM A %e .

(4) M phgSolverSolve KL Nt RS, Hrhily 2t 24 DOF X5, MMM, Yekb it
IRE AT BRI SEAL N DOF X 58 VL ET, SKAFHTAL S HIARIL LI, SRR 5E 1k IR [Pl e 2445 2]
it o

KPR RIS E A5,

7.3 FESRSHENEE

PHG 24t 7 —2H iy 24T I T 508 s L 280 @ - AR IE T ] “-help solver” fi
IR, AR E LSS IE DU T “-help fBR 247 (W “~help pcg” 55) EanHiK.

PHG A28 BT A FH IR 25 i 2 5B v DA P aa s A . PR A AT I IR, B nT DAL s v i
phgOptionsSetXXXX PRECKRBEE . — METEZS QIR , AHSEW AT E S W RAFEfRVE S T, Bl S
FEXFIX L S50 T S O > 3 BN i vk 4 o DAL, o] DAE QMRS < Wi s e AH R I S 4UE, [H)
i 454548 H phgOptionsPush il phgOptionsPop KIRAT Pk RS EFUR IIME, & e sg e 7 2L e 84
MIIZAT

Bidn, R RACHE AV ANME R TS T IRERS LA B ORI AR — 22 Hypre
BoomerAMG i%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();

BT SBO E AR AT RO O .

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

7.4 PCG # GMRES f#:%8

PHG PISEEL T /NSRRI RTESS : PCG (preconditioned conjugate gradient) 1 PGMRES (pre-
conditioned generalized minimal residual), H:44%{53%°k SOLVER_PCG Fl SOLVER_GMRES (iX Mg
R FE I AT ST 53 5 -help peg Fl -help gmres 3K1%). H /7 nl LLIH I iy 247 L T Bl AE F2
FrR R ef phgSolverSetPC KACAEE AT

B, NIREIE C FRE 1 MUMPS 258300 GMRES [ #i41F1



7.5 PETSc fi#ix % 43

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

I, gmres_pc_type HIf] “solver” ZEK/R{E GMRES Rk ARy FH o — MR SR T 4%
##ﬁzyfm>-gmres_pc_opts ﬁiﬂﬁmﬂfﬁﬂ%ﬁiﬁiﬁﬁ%%##ﬁ‘ﬁﬁkﬁﬁﬁlkéiiio
RS M, BEERD PCG IER I PP Hypre Boomer AMG AR A P45 2F 1+

{ -pcg_pc_type solver -pcg_pc_opts "-solver hypre -solver_maxit 2 \ }

-hypre_solver boomeramg -hypre_pc none"

(E: PHG 2 BalR PR AT Tl M KA RSy 1, WS 0).

7.5 PETSc f#%3%

PETSc HH M T —E5e& Mty 17 S, Wi+ voe M filfigvhds L 24 PHG SLvFi
WILIEI -oem_options KAk iy 24T 5%y PETSc (S6br b, XM S H Witk an g shikftilds,
EIZ X PETSc &/, BN Mk e e A EASCREE N f SATIEWOR BOE RIS 2L o

Blhn, TR AT E RN PETSe 1 CG 35U block Jacobi T4 A1 K fif -

[ -solver petsc -oem_options "-ksp_type cg -pc_type bjacobi" J
PR 2L phgSolverSetPC JIT ¥ & M T4 TG H T PETSc fifvkias. Bribz b, 7 i&n] LLAH &I

“—petsc_pc_opts” WG K — N = T EIE AR CN PETSe MIF4&AE 1 CHICILiE i f# H PETSc
I FBTREAT 1) o B, FIREDEH Hypre [ BoomerAMG 4 PETSc HITHEAT T

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

-hypre_pc none"
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FNE BRY. mE5%EE

PHG $24t— 41 B 15 BOE S BAF R K 0 A sC i B, DUREE AT RO AT IR A7 il IO A
FFEo i F AR W) (K 0 AT TE I WU (MAP) HEAT A 5 B

PHG BErT LUAR B thi A7 FROCRR . A7 IR OTR O I A X 1ag s AR, o m] DUAR B G 4% D gy
AT 0 1) AT s Ak (R

8.1 R4S

PHG WL (MAP) iR —> ) EAERERE B ) 70 A, LA R Ic R Y A R ] R R AR .
8.1.1 B SARREY

] S TR AN B B GO SRIBR (1 ) FE o & BT TE ) H 4 R /N A R A R R
/o BIEETHT L MAP [ BR KN R
{ MAP *phgMapCreateSimpleMap (MPI_Comm comm, INT m, INT M); J

S M AR K RE, m AR KR
SR m 2 RUEAFT MO, W XN AR R o W R A B it
PRIt o m B2 AR
BT ATHERE  m ST N, AW N0 A R AT R 0 ) . S
MR AT

8.1.2 HHEMS

B A Fh B2 S 1) R HC T
[ MAP *phgMapCreate (DOF *u, ...); J

Wz O A A AR RO B, SRR SR B NULL 455K AR MAP XAV T
SHERE N A R BRI A RS R A RN AT B R BRI E
Bz M, SR 0 PN T Z BRI I B BN GERL FINJE T2 A SRR A
e —ANBERE T “H047, i B EEPTAER AL U BT OWNER ARASHSE) o

8.1.3 MEHRS

FATHR A3 A K = TR AR R R S TR IR S, R DR m T Hh
0, BoATLEG SN 1, RS, 1L R 0% S TR AR RS (G By 0 — -1,

AT LU A 5 (2 S A 0 — me 1) AT AR B B AR 8 T
G Ry o (5 B 1 A SR i

SRS P PR RE A SR R TP ) i 00, AT DU 4 P 0 R R A
Zo S T A G AR I Y ph R e R P AL, TG R
R i 0 A S 0 4 58 1 B B, RO R34 5 (L 9 SR ) i AR ) o PHG

fe it R BOHDOR ok 8 9 5, A i:
phgMapE2L H— M FICH 1) RS 575 2 o 1K) = 8 4 5

45



46 FNE B MELERF

phgMapD2L FH—> H H BTG P 1) B H R g 5 31 L o 1) J 4 5
phgMapL2V HHITER 1m0 g 5 13 208 1 a3 n) 4 5
phgMapL2G FHICE K Jm &g 5 15 2 L0 42 ) 1) b 5

7E MAP EiHn45HH, nlocal G N ) &AM/ (RN T m)o A T8 TR ) 4
15, SRR T e VPRSI ANE T AL M &> &, localsize 51 oA [nl & JR) i g
SHIMEL, localsize > nlocal, JAIM4dn 5 1E [0:nlocal-1] ZIAI) = A&, 1R 5 14
[nlocal:localsize-1] Z [HI[J4rEMIAAEARM &, EATIA RN &S AL 02Gmap [1 45 H, 1%
B K/NA 1localsize-nlocalo Ak, R — AN TGRSl &4 5 4 4, WIE R4 )RR ER 5N

i+ mng WH i <nlocal (AHLITER)
L2Gmap[i — nlocall W i > nlocal (FEAMITER)

Horp ng RIRASBERE P (1) B /N4 R ) B G 5

XTI B A S A E U, localsize J G 5E AL TANHL 1 MA% BRI H HEERIEH , T
nlocal Ji bt WSS ARERE BTG 1 B HEE 2 H o

TEFT L 1, localsize = nlocal, W HALEEAJE T A ITE, JRH 5 AR ) i g
G FEM.
8.1.4 RRETHIIHZ

PRI %L phgMapDestroy ¥4 5% — AW, BB b I B o

AN 2 ARSI, b TG SR, JER BT S,
PR 5 LRIV B — SRS QU LS VRO 00 R —ANBIR S GRFE R 1) &) 51
S, GBS AN B . 8 phgMapDestroy I, f S (K51 FHHHEOR T 0, WIASE W 8%
Wi, TR T ISR 1o G AN S T ITEECh 0 I A Sl B thAh, BEANFERE
B [ FE AR SN, Rgy E A g | SR ] phgMapDestroy .

8.2 [EE

8.2.1 MEMEMEIRSHRK

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

T 8¢ )

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHER

— AN AN S, BERT LAY A A R4 5 R 5 phgVecAddEntry I phgVecAddEntries DA%
A FH 4= J5 4 "5 1) PR 2 phgVecAddGlobalEntry Al phgVecAddGlobalEntries NN EITER, A LHE
BEAE =1 data Al offp_data Bl S8R0 M EICRIRAE S, MNi% i phgVecAssemble B
Ot 1) FEEAT 42
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W E RS, ] % phgVecAddXXXXXX HBE I — A Wi AR ALl S oo s, W SR AR ) —
MOAABEM M EIRMICE, WL phgVecDisassemble X [n) ST HIZE, PHG H, it K%k
phgMapCreateVec Hll phgVecCreate @I ] i) FEERI AL CLAHALR, PRIHAE 0] FVS I TR A 20 E A
phgVecDisassemble ¥ H E1%¢,

i) FE A7) BRI B A7 i AE VEC S5 data G, B4 map->nlocal x nvec. A& T
Ay P, AL T AT AR ) B L RE TGS B ) BT B AR AE VEC S5 MUK offp_data B G, #
PeKEN (map->localsize — map->nlocal) x nvec. [MIEAIEEN, ANE T AT TGRS A E SN
A R BERE o

[ B SR TP AL N mat, WURZ R AN MR A RO S I, U mat 23 FR ) G
AR . Y &1 mat B CAAETTRED, Jf H mat->handle_bdry_eqns A TRUE I, [m] 413
PP AE A 2L [0 5 2 HK A% mat->bdry_eqns 5 i) & 3L A oo s M /N B2 v T R4, DR HTIR 2
T RE AR R ST ) B P AR T 3R . X RN T O EREAT A BRIT B BN Dirichlet 1 5t 4444 4k
. 2% 834,

8.2.3 HHESMEERMEIELE

PRI phgMapLocalDataToDof Hl phgMapDofToLocalData HTAE I AL 2 AH QBRI B th X %
Z AL B . 1 R 2 phgMapVecToDofArrays i phgMapDofArraysToVec WHTFfEZ4ne5H M
PN G A 2 AL s K

8.3 M
QAP -
L MAT *phgMapCreateMat (MAP *rmap, MAP *cmap) ; ]

rmap 45 HFEFEAOATIRGS . cmap 45 HARREAG UGS, EATRT LUZ RS (1751 5AT A R RN )
AT TR ), BT LUZANIR] R A o
MEESS R
[ void phgMatDestroy(MAT **mat_ptr); J
LWL, PHG MMM ST b AL LU (8% MR B L5 AN R 1T
ANRIFEREBEAT Ao T ANAERE, RS RS RO T o GRS VSO 1, R A7 451
FIVHECA 0 I A 2 FLIEI SRR .
8.3.1 RINFEMETTE
PHG $24t NI s U T 17— AR AR 0 J0E:

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

XL PR B i E HOAH R N B FE iR € oo B eI DO TR AR BRI AT AN 81 73 AR T T )RS 2
SEARG S (EE AR R RTARE 0). W RAR B e R g A RO, T A
T 3 bR 2
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phgMatSetEntry phgMatSetEntries
phgMatSetGlobalEntry phgMatSetGlobalEntries
phgMatSetGLEntry phgMatSetGLEntries
phgMatSetLGEntry phgMatSetLGEntries

MR, U BE ] — MR AR PR FEA Tz, an RAR ) — A DR A AR P T 3R
M AZ5 5] ] phgMatDisassemble X HEAT HI%E

PHG ", il b %L phgMapCreateMat* fil phgMatCreatex Il 7 I FEER A& R A B4R, v DLE %
o) s e & .

8.3.2 “JciEME” 5EfE

PHG SZHF “ TR (matrix-free) TEZURIRERE, B HEE B0 R ANRIZM AT B B R R Hodl 1)
FFE, e AN P SR O I e oK 52 AR P L 1) [ SR

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,
void *mv_dataO, ...);
MV_FUNC e 56 B B [7) B SR AR K s BidR B, 45 Bk
L typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ *A, VEC *x, VEC *y); }
oo op T LLE MAT_OP_N (REMETe[f i) MAT_OP_T (HELMEH: T I ) i) RI MAT_OP_D (4 (¥ 4 25 T
D).

AR ZH mv_data0 S5 A AIESE, EAIMAFAECE VAT FIFREM B0 D mv_data H, o] HISkALid
S5 MV_FUNC,

8.3.3 S IR%E[E

£ PHG ", S BRABEGAC — BRRFERIN) “ JCHIRE” F PR AR B o AR i — LA [) sl S ALL R Aty
BN, A 3 B T LA 48 7 fif s 1] . PHG 70 BFERE AT N Id B

ar10py1(A11) a120p;2(A12) -+ aig0p; (A1)
A . . . .

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

Hor, A; ; WAEREBG a;; W AREL. HAT, PHG ASCRERIFEHIUE B 1E
PHG @7 P SE PR B2 pheMatCreateBlockMatrix, HAASESEHIM 5 Ao 7 HRFFERI{E
HI M 2272 7524 examples/maxwell-complex.co

8.3.4 4EMEAYLA%E

— N R A3 B phgMatAddEntry . phgMatAddEntries. phgMatAddGlobalEntry 25 R H%
AR 0 T, EAHETTE E ] phgMatAssemble BEATZH%E . —AMEFELIRE G H A RVFHE HEEB K
H oo E, S0 Ress PECIETRHT 25 2R

PHG FHRER AT Hs A At T 2N o KRR 1 2 2 1 Rt v AN J T A Ml IR AT A a2 028 Im B AH N R R
[FJ ISR HE B TC 3R (R 91 5 BEAT Ge vk B f g 5 @ T AMAN I TG 3R] cmap ()R 10 4 5, 2
YU 7E 0 | cmap->nlocal-1 Z[il. A& TAHAFI TR U EAIE cmap AT RS S, WAL %
i, YT AE cmap->nlocal 2 cmap->localsize-1 Z IR, A5 )T 43 B — AN B4 S S 1) g
Y7 JUHI7E cmap->localsize #| localsize-1 Z[f], P MAT FJJ% I3 localsize %5 T A 1E cmap
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FAT GRS AR G (G S TEHAE 0 ) cmap->localsize-1 2 [A)) LUK AT JL /& A I F A Hh
I HBIAICE (G5 I HETE cnap->localsize F localsize - 1 Z[H]) ZHl, AR localsize >
cmap->localsize. WSS IML, FFE Rl — N KA LoGmap K ORAE AN T A1 (1 51 () 42 Jm) i
%, ﬁ‘:F‘EI/‘]Hﬁ cmap->localsize — cmap->nlocal /l\%ﬁ%'% cmap->L2Gmap Ef:‘%é*ﬁf—c

K ITAEAT R IG5 Dirichlet #1545 AR ER, SEFEH AT — M /K AL A handle_bdry_eqns,
WS HME A TRUE, WX SR AT 20 258 ) 2 S0 A Ml (1K) 32 AT JEAT AR B o b IR S8 S o v B A7
FATHIAR 0 JTRINE TGS, IXEEAT L SR K RGBS AT A N Z P T R, A ke
P IR e N RN LU o) fRARATAE AR FE () bdry_eqns A, SR BT AT W FAT IR F ke 32
AL, AR ALICRE N 00 BARIFH) LU 73 2348 n) F 20 2B e I SRAE 1o 2 2 2B iy S 3 1) o 1)
WI LR, B 8.2.2.

8.4 %EfE. mMETHE

PR%L phgMatAXPBY THH Y := aX + BY, X\ Y BIAMFE, eI AH RN A 94T 51
BRI o

PREL phgMatVec TET y := aop(A)z + By, =+ y AR, A N, MEHNSE op WTHA
MAT_OP_N (op(A) = A). MAT_OP_T (op(A) = trans(A)) Fl MAT_OP_D (op(A4) = diag(A)). 4 op M
MAT_OP_N I, 1Z%PRE 2K x->map 45 A->cmap #H[A], y->map 5 A->rmap AH[F]. 1% op & MAT_OP_T
I, WK x->map 5 A->rmap, y->map 55 A->cmap #H[A.
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FENE HHE. HFERETE

PHG #¢fit 5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi fll PRIMME [{j$% 11 J{]
TAHE) SCRFAEAE VR 7] & (AIEAE) o FFAEAE  RPAE 1) S VR 44 1, nIEa AT R N
by AT IR FEAR AT — A 1] F R AR B K AR 25 o

PHG 1) JDBSYM % I BE S FF IR 4G #3147 IDBSYM A5, 037 35 i /N9 52 sl 9 :4 746 ) JDB-
SYM 27, 1817 configure 4 H AN BT K JDBSYM 2 A 2 AT

PHG MEEARHIEAE V54 L R Bl

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

R SRR I Az = ABx 1) n ANMRFIEXS CREAEE MR (ARFAE 1R &) o 280 A B B 45t
Fe, 2 B W BIREIIN RN B = 1, BUINSRANARERFAEAG F) e n O SRV HRFAERT N 2. which
FEUH T n ANEFAEXS, FTLLEY EIGEN_SMALLEST. EIGEN_LARGEST o EIGEN_CLOSEST. tau #3!} shift
{H. evals fif [n) DRAFTHAS BRI I 2200 X (K200 n)o evecs IR[FIG 2IRHIE A i e nit &
(o] o S A v e Y AR (L& S e Y BOREAR AT 5K ) o BRBGR [P B vt 3 )
HHER M (€ [0, n).
FEAT PR TC TSR B 7 [ & R AR T B R R
int phgDofEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
int *nit, FLOAT *evals, MAP *map, DOF #**u, ...)

E RS RHE 0 B AAE R R 2 I B HEEX R b o AHFE A A B B V%L H map B, AR
Jr il it AL phgMatRemoveBoundaryEntries Ml 25 AT A (75 WA A1 5 K B Dirichlet U545
PP AR DRRFAE RS ) o BRES map MZIOW TR SHCR u, ... SHKA RN R HRSHKE Y
phgEigenSolve H 54 —Ff.

o1
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D

B}

MisR A PHG TE. BHE5

Al BB

AR AR g PREUN A FREH phg B4R N — L8 0 SC L] SR S R K, AN SRR B 1 1 - RERE,
HA4FBF/NE . Ul phgInit. phgRefineMarkedElements. phgRank 5.

PHG g X C RBA KRS A BER B, 41 GRID. DOF 4,

JAB (static) AR ECRRE /NG FBE L Ky KT RIZERI B, 140 refine_path (),

PHG @ L% WREMAKEE S RAE. R Ra R e, (HEf phg i, #
Ul: NVert. DofElementData 5. {HA I th A K5 7 BEFI N RIZ, 1 TRUE. NEUMANN. DOF_P1 5§,

A2 E=E.2BT

il

Dim > Y, 5T 3

NVert > NI TSR, T 4

NEdge > —AMRITPRILE, SFT 6

NFace > —NEITHEL, T 4

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

A3 FEE R

CHAR > AT ST AR R

BYTE S Y1 i R R Py i

SHORT > FHEANE (/b 2 )
USHORT > PSR AR R (/D 2 P
INT > BN (/D 4 FT)

UINT > R TRINARE (/D 4 )
FLOAT > VRN

BOOLEAN > A /R BAR i, HUE TRUE (1) 8% FALSE (0)
PHG_MPI_FLOAT  © FLOAT [ MPI $#g25%!
PHG_MPI_INT > INT [¥) MPI a0
PHG_MPI_UINT > UINT () MPI #5257
PHG_MPI_SHORT > SHORT ) MPI 45252
PHG_MPI_USHORT > USHORT f] MPI %#i2%
PHG_MPI_CHAR > CHAR [f] MPI %#5252
PHG_MPI_BYTE > BYTE () MPI #5257

Pow > 15 FLOAT ULECHY pow BR%L

Sqrt > 5 FLOAT UCHCHY sqrt PRAEL
Fabs > 15 FLOAT ULFCIY fabs PAEL

Log > 5 FLOAT ULHLH log PRAZL

93
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Exp > 5j FLOAT UCICHY exp %L

Sin > 15 FLOAT ULPET sin pR%L

Asin > 15 FLOAT ULCIY asin PR

Cos > 5 FLOAT ULFCHT cos BREL

Acos > 5 FLOAT ULHCHT acos PAZL

Tan > 5 FLOAT JCFLIY) tan %L

Atan > 55 FLOAT ULHCIY) atan PR%K

GTYPE > enum KM, JJi4fU4%: VERTEX. EDGE. FACE. ELEMENT (DIAGONAL). OPPOSITE.

MIXED. UNKNOWN. B 4 /Mbd 70 ] T 2oR TR e 0 4 )L (VERTEX). 1458
1 4EJLf & (EDGE). [Mizk 2 4 )L & (FACE). LA tkak =4k JLfi & (ELEMENT).
DIAGONAL. FACE. EDGE. OPPOSITE Al MIXED HT3R/R i oodifb ey

BTYPE > fibrds, MR RS . A2, nTELP {45 DIRICHLET (Dirichlet i
4%). NEUMANN (Neumann 1 %¢). BDRY_USER1 (JHJ'257 1), BDRY_USER2 (F /"2
A 2)., UNDEFINED (A& 2 ). INTERIOR (IX 8P4 ). REMOTE (£ 1 X 4 St
%), OWNER (#1457 Fl UNREFERENCED (0). L', UNDEFINED /i A & R 1)
114, UNREFERENCED R -hf G T Houg | A, U ILEIEr 8o, —
AN GA] LRI A LA & 1, Bt — 4538 W] LLBLJ& T Dirichlet 345, & T
Neumann 32 5%, [N X AN[F] 5~ RI#S BTt (REMOTE). —> iy 248 ) BAF]
I T2 A1 WA, H A E—— A7 R R O & AT, AR OWNER A7 7
SRS 1, AR T RS O 0.

BTYPE [ T HI T JLTA %40, AT H HEXN SR, & L5822k

SIMPLEX > HICK 4 (struct)

GRID > PRI S (struct)

DOF > HHEHE (DOF) X4 (struct)

DOF_TYPE > HHERNE (struct)

QUAD > AL (struct)

SOLVER > SRAEEXNT S (struct)

OEM_SOLVER > AMEBSRAR B 16 5 (struct)

COORD > Dim 4 FLOAT MUE041, Fl-T-HIR 7= AL KR

A.3.1 BHEXAPFERORBEEAOXE

DOF_INTERP_FUNC o> H{HIREIENRR (ZF 4.1.1 M 4.1.2)
DOF_INIT_FUNC > HHERZREIEORLY (ZF 4.1.3)
DOF_USER_FUNC > i z, y, = M BB 2R (ZF 4.1.3)
DOF_USER_FUNC_LAMBDA o i Fl EL.CoARFRIV FH P B8R 2R (S 4.1.3)
DOF_BASIS_FUNC > VIR RBEE R (B2F 4.1.4)
DOF_BASIS_GRAD > THALEERREML s Bd% 2R (25 4.1.5)

A3.2 MEXRIBHREZRR

DOF_CONSTANT > Rk E SRR, H T G A EE
DOF _ANALYTIC > Rk B R, H T H— AN TR



A4 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 FAHAK

QUAD_1D_P1
QUAD_1D_P2
QUAD_1D_P3
QUAD_1D_P4
QUAD_1D_P5
QUAD_1D_P6
QUAD_1D_P7
QUAD_1D_P8
QUAD_1D_P9
QUAD_1D_P10
QUAD_1D_P11

QUAD_2D_P1
QUAD_2D_P2
QUAD_2D_P3
QUAD_2D_P4
QUAD_2D_P5
QUAD_2D_P6
QUAD_2D_P7
QUAD_2D_P8
QUAD_2D_P9
QUAD_2D_P10

v v Vv Vv V

v 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

BN B R, wIAEsAT Ry I o
(BRIME A DOF_P2).

0 B Lagrange JG, 70 4, S0 A HHE

1 i Lagrange JG, ¥ELEJ) v Setth s 2, BTN H

2 By Lagrange JG, &% ﬁﬁg&gmﬁ BTN BEAINS— AN A HE

AATIEI “~dof _type” AL EIIBIE

3 B Lagrange JG, #E&E5 r =kEZ Ui, SIS BN MA AN H B E.
2L B HEE

4 |3fl\ Lagrange JG, 450 i UIRZ I, RS A RO —AN A, &
1. AN =S H B EE

0 fi DG (discontinuous Galerkin) JG, Z/'- T DOF_PO

n i DG JG, 0 <n <15

2k Pk Nédélec 7T (B HIT)

1 Bir#% ¥.JC (= DOF_HC1)

2 B 570 (= DOF_HC2)

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

n v H(curl) Pp/Z3& (hierarchical basis), 0 < n < 15, H:H DOF_HCO AH™ T
DOF_ND1

1 BRI —4E Gauss B0 A3 (1 45)

2 BRGRE—4E Gauss #1733\ ( = QUAD_1D_P3)
3 BYREEE—4E Gauss B A2 (2 K1)

4 BREBE—4E Gauss BU4> A3 ( = QUAD_1D_P5)
5 BYREEE—4E Gauss B30 (3 &)

6 M REE—4E Gauss B14r A2\ (= QUAD_1D_P7)
7 BYREEE—4E Gauss B AT (4 K1)

8 Mk — 4k Gauss F190 A3\ (= QUAD_1D_P9)
9 BrREE—4E Gauss B A3 (5 /)

10 MrREJE—4E Gauss B14r A3 (= QUAD_1D_P11)
11 MRS BE—4E Gauss B A (6 £)

1 BYRSE 4 Gauss B340 (1 41)

2 MrREE 4k Gauss B A3 (3 /)

3 MrREEE 4k Gauss B A3 (6 £)

4 BrRsBE =4k Gauss B AL (6 K1)

5 BrRERE 4k Gauss B A3 (7 /)

6 BREE 4k Gauss B30 (12 14)

7 MR 4k Gauss B A3 (15 A1)

8 PRI 4k Gauss B A3 (16 A)

9 MrREEE 4k Gauss B 43 (19 1)

10 BYRS R —4E Gauss R

I

)
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QUAD_3D_P1 > 1 ki =4 Gauss A (1 5)
QUAD_3D_P2 > 2 BRSP4k Gauss B A (4 1)
QUAD_3D_P3 > 3 FrkEE =4k Gauss B A (8 &)
QUAD_3D_P4 > 4 BOREIE =4 Gauss AR (14 1)
QUAD_3D_P5 > 5 Mk =4 Gauss AR (14 55)
QUAD_3D_P6 > 6 Mk =4k Gauss B AR (24 15)
QUAD_3D_P7 > 7 MrkEE = 4E Gauss B AR (36 1)
QUAD_3D_P8 >8MEF#%GW%ﬂﬁ®ﬁMm®
QUAD_3D_P9 > 9 FrkEE =4 Gauss AR (61 545)

QUAD_3D_P10 > 10 RS =4k Gauss B2 (73 31 81 #)

A.5  BREF. EEFNEERE

MAP > BRI S, 5 SCHERE | [a) SR 20 A1 S5 B EETRN RS B K &R
VEC > AR (5 BRI ) o

MAT > FEFEXS S (WbidT IR4A 17 ) o

MV_FUNC > “TRHE R R ) e R R K R A

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

GUEEEE T2 B R B .

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

void phgMapDestroy(MAP *xmap_ptr)
CEE S S

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

QU “TCHERE” HERF . mv_func 2SS RAERE i IR Bt . 2 8.3.2.
INT phgMapE2L(MAP #*map, int dof_no, SIMPLEX *e, int index)

Y | map I E dof_no NMHEHEXNZRIEHIC e I index A~ H HHEEFE W+ (1) J51 3 G
‘5. dof_no M index M 0 FT45.

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

IR [F] map HZE dof_no /N H HEX RIS index N HHELE LR A 1953040 5
INT phgMapL2V(MAP *map, INT index)

219 map RSN index FICER IR IR En .
INT phgMapL2G(MAP *map, INT index)

JRI8] map R4S h index MTCEMA RGN .
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
PR R TR 1) B ) Bl A 25 55 FOAHSGIRRIK) B i BEXS B2
int phgMapDofToLocalData(MAP *map, int ndof, DOF **dofs, FLOAT *vec)
2 RRHUT] K R B mp ) Al et 4 )
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF *xu,...)

W — 24 R EAR RS — A B XS, RS B N G 2 vec->nvec
AR ERGE SRR B HEXT S . remove_bdry %5 TRUE I R/R vec AW EILABHE. %
PR B TR U S R A

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

4l A B SR M E s s D 2 e B R TR e S s teh, Ko
e 5 phgMapVecToDofArrays Ao

MAT *phgMapCreateMat (MAP *rmap, MAP *cmap)
QUEEHFE, rmap M1 cmap 73 45 AT FHZ IR o
MAP *phgMatGetRowMap (MAT *mat)
R [BIFERE mat FEIATI (WU A5 VB0 1),
MAP *phgMatGetColumnMap(MAT *mat)
R[BIEERE mat FHEIFIBS (WU A5 TRV B0 1),

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

G px q ZPHUERE, Hk (i,5) T coeffliq+ 1 x trans[iq+;] (pmatliq+41),0 < i < p,
0<75<qo

WER coeff 55T NULL MIRIRPTA REIYN 1. W trans 55T NULL WIRRPTAITCELA
MAT_QOP_N,

s PHG W0 SR FER SEILE T matrix-free #5211, & 2R P XS MK handle_bdry_eqns fH
kj FALSE, M HT45 % 5L handle_bdry_eqns {i[A] 4 TRUE BY[A] I % FALSE.

void phgMatAddEntry(MAT mat, INT row, INT col, FLOAT value)
A FETTER, AT AT RS S

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERETC R, ATHIIAE 2R ) g

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

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

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

NN nrows x ncols NMEMEICE, T8I g5

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

#NIN nrows x ncols NMEMEICE, 1THIMMEH R M BT .

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

NN nrows x ncols NMEMEICE, M RTATH S . RN EYG Y.

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

NN nrows x ncols MEFFICER, MHI R EATH S . KEHI% .
void phgMatAssemble (MAT #*mat)
UBFERE, KA T A 47 A8 T 2 I A M HERE .
void phgMatDisassemble(MAT *mat)
R R P o
void phgMatDestroy(MAT **mat_ptr)
B SR
MAT *phgMatRemoveBoundaryEntries(MAT *mat)

PR ASETIRE R, e R T IR R I BT AT AT AL A o F R IR AT AN BT S
(K1 XS B P ) DB_mask &AL, AP IR AN ] RN AR ORI . BO9TAT F B X B 1
DB_mask 424 0 I 12 bR IR [P JURE B o 87 A2 (R0 M AN - JEURRLRE: 189 1 o EEAH SRR

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5% phgSolverMat2Solver 1EHAH A
VEC #*phgMapCreateVec (MAP *map, int nvec)
QU )&, nvec Nl E4EHL
VEC #*phgVecGetMap (VEC *vec)
R i vec MM (BRSO SITHEE N 1),
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)

A e s (A JRESR ) . which $i5 WIS N3] ) &S 73
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void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT #*values)
I o AN EICER, indices 45 HVXLEIT IR MRS 5 o which $5WIVSINE] ) & A0S 70
void phgVecAddGlobalEntry(VEC *vec, int which, INT index, FLOAT value)
W ICE (4 R% ). which F5 WS INE] ) & AN 7 &
void phgVecAddGlobalEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
WS n AN EICE, indices 4 HIXLEICEM RN T . which Fi7 B INE] ) & BN 7 & .
void phgVecAssemble(VEC *vec)
AR, RN R T AL TC R AL I 8 0 2AH N ERE o
void phgVecDisassemble (VEC *vec)
2 1] o
void phgVecDestroy(VEC **vec_ptr)
GEGEE
VEC *phgVecAXPBY(FLOAT a, VEC *x, FLOAT b, VEC *xy)
WH y = aZ+bjo X b == 0 N RVF y == NULL, IINKEIEIFIRE]—ASFm&E y.
VEC #*phgVecCopy(VEC *src, VEC **dest)
o) F 4 DU A o 1P AV dest == NULL, JRIPHEGIEEIFIR PI—ASH ) i dest.
MAT *phgMatAXPBY (FLOAT a, MAT *x, FLOAT b, MAT **y)
MBI E . S5 X phgVecAXPBY FKABL.
VEC *phgMatVec (MAT_OP op, FLOAT alpha, MAT *A, VEC *x, FLOAT beta, VEC #*y)

Wy = aAz+ By (5 BLAS B %k DGEMV 21b1). MAT_OP $i5 405 A /2754 &, v LI MAT_OP_N
(0) MAT_OP_T (1) BY MAT_OP_D (2).

LB AYF A == NULL, £~ A NFAIFE. 24 alpha == 0 I} fo¥F x == NULL. 34 beta == 0 I
foVF y == NULL, BEEPEGIEE A% yo BT alpha Fl beta HRFERAE (0, 1, —1) HEAT T4F
RAL S LY D AN )R s B 5, DRI R] LA R 58 BV 22 2R Y (R KRR AN ) B B, g1

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

* op = MAT_OP_D I}, iZpREIHHL A X MEZE D x (FERAL
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FLOAT phgVecNorm2(VEC *vec, int which, FLOAT *result)

TR R ) L2 B, WRARER result AR M) A 004E Ak o which F8WITH5 1) S TEA
Sy e R, AR which < O WIERWITHELITAT 7 R, BEIN WUR result A AFZFR BN 45 17 10 92 ph
XK JENZANT vec->nvec, HTIRAF vec—>nvec N &E MK, REUR MME MR € /08 (BEE—A
SRR which < 0) f) B,

FLOAT phgVecNorml (VEC *src)
A R L1 B, 3% XA phgVecNorm2.

FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
A ) & )R K. 240 IR phgVecNorm2,

FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)
EmE x My M. 3% which_x. which_y fl result 45 phgVecNorm2 H4H A,

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

FEHEBELL MATLAB Hibi H0 FE (A% X HH 2S04, var_name 45 H) MATLAB AF#E44, file_name
S S R L o AYTRER), B “var_name = spconvert([ ... 1);”,

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

A4 ELIABTA (v->nvec AY) 4 HELL MATLAB BB (1 fs U th BUSCPE R 0 B9 0 1
T )43 f . var_name 47 MATLAB A H 4, file_name #3734 (L. .m AY
), B ERCh “var_name = [ ... 1;7
A6 FEER

ATiehH PHG P Fefdvkas, 'EA10H T4 phgSolverCreates

SOLVER_PETSC > PETSc fiftidids

SOLVER_SPC > SPC itk

SOLVER_SUPERLU 1> SuperLU fi#i}#%

SOLVER_HYPRE > HYPRE fi#ikds

SOLVER_LASPACK > LASPack fi#ti2:8s ({327 H147)

SOLVER_PCG > PHG [ PCG fi#tikds

SOLVER_GMRES > PHG [f] GMRES fiftyJ: 8%

SOLVER_AMS > PHG ] AMS (Auxiliary space Maxwell Solver) fiftik#s
SOLVER_DEFAULT > BRIAMFEDS, Fonil PHG EHEMEA
phgSolverList > ZEA Y PHG A RS, #&Canr.

extern OEM_SOLVER #*phgSolverList[];
phgSolverNames D> ZHAAL PHG FITA R K, $edlfq e —A> nuLL, kg

extern const char *phgSolverNames[];
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PC_PROC > PHG [f] PCG Ml GMRES fifizas st r#: 0, Bk
{VEC * (*PC_PROC) (SOLVER *M, VEC *b, VEC *x_1, VEC **u);

PR IIRAC I RE, FRREEE AR *u IR [1]

A.7 ?‘)]&31‘{:\ iE‘.II:I:II\ %gi%ﬂfgﬁ1ﬂlp\§fﬂj

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

WItHt PHG (M MPI. k455 ) o WAL E PHG BEGTH . arge Al argv 2012
AT AU

void phgFinalize(void)
B PHG. WAERE P45 ACHT I A o
int phgSetVerbosity(int verbosity)
FEH PHG P95 B . 0 CERIMED) s ANt o s L
void phgPause(void)
PHERRY, 2R Ast ks, TR Mt
int phgPrintf (char *fmt, ...)
B A5 R [7 printf KL, (HEAERERE 0 oA,
void phgInfo(int verbose_level, char *fmt, ...)

BoRfE R, ENEEF R . BS540 verbose_level 4, #6305 printf L. ZREUH A Y
M -log_file KEMURE T HA&ESCAF I A 4 A5 B

void phgWarning(char *fmt, ...)
BN E R B printf.
void phgError(int code, char *fmt, ...)
WoRERE R W code 1= o W RAE S G LR AT .
void phgAbort(int code)
SR IR R P AT, code AFEFIR A1
double phgGetTime(double tarrayl[])

RIS H] o tarray E*AK}#ZVJ\? 3 [ double MEAAH, X4 tarray '= NULL B, tarray[0] ik
(B[] IR, tarray [1] & [BI RGNS TH], tarray [2] IR [H55 EINR], DORD R 0o e 80K [BIE R 1T 5
ErfTa], RARD G A
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A8 HEERE

void *phgAlloc(size_t size)

24T malloc (), (HARSR A AE FITE IO P R AT .
void *phgCalloc(size_t nmemb, size_t size)

T calloc (), (HANSR A AE HEE AU b 1R PR AT
void *phgRealloc(void *ptr, size_t size)

2T realloc O, fHATR AT HIE RN 1 ERE P 4AAT
void phgFree(void *ptr)

4T free(), {H'E SLiF ptr == NULL.

A9 THEEHEIT

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

ARIPCH T RPERE(E (Mflops) (a?gﬁi\”ﬂﬁ#@ﬁn PAPI [f13C#F). aggregate J& [0 2T IT Uk
ITRPIHET I TERE, since_last_call iR [P B TZRRE (55 1 UG AT MR TR $0AT)
P HT AP TERE . BREUR [MMEEE T *since_last_call. X HLG0il A1 RE & g—>comm WA R
PEREZ A,

size_t phgMemoryUsage (GRID *g, size_t *peak)

R PIRE 2 A 1 I AF (RSS) T8, Wn2R peax AR HR4El, MIAE xpeak "R [HIFE T4 It
I R A A7 (LURS B S0 A AR TR TR R S5 2R )

Wik g == NULL, WR[BIFGEABERE KA ARSI, S WIRIET g A AT ERE b B K A A
L.
size_t phgMemoryPeakReset(size_t value)

¥ PHG W B R AAETHECE R value, IR [ K AR THECEE BE 2 BT TR(E .

size_t phgMemoryPeakRestore(size_t value)

¥ PHG W5 K AAETHECE WA T S value TIWECRF, RIEIFEIZ BB K W AE T ET)
fEo

A.10 WHEITIEIN

void phgOptionsRegisterNoArg(const char *name, const char *help,
BOOLEAN *var)
T AW ZHI A SATIE T name 25 HIETA R (A4 =7 5)o help 43t R TIZIL T #
{5 So var J—> BOOLEAN B (42 Js sl Zy) AR sl 2R R WIAEHN A FALSE, 4T H
WEZIEI, PHG & AIfE AL TRUE.
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void phgOptionsRegisterInt(const char *name, const char *help, INT *var)
FER— A S HI iy AT IE o name 25 HUETAFR (AN =7 5 )0 help &3 H G IZLE I

HOE R e var y—A INT B (@R aliiiay) ARl Ay ST e S I, PHG KA

ZHUAGS *var.

void phgOptionsRegisterFloat(const char *name, const char *help, FLOAT *var)
TENE— AN R SR A AT I name 45 HHIEINA AR (AN “=” %5). help 45 HiK T iZILEI

I B S o var y—A FLOAT B! (& )Raliffay) AR i, Har &7 H A& XL, PHG KAl

[ S HEIRSS *var.

void phgOptionsRegisterString(const char *name, const char *help, char *xvar)
FENE— AN P A B 2R AT IR name 45 HAEIA AR (ANl “=” %5). help 45 IR TZILEI

IR e var A char * B (2REEhAs) R, S AT S ZIETINY, PHG KAl

RS EAEIRGS +var, PHG 4745 H 312800 BE AT BRI DT A7 BR GRS, TP REIP AN RE FLATRE I

e

[

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

FERE— AN S S HUR i AT IE T name 45 AT AR (ANl “=” %), help 43 K TZILEI
M IEE . var A char * B (2 RuiEhss) AR AL, S TS ZIETIY, PHG KAl
WK BHAHIRGS *+var, PHG NS4 745 B 3 &0 B W AF BT S 5T WAF SR IRE T, TP R ANBE A
TR
void phgOptionsRegisterKeyword(const char *name, const char *help,
const char *xkeys, int *var)

VEME AN KB P S H AT . name 45 HIRIAFR (A “=7 5). help 4 tH G TXILIN
I B Ko keys J&—ANEL NULL &5 I AR R4 5L, 2 ik B AV S 4L var A int
B (4 REERA) A RHE, AR RIER keys AR T] (W 0 FFER), M 47 P 5 ik o
I, PHG FAHNAZ Y var (I1H.

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

VEME— AN R func AEPEAAE ZH) A 247180, func Dy AT TN 42 1) R 4L

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

Forp name JIETNA,, string AIETUR M FTERRE IS E0 WERBORFIARE 0 EER RS ZE P AT i iR
(WAREZH) . B HUH string HZETREHI, ZRBOVIZ BRI E (WS HNEERK ).

void phgOptionsRegisterTitle(const char *str, const char *help, const char *category)
PR BOFAE SR fir 238 50, 10T — Al AT IEINE M — R, o= fir 24T LI035

WiE Bt . category FH T-n AT IE I 432K .

void phgOptionsPreset(const char *string)

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

Hoks PETSc [ERMRIE SR FAAET 5 WEEN CG A block Jacobis

void phgOptionsShowCmdline (void)

I AR AT
void phgOptionsShowUsed (void)

FIH T A 4TIk TR (BB A 4T FP LI (2 5UH .
void phgOptionsHelp(void)

HU R BT di AT RIS A N R B A
BOOLEAN phgOptionsSetOptions(const char *str)

MR str 4 e A E A Y A A
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)

K LI op_name T K AZ HEAH BN value, op_name WAZIUE NS EIIEIIA, AN - 5L
4o 2
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)

FGIET op_name FTXF V(1) AF HH B value, op_name W2 — AN A S E R4, AN E 2
5,
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)

YT op_name FTXT I (25 BA & Ay value, op_name A& —MNFSLHIBHRIEITNA , A -
5.
BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)

YT op_name FTXF N [FAF EAH E 4 value, op_name LAl KAEF SHUNIEIN S, ANF
=
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

K ET op_name FITAT N[ AR AN B 4 value, op_name WA AN FAFH SHUNIE NG, ANF
=
BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

WG LT op_name FTXF N [FAZ B A E 4 value, op_name LAy LS SEUNIETN S, ANF
=
BOOLEAN phgOptionsGetNoArg(const char *op_name)

IR[AIZET op_name FTX W A B, op_name WE—NLSEMIEDY, AE - B '+ 5,
INT phgOptionsGetInt(const char *op_name)

IRIAETN op_name FTXT N AR A, op_name WZIE ANy BRI SHET A, AN =0 5.
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FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZETN op_name FTXS N AR FAE, op_name WAZNE /M KIS HINEINL , A -0 5,
const char *phgOptionsGetKeyword(const char *op_name)

&[T op_name TSN FJAZHAH, op_name WAJilje —Mili KB FSHIMEII4, AE - o
const char *phgOptionsGetString(const char *op_name)

MR IEIT op_name ITXT Y (1A HE{E, op_name AU AN FAF R S EINIEIA, A = 5.
const char *phgOptionsGetFilename(const char *op_name)

IRIGEIT op_name JITXF Y AR HE{E, op_name AU AN A4 S EIEIIA, A - 5.
void phgOptionsPush(void)

DRAEPITAT IE IR 24 i fEL
void phgOptionsPop(void)

WA LUk H phgOptionsPush FRAFHIIEIE -

A1l MIREIR

GRID *phgNewGrid(int flags)

BUHEF I AT 5, IR BB RIAS 485 . flags LA —Subr &7, JH T304 WA Bl AR i
T HEREE LA %, 4R N —2ekR&: VERT_FLAG: XTA% T AdE4T 9% 5 ; EDGE_FLAG: *f /4%
DA T9% 5 ; FACE_FLAG: XTWA%THI AT 4% S ; ELEM_FLAG: X% H G347 49% 5 GEOM_FLAG: HZhil
FOUM (/481 L. HAR. Jacobian 5§), ZF A.17 1[I phgGeom* pREL. HH I flags = -1,

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

T 808 WA AE— a2 AN 7 ) BRI IAYE, Horb flags HX X_MASK. Y_MASK J& Z_MASK [f]

AR FEAI A E o Wi: phgSetPeriodicity(g, X_MASK | Z_MASK) K/NMISLE o Fl 2 J5 W) b2 FIHIT
R R 207 phgImport X HTREAT, JF HE X WIUAASA T [HI—LE 2K

(1) XS AE S BT DA 2002 B 11T

(2) WA WA AR, BESRAT BG4 — 0T A 4 SO R B TR R B AT A 20 2 /D B = 4500, 1
WIFE 2 A o I ST AR RS AN AL 3K — 45 A, AT DATE S oo 3 > Jn 88 A e — N 9 R0 it A 1 2 A
IR o flr, TPk test/cube.dat HEAT 6 IK—FUMS G 1925 384 ANERITIN PR (5
SRS
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void phgSetPeriodicDirections(GRID *g, const FLOAT dirs[])

T T ). B dirs HRLE 9 NMEL it =AM R i, AR RIRS I = AN R T 1),
RX=ATT A ERIEAZ . phgSetPeriodicity HRF SNy RO « J5a, 28 A5 mEch y Jii,
A TTICA 2 T7 T o AZEREUFI ] A J0AE phgImport Z BHEAT

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

Pric S AL RTHLAL o strategy $RE MRS AL SERG o H M RO A Th BT Soc B, %
PRAUR I 45 € M Sms T EEAi soc e M, (M IWT4E). H n(s) Ronfon (8Uf) s EIRRZESR R
T, 0 XL, PHG $E4 N iR 40 1k T :

(1) MARK_MAX

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

GERS #lg: M, AL Y .cpp ne) > 03 cppnle) M1
(3) MARK_MNS

MNS 5il&: M, = Merror U Moser HH Merror #2AHXT T error Ml theta 1) GERS AL HITiE

By Mose AN T osc Ml zeta ] GERS 4L HICHA o ABREEKIRZESR/R T error & XAE

[TETI SRR N
(4) MARK_EQDIST

EQDIST Hf: M, = {e|e€ M, n(e) >0 -tol}

(5) MARK_ALL
ML HIC: M, =M

(6) MARK_NONE

AHAAE T M, =0
(7) MARK_DEFAULT

A 4TI -refine_strategy B -strategy 5 & [ g
PR EGR[FIE, M, W T HIGH mark 03 FIER B BN depth (A4 phgRefineMarkedElements 234
XL TR /b 4K depth K)o

%Mﬂﬁ, coarsen_strategy TE%W*@*E4{%B%, *H%%EHJ%B’J%%%%MMHEIO @éﬁ*ﬁ%?‘ﬁ%ﬁ’]%ﬁ
WETHERA R TS M., H n(s) R0t (80H) s ERHAGIRZESR R T, v KA LE], )& 3k
WS AR LA 5 LR
(1) MARK_MAX

Max %l: M, = {e|e € M, n(e) <~ -maxsep n(s)}
(2) MARK_GERS

GERS 5l M. JWiAL 3 cpp n(e) < v 2 eprnle) MIEK T4,
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(3) MARK_EQDIST

EQDIST Hl5: M, = {e|e € M, n(e) <~v-tol}
(4) MARK_ALL

AL 50 M. = M
(5) MARK_NONE

AHUCATFTHIT: M. =0
(6) MARK_DEFAULT

A FH iy 247 1 1 —coarsen_strategy Y, -strategy 8 28 I S
PRACGR AN, M, TP HLIGH) mark %R AR A —coarsen_depth (FAZL phgCoarsenMarkedEle-
ments 23K IXLEFITI £ coarsen_depth K)o

HHEXN % error IR ZETR /R T, osc A data oscillation, coarsen_error & HRAricHl
By EH X %o SIS 4L theta N error MIZHALLLAH, zeta N osc MANMLLILG], gamma SAfHALLL
B, AL IUEAE R EOF HANFBEET 1. S H depth PLI coarsen_depth 4375l 4 4L R ALY
REL BTN T 00 SEHZEL tol A tolerance, fX#% MARK_EQDIST FH 3,

eI, WS M\ (M, U M,) "PIHRIT, H mark &0 ERHE R 0.

X5 22 - T B A

(1) —=/NHHERZARE RN A NULL, error nJ L& _F) H XSS, B R B H B, (H AR
BE* RIS B A T AMA B dE: osc HESRK A EAREIT], coarsen_error MR F A Hdk
RIA], %FT osc LLM coarsen_error @i {#i A H B E 255 & DOF_Po. XF4H{k, MARK_MAX DL
MARK_EQDIST, error M U AF/E4A b, @I H DOF_Po. 772y S e Lie 2 Faiaa 4 b
PIEE, HRea o —e Fdi

(2) EHETE A X H HE RIS FRC RS AR K . BRUAT 2 W osc A& NULL, St
FRIC

(3) ATantk, FRicd HEng a2 MARK_ALL B¢ MARK_NONE, )| error RJ ELJh NULL; %f T-kHAk, Fric sng
W5 /& MARK_ALL Y3 MARK_NONE, ] coarsen_error AJ LA A NULL.

(4) 4iALi iz 201 B X 502 error BLK osc, BN 2] /& coarsen_error.,

Frid ¥ R A — L BT A

(1) FrRECEEIATAIIPR S, R JEEEA TR bR .

(2) XJ4itk, osc ANj& NULL B, TS osc K [FIAF IS . X MARK_GERS [fi 5, osc fE error
Fric I3l Ed bR iC ) 752 0396 /2 MARK_GERS SM&; W1 error MIEHEAEHUEH L, W) Sems
ZEA T MARK_MNS; G0 JESR0E 4% MARK_MAX, JUIX) osc Fi#2/#i 1] MARK_MAX HM&. W1 osc & NULL,
HEX error #iE. osc &AL, {HXF MARK_MNS NI & 420 1) o

(3) XF4i1k, MARK_EQDIST, IR osc ANJ& NULL, 18 —HFEf S .

(4) XT4itt, R 5EnE k) MARK_ALL, Wi fbbnic 56 5 CLG B EAE B hrid v e 2, A TR L.

(5) FAAUNAEH coarsen_error, WIHHI L HHE AN /& MARK_ALL BY3% MARK_NONE, coarsen_error A
A& NULL.

(6) an A RLAL I TS A& MARK_ALL, Z HUAR G0 48 78 i
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(7) WRANE HEWEAS L MARK_ALL - EUFLAL HEM& A & MARK_NONE, Ul coarsen_error ANAEN NULL, i
DL SR ANHE 2 AL IR 15, AL SREmE — 32 2% MARK_NONE.

(8) WAL A P MARK _DEFAULT, 1X/NSRHE 74040 DA A AL B, BN SRS J& MARK_GERS, HI7E4HL
(PIbrac FEA A, (EORLA 5 B, W SRAMECHLAL 1, AN ZDRRAL SRS 9% 4 MARK _DEFAULT,
A FH 0] AFEIZAT (P I P B IR B 2 B LT ZEM S, FIETT -strategy EFE.

(9) T HIELLAE W bR G BRE W EE IR AL SRR RS T R, (HEAA TR DL K
L IERATE, ARG AT T hRic S, P Mbrac pR 2 ) RS & A R 2 AR G 1R 4t

(10) 24Tl -refine_strategy. -coarsen_strategy fll -strategy I &VESH N nax, gers, mns,

eqdist, all, noneo

(11) 55 XFT PHG, HIA error, osc LK coarsen_error, bric Jy x4 i L HI I HER AL, ) T AN
mﬁ F P BEAR TR e e A, R L B DR K

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

T phgMarkElements B X%, Hbsicgifb s,

void phgMarkCoarsen(STRATEGY strategy, DOF *error, FLOAT gamma, int depth, FLOAT tol)
55T phgMarkElements & X [1%:, HpricdAGLIIC,

void phgRefineMarkedElements(GRID *g)

AL RS HH I E 5. FTAT mark KT 0 (M7 HOCR /DA mark . PHG 2 A3IXTIE
FATCHEAT W B AN AE LLOR B RS (KT B IE o AL 5, BT RS Hh BT 3~ B0 Y mark J 53 IR(E S5 T
i WA 1 B G R RO 2 2% T A AL IR

void phgRefineAllElements(GRID *g, int level)

R FTAT T HCAME Tevel UC (BI— SRR IS, M2 TR AT 0 mark B9 level, 8
Ja A —Ik phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FEAG RO H R 3 E 578 3 IT 0 mark {H 4% 570 2 RVFRCRHL SR S, BE— A1
G D RVFPEAL —mark K. PHG GRAERLAL)S, tO8T (05 S0 Bk s P RS 2 D 1, O LA
A& mark 55 WS DR PELR TS BRI R B2 1 o0, HULSERUS, B A% b B 0K mark
3% AR T B R 7 G P B0 25 2 R G AT (R B
void phgPartitionGrid(GRID *g)

AT s K ST RSSO 1T IR, oA IR ERE . iR B PHG WEREER], )T RE PR
%1 ] phgBalanceGrid.

void phgRedistributeGrid(GRID *g)

FLIP WK s T PR HEAT YR A LU B S A I SR BT 2RO PHG BT, TR Y 1%
P H phgBalanceGrid,
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int phgBalanceGrid(GRID *g, FLOAT 1if_threshold, INT submesh_threshold,
DOF *weights, FLOAT power)

F 45 (B 1if_threshold /! submesh_threshold %1 P& 1AL H 504 . HeH 1if_threshold
TS AT R 1, R AR BA T A1 K T 4% %A N L 7) 4%, submesh_threshold
T A EH A1 7 R 1724 e H AN D 28 (BOWRFPRZI%E , 2 submesh_threshold
WA EOIN Fos A0 PHG WE RIBRINE) « IZEREURIA] 0 Fom MR ANAR, dE 0 R MkgE4T 7 H L
/1. weights Hll power 25 H 1 WK 40 I I PR CALUEE. (B weights [ power {XJ7), 2 weights A NULL
5 power & 0 IR R FRICHIA I A S

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

P EOR PR g L5 > MDA AZ 7 A (K0 FT W R, O AR 55 2 R (0 B A T LA % i T 52
RIS AT A 1o B4 cuts KN g->nedge, B4 ML 1Rl 4 5 AP A VR4S H i I 5 k4
(A A N T2 T 0 ST T 1 45 VR A 8, N T WA o e
(I T0d 21 42 SR G 5 ORI IO AR A2 o 7T LU PR 4K phgDof Transfer JRAE PN WA )43 [ H

FE: AR B SR T 5 R A0 e 22 e — NG, I HARAN #0420 s AL B 500 AL
AT I, TR A VERTT A ORISR 7 FCAN . BEA, AR B R
PR, KRR AT RESS MR
FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

LA - AN, SR IFATC e AT (7 T s Ty 32 S R0 1R r e 5 FC IR SRS 1 gy T (1 22 1) (1
BT s R (T AT BRI R %) o
ForAllElements(g, e)

T RIS o 74710 - CHEAT D022 36 ) T4 RGBS O R VA I S, 25
A e $RIA AR THOG, MHIALTRIN ¢ #7E 4 NULL,

GlobalVertex(g, index)

YA GRS index TR A R4S o
GlobalEdge (g, index)

AR5 index LA R4S .

GlobalFace(g, index)

S5 A 5 index [T 14 R dn 5 o

GlobalElement (g, index)

YA SR S index (M4 g5
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A12 A

void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

fo e PN SCPEIS, BN SCAF AL S PHG U SR (R e 4 bR A 2% bR B0 12 1 FH A
phgImport ZHITHH, T & )il 38 B e 4 iR KON 5 2L 1) phgImport PIAGEAEH . func 2 H
AU N FEI I B € SR AL
[int func(int bctype) }
ZPRHOR A S N IA SR betype AN PHC 25287 (40 DIRICHLET. NEUMANN %%), JR[A] -1
RN RN BARE I IR R ET be_map ZHOT LA TREE, Ron A HTERIA 1L AR B 4 by
M. 2% 2830
BTYPE phgImportSetDefaultBdryType (BTYPE type)

F 2 BN Y . %R BN 1% I AE phgTmport Z BT, BT € AIER AL AR J 8211

phgImport PREGEIEH . type 4 HIBAERINIL A, sRBUR [PME N 2 AT I ERINIA AR AL, type
BEL 0 ZHr T UNDEFINED. 55 2.8.3.

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

M NS E TG . g & WA TRED, B2 H phglewGrid BT 1; filename 4 X445
IR distr b TRUE, WZERDHS SR L IXESCHAT 4 45 O 5 BT R 5 (A
RS, @ UUT TRUE).

H# PHC SRR RIH SCPERS SUF: ALBERTA B 3UAT Medit Bt

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

Fe T PR A ALBERTA (19 PR SRS e A SR AT AR G035 24> 7 WS, ek 25 H i X
ERTE RS Tl

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

B 24 \7 A f o MEDIT (http://vwww.ann. jussieu.fr/"frey/logiciels/medit.html) Ko
QTSR T AR L B 2 AT RS, e AR 0 TR

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

¥ Mk LA VTK vtkUnstructuredGrid B 245 € 3CfF, MR ST VIK KA #iAk
AU ParaView ( http://www.paraview.org/)~ MayaVi ( http://mayavi.sourceforge.net/) ¢4k
L g O 3] legacy VTK fileo XL Hdi @ Lot i) A AEXS S, LA NULL £, KA.
DOF_PO (43 7 H40) I A HHBEXS ZAE N cell data firHh, THLE MM B X S AEN point data i
o, JEE SR B BRI ) BasFuncs BRECK TSRS TRUAR (1R . W RS H0h 25 K SO 44
ANEYE, SR BRI LY JEA veko pREOR P SO (n T RELLR) BSCHE A . e EH
B S Fer 12578 4 DOF_ANALYTIC F H H X % .

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

B W% L IBM Data Explorer [f) native file format #% 200 H 248 2 CAF, LMEH OpenDX 25544
(http://www.opendx.org/) HAT I MALAL TR . WESEER B4 0 B HBEXS 4, LA NULL 450K,


http://www.ann.jussieu.fr/~frey/logiciels/medit.html
http://www.paraview.org/
http://mayavi.sourceforge.net/
http://www.opendx.org/

A13 AHERE 71

RBHPL S EY R, ZRBS AN LY B4 | dx. BRECR B SO On T8 R LUR)
M SCAE 44 o 1% PR H BUAS SZRFS 2R 04 DOF_ANALYTIC [ H H XS,

A.13 BHEEH®E

SpecialDofType (type)

FF I —A™ B B 2R A2 Rk 257 (DOF_CONSTANT 5Y, DOF_ANALYTIC) )% .
DofTypeDim (type)

SREN BRI 4E S . vype N H HIER AN A .
DofTypeName (type)

SR BRI 4R type M RN %
DofTypeOrder (type)

ARIE B BRI 2 T KB 2. type S H HIESRRUR 5 .
DofNoData

¥ DOF [f] userfunc il l, FKnGIa A 1B G A BiEHAE 2 P X .
DofNoAction

T DOF ] userfunc i, R AKXt B BRI BAIIRE . fH{E 402

DofInterpolation

M7 DOF ] userfunc B, &R 4L LI B3l B b0 St A T4 E
DofDim(dof)

R[] B EEX R AEEL (55T dof->dim x dof->type->dim).
DofData(dof)

R O] A RS R AR L, dof D E BN e M B i A RS T e bR T

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

R AU Y T 45 08 TR B A A 4 kil dof S A FHEEXTS, index MW AHIS 5 o
DofEdgeData(dof, index)

IR B RY T-25 58 A B i R i ah ik, dof b B HHFEXTS, index NI MIAHI SN 5
DofFaceData(dof, index)

TR BUKE Y. T4 72 TR B0 25 iR AL as Mk, dof D4 H FHFEXT S, index A HIMAHI S5 o

DofElementData(dof, index)

R[0S T4 58 TG B el O (R dh kil dof b A HIFEXS S, index A FRIGIIAHIGR T o
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DofGetVertexDataCount (dof)

AR (5] WA R BT T S R
DofGetEdgeDataCount (dof)

IR [R p T TR A R .
DofGetFaceDataCount (dof)

AR (5] A% TR BT A T RO AR
DofGetElementDataCount (dof)

By R R T BT (1) A R R
DofGetDataCount (dof)

A EINR R v A S REEPE R €l SN
DofGetVertexDataCountGlobal (dof)

AR B 2 ey WA o BT A T B P RSB A
DofGetEdgeDataCountGlobal (dof)

AR (B 4 Jay W R BT A e RS AR
DofGetFaceDataCountGlobal (dof)

AR (5] 4 Jrg PR HR BT T R S R
DofGetElementDataCountGlobal (dof)

R [B 4R RS T BT T (1) B R R
DofGetDataCountGlobal (dof)

IR [E] 4 J PR R R R R R

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

BB BB G g MRS type b H HHFEZRAY (DOF_TYPE); dim A F HHEEXT SR 4E 4K
(BAME dim NEHE); name N HHEXN G A userfunc $5E 5 1% H H X SAH B H J 8
4 (B2KA4 DOF_USER_FUNC), HT-451% H HEEXA RIR(E, userfunc 7] LHURFZR{E DofNoAction
8 DofInterpolation, HI & KA H HEEX G REAT AN #1525 37 24 R 4 Ak BRLA I
AT B B4 E .
void phgDofFree(DOF **dof)

FEIBCH B X 5o
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)

BOE L N SAHRER I B8 e ek T 14512 A B SR .
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void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)
BOE L N GAH IR 5 T B0 AR T BB R BeRE T 145 1% A i B SR
BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)
BEE u->DB_mask M8, PAEGR [AIME A u->DB_mask JH A [11H
void phgDofDump (DOF *dof)
ITEVE BB R A A 03 TR .
void phgDofSetDataByValue(DOF *dof, FLOAT value)
B B i B R HIA A N 1 € value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])
6 1 O R AR M L R . array_of _values 114 DofDim(dot) AV, L5 BAKL(HY
I AR N
void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)
K B X R BRI t vo RTBEJS (AT 222 8 e, WS A B 1 e AisE T
DofDim(dof)
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)
HHERE A B X IR {E . 2 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)
R AR E H N R AR ML (557 DofGetDataCount ZFE—HF).
size_t phgDofGetDataCountGlobal (DOF *dof)
R[FIFEE B BN G4/ E s K E (5% DofGetDataCountGlobal LIHE—FF),
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)

T N R AR € BT FR e AL E B . dof T I HIEXT S e HHIT: lambda A HLLAA
bi; values ARG, FTAEBCT S A AR, PRI RE P % ORAIE G2 DX AR K /N o 3R [y
Zph X HhE

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

55 phgDofEval R, (HTHE B H X G HIBE BE AR5 38 sUIE . gradbas & M4, W8 HHE
FAAE B TCH AT S R A BR BB, 2R gradbas A F5 % phgDofEvalGradient JFAME H 1M
AAT LR B I M B . gradbas S A GI N BN T 5 [ 38F S — LET0 AR 155 s BB BEAE RT3

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

Y phgDofEval KRML, HIHE H M N R IEUE /RS E RNE. 3 gradbas N A STEH] S B
5 phgDofEvalGradient q“;ﬁéé‘*iic
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FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)

5 phgDofEval AL, HUFEH HEXNSRM Curl 45 € S 25 gradbas MANARSEN S
PR %L phgDofEvalGradient 1584 —FE.

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

Bl AN EEEXNS, B%T src WELE . name 25 HUHT B HEX 24 FK . newtype 25 HHT H
HHBEXS IR, %S RO NULL W78 F i X R IR T sre->type->grad_type.

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

QIR ABT HEN R, BT sre (GHUE. nane 4 HIH 1 B0 45K . TR DofDin(sre)
RISE 3 1AL newype % 1T X QUIATY, S K0 RHC NULL W& 1 X2
RAET src->type->grad_type.

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

BN E NS, ©% T src 1 Curl. name 25 HHT B HEX R4 FK . 1 ER DofDim(src)
WA 3 A5 E. newtype 25 HUBT H HHEXT R II2EAL, 20 BRI NuLL WIER7SHT H X 41

KIAET src->type->grad_typeo

DOF *phgDofCopy (DOF *src, DOF *xdest, DOF_TYPE *newtype, const char *name)

S A BEN S ZRBCAR A B ERA, B, U ER AN = Lagrange Jo
(1 B B R IEIR S — D 2RH N B Lagrange JGl) H HHEEX % o newtype 45 HUHT H HHAEEX S 113
B, ZSE R ECh NULL R B XN R IR ST sre->typeo

DofIsOwner (u, index)

R AT E (K A iR A T3 MRS BTl

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)

P ¢ := a op(h) op(B) + BC (FH4F BLAS H1[f) GEMM %, Hrp op RN ERAKE).

Y cptr AT NULL B, THEZEIR ¢ IRIELE «cptr P, JFH ¢ IR «cptr ZRAYAHIA].

) Cptr S5 NULL I, R4 ¢ 2 ANl . 28804 B->type ] DOF X% (VLI 2K B
HAEEFRE)

PR EE K DofDim(B) = N x K } DofDim(C) = M x No transa il transb 1] L3l HU MAT_OP_N
(ANFEE) FIMAT_OP_T (3%, SFMEHL N M RE4ES s TR R A1 4.

! blka < 0 IFRIR A iR, B ZESK DofDim(A) = M x Ko

1 blka > 0 B, F£IR A S — D HRAREE, X APCK/NR blka x blka. JEEZEK M=K, blka
L% M, JFH DofDim(A) = M x blka. —F I ITE DL blka = 1, BEI) A RoR— M x M X FA%HE
P, DofDim(A) = M, A MR 4 5 Xf N A BE[RIA A 0 %

A FLLA NULL, 7R A S B, ISk M =Ko 24 o= 0 I B AT LAY NULL. 24 3 =0 I ¢ 7]
DA NULL, BRI, pRECKRIR AN E BT S, HRME B (2RI, 4500 v x N,

e PR TS T PR3 phgDof AXPY 1 phgDof AXPBY [HIIHE .
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F A.1 phgDofMM HEYEEFGHEHRIZE X R

transa B | transb HUH KRR S s 5
MAT OP_N MAT OP_N Cvy = o Ak Bxy + (3 Cun
MAT_OP_T MAT_OP.N | Cuy = o Ay Bky + 0 Cuy
MAT_OP_N MAT OP.T | Cuy = o Awg Byg + 3Cmy
MAT_OP_T MAT_OP_.T | Cuy = o Ay Bix + B Cuy

DOF *phgDofAXPY(FLOAT a, DOF *x, DOF **y)
ALy = a* x + yoa == O MM TFAHRAE, a = 1t WEHNFABEAM, a = -1 BSHT
A
DOF *phgDofAXPBY(FLOAT a, DOF *x, FLOAT b, DOF **y)
Wiy :=a*xx+bx*xy.a==05b==0INMYTHHEFRLEE.
DOF *phgDofAFXPBY (FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {15 y := a * £(x) + b * y. K%L
£ IANSEL in 4 x KA, HAEECE T x I4EEG Sh 24 out O y sREME, H4EECE T v 14k
o

DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) i}4fy := a * £(x) + b * y. 1 phgDof AFXPBY
IDAE T IX B R KL £ bR s AL, B I IAE x IR B e e ACER < A1y BATAHIR
DOF #*phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

P45y := alpha*A*x + betakxy, HI3F BLAS [FLFF DGEMV. ¥4 A == NULL I &8 A y#Afs
F, 4 DofDim(A) == 1 R/~ A AR EFLLHAT S, 24 DofDim(A) == DofDim(x) KK~ A JXTff
FE, 114 DofDim(A) == DofDim(x)2 HFE R A AW,

FLOAT phgDofNormL2Vec (DOF *x)

T H XS R 2 Jud, BT B T I f 7
FLOAT phgDofNormL1Vec (DOF *x)

THRLE XS R ) 1 JEH, RUITAT B B AR E 2
FLOAT phgDofNormInftyVec(DOF *x)

T X S R I 5e 5 BT B b B 1 s R4 il
FLOAT phgDofNormL1(DOF *u)

VHEL B RO TR I A BRTCRR B LY A
FLOAT phgDofNormL2(DOF *u)

THEL B RO G TR I A IR TG RR B L2 A
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FLOAT phgDofNormH1 (DOF *u)
TR X BT N A RGBSR (B3
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
IR[F] dof fEHLIG e IG5 index ) H HHEELE H HHEEXT S P 905
BTYPE phgDofGetBoundaryType (DOF *u, INT index)
SR E AR R KA, index & H HEAR R A RS .
BTYPE phgDofGetElementBoundaryType(DOF *u, SIMPLEX *e, int index)
SREE AR R I AR, index A& H ARG NGRS .
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
SRE A AR R (AR AR E, index A& F R BTGNS o
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 ERAY, 45 Lagrange JG. DG JG5%, MBI B RE, nIHCH XL H il E
AP InitFunc, & 4.1.3.

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

PR DO A 20 40 PR RS PR R R K5, T T 8 BRI K] InterpC2F J L, S 4.1.1,

void phgDofInterpF2CGeneric(DOF *dof, SIMPLEX *e, FLOAT **parent_data,
FLOAT **children_data)

L FH 40 0 A AL PR RS PR EL R K5, T 8 SR AP ) InterpF2c J 1, BF 4.1.2

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

XFH XS u fEHT0 e TN bas_index AN SE s, W0 SAH ML E 1110 Fibn & P AN
P u->DB_mask "IN, WA MAE(TAEE, MRECGR[PIME Y FALSE (MLH % 2] mat F1 rhs). 77
W), ARHE func 45 H IIAAE S AT L A 07 A R B A S I, it mat A1 rhs 3 [R145 18 HIRE Y,
PRGR [P Y TRUE

T i £~ bas_index, n RI/NPICHEREINEL (n = DofGetNBas(u, e)), ¢; RnH: j Ik
BREL, u; RN A, 0 <5 <no

X} Dirichlet 11 54 F 0 Ab BER FH H AT (B L2 $E52.

AR EK u->type->points '= NULL, BEIBESEOE B B B E BREE, A TTREN

u; = func(x)

oo o O A BT E AR bR .
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i u->type->points == NULL, WS FEMIS L2 B¥miE, R

n—1

Z(/ goj-cpidV)uj—/func-gaidV
1% 1%

3=0

Hoh v £oR B HEEFTEM T (WS BB 4 GO E M) 1 (1 H B B0 (0 3 HE).

M u->dim > 1B, F R uw->din A, BTITA RN RECE R0, BE nat TR
SURAN o AN EL, i R P AR 5 20X 28 R AT R Ao rhs TR [F] u->dim A7 I

ZH proj €I FAAFMEE T, Hi X A8 DOF_PROJ_NONE (AN$%5%) Al DOF_PROJ_CROSS,

HrhE#F A GEHAE u->type->din % 3 == 0 FfE L, T4 Maxwell JTREIA S5 uxn = g xno

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

WA AR 8 B o 2% bR B R 7 B s 75 B R AT JE ) el RO, R B Al e — AR
3 NEIGHBOUR_DATA [FIZ5H#)H o BRER [MIME A% 5 0 I FR 5T

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

TR [R18 F BT A T S A R TAS R B A B 4R S o an SR AR AR S, MR H R 1)
R BER G A AL B, S IHREHR1) nd O AF G &0 S 2 (R AH A7 B . neighbour $i %€ AN 4E
i (%5 ). bas_no $& & H HEEALE (T, 14 MEHTCH HE). gindex MAEFFRENI, &[FH
FE (A JR ) 5 o

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

IR A4 Ja 570 5 AR BT A S E S e B4 (*Eéﬂ:ﬁi@gﬁifﬁtplﬁjﬁﬁ phgDofGetBasesOnFace
WIRIEIE) o 4 peer_type M ARZSFREFIN, IR [FIGRE oo B H HEESEAL (T hp S, HATA A
¥ DG ),

void phgDofReleaseNeighbourData (NEIGHBOUR_DATA **nd_ptr)

SR DR AT 408 Jo B 1 B s S5 4 o
int phgDofGetBasesOnFace(DOF *dof, SIMPLEX *e, int face_no, SHORT bases[])

B A HEXN S dof fEHIG e I face_no LHIFEMREL (575 1Z I LATE R 0 FIHIC e IR
$0) . B2 bases IR [ABXLEHE bR ELAE B IC N IG5 EATTIHEFI S F 1T 1) = AN T0 A A SR 5 1
DRI, SXoF S 202 1 ) V9 A BRLG 1 FH A% R 50T 45 2810 9 7R 225 R 50 e —— X 1) o R BBOR [P A T |
FER B4
A.14 HERS

KA PHG BB P BB A TE R, EA TR 75 22BN 72
QUAD *phgQuadGetQuadiD(int order)

R E R ERERE (2T —2E (B E) RIRAK.
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QUAD *phgQuadGetQuad2D(int order)

REIFFGTREREE (2R =4 (ZMmet) KA.
QUAD *phgQuadGetQuad3D(int order)

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

FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)

A=A P X HhE, P A5 3L userfunc ZERST T quad M ATA AL AR IFIE, dim /2
PREIN YR, —

ZERECR T — M cache BILTTL 4 e AT HT R —AN B L [R]— AN 5 e A — M4 1 IR
3 RACME R T DL R R ST . N H R : phgQuadFuncDotBas.
FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad)

R Al—ANERS G X bk, s B RN G u fER 1 quad HIFTA RS AR A

LR cache ML, 4 R E AR —AN B BN SAE A — AN oo Rl — AR 7 AR ) sk

ﬁi&TﬁTElﬁﬁﬁaﬁiﬁiifﬁéi(Wﬂﬁn@ﬁ%& phgQuadDofDotBas). 747, 4 u->type->invariant A TRUE Bik
AL R w MR (B F 1), MRS phglQuadDofDotBas.

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

R[] ARG X, Ferp L H A u->type HIEE n MEREHERT T quad KIFTH
A7 AR IIAH -

ZPREUN . cache HLHI, R BT A —A> Bl BESR Y A FE bR B [ — A oo rp R — MR 1
(IR 53 s MBI mT DA RE 4 7 52 U5 (WﬂﬁﬂgﬁiﬁjpthuadDofDotBas)o Y48, M u->type->invariant A
TRUE ‘&30 ] LB B S 0H w LR (28 S i) . NHIZRIZF phgQuadBasABas.

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

R[N gEh X, P B R u->type HIHE n DMIEREIEL AR > T quad
(IR RIAR I
Thie M %Y phgQuadGetBasisValues FMBl. N /R1Z%E phgQuadGradBasAGradBas.

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

IRl —ANF S X bk, RS Bl R u->type (28 n DNIEREUT curl ZEBU> T quad
(BT AR G5 s Ak AL
Ihfe M FHi2 S phgQuadGetBasisValues J3MBl. W H 7”127 phgQuadCurlBasACurlBas.

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

WHABENR vy v B3 (W) BAESIT e LRI order fiRE KRB AX MBI &L e/ T
0 24T QUAD_DEFAULT I, 7 1 bR 4 H Sk #6382 RS FE KR AR A 3K
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FLOAT phgQuadBasDotBas(SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHHIC e FHAMEXNSE u I o ANRFREERES B HEXNS v B2 n AR R0 R
EHIG e LIRS . order U1 XA phgQuadDofDotDof. H HIEXI% v ANfiE k) DOF_CONSTANT Al
DOF_ANALYTIC 287,

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

THE PR userfunc 5 H AN SR u 4 n MEREIIF (N) ARG e LIRS . order £
) X phgQuadDofDotDof,

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

WA BEBENS v 5 BHENS v R R BN ESIT e LR . n Al m 2351
ot u Ml v KRR RIS o order U175 X [F] phgQuadDofDotDof. HHIEXIE u Ml v AfiE
>Aj DOF_CONSTANT A1 DOF_ANALYTIC 257,

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

WHEBENS o 5HBEXNS v REEREN curl IINFERIC e LA n flm 535
ot u Al v REAE RIS o order 241175 X [F] phgQuadDofDotDof. HHIEXI4 u Hil v AfiE
A DOF_CONSTANT F DOF_ANALYTIC 287,

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

TR EHENS w5 HHEENR v KRR B R BAE T e BINR . n g5 v IR 2
5o VG HAE res 7€ MR X IR PIZEph X Motk (34 u Ay ) 5 R AU 11 5 45 2 [ 2 {H) » order
ZH )7 X IF] phgQuadDofDotDof. [ HIEXTS v ANfE AN DOF_CONSTANT Al DOF_ANALYTIC 87,

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

TN SR 0 SHEENR v 15 o DNRE R AR IC e ERIRSY, BEEK v IEM
ot R REL, X245 phgQuadDofTimesBas AN[F]Z Ab,
FLOAT phgQuadDofDotGradBas(SIMPLEX *e,DOF *u,DOF *v, int m, int order)

WWHEBBE o FEES BB v 028 o NMEREIE R ATRTERIT e BRI,
DOF #*phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

IWHEIEE BHENS o 1 () Bk, @FHTEREZEMN . EaR B S8 B B
Z, BAE—AME, ZEE o i BRI L2 BT . 280 proj FRE WX u AT
#: DOF_PROJ_NONE K/~ AFX 5. DOF_PROJ_DOT 75 [fl HL47 % [n] 5 14T B, DOF_PROJ_CROSS %
N 5 RALE R AT AMA (U)o order AASN A X MB 4.
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DOF #*phgQuadFaceJumpN(DOF *u, DOF_PROJ proj, const char *name, int order, DOF *g)

VAR E BHEENS o 1 (1) Bk, DhaEZRL phgQuadFaceJump, X HI7ET )5 H k5 &6
ks, AvHE A . phgQuadFaceJump T4 Neumann A Bk, HEHEMNS ¢ e u 1E
Neumann St 7ME M S50 2405 S phgQuadFaceJump AH .

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

AR EAME oS v FFEERBUSIRINF Y . proj /7€ u FETHANE N _EEGE 7, v
DOF_PROJ_NONE. DOF_PROJ_DOT 5Y DOF_PROJ_CROSS. order 514,

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

iR EAHmE v 5 v SR, proj e uw M 7, W HL DOF_PROJ_NONE.
DOF_PROJ_DOT 5% DOF_PROJ_CROSS. order 55 B/ i,

FLOAT phgQuadDofNormP (SIMPLEX *e, DOF *u, int order, int p)
WS [ |JulP, order fER T HEE .

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

AWM u 28 o ANMEREUGRE R LR BOERE A ol AL v BUSE m AN JERR BB FE 1 1R
JG e BRI M A O NULL SRR HON FATFE, DU X R 055 [R] T phgQuadGradBasDotGradBas. A
HARZFRE N, DofDim(A) WAIAE T 1 (R B LLEATFE) B DofDim(u) * Dim (FR7xf FFE) B
DofDim(u) * Dim [F*FJ5 CGRIARWEIED, Ja PRI WA e o
FLOAT phgQuadBasABas(SIMPLEX *e, DOF *u, int n, DOF %A, DOF *v, int m, int order)

WHEEHBE S o DNEERECRREGERE A S A v 028 m NMEREER TG e EIOF. 1A
9 NULL R~k PR AR, U 1Z e 2055 1A T B 21 phgQuadBasDotBas. A A AEZSFREN I, DofDim(A)
WOREET 1 (RO B LAFRAL ) B DofDim(u) (74 M) Bi DofDim(w) WIF-J7 CGRZRHIE, J5
PR 0 1 AT et o
FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,

int order)

A A B w5 o NIRRT IERE SHFE A BRI B v 15 m NSRBI IERE ARG e
R o X A 28 S AERBR ] [F] pR 2L phgQuadGradBasAGradBas.

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

THE B u BERE SHERE A (IIRBS A v (055 m DN IE R BURE I N BRAE 50 e IR
I¥o R A LI 5E M YR PR 1 7] 26 %% phgQuadBasABas, X B 5K DofDim(u) 25T DofDim(v) * Dim.

A.15  ZiERRILER

H T e s 15 1 R 1, AR 5 2 e B I 5 L R
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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 R8T 1R A HH B S

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

IR[F] solver & dof_no NN HHEXN ZRIEHIT e EMIEE index AN H HELEL M RS 153 H
HH i o

int phgSolverInitialize(int *argc, char *x*argv)
(PR )
int phgSolverFinalize(void)
(W)
SOLVER #*phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

B ARIESS X B o oem_solver R EM#LAS, HJHL SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS B, SOLVER_DEFAULT, 1] 4§
ZH (N u JTIR) A RE1EAZ, DL NULL 45 0. 3R B0 2 1 ik de st % 184t .

int phgSolverDestroy(SOLVER **solver)
B SRAR RT B, RO HT B
int phgSolverAddMatrixEntry (SOLVER *solver, INT row, INT col, FLOAT value)
¥ value {H 2B LAt I7FRA RBOEFE Alrow] [coll I, HH row Al col JyJmi¥l H HI S 5 o

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

¥ value (0 2B LANE TR R BHERE Alrow] [col] b, L row A col ya)my &5 .

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

¥ values "] nrows x ncols /N REUH RN B Lt T A RETEFES, rows Fl cols F(4l
25 R BURE FE AT RO SR SR

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

4 values "1 nrows x ncols P REE BB HFRA REFEEH, rows Fl cols F4 59
o v B BUE BE AT AR 1 4 R ) S

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value {H 2 MBIZNE T FELLSE index MNA7%I, index MR H B A G 5 .
int phgSolverAddGlobalRHSEntry(SOLVER *solver, INT index, FLOAT value)

¥ value [HEMBNEM T FEAEE index NA I, index AR BIMEMS .
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int phgSolverAddRHSEntries(SOLVER *solver, INT n, INT *indices,
FLOAT *values)

¥ values F1) n ME S INBILNETTFEA A 00, H02 indices &7 HE I HEAT S 10U A=y 50 1 o 20

o

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

¥ values "I n AMERINBNZNETTRRA A S I, %04 indices 45 HYIXLEAT i IO K] 42 JR In) 5 G
%‘O
int phgSolverAssemble (SOLVER *solver)

WAL RS . P R 5E T AT % phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
ptholverAddRHSEntry,ﬂJptholverAddRHSEntries PR S, T DA SK A o % R ok 58 ik
Mk RS ALR . R A 2 vk LB phgSolverSolve 43 H Al E K 5E M RAEN
i

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

W 2tk RGN R AR B I WAL AT I it giAr ik =0 (CSR) fav it 245 € X o matrix_fn 45
H RGP 44, matrix_fn 25 A v I SCF 4 o matrix_fn BY matrix_fn W] LUESTRER,
FRANK AR ST o 1R EH ATAS SRR AT U St R 4.

MAT *phgSolverGetMat (SOLVER *solver)

AR AS I R BOE B . %R HGR 0] solver->mat, J¥f solver->mat )5 HITHEIN 1.
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

QUL mat D4 RECEFE AR, IR mat 195 HTHEON 1.
int phgSolverVecSolve (SOLVER *solver, BOOLEAN destroy, VEC *x)

SRIRLME TR, x IR FEA MR 1% pR Al 2 e — 2 pR 40 i phgSolverSolve S5l H .
int phgSolverSolve (SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

RGN TR ATARZHL (A w JTR) 43 HRFIRAI, BLNULL 290, EATREAN IR S 046 ik,
B IS M R LR o TEEORFR SR P AN BN B2 phgSolverCreate H1 R —5. AR
destroy == TRUE K37, WIISKAMFSE SR JG S RIAHSBOR BOHT B AN A S I OB A A7 1% PR BIOR [P 5 454K
RE (RIPUE < 0 FRan KA A EHRR) o

void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)
BEESRE ML RS BN B RIRACRA . 5 1A 2% R B3OS T iy 447 1 B 1 e IR AR O R
void phgSolverSetTol(SOLVER *solver, FLOAT user_tol)

BEEIREMHE SN S IR L LR o 5 T T2 PR BN 1 iy 47 B B AU L R R 2K
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void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

BB ML NS solver HITIAAT 1o F7 AT LA % bR #4551 PC_PROC pe_func SEILE 2% T
ZAF o 2 pc_func K NULL B, ERIANUH A phgSolverVecSolve (pc_solver, FALSE, *u) Kfif Mu = b,
FEKs w R IA], oA M FEFE pe_solver 3E Mo

TE: AR E M A H RO PCGL GMRES LUK PETSc fifVA# A2, PCG fl GMRES
BRINER jacobi FEALET

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

i Jacobi Jjik, SKMF Ax=b, Ke4iRIRAFAE x FEI7 M VEC XI5 20t 5wy AL A % R B2 il
SGiEUN phgMapCreateVec B o PREOR DME A SEFRIEARIREL . max_its fCREIIERIEL rtol £on
AR 11 R

void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(T3 HYPRE 2.0.0 BLL ERA R & X HYPRE AMS TAPE TR A, F1 Ag 5EBE.
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[i] phgSolverHypreAMSSetPoisson, HT o fl B ¥ A HEIIETE

A.16 4SFHERIFEEEHE

A.16.1 FE

EIGEN_SMALLEST o I8 /N n ANRFEAEFIRRE [7) 5
EIGEN_LARGEST o &K n MR ARRE 7] &
EIGEN_CLOSEST o tIHEIRFENT tau I n ANRFAEMEFRRE 0] &

A.16.2 SPEMFIEEREESS

phgEigenSolverARPACK > PARPACK HFE{H ML
phgEigenSolverJDBSYM > JDBSYM HFEAH il n%
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) HFRE{H fiftid: #s
phgEigenSolverSLEPc > SLEPC HFIE{HfETESS
phgEigenSolverTrilinos > Trilinos/Anasazi 435 fiE{H 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, ...)

T SCRFEE R Az = ABz 19 n ANRFIEAE /FF1E ) & o which nJ LA ETGEN_SMALLEST (f/)>
FSAEA) « EIGEN_LARGEST (H KHFME{H) ! EIGEN_CLOSEST (FAEiL tau MUHFE(HE). nit SR [FHEARK
K, WAES K w, ... A—41 DoF MR, BALAN SRS 4L DoF X RIS A F1 B
i) DOF X% —%0, HAEAEE o > DOF X5, R B4 3 AL ) o
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int phgEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
FLOAT *evals, VEC **evecs, int *nit)

T SURFEE R Az = ABax (1 n ANMFRFAECRRFAE 0] 5o REAE 1) I8 I *evecs R[] (Lt
NI *evecs == NULL, JiZE¥0K B30 AN 80 %). HASH S phgbofEigenSolve 1IN}
IV AN

A17 JLAEMHESERE

void phgGeomInit(GRID *g)
Faa e LT Ecs (AR -

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

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e)
IR [EIHE 52 BT AR

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)
IR [0 45 5 R OCIH ELOARBRIR Jacobians

FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face)
R [AIFRETH TR, face A IHIK IS o

FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
IR [BIFEE MY EAE, face AT HRITHY

FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face)
R P55 [ AL &, face RTHIHIERICN ST .

FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
3R (BT E 1) B ANE ) B, face DA IR SR TT N 45

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IR AR 2 1l R IRARAR (2,9, 2) FEHIT e T ARFR.

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

R[EIHTE e FPHEE HOABR I R R AR
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phgMatVec, 49, 59
phgMemoryPeakReset, 62
phgMemoryPeakRestore, 62
phgMemoryUsage, 62

MIXED, 5/, 54

MV_FUNC, 48, 56

N

NEdge, 4, 25, 53
NEIGHBOUR_DATA, 77, 77
NEUMANN, 4, 16-18, 53, 54, 54, 70
phgNewGrid, 65, 70
NFace, 4, 25, 53

phgNProcs, 53
NVert, 4, 25, 53, 53

O

OEM_SOLVER, 5/, 60
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