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4 F—F ARiLF

YT HBMN 0 FFaf . B, TSI ITN R S 1E 0 - 3 200, A5 7E 0 - (nvert — 1) Z[H (nvert N
TR TN AL, 42 R%*57E 0 — (nvert_global — 1) X [f] (nvert_global J42Jm) A& H (T A 40

B BRTCHANEIN TR TCAR R e T S BRTT I TR TR T R AS R4 Jm i 5 o B TR (B4
AT AT BBl — AN

TG PUS AL, S TIEILA M 481 . DIFIA$R S IC I Ay — 7>
IR A2, T T A DO R T e R AN (R AN TR R R T TR K3 . PHG TR 2 A 41
AT &4 R G 5 AN TR (R DR b AR A PR T A0 I K G 5, 1T ) AR DDA RN PR 2% i1 25453 2]
BIAH (42)5) ST o

TR 5 AP, RSP DIE AN D) S DR R, e
ACFR T AL 40 AR 32 B PR A TR P A DI B = AR T, R T AR LS AR A T . PHG T
208 0 B A AT 1R A T o4 Ry i 5 B /0N ER) Tt PR A A 170 S50 T 4 7 A2 B 06 Y T R 9 55 1710 3 41
PR AU ) T AT TR 2 BT R 4

YT IG S, PHG L@ AL & BATR/NWA R g5 A0 412 BT AU B oa 4R 5 BT I
T, MR — AT B IC RO T

1.7 —&Es

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

Dim fURZS[MYERL, —4Ey 3.

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

1.8 BTk Migx REFELH

1.8.1 SIMPLEX %£#4
PHG 53k P IC B 454 & SIMPLEX, P A4 n R LA B 0

typedef struct SIMPLEX_ {

struct SIMPLEX_ *children[2] ;

void *neighbours [NFace] ;

void *parent ;

INT verts[NVert] ;

INT edges [NEdge] ;

INT faces[NFace] ;

INT index;

SHORT mark;

BTYPE bound_type [NFace] ;
} SIMPLEX;

1, children[0] Fl children[1] 43545 M PN TR JG; neighbours [i] $i7 M) 2 4 /NI [1RAT fa 5
TG, WAL ¢ iA 5 N neighbours [i] A2 $a%l, A ¢ LA ATEAM, N neighbours [1] &
] PR 10 7 DR A ) 408 Jo O 2R I — AN 548 (e HH P 8 AN b O ) s AR HE, bound _type [i] 45 HiTHI i
(R0 FRAY, 2 RTS8 (K% 7 404 INTERIOR (A #77)  DIRICHLET (Dirichlet 1 %ifil) « NEUMANN
(Neumann i 5¢f]). BDRY_USERO-BDRY_USER9 (] J"2$%4 0-9). UNDEFINED (A #5528 HY i FLii) i



1.8 BT KW R I E5 A >

REMOTE (4B J& 762 e~ Wk iy Py i, AR S B NI 541D ) s parent $8MACHLTG, RHARBLICIT 7
parent N7 FREr. PHG foiF—/Mii[R A7 2 AMFri&, W1 DIRICHLET Fl INTERIOR, IXAFAEREATA IR
TGV A DAAE AR IR 9 e i AR A

verts[]. edges[]. faces[] I index Jl b2 73 MIORAFII AT 10 [HIFISRTCI A IS 5, BATT 4
Jai4m 5 ] L3 H % GlobalVertex. GlobalEdge. GlobalFace Al GlobalElement 3K7%, i, &
W g AR A HT A R EE (GRID %), e MFR M —MRICHIRES, W e->verts[0] ZAHHIC e 115 0
AT A S5, 1] GlobalVertex(g, e->verts[0]) W45 HIZTIN M4 Rgns (5 TaAE oA =
W& A G 5 55 4 SR g 5 A2 AR .

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

1.8.2 GRID %&#4

PHG Hifiik M (5 4544 2 GRID, HA A& R LA A -
typedef struct GRID_ {

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

IXH R F verts AN nxxxx. nxxxx_global Ji{ i
verts HALH T ORAF T WM T AT TOUS P R 7R AR B, 2 TR RO AS 4 5 U7 A7 T8 92, AR
g NPIRSTRE, e NHITIREN, W e IUEE ¢ DTS 2.y 2 BRI 54 -
g->verts[e->verts[i]] [0]
g->verts[e->verts[i]] [1]
g->verts [e->verts[i]1] [2]



nleaf 4317 MR A& R ICE, RIS HT S S 1o i oo

nvert_global. nedge_global. nface_global il nelem_global 7345 H i 4% Jay WA A% H 1 T0T A
H. L HECN TR AR, nelem_global 55 T HT 1 MAR Y nleaf {HZ A, XA
Rerhoga—#E.

nvert. nedge. nface fl nelem M AN & 4448, CA 1 )45 T IO L 10 A1 BT H) o RAS
Mo 500 1o X FAR AR RIS, e AT 5005 T OTH B U SOAH SO e EL.
X T Aa A%, nvert & TP KT 2540, nedge. nface Fl nelem MBS WA 12040 7 XA
Ko X HLLAL IG5 H 5, A7 ) Y g 7ok Ul WX e (R G . (BRI RS B — N T
eor FFHANL— AT BN AT FTC eq AT eq, REIZPIA FTCHE FSCIR) WOAK Sl 20 D IS R A% 7B 0 4
T oers T 1 e W 150 BIPHESHMOBACRILI A IS S, F55 W IIECTAR A 4
JRgi S, AT AR g T2 BN, ASHG S AT IS, . T 0 HFRIC eo AT ey R, eo =
FIUMAM (42)R) G50 0(0)s 1(1)~ 2(2), e IM=FAMAM (22)7) Fi'5 0 1(1)- 2(2)~ 3(4), KL
nedge REA 4o TH 1 HHERTT eg F1 ex FIN, e FI=SRIL A (éﬁ) RS 0(0)~ 1(1)~ 2(2), e
) =4I AH (42 F) 4854 0(0)s 3(3)~ 4(4), KL nedge HIME N 5. A A HICHIF HLI0 (0] 1) 4w
TRMLRIESE 1.6 TPV

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

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

KHL, REAE oo R T 34 T ARG S 1 H R T A R S i S
2 R AI R I o

1.8.3 types_xxxx #¢H

GRID 41K H A YAl i types_vert. types_edge. types_face fll types_elem, BT LEE )
i nvert. nedge. nface l nelem KA, 7345 H i1 WK h B TH A 320 TRURIT PR G )3 S I 7k
X AL 5 SIMPLEX 1) bound_type (4l —HEHIFREAL, JF HAZMYE bound_type 4L (IR
ST (— AT R B ()72 SR 7 85T DA A0 8 12 TR B 1) T 2 b 5 4% A7 8 S S 4
S, T T A SR & U KYE T bound _type £(4H ).

%7 bound_type H Al IIARELIAL, types xxxx BLHILAT —ANFR A OWNER 4L, R 47T 1M
Bt g e TR0, — DTG AT RERIN & T2 A 7 g, 1K R HA M E e
& T, 1Ei% TPk L types_vert [i] [¥) OWNER {724 1, fEH AR T M L owner {7394 0, Hirp i &
NIV PR A ML 25

™ types_vert[i]l == 0 (F&£)7H il % H % & UNREFERENCED £7R) B, IR ¢« AT 4507+
BRI B8, BINZIR B B 1T RS P S AR 2500, e A g 5 X0 0 1473 g
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W, a0, 6B R A R (BF S IUE) RN, DAz s v s Ik, 78 2k,
% 2 A owNER JBPEIIR . 161

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

¥ . AT G T, UNREFERENCED A7 AH [R5 Mo
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PHG #4L5H g — S8k (94 1, 4445 PETSc. HYPRE. Trilinos. MUMPS. SuperLU_Dist-
SPC. LASPack. PARPACK. LOBPCG. SLEPC. Tcl/Tk. VTK. Zoltan. ParMETIS (5 METIS) %%.
ORI AR APE AR T IR, R AP AES 3 PHG JU 223U e AT I LMETFIE PHG B4 Thfg . an Al ]
Linux #/E RS, WML ftp://159.226.92.111/pub/RPMS AbRftf)—4% RPM 11, PHG
FERC B AT DA E SR A X 88 RPM A3, 2235 i A1 T AN 6 8 F AR AT 258

2.1 EESHIF
£ PHG PRSI TZ H 4047

./configure
gmake

P gm e L PHG I libphg.a. VR, Wi PHG B2 GNU make, 7707 gEH 4. PHG 1]
BL'E ZHAEIEAT configure MIH I EINBINGE AR Bfg e, 1817 “ . /configure --help” W] LAfH 247K
configure (7% B A= L.

configure A I PR AR 1 2 A [ — £

cc R C gmikds (BRIAN mpicc)
CFLAGS fRE C Yaikik i
CPP fRE C AL ZE

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

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

FC {8 € Fortran (90) % i¥#s

FCFLAGS  #8% Fortran (90) 4wk

F77 155 Fortran 77 JMiFas

FFLAGS Y85 Fortran 77 ZmidEik I

b, Fortran g ay MO I 122 0 T AEAT H —48 35T Fortran IAMTEAE (41 PARPACK . MUMPS
SF) W€ Fortran BRIy 2 KU S B2 I T 75 2219 5 Fortran 7 XHIE (configure 23 il HimixX SUFRES
A [ EA]).

configure i ¥ FE LA (X HEAHIWATEE, RAKESH S “. /configure —-help” [f]
LINE

--prefix=H K % fRE PHG @2 H3 (BRIAA /usr/local)
--enable-rpath BT -rpath 8 8 FE L4884 (CBRIAME)
--disable-rpath HEREINAEH -rpath

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

--enable-debug Ja AR AR CBRIAE)

9


ftp://159.226.92.111/pub/RPMS

10

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

--disable-tk
——With—tk—config=jl¢?2§
--with-tk-libdir=H & %
--with-tk-incdir=H & %
--enable-vtk
--disable-vtk
--with-vtk-libdir=H & %
--with-vtk-incdir=H & %
--enable-mpi
--disable-mpi
--with-mpi-libdir=FH &%
--with-mpi-incdir=H &%
--with-mpi-lib=/
--enable-mpiio
--disable-mpiio
-—enable-metis
--disable-metis
--with-metis-lib=/4
--with-metis-incdir=FH K %
-—enable-parmetis
--disable-parmetis
——with—parmetis—lib=ﬁ?
--with-parmetis-incdir=H &K %
-—enable-zoltan
--disable-zoltan
--with-zoltan-incdir=FH & %
--with-zoltan-libdir=H &%
-—enable-solver
--disable-solver
--enable-spc
--disable-spc

-—enable-petsc

FoF BE.BE. RERUEER

AR FHASE e R A LR

G PEEREE AV I T R R U B D RE (BRIE)
AR AR s ) D Re

JAH Tel AR (BRIME)
AR Tel AR O

fRIE tclConfig.sh A4 (T Tel FLE)
f7E Tel FESCAFPTAER) H 5%

R Tl kAT E H s

JAH Tk AR (BRAE)

AR Tk AR N

fRE tkConfig.sh A4 (T Tk AlE)
/€ Tk FESCHRPRAE H 5%
fRE Tk SKSCARITAER H 3%

Ja M VTK #H (BRAE)
2 VIK $#:11
faE VTK FESCHFTAER H 5%
7€ VTK KO n H sk

JEH MPI W S8 (BRIAE)
AR MPI W B L6
FR5E MPI FE U2
FRE MPI k3012

fi MPI J& (W1 -1mpich)

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

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

55 METIS J#

B METIS SkSCHEPTAE) H ok

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

55 ParMETIS J#

83 ParMETIS Sk 3CAEFTLER H 3%

Ja M Zoltan 42 H1 (FHT- A& 73, BRI
2 Zoltan M

Zoltan Sk SCAFFTAER) H %
Zoltan JESCAFFTAERT H 5%

Ja RfdEasd o (BRAE)
AR AR

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

JA H PETSc fiftvk#s (BRIAH)



2.1

BLE 5 % iF

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

--enable-trilinos
--disable-trilinos
--with-trilinos-dir=H & %
--with-trilinos-incdir=H &%
--with-trilinos-libdir=H &K %
--enable-trilinos-anasazi
--disable-trilinos—-anasazi
-—enable-superlu
--disable-superlu
--with-superlu-lib=/%
--with-superlu-incdir=FH & %
--enable-laspack
--disable-laspack
--enable-papi
--disable-papi
--with-papi-lib=/
--with-papi-incdir=FH &
--enable-gzip
--disable-gzip
--with-gzip=F2 /5 %
--enable-bzip2
--disable-bzip2
--with-bzip2=A2/5 %
--with-blas=/%
——With—lapack=ﬁ?
--with-£77-1ibs[=/&]
—-with-fc-libs [=/4]
--enable-long-double

2.1.1 C/CH+ #iXFFH MPI
PHG T2 CiESRWE, HATHA VTK Ml Trilinos 10 2& C++ B, FtWE AT E X 1

BriE, HEA C Fikdsmi vl LLT . PHG il MPI WY BAL IS S4TSR ¥ MPI SCH, W)

G PHG M HRATRRA .

LRI MPT R GEH AL T IXHY: (14

PHG ] configure JIAKIIN C Al C++ w2 L /EA & mpice mpiCC. mpicxx ZFAT4>s
WI{EIZAT configure N ANLFRELATRT MPI (IS4,

Ei

A5 PETSc fiftikiad

J3 H HYPRE fi#i: sy (BRIAME)

A% HYPRE fi#ti 2%

HYPRE %3¢ H % (BRAEA /usr/local/hypre)
HYPRE /& (BRIAMH N -1HYPRE, W E AT E BLAS

Al LAPACK J%)
Ja A Trilinos #:H

AR Trilinos $2H (BRIE)

25 Trilinos 2% H =%, HTS ISk 30k K%
Trilinos Sk3CAF H 3%

Trilinos JE LA H 3%

Ja H Trilinos Anasazi FFIEE LAY (BRIAME)
25 H Trilinos Anasazi R fEE #1225

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

25 1] SuperLU_Dist fif#i2: 2%

{85 SuperLu JE

{8 SuperLu Sk CAFFTEN H 3%

JA Hl LASPack (H4T) fifikds (BRIME)

5 LASPack (F347) filizay

J& Fl PAPI 411

A1 PAPT 411

fR3E PAPI JE (4 fik4t, BRH -1papi)

g PAPL K3 H 54

JAH gzip SCHF (CRFEEN gz RIS, BRIME)
25 gzip e 4 SCRF

gzip P74 (BRIAA gzip)

JAH bzip2 TEF GLRFEAN bz2 A SCAT, BRINE)
55 bzip2 MRS SR

bzip2 PP % (BRIAK bzip2)

25 BLAS JE

#5th LAPACK J%

Fortran 77 Jig (5% “= &7 I th PHG H ZhATI)
Fortran [ (%40 “= J&” Nt pHG HBIEII)

A5 P DU A5 RS P2 v mds S (CBRIAE T XU B2 7 i i 5

11

Hfig

IR,
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RS MPT RGUEH] T I E SRR S B d i, T LU IMEAZ B co A1 oxx KfinE eAl. et
T configure 231K HATHRHIA O MPT Sk 3CF ESEE B, W RMG, WFHFEA --vith-mpi-libdir
Al ——with-mpi-incdir BTN/} AR MPI ERSL SR AT, LU ——with-mpi-1ib ETHE & MPI
IJZESCAE e
CC=gcc CXX=g++ ./configure \

——with-mpi-libdir=/opt/mpi/lib \

—--with-mpi-incdir=/opt/mpi/include \

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

2.1.2 METIS/ParMETIS 0

WHRTFJH T METIS/ParMETIS Y £§, 3 H. configure Al E] 1 AHMN (K SCAEFIEE, MIZEIZATRE
JPI T UL “~partitioner metis” K45 H METIS/ParMETIS BEAT MA% &Il 73 8% X1l 43

2.1.3 Zoltan EO

WHEIFE T METIS/ParMETIS (¥, I H configure RrllE] T AHMN KISk SCHERE, MIAEIZ1THE
Fr i AT AT “~partitioner zoltan” KAFENEH] Zoltan HR ) — L HEEAT M MR 7 B X) 73,
FHIET “-zoltan_method F-i%" KIRIE Zoltan IR 4351k, Horh “ H k7 nf LI “rcb” (recursive
coordinate bisection, FRIAME)+ “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F1 “hypergraph” (hyper graph, &!).
2.1.4 fEERED

Bk 7 PHG $ROEK N ABMLAS PCGL GMRES 252 4h, FI 3wl LUl PSS ARE SRR R e
FEdl. Hul PHG CRFMAMBIELEH PETSc, Trilinos. HYPRE, MUMPS, SuperLU Dist. SPC Al
LASPack 5. {Ei&4T configure I 1] LUFEE J3 MR LEffydn e 11 (bW 75 BAR AL S SO o FERIAL
BAE) o F R o HARAGE PR A 0 8 AR P PR, B AEISAT R RPN i i 4T 38 I “ ~solver” fi
7€ o LASPack »& —MRATHNESS, EE1EERA MPL RS LA,

2.1.5 Tcl/Tk. VTK

PHG #24it5 Tel/Tk BWAIEF RO I TAH Tc/Tk BAIIGE, RGETTWLATLEEA Tel/Tk
FAUREFFRIAES . W contigure Juiki HBNAGINE] Tel/ Tk, WIFFEIE & LD (-—with-tcl-*
A --with-tk-*) KFR2 e,

PHG ) VTK #10 H 25256 M, &8k VTK 4.5.0-2 LLERAS, 84T configure I IEH H T
PR E cmake FRF I BB ATLLT

2.1.6 BLAS #1 LAPACK &

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

1217 configure W UIH 3 FH T PETSc, W] PHG 4 H3M PETSc F13REAT % BLAS Al LAPACK
M &, BRI AN e v 247 L3832 BLAS R LAPACK J# (0S4 e I i vl g 4 )

WREA 22585 H PETSc, WH o] LUl configure METIKTEE BLAS /A1 LAPACK
JE. FIfiE 45352 BLAS/LAPACK JERIf]
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./configure --disable-petsc --with-blas=-lgoto --with-lapack=-1lapack
./configure --disable-petsc \
—--with-lapack="-L/opt/intel/mkl/1ib/32 -1mkl_lapack -lmkl_def -lguide"

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

M A H PETSe JF HH P % ¢ BLAS/LAPACK JEI, configure 2xik[E Hzh T
$£1& 1) BLAS/LAPACK . WR$EH], W st OMEH) B2 R AR, W — 5%
HEE.

WA ] Fedora Linux Jf H ¥ H'E 416 R BLAS/LAPACK FEIN, A LL% [E%2%% 1apack-devel
I blas-devel U,

2.2 RE

SERC R G, AEURS H kP T

gmake install
gmake install-doc

2ok PHG I PERK SO (BOE SO ICT) 2388 —-prefix JETSRE M H ¢, H)s—4amd

. %% PHG [NF M manual.pdf (752 CCT H3C TEX).
PHG %% 5 () 2SO H S Gkt r

_bin/phg

bin/phg_tcl

1ib/libphg.a

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

| share/doc/phg/examples/*

P share/doc/phg/manual .pdf /& PHG [¥)F-/, share/doc/phg/examples M40 7 —LEfe 3 S 451 Al
Makefileo

2.3 #l{E RPM &

PHG U565 A& A f0 n) LLE 2 R HIE RPM A4, HI/E RPM AN, O TP kiiot &, PHG 1
FIH A, 4% VIK. ParMETIS. Zoltan 2545, it RPM WHIER 28, Mk
ftp://159.226.92.111/pub/RPMS
AbFRAIE T IX LS RPM £,


ftp://159.226.92.111/pub/RPMS
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e PHG PSS 444 phg-x. x. x-xxxxxxxx . tar.bz2, M4 :

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

¥4 PHG 13554

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

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

H1T PHG T R GE b 38 VF 2 e A, PRSP AR ity — b (0l 1 HUd 5 T 23 AE 4
PHEERINLE L WERATE RPM WAEI LS L2k, WG EEAE R LehL & b Spr s (L 2E 4 T 2
P, GMIEmA N rpmbuild --nodeps --rebuild phg-x.x.Xx.src.rpm.

PHG 1) RPM BRI 284500 /usr/local. M1 T PHG ¥ RPM /2 relocatable [¥], TJLA
e R e e 2242, W: rpm —-prefix=/usr -ivh phg-x.x.x.i386.rpm,

2.4 EFZEH
examples Hig A& LA R CRE 7 5L4 (simplest.c. poisson.c. maxwell.c 55). IhgmiF

JE e ERCEA AT AT ST, AT AT EAT RIINR PHG 2 62 75 IEA (18477 LA “~help a11”
WIAF BV EATI SRR AT 24T IE ) o

2.5 Tcl/Tk #0

WIS E] Tel/Tk A VTK, “gmake all” iy 2454 156 E LT phg_tcl, B2 — Y RN
Tel/Tk iR #y, HA R T VIK A PHG 1 (#4)) Yifig. phg.tcl J&— phg_tcl ARSI, ©5L
BT AR B R A, VAT
[/prefix/share/phg/phg.tcl [ 4% S AF] ]
(K5 “/prefix” Bk PHG I 23E8k48) . Horh “ MAS A" J2—A ALBERTA 5 Medit #2010 M 4%
S FiAh, WAl LSS Shell BIA /prefix/bin/phg KIZFT %It

2.6 XA ERF phgdoc

PHG $flt— 4k fij 5.3 Bh v 4 phgdoc HIT-#51f) PHG BRI 5L K %% . phgdoc &M HL) Shell
JAS, B i 24T S HAE PHG 1195k SO P A D) o B0 A4 BRI st ok Bt

% phgdoc phgImport
BOOLEAN phgImport(GRID *g, const char *filename, BOOLEAN distr);
% phgdoc phgDofCurl
#define phgDofCurl(src, dest, newtype, name) \

phgDofCurl_(src, dest, newtype, name

FILE LINE__)

) —— —_ ==

2.7 MPEFN@mIFS5EE

RV PRSP 44 4 mycode.c, HUFRAE Makefile I RIHI—47:
[include El 5% /Makefile.inc }
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RIGIAT “ gmake mycode” 4>, 18 1] 2 1AL B nT 04T SCF mycode. i “ B 55”7 & U4 Makefile. inc
FERIH 3%, Erl L2 PHG RS H %, ] LA “/prefix/share/phg” s

PR I90 1 #5480 2% /prefix/share/doc/phg/examples/Makefile. H:H “/prefix” 1§
* PHG 22380845

2.8 MBI HHER

PHG 8 1d P % phgTmport W LA Pl UMK SCA S ARTUR IS . HT, PHG R BET AR
I ARG RS o AR EE 20 PHG P SCRF IR SCPERS 3o B, Tl DR IR I
PHG Pz 5k sk AR PHG o, EXAMEHATAEARR ], 2500 P> Shell JASHT
RESEHL

2.8.1 ALBERT #&3%

1Xj& ALBERT 1.0 IRIUE M SCAEH% X, ALBERT FRZ A macro triangulations. ALBERT H1is,
eI R E )& read_macro() Fl write_macro() . HSCAFEERIN T :

DIM: SRR 12) A0 64 2 5%
DIM_OF_WORLD: 77 [8) 4 5%
number of vertices: T8 2 (nv)
number of elements: ¥ 5UH (ne)

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

TR & nv-1 4 AR

element vertices:
¥ L0 %5
¥ AR S5

¥ Tne-1T0 .5 %5

element boundaries:
EToARER
R TAARER

¥ Tne-14 FEA

element type:
FTOKA
FALEA

¥ Tne-1£#

element neighbours:
¥ O ARSE L
B AL ARE ST

¥ Tne-169 48 &3 7T
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curved boundaries:
& AN 4K
i HAE; x SRR E; y AR E; z ARE

PHG 3R “RAR SRR 69 4457 FI <2 1) 4 457 Y955 T 3. “vertex coordinates” AT S =4
TFREL BTN 2.y 2 2R, “element vertices” HHRRTHLF VUANSEEL, T2 H 5L oC i PUA
TS RIS (M0 JFUR). “element boundaries” HRRATHL S DUANIELL, 25 HiAH Y Lo PUAS [ 1) 5t
2K, 1 o) Dirichlet 15, <0 %75 Neumann 15, 2-11 4354 7~X BDRY_USERO-BDRY_USER9, 0 %
IRX AN H. “element type” MUT4 AN HLICI AR, 0 #7R8 DIAGONAL, 1 #JR FACE, 2 &K
EDGE, PHG &I AR 705 H 3 (MIXED) 1 4 (OPPOSITE) X7/~N. “element neighbours” Z5iH
A ICIANAE R T dm S, -1 KN g, PHG 20 ALBERT %A SO 45 148 fi O R T
H AT HOH AR O DG B

curved boundaries ;& PHG M e, HIokieE Sl st, A h— 5 n A n 450
F e BEH AP E VYA <5 BIFIREL, BTN o0y 2 BIEREL, BIREAH A X R B

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

ERRMITTREN Cl,y,2) = 0, T (P(x,y,2), Qx,y,2), Qx,y,2)) WHAL (2,y,2) BEEEIHH L
FIARR (S8 WAS SCAF A test/sphere.dat). A ST R VFAE A 2 81705 Ja 4T, (H35 A
REA IS o

WS “element type” Wi, W PHG SHRHHE € ML H B AR IoTR e —
PRSI, I HAHAE e oA PUAN TIPS, CARACRAT] 0 WA 36 A2 20 A AL S92 P B2 SR B AR 7k
At

WRBN AP AT “element boundaries” i, W PHG KB i St (125 14 & Ay UNDEFINED.

KT ALBERT $ A SRR TP EAE BIE 2 E 1.

2.8.2 Medit &3\

Medit [3] f2& MR R SANBEAE, — 2L B i RS B 3L e, I Tetgen [13], Gmsh [5]
S, ATRAf Y Medit #% 3CHI RIS SCPF. KT Medit #4191 2F Medit 1T

PHG 1Ll A\ Medit mesh format 4%z M4%, {H LA Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals %4, ZBSIEH . PHG ZEREA ST I PRS2 B 1Ko 0 o
AN N R ITk . PHG A SRR NTHAR LI, 5 ANE 6 A DY A4 570 DR R RS 11
Pt . PHG RN SCAFH ) Triangles Fl Quadrilaterals S RMM x A% H il Fi i (110 2
Mo BRNTEDL T, PHG K Medit SCIFH IR 1 #e ol DIRICHLET, XM 2 4647y NEUMANN, FLAvSY
ey UNDEFINED. AA%ES, HIF Al LARE — AN B ECKHKE Medit SO GIL SR EG 4 PHG 114
RKH, % 283, .

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

Medit [ mesh SCAF#E T, BEASHICH 5 MG, /7 4 DMECE ISR AR S, PHG K
%5 5 MNEUE N FIX G 5 (R AFE SIMPLEX Z5H4[¥) region_mark J& b3, I H7E RS INE I 1 244 i
o Frr ATt P R AT LLE I H KT region_mark HIMEKAA E S ITHTE R 1 X 48k

PHG 24t T — M HIA utils/tetgen2medit, ‘EIE1T tetgen, SAJGREILAE RIS FE 44 Medit
# (tetgen 1 “-g” IEINA I .mesh SCAFELTG /D T AHE ).




2.8 WA UFHE K 17

2.8.3 hFR%EA

PHG 24113 Hi 25 A48 . DIRICHLET. NEUMANN. BDRY_USERO-BDRY_USERO F/l UNDEFINED. {FS A
WAS SCARI , PHG o PAS SCAE R R e 1D AR e 3 IR 2 — s e M4l A - 76U A phgImport
200, HP LA phgImportSetBdryMapFunc A H g — ANl SR F Mo 4, a0 R s :

static int
bc_map(int bectype)

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

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

FHIET R be_map A& PHG [BRINIL SR s 5, Horh 240 betype W AN SCEFH IF110 282,
FREOR PHE A AR ) PHG IR, -1 RoRARVEBR S0 S AL

B TR — AU SR W R B A T I R A A, AT DUFIE I “~bemap_file filename”
g 8 — AN S, SR RAT RS Y, e — AN A SO R AE L 2 — A PHG
RS, B2 KL <tab> BRIT. S FIA & — /M EEE A <o BRIT IS, R
PRI ARG, BB HE AR, BEUZN “Dirichlet” . “Neumann” . “BDRY_USERO”. .. ..
“BDRY_USER9” Fll “Undefined” Z—, AK/NSIYA[, RIRAHMNI PHG A KA 55— (1A~ 20n]
DIEIEE ] < AR5, RoRTILITBUETCTT o Flln, kil R S S

*:0 Dirichlet
3 Dirichlet
1:2 Neumann

5 Undefined

TR NS < 0 RASFNEARY 3 #4404 Dirichlet, 287 1 1 2 #4574 Neumann, > 5 2R
e Undefinedo 14 FR IS B SO b B 5 7€ (2R B — 04 Undefined o RAVHAR SO ] LA
REAF “# SINUEE, ERBELE 5 ) N S0 208 . W P #27 H phgImportSetBdryMapFunc fi
SE T AN R B, W) PHG ¥ ZRSET “~bemap_file” HITR 2 I AVt 1o
RIIEAG AT — ] . bemap” MY A . (TODO: RVFZ AL FRMH S

3N Medit A, I HH P BAAL HED -bemap_file B, PHG & Hahk A 5 A X
% § R4 < bemap” WISCAE, U0 FAZSCHAAAE W) B B AR 1 F 8 B A 4 SC s N . FH P AT B
A& +auto_bemap AK2E 1L PHG H 15 N1 S FE 3304

3N ALBERTA #% U MG #E U, PHG 2% a0 SRR a4 s BRI SO, 102 L% T 2k
ALBERTA (i1 2R84 0 PHG Wil 5267
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ALBERTA 154288 | PHG 45+ 261
<0 NEUMANN
DIRICHLET
2 BDRY_USER1
10 BDRY_USER9
11 BDRY_USERO
e UNDEFINED

BeAh, P AT LU iy 24T IR T -default_bdry_type, BT H R phgImport Z R A R
% phgImportSetDefaultBdryType, HHi & ENINIA A LA 2 — AN ME [ (K] 38 A4 24 UNDEFINED I, 41
SAZIHAE P P A Ay P S T AR B, 75 O iy RS R e Ay RN S 2
2.8.4 FHAR
F P AT LA ] BB 30 phgSetPeriodicity B RIS, 4 7 10 5 AR KR T7 ) AN — St , wT LA
FH PR %L phgSetPeriodicDirections BEE AT M) o 1X 4 R HO0A Z0AEAE A FH PR %X phgImport T A MK
ZHTP A
PHG K JE 2 St iR ROk 2 Ui ), HARART—f i ST R 1) 43 2 B — S0 B I (TR AH
(RIATIAE S T BE S AN AR 1 4 A, IS ] LTI 5 0) I A% ARSI >4 0 %)
2.8.5 $RIGMIE
h T 7 (AR A A B R BRI R IR, utils HsRHRME T A mirror.c BT, BT
TEFR € 7 (B 77 1) EREAT LGP, NI TR 1t a2 J S P i SR Ky W s, A FH D73 T
mirror [options] input_mesh output_mesh directions
Horp input_mesh fl output_mesh Sy B E A F R A SO 44, directions M ¢, ‘y’ bl
‘2 KSR R, SR SRR MR TR 7 1) o A5
mirror cube.dat out.mesh xyzx
TR vy 2 o J7 AUEEAR (it ORS R RN 2 SN AR IR 16 ) o mirror SCHF R IIJLANIE
i (ATBAH “mirror -help user” E/NiZEIN):

-refine_depth I
BEAR IR WS BEATFi3 58 OB — B0
-tolerance ¥ &.4%
T FIWTABFR & AR (B 1e-6).
-symmetry_plane {min|max}
TR E BRI BRI, min Fom HIARARE SN (SR 1), max o FARFRE f5 K R T

-dir_file X 4%
TR I S N R 7 ) (FH 3 A 2R S 5 T AN [R) 1 AR AR A ) o ST N IZBL S 9 S
TR WRIRG =T ) , = AN A8 1IEAL, HBA IR,

-output_format {medit|albert}

fae i it s, B Medit #53(.
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-vtk_file XHZ
" RNFRE AR VIK XA

-opendx_file ﬁ[ﬂ#éﬁ
AR € AR OpenDX U4

2.9 FmLEE

PHG T I 82K A4 FLOAT, BRINE XA C 1) double. fEIZAT configure I H]LAH]
--enable-long_double LMK FLOAT 453E 4 long double.

M PR AE R T FLOAT ZRAUMECA BN, NAZAEH PHG & %, X889 i 4 i i
4 1ibm "' double PR T FREMCAH R'E/3 2, U Sqrt, Sin, Log 5. /& MPL i@ 5, MixfiiH
PHG_MPI_FLOAT fE M AHNK) MPT Hi#s 58, AN E M MPI_DOUBLE, XA n] LALRIEACHE H T AN A
AN FLOAT (W IERMY, Wi INT, PHG B4R 4E TAHA A MPT #3257, 41 PHG_MPI_INT).

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

FLOAT a;
DOF *u;

I FLOAT KM E format " IR AT A VCHC I HH 45 SEANKT

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




20

#

FORA. ME. GiF KOUHAR



F=8 BEFZH

3.1 Poisson A&

examples/simplest.c /& PHG " fiif 5 (1) il NAT PR TG v R S o &SR f# N iR Dirichlet i
F5AF Poisson i RE:

{Au —f zeQ

(3.1)

u=g x € 0N

3.1.1 FIEF

i g AMEEATS . DOF %% u_h F £_h 40 547 BB A4 v ek 4, 287404 DOF_DEFAULT (3R
INEOL T 4 DOF_P2, Rl 2 Bi Lagrange 76, W7E@ATHEF IR Ay &4TIEIN -dof _type & N ER
), grad_u M T HHAEAEEEMIIRRE « error T TARAFIRZESG/R T F5H0 DOF_PO (43 F i 40) -
GRID *g;

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

~

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

u_h = pthofNew(g, DOF_DEFAULT, 1, "u_h", DofInterpolation);
phgDofSetDataByValue(u_h, 0.0);

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

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

while (TRUE) { /x BIEFIEIR */
phgBalanceGrid(g, 1.2, -1); /* BT RARIE 50 */

solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /* G|ZEfFESE */
build_linear_system(solver, u_h, f_h); /* ToR&KMEHAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /* RAEZKMEHZAZL */
phgSolverDestroy (&solver) ; /x EA RIS */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /* # F2(AfEAEE +/
estimate_error(u_h, f_h, grad_u, error);/* it HiZEZ48TTF */

phgDofFree (&grad_u) ; /¥ EABALBARE (RBER) */
if (%R LI EAF) break; /* FIET R T RITE +/
mark_refine(est, ...); /x ARIEIR £ 48T T ARIE L T */
phgRefineMarkedElements(g) ; /x WA B I el «/

}

phgFreeGrid (&g) ; /% EAERAEXT R x/

phgFinalize(); /* 1Bd PHG x/

B A A% u_h IS B3 Dof Interpolation, ‘T AH4% 24 AR 4i AL SR AL I A S} u_h BEAT
fafE, B £_n BRI R AL func_£ O X HIHTIE, 1MEJE error WA T 24 DofNoAction,
FORANE B B S TAT A B ) AE G E AR BE, JUE R B T REAH Y. A7 25 (7] o grad_u H RR AL
phgDofGradient G, KAl 55 )5 7RI il phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
B —A L un RAEIREA N S, AR (P48 ) SOLVER_DEFAULT (¥RIAN PCG, I aLL
FAr AT “~solver” SKfgE M I E ffvk4s) . PA%L phgSolverCreate H— NS LY HIAE
ARG ) A NG, X8 [ BN RAE MR PR IK SRk 0, 1, 5.

21



22 F-FE BRFLMA

3.1.2 FERZ&MHEAIEA

5 build_linear_systen() MAMUARHE I FRAL, Bt 4 R RS 1 HT AT P CHEAT TG, HSEREA 30
TG IR W B MR i T, SR 1R N Bt RS 2 o X Wk B G (1) /7 18 3 %% ForAllElements
KAEAT o BB TT AL RBOERE ) AL, ), A4 B(I), 1,J=0,...,M -1, M JRFIHE
AN WIS R R

ForAllElements(g, e) { /% XTETHATIR )N %/
N = DofGetNBas(u_h, e); /% U E AN %/
for (i = 0; i < N; i++) {

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

¥ 1.0 EwE AGC,D;

Fow e AR ) B(D;

continue;

}

for (j = 0; j < N; j++) {
J = phgSolverMapE2L(solver, 0, e, j);
i’l‘?ﬁ/grad@i-gradnpj FEmE| AT,);

e

}
HE /f@i 2 hE] B(D);

}

Hr, oin o FREFIC e 1AL K20 phgSolverMapE2L (solver, 0, e, i) VI solver [ H HE
K50 (B u_h) R0 e FRE ¢ DNARINEA T FEA T 1))55H %5, phgDofGetElementBoundaryType
ARE ok Ul BN /grad @i -grad ¢; FIITHHE A PR 2L phgQuadGradBasDotGradBas 58/, /fgoz
(4523 86 50 phgQuadDofTimesBas 5¢ . FfrrhFlH / grad ¢; - grad p; Xf i~ j OO FRPERRAD T
ﬁ%o

3.1.3 IREETTHIHE

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

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

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

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

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

-1);

23

J

IR, SR R 2L phgQuadFaceJump T grad wy, WIHIBKE, HAFMEAE DOF X% jump
W $%5 1d F R 5L phgDofDivergence V14T grad wy, MHUEE (BN Auy), P38 H BE%L phgDofAXPY K b
£_h ARG 2] Awy, + fro AR 3 e R 2 phgGeomGetDiameter Al phgGeomGetFaceDiameter in
AR HoC HAARH Bt . % DofFaceData(jump, e->faces[il) 44 H jump XN T HI0 e )
50 AT EEE b, %28 ] DofElementData(error, e->index) M4 H error T XN T HLIG e

{OE-V&/p: LRI
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FME BHEMNKR

WERT T AT IR c s . 50, ) F A« AL AT J0 A 7 A% s, ) ) LTS R
(AR AR BHA%. ¥ Jacobian) 5.

4.1 BHHEZR

H HIEESRM (DOF type) i3 B 1 EEX GIKISEARFAE, FEa &k b (1 32 ZE R sk

const char

FLOAT

BYTE

struct DOF_TYPE_

/* BALFEAT */
DOF_INTERP_FUNC
DOF_INTERP_FUNC
DOF_INIT_FUNC

DOF_BASIS_FUNC
DOF_BASIS_GRAD

BOOLEAN
BOOLEAN
SHORT
SHORT
BYTE
CHAR
SHORT

SHORT
SHORT
SHORT
SHORT
} DOF_TYPE;

typedef struct DOF_TYPE_ {

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

InterpC2F;
InterpF2C;
InitFunc;
BasFuncs;
BasGrads;

invariant;
free_after_use;
id;

nbas;

order;
continuity;
dim;

np_vert;
np_edge;
np_face;
np_elem;

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*

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

/*
/*
/*
/*

o AR BAEE R +/

B XA 0 L ARR A +/
AlEAE (ESEMR) */
BRI RKREL *+/
HEARG B R R */

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

A BE */

K BBAE */

I AT R AHKRIE */
S ok Y

Ao EER S */
—ANEAFHHEANEK «/
AR5 FMAKREL */
H TR I A E L */
R E L */

i R
B
W

o9
B

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

J

B LR BUEHS A G — AR5, T3 s A SRR MOBB E AR AE. Gauss B3 mUAL I bR KL

i, Z%F 5.2

name 471 I H1 SR A4 R Bl 15 5

grad_type #3H1i% Bt IR e SRR RO AR B2 B i 2R A, T T B8R s B BB I | R
B curl 25 F HEEX S, BN, 7EHER n B Lagrange JGH) A HEHAF, grad_type #iE X h n — 1
Y discontinuous Galerkin JGI#) H A,
np_vert. np_edge. np_face Ml np_elem 73745 g AT L 34 MR CH K B AN E T
I, —ANEoC B E RS

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

25

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

invariant UiH] A R REER R BOZ 5 5 HoTTARTE R, RVEADE SAERTA fooh 2+
) (4 Lagrange 7t), £ ZH T/ EE U order 45 H 3L bR EU I I vy 2 DB (WHR %04 orders
KAEETRER, WA g Ak R B 2 TR, B ALK A np_vert +np_edge +np_face +
np_elem), N TIEFEEEA DRGSR dim 43 HAERR B YERL, H140, XF Lagrange JC dim = 1, TIXSAZ R
JG dim = Dimo,

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

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

501, 5 FPUB Lagrange 7, KRN LA 1A AL, 8R40 B = A L, GAE B =4 A
I, A5 HITHRIH 1A I, points HUALKIA AT F:

static FLOAT points = {
L., /x MEQHEALE +/
.75,.25, .5,.5, .25,.75, /x L HEALE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /* @A WEALE */
.25,.25,.25,.25 /x KA HEALE */
};

M R B A E A, NiZK points A NULL. PHG "B, 4 points A% T NULL
I, 2] 8 H R B ST AT B AU I R K

AN E R phgDotNew BREHSIHIN, PHG NI E— NS S, RAFAE id
2GS B e A BT SRS B O . id == -1 KON E R

PHG WHBAREAIEAEE T H B b B R — DS T, 08— ANE B B &,
XS VI BB A S vHEesspln b 1, TSRS AN F B BERT RN, % I A
AR5 DT RO S 2 1, B — A E B BRI S TH 8 o R A 51 2R AL
H B S 35 CE R, BRI R free_after_use MJ{E A TRUE Hi%, PHG SBSGZ H H A h
name Fl points JT f7 FIIR N AE IR B A i B bR B RARE Fie o FH FR) A A7 e

continuity %5t H HIBEZRAL IR 147 BRI BT ELE W] 1, < 0 RoRRECEEWIT, 0 FoR
AR T C0 1 FoRmBUE T O, MKILEAHE.

4.1.1  FAMISEIZH M A HEE R

H EH EE A R R 5Y InterpC2F 5 ) WOk A0 A0 I [ b P86 G b AT 4 1) R B, JHLBE 1 28700
DOF_INTERP_FUNC, H{AHNF:

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

Horbr dot A HIEX R, e HRHTT.

HA parent_data T 15 NREF, FRIAHRITH I B dEEEE, KA, L. A
I B BB AOE LA . B, XSRS NAER 4.1 Par i, R dof->dim 4 A H
FEXRBMYER, S5 4.2, FHEREMZ, Y np_edge > 1 B np_face > 1 I}, JLB I 1% HEF1 I
Jp o MR T 10 Jmy 5 W8 1405 T I 0 ZBUARAT S A o P 4.1 o TR M Bl (0 20 7R R o

AT A ASET U DU 5 ASEIATA AN B .00, A, #1041 children_data
AT 12 NMREE, 2 RIHR XL E B, RTINS AER 4.2 o, B 40 AR BT R AT L
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& 4.1 FHESRHPRBETEHERERT

parent_data i

L E NG

a7

parent_datal[?]

[np_vert] [dof->dim]

i FMAHEHE,i=0,1,2,3

parent_datal[4 + 4]

[np_edge] [dof->dim]

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

parent_data[10 + ¢]

[np_face] [dof->dim]

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

parent_data[14]

[np_elem] [dof->dim]

ST A AR

27

* 4.2 WERKPTFRTEHERFEET

children_data il E 32 NN st %
children_datal[0] [np_vert] [dof->dim] | HrlvisS i B i EAE

children_datal[1] WSR2 TS 0 R i i A b e
WS RZ TS 1 M i i A b (e
B ANE TS 2 /I3 1 B A
WSR2 TS 3 A i i A b AR
S RIZ TS 0, 3 M1/ B h RE(E
S RIZ T 1, 3 M -/ B b R
S RIZ T AT 0, 2 MR-/ B i RE(E
S RIZ T AT 1, 2 M ST L i [ el R
B FIZE T AL 2, 3 MYRITH -1 B h A
A& ET R O B TTik B E d
ALEET 1 B TTiR BB B

[np_edge] [dof->dim]

children_datal2] [np_edge] [dof->dim]

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

children_datal4] [np_edge] [dof->dim]

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

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

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

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

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

[np_face] [dof->dim]

[np_elem] [dof->dim]

[np_elem] [dof->dim]

FI7NE . BREL InterpC2F HT 55 e BT AE V5, JPI 4 45 RIAAE children_data fR[7) [1IX 4%
Huk 4k

Vo]

V[2]

children_data[12]

parent_data[15]

Bl 4.1 YR os =40 4i 4k

A X BH R 2 S ETA S 1. AR B H R E R S E S, (XA AR
PR TS B o SR ) BB AR N

PHG 2L 7 — A8 A 2 41 7618 2R 20 phgDof InterpC2FGeneric AJ H TATAn H Hi 5 2K A i)
InterC2F Jl bt , (HHAEREEZE T4 K& B b B 2R B Ut (1 4 pR 2L

4.1.2  ZHMHEEIHHE WA E R AL

H H JERT P 51 InterpF2C 48 0] RS ALAL I 6 B R S T IR I R 2L e iR 2505
InterpC2F —HE, (HSERRTERAE \E A A o 1 PR B NI, G A% I B A children_data, PAAK
parent_data "4, FHRICILEM 4 NN L 5 40 AN T AR OB SR 4L, PR T 11 5 parent _data
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AT HITH 43 PIAN IR R I i Bl A

PHG &4 7 AN FH 40 2K 6 1 B 20 phgDof InterpF2CGeneric nJ H FATAn H 2 A i)
InterpF2C B U1, (HHAEREIE B 22 T e H B R A B vt R4 {1 pR 40

e 0T oA As, FRIsh R A — AN AR, TS — AN R, S A R )
e->children[] #H%M45T NULL. 44— AN FHIC/EIE 7 IA%IN, 75 S0 A5 45 20 1) 3 B R .
UGS AR SR, HAT PHG WA SEBLVEAN], M2 2K InterpF2c XX PG DUEATRF AL HE, B4
AT HICH T TREN N B children_datall "B T4 AT HICHEE, RASMEILE
T-BORVH A B To i EdE -

DI, (RBSCERICA e PIASTHRICIIN eg Fl ero WIR eo Fl e $BHAE 454, ] InterpFac
RS AR ITINIA 04 TH 2/3 AT A HFEME, EA150 A0 Y. parent_data HWEE 4 (34 0). 5
12 (M0 2)« 25 13 (11 3) FIZH 14 (FJT) I, parent_data "HIWH'E IR children_data " [T i
5 bR O A A AR, AT TR W eo AR TRER, ULEH eg ANFEAHE, W) InterpF2c
BRobRIA 04 T 2/3 AT A HEERMESS, EEHEACH TR 04 14 1/2 FIH 1 AR B B AR,
35S M. parent_data fUZE 0 (WA 0). 5 5 (34 1)« 2/ 6 (34 2) AIZE 11 (10 1) T, HF HAREAEH]
children_data HTNJET e MM HHE (55 1. 28 5. 55 7 FIZE 10 T0). SR, 1R e AF4R
Bf, W InterpF2c FRIUFSHIL 0. 1 2/3 FHICH HEEMESL, EFHFEIHACHRICHTNA 1. 24 3/4 F
170 A M A A, 43I0 N parent_data 55 1 (T 1) 55 7 (4 3)- 55 8 (4 4) FI% 10 (17 0) 5,
HHARAEH children_data " 2. 2 6. 55 8 FIEE 11 WiHIME.

4.1.3 MWR{ESERK

H 2RI rh P52 BRI (LYW AR A BUBE B 20) InitFunc ML sREETEH 45 € 1 B 2,
BIRE— A s B 245 2 1A e s |), Hog 38R0 DoF_INIT_FUNC, HARTEADnF:
void InitFunc(DOF *dof, SIMPLEX *e, GTYPE type, int index,

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

ZH type FiE EUH SN B RS, VERTEX Ko Tl A (1, EDGE K714 H I, FACE 37RIHl H
HH A%, ELEMENT K78 970 H . 240 index 45 TN . i HIAE S TG %% 5, > type 4 ELEMENT
I index {H# ZW&. InitFunc THRIRENER H HEE, R4 RBAEZSE dotvalues 710 ZZ T
X A 25 R, gt i AR 5eft, KN dof->dim x np_xxxx, FHEAELM X111
(A7 ) FLOAT [np_xxxx] [dof->dim] (xxxx R¥H type MIAIFIME D MK vert. edge. face B
elem). y£ i, X Lagrange H!JE A%, 24 type A EDGE BY, FACE Jf H. np_xxxx > 1 I}, InitFunc 75ZAR
I 10 BT 10 T AR 4 SR e Y R (R A7 TBOW . ) mp_xxxx ZHEHE (BRALA0 S dof->dim ML) B
AT 2 B M, DAORUEAH S 5 ) Bodhs 1) — 2tk

Z ¥ userfunc. user_func_lambda Al funcvalues 4 7l kAN BUIRE Al — AN Edl fq 4, &
1125 v SRR B A0 e B o e 35 R U A G2 b X Mk, = ANRE a2 HACH — A AR i
kt o userfunc FRIM— KT x, y, 2 EEL, HE1985854 DOF_USER_FUNC, HAAUIF:

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

1M userfunc_lambda JF§ A — KT H AR REEL, L2284 DOF_USER_FUNC_LAMBDA, .44k
L

(void userfunc_lambda(DOF *dof, simplex *e, int bno, const FLOAT lambdal], w




41 BWmEEA 29

{ FLOAT #*values) J

P BB T 18 2 AR AR AR T B B, 3531 DofDim(dof) ANEL, YHEFEH values TS A IR X
(DOF_USER_FUNC_LAMBDA "'f¥] bno Z-4#5 HAH N A B 1) Jal PG BR K00 )

2 funcvalues AARZIRENIN, BHG MAFA TOE T AR (0 BRBUE D2 ph X o BBIN K B i 2R
T points AR AREFREN, I H AN E R B B BAE ¢4 A B 1 B BUE I € « funcvalues
AL FE R TN 1 BTN TE np_xxxx ME N AEUE, H0F DofDim(dof) x np_xxxx M4,
XA E AR points H AL E

—UBELPR KL, 4N hierarchical basis ZRFERREL, ETHEIL ., TEik B B, S5 20 BUCHER &
AETRY I EHBEAE o N vt ARE3 E ER R I R B2 R AN TO s AR 1) ) EH AR, TS B e I
FIZIH ) =N TR RO = 45T A0 1) B AL 4 T e T, PHG PR InitFunc IR
SEAE—ANERIT A F MR R S e P R4 T o BRI, fEvh S —ANME I B EER, 7R3 Bkt
RrEALI B A e e, TRLE S WR S 4L pdotvalues K455, KW P75 MR4E
A7 E AR ) H BB T LA dof->data 1G5, WK Z4L pdofvalues N AEFHEr, WIEKW] dof->data
R EAR AT, FFEEMN pdofvalues JITdi Il (1 Mtk SRAS I 75 A 4E A7 ‘B AR 1K) H HHBEAE . pdofvalues
LS 15 ANMREE, ZrldR R 4 ANTRRL 6 41 4 ANECRIR A B R, 35 L5 InterpC2F B
P (#) parent_data ZHEMEL (ZF 4.1.1). HHl, pdofvalues != NULL MR (LA H] T30 FH 4 {1 R £k
M (Wl phgDofInterpC2FGeneric. phgDofInterpF2CGeneric)s

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

WA —ANZ5E, W DOF_TYPE H 1) points H4 AEA 484, W InitFunc 761 H user_func ¥
user_func_lambda B AN 4% 4% points ZALH s FINUF K FH - PHG H [)—%4p 35, W1 phgDof Copy,
5 SEIR I ARG X — 28 R LS BB (40 cache FRICH IR HUHE)

vE: 383t InitFunc M 8% 288 BasFuncs tE A KELA1E., S, 24% %)% & BasFuncs &
=) 494 % X 238 F) user_func 3 user_func_lambda Z /&4 T ek 2%, B 45 #H 7T #1848 BasFuncs
At HA PR TR SAE, X\ —ANER G TR PHG 4918 7 361853 phgDofInterpC2FGeneric.

4.1.4 EEH
H R A R 5 BasFuncs o7 b 5045 & B O AR AR B IR 34 B 4 0 s B (il Hoge 2y
DOF_BASIS_FUNC, #1Z%l -

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

P no0 Al not Jy Ja ik bR i 5 Y ] (KO ISR TC R T0 AR S 3 THIMMAS B el EE B4 5, N 0 O
4R), FoRTHHE no0 F| not - 1 Z AT EEREL W12R not <= 0 JUFIK nol = dof->type->nbas.
lambda[Dim + 11 A HLLARER. ZERHOR [l NZeph X ik, Forh 055 i i 3 B sl 4 i 4k o 2
ME, 22X 1 BasFuncs #2fft, MW 2EANK, &K BasFuncs I 20 X 1K) A A2 BT
R, BE PP IX 2 K% BasFuncs JLIR[A] dof->type->dim * (nol - no0) MH, 1%
FLOAT [] [dof->type->dim] HINUFHES .
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4.1.5 HEEREHHE
H i 2R 51 BasGrads 757 v 545 5 T O AR AR B AL #5435l 4 0 J bR B 0 1 F Oy AR bk [ 6 2
i, 4% 128804 DOF_BASIS_GRAD, #1154 K.

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

HSHE X5 BasFuncs L, pREGR AME AN EIE LT & BasFuncs PR Dim + 1 £%, A766E0T 4
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBEHBREZRD

SE LA SR, NSRS AN (R 2R A, JF SERUAH R 4 H R 2, T LA S
lagrange.c ' Lagrange JGIHJE X, B{ geom.c WU & Lo #H i, HFEHRMET 2 2
(FIeR%, AR AT AAERME, BAS ik NuLL B ),

4.2 BHEMREEEN
L EH BE G R A ) £ T

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

— A H B GBI — AR S GANRI . — SRR B Il SR BT 5 E AR B
X5, MR SR (it Mt FI3AE), & A EUEX S [ OSSR, i MARRERN, & H
ZIREIBITAT 5 HAI ORI B X5

dim J ST E MO GIAEE . > E T REXRT SR B N (1 e B RS T E R 4 A
X S 42 B (dim x type->dim, TJilid % DofDim #3%).

data JR A7k B HEEHR I ZEr I, B EAE T A th BOS AL 2 /T 7 B T B B SR
B (BB B S SASCE RAS R N g):

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

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

REASHERE RO AFJE T 8 oy AR R 2 10 Bt BER . 3T RN T 2 A 7 RS (K T L 320 800 B
B, ENTERAAHEA R OIFOREF 80 B R R K 72 L W 1 TR B AR
CATRA MG S E LTI M AL PHG 2 H B ST T . #diH, — A1 Mg
1 1S K A Uy 7T LR T A 84 s

{FLOAT [g->nvert] [type->np_vert] [dim], FLOAT [g->nedge] [type->np_edge] [dim],
FLOAT[g->nface] [type->np_face] [dim], FLOAT [g->nelem] [type->np_elem] [dim]}
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4.3 BHHEXIRBRE

X 5 B AE

31

B H X G B s S5 M A AT DO S A TEAT R AREL 1oy AR s B, —A> dim =1
1] n B Lagrange JCHTAS N 1 R EUPIBR B /& — > dim = Dim [ n— 1 B discontinuous Galerkin JG, X't
(A1 Hefs 5 ECA RS (749 21 ' (1] Laplacian, —4> dim = 1 ) n—2 Y DG Jt. f3U1, %24 5.0 (DOF_ND1)
BEATIOOME S (BBIE  HUZ | curl 55) 153012 A F4EEUT) 0 B Lagrange JG (70 77 %40 . PHG 24 T

2 HI 1 E BN S BCE IS AR AE,

4.4 BEiFiprRBHEMNREE

LU ERAAT ROCY I R, 26 A3,

B o EERT B A B AT — DAL, S 4.2 PHG $4it—41 1 T-U5 1) A il BEX S 800,

EATR
DofVertexData(dof, TR.,& A% 5 )

DofEdgeData(dof, i4#) ALY )
DofFaceData(dof, W49 A¥%7F)
DofElementData(dof, T AMEF)
DofData(dof)

TEW. A.13,

[Elfig € A th g sk, F R DO A il R AT 5 B, 4.

T BEVE R M) AAIRCE PR i B b, 50300 TR B TT (R AR Gt 5 7 1 P S R ANAEAE IR,
EATHISEAAR & UNREFERENCED, >4 BT B i s AL AT Do i, Nzt kil IX e K. o]
LL H B % phgDofGetBoundaryType B phgDofGetElementBoundaryType HFRHN H HH B FIR bR & .

4.5 FREHERE

PHG $efit 1 MRk B i1 SR,
DOF _ANALYTIC.

R ABERD

=

4.5.1

LA B g

%) DOF_CONSTANT FIf##T Y 5 phy & 2

W A eh BRI T A A R W B e e i, R AR E SO T SRR B A 3 )

i (1,2,3) H MBS

GRID *g;
DOF *u;

FLOAT values[] = {1., 2., 3.};

u = phgDofNew(g, DOF_CONSTANT, 3,
phgDofSetDataByValues (u, values);

"constant vector", DofNoAction);

WA L WA Z 5230 phgDofSetDataByValuesV K45

R RN SRR

GRID *g;
DOF *u;
u = phgDofNew(g, DOF_CONSTANT, 3,
phgDofSetDataByValuesV(u, 1.0, 2.0, 3.0);

"constant vector",

DofNoAction) ;




32 FHE ABEXNR

PHG foVrH &2 H XN G2 5EER e 5. v LLlIE 1% DofData. dof->data FREFSE H %
Y7 ) S B EAE . TR E X, phgDofEval ) ZMEZ KL e F1 lambda. HHY, PHG A fRFX
R A R R T e .
4.5.2 FRITELEHERLE

AT Y 8 b SR ] T AR BT R K MR B R R R R AT LS ATl R R AR BRI
PR OCEE (userfunc i), AT LS —ANE T HLOARARIF SR EAT CHE (userfunc_lambda i f1), FL
" userfunc B AT L it R 2L phgDofNew FIZE e, thnr LUE A e 2L phgDofSetFunction BEE, M
userfunc_lambda IJ_IJJR ﬁ'élﬁ]ﬁﬁl%lﬁl phgDofSetLambdaFunction Iﬁﬁo E EEEXUL%ETE‘EIE E’\J{ﬁfﬁﬁlﬁﬂ
M5 ZAHIGHR ) userfunc B{ userfunc_lambda PRETFH]. PHG FLVHI#HTAL A tH BN % 2 5 8B
IB5E, LUK PR3 phgDofEval KORAE, A SCVFXS HEA TS5, ARENC) B2 phgDof AXPY
IRy S

4.6 JLN=EBEBHEXNR

At geom.c I T —AMREIR A HIEEXS B, g HL P SR BT SR T & T B )28 LA
BFGFRICIH AR YEm . BAR, PITHA . BRI EL.L PR Jacobian. geom.c 4t T —4144
} phgGeomXxxxxx [ BRELHLH P IR RIUX LL L[ 5, ZF A.17.



FHE HERS
A7 BRTE o1 2B M TR B B CBRIE . B SF OB . PHG $R0E T — R B EUA ) B
ST RO , SRR MR Gauss TOSLAUBUN 7% [15, 4, 10, 2, 6, 11],
5.1 EAHIEEN

B> o T B350 43 AR 00 r (R B R OB TR (AR 5 o T AN DR JEE IR SR B A 2K, B3 s i 8
HREA R . 22T ALBERTA [11] H(f) QUAD 45K, PHG e SC—ANGERIE, Kah e a4y
I EAEG AT, BAIRRZE U7 (BIAR2RAL o BAAGE AR

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

} QUAD;
SR AR R U ] -

.......

o name: & XMV AR, WAHIH T A CffE, W=4Em USRI W A 444 € <3D P42
o dim: MBI TUERL, 1 ARRER LIOEUY, 2 RRE =M LRy, 3 ARRMNE I LR .
e order: & XPF I ¥

e npoints: & SIS THIB D A H

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

o weights: & BN s IIALE .

o id: XN TR RN, SRR, MMEAN —1, 78 5.2 Wh AR BRI 4 .

PHG HE X T —4AEEM—4E (ZBO Bloprr, 48 (A1) BUF PR =48 (YiE 7,
‘EATIMAR 44 A QUAD_ [123]1D_Pn, K 1J& Legendre-Gauss B A [10], —Lemgifioy 2 Ue
I FH—4 LegendH}Jacobi*Eﬁ}é§iﬁﬁﬁfi?&§%*ﬂ*@ﬁiﬁgo T e X7, AP RLE e e
RIIFRI A A Ban, —4E 3 B Radau 7822 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,
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-1
g
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

PHG WIEUER 8O —A order 4, M T-Ham T LR IIBID RS (2 I E) . Wik
A PHG (MR R EIN 2L A e B0 kG B, nRRAR S HONCh S0, B2 A 1w SO
QUAD_DEFAULT (A4 -1) LA AUHY T He b

52 BEMRESHENES

TS ORI I A DL TN RBEAT I, S FL il 2 S 13 o 25 S L 5 A0AE — LA AL B
I3 i L XS T —JIE R EL, W1 Lagrange BUEpR AL, EAIHEL AR i ERMEAERTA Hoth 2
—FEI o D TS AE B AR S o S R SR AR e AR R B AR, AT PHG e T
— Tl cache LKA BRI — 7] 8L, “E0RE 241 0 B A v 5L (1035 o Kb SRR P A DR A7 A L P A
A DA, SRR AY DL B A E BRI HAC AR B d1 SR X R B 45 i, T2 T — E
FESRA R B A, Wil 5.1 Fios o X Bl cache ML P2 & B, MR Fh AFEEE
P FIBE AR 738 L eR BT, i AN S ] R A7 I B R ] © 28 v 50 (0 % o 50 S B JEE I
HUE R 82 1 R A0 E S AT E A7 X rp R 1 5 R IR, G0 SRS ) Y U)o P AR G PR o8 e v B

(FLARDTR)

5.1 Cache HLiI%c 7 E

5.2.1 HiELEH

AT S cache HUH], FRATTBEVE T PAN N B2 4544 QUAD_CACHE Il QUAD_CACHE_LIST Hl T
A T BT 2 PR Bk B s[RI /E DOF_TYPE FiI QUAD ¥ 45 M rh ¥ B T AH N [ B 52 151
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QUAD_CACHE 4k 45 iy 52 LK -

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

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

SHORT n;
} QUAD_CACHE_LIST;

ZEAREERIAE I E el DL & 5.1 T cache o n AR 1% BELEA# ) QUAD_CACHE e KE & .
DOF_TYPE Z5MJFPs N T 40 N — 48 5 B3 I .

void *xcache_basfunc;

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

BOOLEAN invariant;

HH, cache_basfunc. cache_basgrad. cache_gradient fll cache_curl J&45 W] QUAD_CACHE_LIST X
ZIFEEL, 0T OAF LR HL FEpR RIS OCTT T O ARRR) « JE BB IE ST HTRIRARRR) « JEp8
HOWESERIME invariant AR50y TRUE Wi B 1% F R BESRA A o A BT WA o0 B2 —HF D X
D4 50 AR N o S EOH R A P

£ QUAD X HE AR id, AR EA BRI A

o id = -1 I, RUPZRIMBU MR I, Z2Ar DX b BATAHOREE B S X P iR Iic %

o id > -1 W, KIZIEHIFN > T5 E A s vl REATAE T 97 X b (Bt AW, A7 %3
Y5 [¥) QUAD_CACHE % %A 2247 X (R} QUAD_CACHE_LIST X1 %) LI E N id.
5.2.2 WEREO
AT A R L T R 5 A W I . X R L2/ P T PHG vhE IR 23 R 5
N B S
get_cache FREUR [H|— ML) QUAD_CACHE 4#%)

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

HINZHCNTR M) QUAD_CACHE_LIST X% — R4 clist_ptr F1 QUAD X % R4 quad. %R
R [B]—AN45 7] QUAD_CACHE X R [MH45Er . WA quad CAF{E T QUAD_CACHE_LIST XJ %1, ik
5] ({5 E 46 7] QUAD_CACHE_LIST A% "h )5/ QUAD_CACHE %1% ¥4, MIZF QUAD_CACHE_LIST
MG TCFTI A R], T A6 1% quad ZEBUBL5 XK QUAD_CACHE X4, i/ BLi¥) QUAD_CACHE X%f
S data AHN NULL, 3R [FIHT40ACH QUAD_CACHE X % ik,
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PLR YA R £ get _cache BREGREUAHMY.IK) QUAD_CACHE X4

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

—

% A |
WMANZHECNHTC oo HIEE u, FBEITFS n, FI0HA quad. ZEREGRIEH HE w E£HIC e
EIEE 0 NEEREFER T quad SRR ATAL I

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

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

Z % X IF] phgQuadGetBasisValues, V5 &3 bR EoC T8 R AR ABBR P BE S .
[ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) }
o 2R

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

PP A BB AR 73 e B ] get _cache £33 —Mi17) QUAD_CACHE X [{if4t. I8 F 4 K pifh
LI QUAD_CACHE X G 2 A7 I B ) vl T, S Z MIANTT Y, s 20T it 5

(1) QUAD_CACHE X4 (1) data fEt AN 2% Hix H KAL) invariant Ar&0 TRUE, RIZ A HE
AL R S BT e K

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

B A T AR 3 SR ORAFAE — ™ QUAD U4 quad_list "o ANFIMZEAFEE CUnkEpki %k
(A« R EIOBE 2 (155D 1) QUAD_CACHE X% #5873 7l OR A7 7E AN [F] ) QUAD_CACHE_LIST 1. XFT-[A]
—ANIT, BFAS QUAD_CACHE_LIST W] DAZEAE 2 R R/ KA Eits . (HR2 ANREZEAF [F]— R 3 R AEANA]
FoC EEHE. B 5.2 45 T M. (B “3DP1” AU 3 4k 1 BB, e KIS

29—/ QUAD FRAF R A7, QUAD->id fRR'EFE quad_1ist DL AHZR QUAD_CACHE_LIST
(FIALE o IXFE{E QUAD_CACHE_LIST "Xk 75 (¥ QUAD_CACHE XI4mf, 7] DLk, HEAHIL
QUAD->id SEAT. {HIE %ML fE 238 QUAD_CACHE_LIST /™4 “2%3”, Wil 5.2 Fin. X cache
SERIBU IS T AN EAR R, BIEA R ICTE S, BT A AN RIS B AR 53 R A BRI, DRI
XL cache JIT 7 FH I PO A7 25 18] 0] LLZBE AN T, B 2 T DL A

get_cache [WHEARFIL,

procedure get_cache(clist_ptr, quad)
if (quad AFKZ F); then

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

fi

if clist_ptr is NULL; then



5.2 HEH T THMNEE

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

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

Kl 5.2 DOF_TYPE th 221750 7~ 151

#4364 clist_ptr;
fi

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

fi

if clist->caches[quad->id] &=& NULL; then
#464% clist->caches [quad->id];

fi

return cache = clist->caches[quad->id];
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ERE SHITHIERGSITIED
6.1 PHG RIS ITRIN

PHG L/ 7T LUE R A AT I I 5 OR B2 1817 240 PHG i 24T IR kil L2 g X
Ji T Ay =2

(1) PHG PN S5
(2) PHG WHIMEE =J75% A4 (W PETSc) Frd g i
(3) M P B AT LIk

Horp, [P RIETONATAT PHG R/ 2 H (1), 1056 = 2R S B e - H A R

YA FEF A phglnit B, PHG MWSHL arge Ml argv HIRA 7 1 AT, o Horb (13 1
AT . N phgInit RECRIFIN, FrAJET PHG LI SHKG BN arge Fl argy HMHIFR

PHG MEI— R - e A4, M L7 o “+£R 87 A Y ADIEIEm AT
2 UGHILN, s REMERIER . PHG RIS it ZEUR AT S EI R, % 1)
AN TAWSEIET, RS &R L7 MRS SCIEAE, 8% FHT-50H — a0 Bt
(IR o S0 T4t ZEURIE I, R4 5 S50 A% s S IR IT, 52, i S8k IR vy LS
G AH BARSN, WTLIE R -G =540 B, WRET L s S b s UL
Shell FFPA AT, MINAZAEAT2AT EH (FRE) 515 ¥ X IR I S HER k. 1LAh, XTS5
NEFFERIET, PHG 52 - R4 +=540 B0 (LI Tig . =" MISHZ MR H)
B ASRE S E N 2R I B 38 TOAT (B i 1

B ] DL E AR A AT Ly ik migth, F P m] DR — 2R WUBAE — A SO (BRI A v, 4R
JEAEAT AT H] “~options_file A&7 KW ASCAFT AL . PHG fEMSCAF B NIBIU, DL
R o# FHAATHASCH I RAT B0E . a2 AT RVFIHILZ A “~options_file” &I, PHG #ZMEA]
I PRI U AR R AN B TS A AR R IR T AT Ab B . “~options_file” MEIH RVHKE, RILEEIN L
fEraf LU “-options_file” ffi AJLEIEIISCAE, PHG 23k i ab FE R E B WO (F P Wi
T TR G I R AR o

JAEN—A PHG FEFPIN, 40 RAE 4 HT H sk TAFAE S <7 $hAT LA+ % . options”, W PHG &6
PN e SRk site B P ) DUR A& b 7 X0 — AR e BRIA IR TIT

M RE P, AT LAAE phgInit Z A1 H] phgOptionsPreset PRIEIKE X —LLTE 1IL I, XLk
T3 A T A JL B AT H AL B

B, FHPIE AT DU A5 AR 5 PHG_OPTIONS SKUE I, A1 SRR AR 11, PHG & H
B IREAT AP o Oy ORAUEIEIR) — S, RO T 1, I R A BERE 0 T PHG_OPTIONS
I

ARG IRy AT R IR AL BG40 5 (R — 326200 22 ¢ H BT DASR e — I R A Ay 7 -
(1) JH| phgOptionsPreset BK¥IR 2 (KL
(2) FRIEAZE PHG_OPTIONS 4 Hi (%I
(3) 3CAF “STHAT LM % . options” HEE HIIRET
(4) AT LT
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40 FARE SRER B ATETR

N TAET A2 IR E R G475, PHG RVFAIERS S O Ay K ar SATIRII S HE K.
B, N e ANEIEIUCE RS ST, e GMRES 548, ASM (1% Schwarz)
AT, FFHAE ASM A 1 P AL HT BRSO 7 EL 3R A8 MUMPS SR 1 DX ] 7 -

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

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

}

—asm_restriction global # local, global

—asm_prolongation local # local, global

-asm_overlap 4

-verbosity O # verbosity of the ASM solver

6.2 FILATAEIEBHMER

PHG $fit 7 K& ) AT I T &M S48, TATAFTH AL SR b —— A (R
BATATAT—A PHG FR/PHF, #nI LA “-help” LA H & Fri@ ALt pr A1k 1 A F B 5 B o “~help”
PEINELR — AR E NS HL, W ~help hypre’ W Ry X Hypre (LT, ‘-help all’ WoRFTfiik
i, 1fi ‘~help help’ M/~ tHFrf2Em4 .

6.3 fFBRAAPREFRE=ZARENGIITSH

il 4 5 =7 A B R ) A AT ZHUL B IE “-oem_options” IEMILT Y. H I PHG Jif
SRR AR = D5 A, A PETSe #1 HYPRE 9 Euclid T 132408 T hruER) dr &AT2E0, KT
My AT IUE S TS . B, wr YR i g Uk i 54y PETSc:

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

AT LT ARIESUE NS E (B TR R = B+) IR AN INE] -oem_options 47
WIS, AR5 =T A s P R . AN, O TG R AR BE , AR 45 58 =5 AT BT
PREFISE, T ARESUE XS Ea b A s 2 T iEnOE A S Hez . 1 R AE I
phglnit Jii, A LA arge Al argv[] 1ilnIXLE540,

6.4 FRPBEXER

PHG $2fit—41 %%k phgOptionsRegisterXXXX, HEH A FETUSIN A CIM Ay AT HE I, X L8 pR £ 1)
S T B — A R B A R L, IS AT R A AT T 4 A N FE TN, PHG 2 4H
G %A s, A2 06 N TS5

AR, P B ORI AE A phglnit ZHTHET.

KTH P A E GETT] LAZF 7R FIFEFF examples/poisson.ce



6.5 TEFEF o IR B KR & A 4T 3 T B 1 41
6.5 EREFAPKESATmSITIZnAE

PHG VRSB, BIURAE bR . RS 5 0 BB A, ] — L8 A S S Bk P hI AT . X4
SHOEHAT SR, PR AIME EEGR e B e ], PHG #cAT S ARk B s fE o 26 4%
Tl B0 R B 1, TR P R T LA e 3 e e P2 8 o A T I TR AR B EAE e AT

PHG $21it T P %l phgOptionsGetNoArg, phgOptionsGetInt 5 ] R e SR EN iy 247 %6 T 1
DL bR %0 phgOptionsSetNoArg, phgOptionsSetInt, phgOptionsSetOptions S5t H F' FE & iy &
ATIETRE o IXLE R BRI T Bl (b B S AEeh I AU T BL 584l DUV R 2 g ik
THIT 28O MR R B D o A R i AT IETHERE 7 BUE B SH B 1T 25 7.3,
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=
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FtE KMERERED

PHG 24— (W O ToRARENE e, Sebrskigms, BERTLAA PHG #2451 PCG.
GMRES 25307, thill 3L #FE PETSc. HYPRE. SuperLU. MUMPS. SPC. LASPack %4}
PR o

PHG [MZMEME XG0 SOLVER, HI PR el id ek S0 SRk iy Rl i A Jan i . R AGHE
WEANA S I P 3T AN 6500y SOLVER [N FREEHE, T U PHG SR A2 MERRL AR (K45 11 bR
Ok SE AR A . KT IEZE D AT HI W LA S % B examples/simplest. co

71 KHENES

PHG HfEA S TP A AR B AT AR I 52 (K H i SOR b (1 R S A PR AR A
T TS AR A R R A

JRER A G 2 AR T RS R B BITAT E R BEAN O T ARH% BN B R BEAS G 5 (1 1507
IR G HEr= A1 o FERE A g IUERAE BRI 2R phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Al phgSolverAddRHSEntries 4)H FH Jajifl H B EE S5« 6 PR ICvHEIE NI &
R A S IR, T LA ] R 3 phgSolverMapE2L K7 fHHIAFRIZEANES & DOF X RAEREARFE T
RS At BE R B B B g S, iR B DB

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

Hrh, dof_no Ko DOF X RAEM MCRRNA RN 4k DOF XRAIEH (A 0 IFR) 5, i,
BARRN 5 =4 DOF X% u. v w KB, W u KFS5H 0, v IIFSH Lu KIFSH 2. ¢ A
M. index A u I H HEAENTT ¢ HHIG S (BT u fE0IT e I EIIE AN ) o

PHG ZAEMRES TS — DN REGER (mat BCG) MDA & (rhs 5. PHG 1)
AL 5 I 70 BAF AR B RE P o JRER I R S48 — D EERE T, AF B EAIN [ &= A 0
TFUR U2 > 4 ey [6) 8 i 5 U 1) 2 R 4R 0 SN O TFARIIBUY 2 o — A 1k 8 0 H 1) e 0 )
TG I A A TR T BB — A 1) R 4 R ) S R S A R I e BR T B
BURFE TRy &0 B RS R . A m IR e HAh, PHG gt 17— 41 T4 Jm) i 4 5 O
B A v IR BR B, AL phgSolverAddGlobalMatrixEntry. phgSolverAddGlobalMatrixEntries.
phgSolverAddGlobalRHSEntry Pl phgSolverAddGlobalRHSEntries, AT OB ST JREE B
G 5 IR EE AT TR, ABFEREAT L A AL A S 07 SR 42 ) ) 5 5 o PHG AORRRE L [ R4 1 9
(N EAINE (B E e AN

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

(1) Y H phgSolverCreate GIEfRLA XIS, Pl E4a e il R M=K —4 DOF X%, PHG R
P IXEE DOF X G ) DOF FI 21 22 Ge i i) 12 0] (R 26 R

(2) M phgSolverAddMatrixEntry B phgSolverAddMatrixEntries [1]Zk!E R USIIHFEILER,
W H phgSolverAddRHSEntry X phgSolverAddRHSEntries VNI4T . PHG WA LA HRE K A7 bt
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44 FLtE AMMEBEC

10 0, 3K L8 R HCRE B K 70 3% SN BRI FF AT w0 Lo N, O A AR I 10 35 4 s g
P A% R

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

(4) i phgSolverSolve KL NE RS, Hrhili 2t 24 DOF X5, EA1MIM  Hekh it 6l
IREE AT RIS SEOE Y DOF X858 VBT, SKRAFHT AL S HIURIL LU, SRAR E 15 IR [P e 2445 2]
it o

KPR HARILASE A5,

7.3 FESRSHENEE

PHG #2457 — 41 Ay SATIE I T 15 E fvdias S50 W ML T ] “~help solver” i
TR, T AN S RS SR AR IO T “—help MRSE% 47 (41 “~help peg” %) Wik

PHG [WIARE A T ASE (1) 25 2 50 vT DL B #2001 AH N 1 iy AT T e o, 1] AAERE b i
phgOptionsSetXXXX HRIEUR I . — MEVEAR G, S EI M S8 RAF e L, G
FEXFIX S S K0T B AN 2 5 i B R g o DAL, ] DAZE G MR 28 2 i s e AR S 5., )
i 254548 H phgOptionsPush il phgOptionsPop KIRAE KR SEFURIE, & e sg e 7 2L &84
MIEAT

B, R A A ANE S TR T LAY IRV R UCR BN AR 28 Hypre
BoomerAMG &4

MAT *A;
SOLVER *pc;

phgOptionsPush() ;

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

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

BRI S B E AR AT USROS

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

7.4 PCG #1 GMRES f#%2§

PHG PRSI T P/ MIEARTLERTESS : PCG (preconditioned conjugate gradient) 1 PGMRES (pre-
conditioned generalized minimal residual), 44 FK73%]k SOLVER_PCG Al SOLVER_GMRES (iX Mg
BT R AT S H0T 0 5 -help peg Al -help gmres $575). /Al LA i iy 44736 T ok 0 FE
FEH I FH B8 phgSolverSetPC KA EATIHE & AT T

B, FIREIR G RS EE ) MUMPS VA3 GMRES [ Hi4A: 1



7.5 PETSc fi#i+ % 45

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

A, gmres_pc_type H' “solver” ZHFKIRTE GMRES R P kA I H 55— AMgEA O T4
PE, 1M -gmres_pc_opts M1 KB TR A1 ik as e 4k
RS M, BAERED PCG IERHFIA P Hypre Boomer AMG AN A TS A1

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

(VE: PHG & H 3K T T RE 8 BB S 1, WesAE ek 0).

7.5 PETSc f#:%3%

PETSc HH#ML T —ER& N ar AT S50 O H T 5oe M tilfiilas L2 48 . PHG oV
Tt IEIN -oem_options KAL M 1T S 44 PETSe (3LF5 L, XS ES WAL 45 T SN fias
HFZ X PETSe #2/ER, P B Ss A A SCREIE R fr AT IR TR BE SKIE S L)

B, FiRarAATIEDUR € K H PETSce 1 CG 14X block Jacobi THAAT TR fif:

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

PRI phgSolverSetPC JT i i TSk F 1 H T PETSc fiftvkids. BRItz 4k, Fadnr LLR kI
“—petsc_pc_opts” KAFER A =TT LA PETSe BITRAAE T CAJGIbig I i PETSc
(A BB 7)o BT, FIRIEIE ] Hypre £ BoomerAMG 4 PETSc [HITR4AT 1

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

-hypre_pc none"
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FNE BRY. mE5%EE

PHG $24t— 41 B 1 BOE S BAF R I o A sC i B, DUREE AT RO AT IR A7 il IO A
FFEo e AR AR O A T L RIS (MAP) BEAT IR 58 B

PHG BErT LU B thi A7 FROCRR ., A7 IR TT RSB0 K Al e s AR, thm] DUAR BEE G 4% gy
AT 0 1) AT s A (R R

8.1 R4S

PHG WL (MAP) IR —> ) EAERERE A ) 70 A1, LA R ICER S B B [ R R FR
8.1.1 B SARREY

i BRSNS ] TR AN 5 1 BER GAH DRI I 1) f o "B LR E ) 1R 4 Ry KN & B R R R
/o QIEETRT S MAP PR RRRICAI R
[ MAP *phgMapCreateSimpleMap(MPI_Comm comm, INT m, INT M); }
Hrh M AR RKRE, n g HARSER PR,

AR m MRS T M, U E SC 2RO M. RS Bl At
FEF I BN m (A

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

QU B SRS 1) R T
[ MAP *phgMapCreate(DOF *u, ...); }
W HZ R HON ] — 2 B AR RO 2, S HCRIL LS8 AT NULL S50 P AR MAP XAV T
SRR I B R SR R PT A E l R S R, R A RN I BT B R S B
R, AN RERR ) 23 PO/ TZadb B T 1 5l BEAN B (R, I T 2B A
A A — AR “PA 7, t1 A b EFTER AL L TR ITH OWNER FREHIE).

8.1.3 MEHRS

BV 50 A2 e 0 70 4 ) B O 5 A TC R M R 5 LR TP AT S
0, HATCEEIE N 1, M. BT R % T BLF 4 R (G 0 — 1), 1

SRy BB A
SRR Fh A SCE IR TR ) RS 80, A LAY 1 e PR i 5 ki iR — A7
%o MU B RO, S RO O B R — L, TCR AL

St 2 R R OR e ok 289 5, 45
phgMapE2L H— M FICH 1) RS 5 75 2 o ) =) 8 4 5
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48 ENE BG. mELHERE

phgMapD2L FH—™ I BHEEXT G 1 1 bH BE G 5 21 Bl S o 1) S il '
phgMapL2V HHIT 2 1m0 g 5 13 208 1 e ) 4 5
phgMapL2G FH G2 0 JR) il 5 19 21 1R 4 Ry 1) B9 5

7E MAP FHEZERIT, nlocal KA BRI AN RFNF m)e A T AE TR ) R
1, R R T I RVFEE AR T AL &> &, localsize Ji 51 A [l & ¥ JR & g
IR, localsize > nlocal, R4 "5 7E [0:nlocal-1] Z[HJf¥) & A /&, 1) Ja g o 7E
[nlocal:localsize-1] Z [HI[4r M AEAR &, EATIA RN B 5 4] 02Gmap [1 45, 1%
AR/ Localsize-nlocals L, i NICE K RES R B 54 4, W& R4 R 0] 05 A

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

Horp ng R ABERE P (1) d /N4 ) ) B 5

XTI F B SR IS, localsize B I &5 T-AL T A1 MA& E A HEEIEH, 1M
nlocal Ji bt WSS T ARERE PG 10 B HEE 2 H -

TEMTERL 1, localsize = nlocal, WU HHAAEGEA)E T A ICE, JRFH S 5 AR ) & i
FREFEM .
8.1.4 BRETHIIHER

PR %1 phgMapDestroy ¥H 5% — MWL, BRI B

BT AU s 2 A B FEREILH, b TR S AR, RO TR AN,
PR 5 LRIV B — SIS QU N 3L 5 VRO 00 R —ANBIR S GRFE ) &) 511
S, LBV 0. 8 phgMapDestroy i, WML EI5HTFEORT 0, WAL BZ
Wit T R E STk 1o RS AN S TR 0 I A S B teAh, BEANFERE
o r) SR BN, ISy BBl H BT | I BRI B phgMapDestroy .

8.2 [EE

8.2.1 MEEMEIRSHR

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

MEESAER S

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHR

— AN AN S, BE AT AR A A R4 B 5L phgVecAddEntry Ml phgVecAddEntries DA%
A5 FH 4= J5y 4“5 1) PR 20 phgVecAddGlobalEntry Al phgVecAddGlobalEntries N INMEITER, A LLHE
FERE R B AN data Fl offp_data & id. SENT M EICEMIMIES, NiZ1H ] phgVecAssemble PR
Ot 1) FEEAT 2%
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BRI S, A H] PR 2 phgVecAddXXXXXX H g ] —/M R AR ) SR IT 2R, WA ) —
MNELAEER =R MITE, TSGR H phgVecDisassemble X [ Ut THIZE. PHG 1, 1L R %L
phgMapCreateVec fll phgVecCreate B[] ) B BRIA & CLA 2L, DRIEAE ) VAN 0 oo 3 w20 56 R A
phgVecDisassemble ¥ HEI%E,

] FE AN Hh 7 R B A7 A 7 VEC 5K data AT, BN map->nlocal x nvec. ANJET
A 7> e, ABARL T A 7 WA ) T B ) FE TR AR AT VEC S5 T offp_data BT, X
PeKEN (map->localsize — map->nlocal) x nvec. [WIEAIZEN, BT AT TR S A IES N
FHN (R RERE o

) A5 R AL AN mat, WIAGZ R R AR A P A I, ) mat 34 n) S MR
ELE PR, ) R mat O AR FREE, IF H mat->handle_bdry_eqns & TRUE I, [n] &2 3¢
PR 5 AR A2 ) 2 K A# mat->bdry_eqns Ly [n) 5 P (KIU ST R M /N Gt T RE A, O FHIX L8
T3 REA B SR ) R AR N T 3R o X RN T U AT A BR T B RN Dirichlet 34 S 444 (1AL
. 2% 8.34.

8.2.3 HHESMEERMEIELE

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

8.3 EfE
AP -
{ MAT *phgMapCreateMat (MAP *rmap, MAP *cmap) ; }

rmap 45 HFEFEAOATIRGS . cmap 45 HAEFEAG UGS, EATRT BUZ NS (17 510 5 AT A R RN A7)
AT ), R LU AN R (g
MEESS R
[ void phgMatDestroy(MAT **mat_ptr) ; J
WKL, PHG MR B b7 — AN L AT (0 2 ARV 48 3 [ — e 42T
AL XS F R HEAT S Ao V5B AN REREIN, RS S IO T 0 WK 51RO 1, A7 245
FIHECh 0 I A2 ORI BBOE R .
8.3.1 RINFEMETTE
PHG $24t N s U T 1 — A FEFEAR AR 0 J0E:

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

XL PR O i 8 HOAE SR N B R iR € o R B e DO TR R RE AT AN 81 73 SAs HT T )R 2
SE A RS (R AE R R ERE AR 0)o A RAR BT (B 0 K vh AT (L, AT BA
AR 3 bR 2
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phgMatSetEntry phgMatSetEntries
phgMatSetGlobalEntry phgMatSetGlobalEntries
phgMatSetGLEntry phgMatSetGLEntries
phgMatSetLGEntry phgMatSetLGEntries

M BRI, B — AR AR PR FA TR, R AR ] — A DR AR AR A T E
A2 58 ] phgMatDisassemble X HEAT HI%E

PHG ', 1HiL &% phgMapCreateMat* Fll phgMatCreatex I % FIHIFEER I A& AR A B, WTLLE
P rh s oo ER .

8.3.2 “JciEME” 4B

PHG SCHF “HBE” (matrix-free) FEAIHIEE, B RERE AN A5 B BOf R E 1)
FFE, e NP S IR R HOR 5 U PR i) B (1 SRR

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,
void *mv_dataO, ...);
MV_FUNC /2 50 il B ) B e B ) e B8R BT, #2618 an T
L typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ *A, VEC *x, VEC *y); ]
Hop op AILABY MAT_OP_N (K43 &) MAT_OP_T (HHFEHE & 3 &) A MAT_OP_D (H 4 A%t ) £k 3
Bl L),

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

8.3.3 S IR%EME

£ PHG ", S BAEREAAOR — Bl BRIK) “ JCHIRE” R AR o R i — L[] B SR AL R Aty
JRR, AE I PR AT LAY 48 A7 Aif 2 8] . PHG (73 B B R iR gk

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

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

Hor, Aiy FRERERR, a;; AR FIRT, PHG ASCRERTFEEURUE B R
PHG @7 P PR B %0 phgMatCreateBlockMatrix, HAASZHSHIM K Ao 4 HRFFERI{E
HI M 2277524 examples/maxwell-complex.co

8.3.4 4EMEAYLA%E

— N R A3 B phgMatAddEntry . phgMatAddEntries. phgMatAddGlobalEntry 25 R H%
AR 0 oG, BT ZH ] phgMatAssemble BEAT%E . — MBS G H A RVFH HEEB K
H oo E, w0 e S BOLVETRN 45 R

PHG WA AT R 4iAr e 2o 0 IR 4 2 i R P AN J8 T A R AT B 2 928 I BAH R 2R R,
[ IS0 RE TR A 5 AT Ge vk L T, B T ARSI G K cmap [FRES M &9 S, T
JEFEAE 0 3 cmap->nlocal-1 Z 0] AN T A A o 3 an el 14 cmap o R, I %
DT, G s 70 A cmap->nlocal B2l cmap->localsize-1 Z 10 A5 D) 43 B — A 38 B4 S s 1) G
Y5 JUFI7E cmap->localsize #| localsize-1 Z[f], i MAT fJJ% 53 localsize %5 T-TH 1E cmap
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PH g S HIFI R EICE (G TEEILE 0 2] cmap->localsize-1 Z[H)) LUK T H e i B A A b
I HBIAICE (G5 B HETE cnap->localsize # localsize - 1 Z[H]) Z M, WX localsize >
cmap->localsizeo MRIFSRML, Hiffrb th H]l— R A L2Gmap R ORAF AN T A H IR 471 1) 42 =) 2
5, HAHIET cmap->localsize — cmap->nlocal M5 55 cmap->L2Gmap H 584 FF.

H A R IG5 Dirichlet US4 PFRIALEE, JEFEHHT — /KRB S handle_bdry_eqns,
WA E AN TRUE, WUTERTHE BEEAT 21 & HT 23 SE R A HI IR 320 AT HEAT AL BE o b I 2 SR o b T 320
FATH AR 0 JCEINE TGS, IXEEAT L SR S RPN W] A R N A Ty RE 2, R 21 ke e
75 IR e N TR LU o fRARATAEREFE 1) bdry_eqns A, ARG I L AT IO F ke 5=
BN L AR EITEREN 0o BARAFIT LU 2321 1) 50 20 B R e P R AE 1) 2 2 26 i B0 1) TP )
WF LR, B 8.2.2.

8.4 %EfE. mETE

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

PR % phgMatVec T y := aop(A)z + By, =~ y HIE, A N, KEFHMISE op WTH
4 MAT_OP_N (op(A) = A)s MAT_OP_T (op(A) = trans(A)) 1 MAT_OP_D (op(A) = diag(A)). 4 op A
MAT_OP_N I, 1%PREEEK x->map 5 A->cmap #H[F], y->map 5 A->rmap AH[Fl. 124 op & MAT_OP_T
i, DK x->map 5 A->rmap, y->map 55 A->cmap #H [,
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FNE FHEHE. FERETE

PHG #f{t5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi fll PRIMME [{j4% 11 J1]
TS SURFEAEFIRFAE ) & (ANEAH) o RFAEAR S RRAE ) S T SR g — 3 1, AT AEas AT R e i) Jl
iy AT IE ORI FEATAT — A T R RFAE AR KA s o

PHG 1) JDBSYM $% I BE S FF IR 4G #3147 JDBSYM R, 03755 il /N9 52 s i 94746 ) JDB-
SYM FEF¢. 1847 configure 2 H AN FTHIH) JDBSYM 752 AT

PHG MEEARHIEAE V4 s 2l

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

) R E RS Ax = ABz ) n NMRFIEXT CREAEECRIAR BRI ). 280 A F1 B 4y HE
i, 4 B W IRENIN RN B = I, UEHIBAPRAERFIE(E 0 . n R UF B IRFEX N2 which
FEWIHEE n ANMSAERT, 7 LAHY EIGEN_SMALLEST. EIGEN_LARGEST BY, EIGEN_CLOSEST. tau %! shift
o evals F& I RAZ UM A BIRFIE L MM X (KA 0 n)o evecs IR RN FIRFIE I o nit IR
=] SO R A R (B AR (AL D) & U BTl R AR L8 0%) o BRBOR (DU D v 45
FREXT AL (€ [0,n)).

FEAT BR TG TH L B 7 A R R IR T E B BB

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

©ERE U R 1 R AAEE AR T I A N S REFE A R B I NIZE H map O, A
Je il it PR 2L phgMatRemoveBoundaryEntries Ml LA FATAIZ] (75 WK A5 K= H Dirichlet 1154 4%
PR AR OV RFAERT ) o WS map AZBUN NPT AR SHCEL u, ... WA HEN SR HRSHNE S
phgEigenSolve e —FE,

93
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D

B}

MisR A PHG TE. BH5

Al BB

ARt R A PR phg BUSUIN—LE 0 SCERR B AR B R, BN ERR A S (1 RS,
HA4FBF/NE ., Ul phgInit. phgRefineMarkedElements. phgRank 4.

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

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

PHG e X% HWENAFIET S542)R8 R R 2 Rar 480, H%A phg TI8, #1
Wl: NVert. DofElementData 5. {HAY It A K5 7~ BEAI R Kk, 41 TRUE. NEUMANN. DOF_P1 %%.

A2 EE.Z2RBT

il

Dim > YR, FT 3

NVert > —/NMRITTH TR, ST 4
NEdge > NI RIL L, T 6
NFace > —/|\$75EPEI’JFE’£JL %T 4
phgComm > PHG 4 sl s %

phgRank > AHFETE phgComm H K HEFE S
phgNProcs > phgComm BRI BEiT E

A3 EE WER

CHAR b AR

BYTE > LS A AR

SHORT > FEAEETAR R (/b 2 )
USHORT > LTSRN E (2D 2 T
INT > HRRE (/D 4 T

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

BOOLEAN > A /RAAR R, HU{H TRUE (1) B{ FALSE (0)
PHG_MPI_FLOAT  © FLOAT [f] MPI %254
PHG_MPI_INT > INT () MPI 2
PHG_MPI_UINT > UINT ) MPI 2
PHG_MPI_SHORT > SHORT f) MPI t#g2k%Y
PHG_MPI_USHORT > USHORT [¥] MPI $(##35 %!
PHG_MPI_CHAR > CHAR ff] MPI #5257
PHG_MPI_BYTE > BYTE f) MPI 342y

Pow > 5j FLOAT UCECHY pow BRIEL
Sqrt > 5 FLOAT UL sqrt MR%L
Fabs > 5 FLOAT ULALH fabs PREL

95
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Log
Exp
Sin
Asin
Cos
Acos
Tan
Atan
GTYPE

BTYPE

SIMPLEX
GRID

DOF
DOF_TYPE
QUAD
SOLVER
OEM_SOLVER
COORD

vV VvV VvV VvV VvV VvV VvV VvV V

v vV VvV VvV VvV Vv VvV V

Mtk A PHG % &. @85 %

Y5 FLOAT ULHCMY log BRIEL

Y5 FLOAT UUACHY exp PRIEL

L} FLOAT UCHCHY sin PR

55 FLOAT UEPCHY asin PREL

Y5 FLOAT UTHCMY cos BRIEL

L5 FLOAT VLPCHY acos PRIEK

Y} FLOAT VCHCY) tan PR

L} FLOAT VLFC[Y) atan pREL

enum J$%Y, % 514055 : VERTEX. EDGE. FACE. ELEMENT (DIAGONAL). OPPOSITE.

MIXED. UNKNOWN. Hij 4 /N 20 il TR sk 0 4EJL ] & (VERTEX). 8k

1 4k )L & (EDGE). MEk 2 4 JL 5 (FACE). LA K AR =4k JL{7 & (ELEMENT).

DIAGONAL. FACE. EDGE. OPPOSITE Al MIXED FH TR/~ HLoC 44k IS MY

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

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

J125A 1), « ... BDRY_USER9 (] J" 257! 9). UNDEFINED (A& i 4t) . INTERIOR

(X HK Py )« REMOTE (£~ F X3k L =2) . owNER (#1145 #%) H! UNREFERENCED (0).

Hrp, UNDEFINED 7R AHR E R F . UNREFERENCED 7% % A 151

JesIH, RHIEAE o, — A% gal LLR A LA @, flin—4%

i A] LR JE T Dirichlet 5%, X J&T Neumann 145, [ X HANET M#& AT

L5 (REMOTE) . — Ay T4 8If A] LLR N g 5 2 A4 1 R, (H I ME——A>

WS e A 5, AHSER) OWNER A7 7611 IA% oA 1, e I ok 0,
BTYPE [ 7 T LI 448, T A XS, HE& ekl

HLITX (struct)

MRS (struct)

H % (DOF) X% (struct)

H HERTI S (struct)

B AKX R (struct)

KRIFZRAT S (struct)

HNERSR AR FE TIN5 (struct)

Dim 4k FLOAT AUEG4, F T4k 2 fm) Ak b

A3.1 BHERZDFERERKEOLE
DOF_INTERP_FUNC > FH{H B NIRM (BF 4.1.1 Ml 4.1.2)

DOF_INIT_FUNC
DOF_USER_FUNC

>

>

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

DOF_USER_FUNC_LAMBDA > {4 FHE.OARRRIN FH P BR £ 288 (B F 4.1.3)

DOF_BASIS_FUNC
DOF_BASIS_GRAD

>

>

VLA B O (B 4.1.4)
VB B SO 1 B R 2R (B 4.0.5)

A.3.2 MEXRIBHEZRR

> FEPR A HEERAY, AR AR R
> FErR A R, TSI — A AMRARAT R AL

DOF_CONSTANT
DOF_ANALYTIC



A4 Baan
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

o7

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

I REL BTN E B

1 By Lagrange JG, M40y v 2t s %, SEANTIA—> B HE

2 B Lagrange JG, i%é*‘tﬁj\}#gﬁ\ﬁlﬁﬁ BT BRAE— A HE

3 [ Lagrange JG, H£:70 i =IRZ I, l/\T\/ Gy RIS AN E B
SIS H S

4 |3fT Lagrange JG, 250 PR Z I, REANTIR L BRI H I,
Sl B A=A A

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

n i DG JG, 0 <n <15

2k 1k Nédélec 7 (B HI0)

1 B #.C (= DOF_HC1)

2 (i LT (= DOF_HC2)

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

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

AATIEI “~dof _type” AL E I BIE

0 B Lagrange JGC,

1 Bk B —4E Gauss B AR
2 B ks B —4E Gauss I
3 BrkE I —4E Gauss B7r A5t
4 MRS —4E Gauss B A
5 Bk B —4E Gauss Bl A3k
6 BYREFE—4E Gauss FR5r 2
7 R4k Gauss B3 A2
8 Mks g —4E Gauss B2
9 Bk g —4E Gauss Bl At
10 RS & —4E Gauss TR AR
11 YRS —4E Gauss FU4rA X

1 Bﬁ*%fig E Gauss F1437 \:—EE

v

v

%m%%ﬂm»%w

v

5
(= QUAD_1D_P11)
(6 ~0)

£

v

T

v

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

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

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

)

I Ir

N OO O W o=
I I Ir Ik Y
S N N N N
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QUAD_3D_P1 > 1 BRE = 4E Gauss B A3 (1 £9)
QUAD_3D_P2 > 2 MREIE =4 Gauss LA (4 45)
QUAD_3D_P3 b 3 FrkEE =4k Gauss B A (8 &)
QUAD_3D_P4 > 4 FrkE =4 Gauss B AR (14 54)
QUAD_3D_P5 > 5 Bk =4 Gauss B AR (14 55)
QUAD_3D_P6 > 6 Mk =4k Gauss AR (24 15)
QUAD_3D_P7 > 7 MRS =4E Gauss Bl AR (36 1)
QUAD_3D_P8 > 8 BIRSEE =4 Gauss B A0 (46 )
QUAD_3D_P9 > 9 B E —4E Gauss B A3 (61 1)
QUAD_3D_P10 > 10 RS =4k Gauss B2\ (73 31 81 #)

A.5  BREF. EEFNEERE

MAP b WU, 5 SCRERE | ) B0 A B AR A R0 SR R
VEC > M EXTSR (WP AR -

MAT > FEFEXS S (WbiAT IRAA 17 ) o

MV_FUNC > CTCRRRE” HRE L i R R R T 2R

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

GUEEEE T — 20 B HEEX R .

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

void phgMapDestroy(MAP *xmap_ptr)
CEE S S

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

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

IS4 [E] map I EE dof_no NMHEHHEXNZRIEHRIC e I index A~ H HHEEAE WL+ (1) 51 Y
‘5. dof_no Al index M 0 IT4G.

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

R[6] map HKIHS dof _no A A HEEX R IHS index > H HISEAE B o K ) 20 = o
INT phgMapL2V(MAP *map, INT index)

IZ[A] map "R 5N index FICER IR IR S n T .
INT phgMapL2G(MAP *map, INT index)

JRI8] map )RS N index MITCEMARd T .
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
P RRHOH] R 1) b (R R A a5 AR QIR B e BEXT 5%
int phgMapDofToLocalData(MAP *map, int ndof, DOF *xdofs, FLOAT *vec)
R E T BB G O A o 1)
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF **u,...)

B2 Y BB AL LS — A B S AL, A B X G L2 vec->nvec
AR PR G4 FEIN H X %o remove_bdry 55T TRUE WKIR vec AR ETUAHHE ., 1%
BRI ] TR A VL R O

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

F 20 A N R AR AR 6 gy 2 e R S TR S R b, S
B & X5 phgMapVecToDofArrays 3L,

MAT *phgMapCreateMat (MAP *rmap, MAP *cmap)
QUEEHIFE, rmap A1 cmap 7345 AT FIZI LA o
MAP *phgMatGetRowMap (MAT *mat)
R [BIEERE mat FHEIAT IS (WU A5 T oH B0 1)
MAP *phgMatGetColumnMap (MAT *mat)
IR[BIEERE mat FEIFIBS (WL 5 I VH B0 1),

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

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

WIR coeff 55T NULL WIK/RPTA REIYN 1. WR trans 5T NULL RSP TCELA
MAT_OP_N.

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

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

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
ININFERE TR, AT HIIAE 2R R 5

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

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

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

AN IN nrows x ncols MEMEICE, 1THIIMEH RS .

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

SN nrows x ncols MEMEILE, 178 HA R M EH S .

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

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

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

# I nrows x ncols MHEFFILE, T RIEATH T RS T
void phgMatAssemble (MAT *mat)
HUBGERE, KA T A AT AL I8 I B A N HERE .
void phgMatDisassemble(MAT *mat)
R o
void phgMatDestroy(MAT **mat_ptr)
B S
MAT *phgMatRemoveBoundaryEntries(MAT *mat)

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

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5 %0 phgSolverMat2Solver 1FHAHH
VEC #*phgMapCreateVec (MAP *map, int nvec)
QU nvec N EYEHL.
VEC #*phgVecGetMap (VEC *vec)
RN vee MR (W5 VR8I 1),
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)

AN EICE (RS, vhich F&FAINE] ) & 1A 7 H .
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void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
NI o AN EICEK, indices 4 HYXLEITHR RS 5 o which $5WISINE] ) & A0S 70
void phgVecAddGlobalEntry(VEC *vec, int which, INT index, FLOAT value)
AN IGE (4 R%R5) . which & WIS N2 ) SIS 7 6
void phgVecAddGlobalEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
N o AN EICER, indices 45 HUXEETTR N4 RS 5. which $5WIASINE] o) & 1WA~ 73 &
void phgVecAssemble(VEC *vec)
AR, RFAN T A 1) T 3R AL I8 0 2AH B ERE o
void phgVecDisassemble (VEC *vec)
2R 1] o
void phgVecDestroy(VEC **vec_ptr)
GEEE
VEC *phgVecAXPBY (FLOAT a, VEC *x, FLOAT b, VEC x*y)
W y = aZ +bjo M b == 0 B RVF y == NULL, SEEPEEGIEIFRPI—NF i E v
VEC #*phgVecCopy(VEC *src, VEC **dest)
3 DLEEE . %R EUSCTT dest == NULL, BERPREGIEEIFIRIA—NF1 10 & dest.
MAT *phgMatAXPBY (FLOAT a, MAT *x, FLOAT b, MAT *xy)
T AERE I Ze s 5. 250175 XY phgVecAXPBY &1L
VEC *phgMatVec (MAT_OP op, FLOAT alpha, MAT *A, VEC *x, FLOAT beta, VEC **y)

Ty .= aAz+ By (55 BLAS BA %k DGEMV 2{b1). MAT_OP 55 E 00 A 754 &, W LI MAT_OP_N
(0) MAT_OP_T (1) BY MAT_OP_D (2).

ZHER B AVE A == NULL, %78 A NHALTFE. 24 alpha == 0 I 0¥ x == NULL. 4 beta == 0 I}
SoVF y == NULL, JEPHEIEE— NS yo BRECT X alpha F beta FURFERME (0, 1, —1) BEAT T%f
TRALBE LD AN D6 L) pAs B, PRI AT BLHIR S8 BV 22 2R AL IR RE R R ) =z 5, 49 2

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

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

TR L2 B, RIRET result ARSI R FIAAE R ML . which F5 W] V15 ) 2 A IEAS
Sr IR, R which < 0 WRMITHE PTG 2 SR, BEINAR result AR RREN U S iR 10 1 22
XK JERNAZA DT vec->nvec, HTRAT vec->nvec Mor . RECR [MIME 4R E /& (B —
S EUWIR which < 0) 1) 45,

FLOAT phgVecNorml (VEC *src)
VRN L B, S505 XA phgVecNorm2,

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

FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)
EmE x My M. 25 which_x. which_y Fll result 55 phgVecNorm2 H1AH (A,

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

FEHE CL MATLAB #0551 =it 2150, var_name 45 MATLAB 28544, file_name
S R (BHE L o AP RESR), Hth BN “var_name = spconvert([ ... 1);”

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

S T (v->nvec /) 40 HELL MATLAB A7 2 5 AR 20 S SCRE T, R R 08 5100 1
Frh A . var_nane #7i! MATLAB 4544, file name 404 GEHLL .n ¥
), FithEh “var_name = [ ... 1;7

A6 FRESE
AT PHG P FeEvEAs, AT T 4l phgSolverCreates

SOLVER_PETSC > PETSc fiftidids

SOLVER_SPC > SPC fiftikids

SOLVER_SUPERLU 1 SuperLU fi#i}:#%

SOLVER_HYPRE > HYPRE fi#ik4%

SOLVER_LASPACK > LASPack fi#ty:8s ({327 H347)

SOLVER_PCG > PHG [f] PCG fi#tikss

SOLVER_GMRES > PHG [f] GMRES fiftyJ: 8%

SOLVER_AMS > PHG ] AMS (Auxiliary space Maxwell Solver) fitik#s
SOLVER_DEFAULT > BRIMFEDS, Fonil PHG ERFLA
phgSolverList > ZEA Y PHG A fiRiEes, w6 F.

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

extern const char *phgSolverNames[];
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PC_PROC > PHG [ PCG f1 GMRES f#ykas FIfscfv# 0, HARa T
[VEC % (xPC_PROC) (SOLVER *M, VEC b, VEC *x_1, VEC *%u);

PR AR AT RE, JRRE AR wu 3R]0

A7 WiEL. BY. EHiRAERERE Y

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

WIEhtk PHG (M MPI. fifikae4s) . e HE PHG BT o arge F argv 252002 FL5K
AT S H k.

MPI_Comm phgInitSetComm(MPI_Comm comm)

¥ PHG M4 Rl 528 W E N comm, MR[FIZ AT Z AT 45 1XMRECLIE I phglnit Z FTH
. PHG (¥4 Jail A 88 AR A7 AE 43 JR A% & phgComm ', ERIA{E 4 MPI_COMM_WORLD.

void phgFinalize(void)
B PHG. AAERE 45 ACRT I -
int phgSetVerbosity(int verbosity)
6 PHG (M5 Bt o CBROME) LAt WE e
void phgPause(void)
PHERERY, 2 gk st . TR Rt
int phgPrintf (char *fmt, ...)
B E R 7 printf pR%, (HAAEDERE 0 FORAEH .
void phgInfo(int verbose_level, char *fmt, ...)

BoREE, ENEREF IR S5 verbose_level 4b, 4%\ printf L. ZREA Y
ML -log_file MEIHRE T HASCIFIN A S A5 E .

void phgWarning(char *fmt, ...)
BESE R B printf.
void phgError(int code, char *fmt, ...)
BRERE B WR code 1= 0 ML /RAE B G P IERFHAT .
void phgAbort(int code)
SR I ERE P IAT, code RREFFIR IR
double phgGetTime(double tarray[])

SREU ] o tarray s&—/MEA/NT 3 [ double BUE4L, 4 tarray '= NULL I, tarray[0] iR
BT, tarray (1] JR[EVRGEN ], tarray (2] & [0]5G FFE], DA A SA7 . pR 2300 [RI4E D 24 i
B FINR], DARD A BA



64 Wk A PHG T &. B 5%
A8 HEFEIE

void *phgAlloc(size_t size)

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

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

2T realloc O, {HATR AT HIE RO I ERE AT o
void phgFree(void *ptr)

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

A9 THEEHEIT

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

SRECYU ATV SUPERE(E (Mflops) (75 2B PAPIT [32%F) . aggregate IR [FI MFEF LA
TR AT TERE, since_last_call MR BRI AIZRRE (55 1 DT B0UE AFE S JF IR HAT)
FMATHE TR RE . BREUR MIMEAE T *since_last_call. X TG IPERE L g->comm HFTH BERE
PEREZ A
size_t phgMemoryUsage (GRID *g, size_t *peak)

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

R g == NULL, JIR[PIREABERE I AL B0, S Z MR A g Hb BTAT HERE Hh s K A7 AR
oL
size_t phgMemoryPeakReset(size_t value)

¥ PHG W KIAFTHECE )y value, IR [BIE KN AFTHECIE G2 AT RE

size_t phgMemoryPeakRestore(size_t value)

¥ PHG WK AFUHECE WA TME Y value TP, IR MR G2 1T 55K A7 LT
fE.

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

BOOLEAN *var)

MM S U Ay 2 ATIEI . name 43 HUEIAFK (A7 “=7 %5)o help 4 HIOG THZIEI 1 HE
WifE B var Jy—> BOOLEAN B (&)mielifiy) A2l %A BRI IAAEIN. ) FALSE, 447
WEIZIETUY, PHG ¥ E MK TRUE.
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void phgOptionsRegisterInt(const char *name, const char *help, INT *var)
FER— A S HI iy ATIE . name 25 HUEINAFR (AN =7 5) o help &7 H G %L I

HHME R var —A> INT B ()5 aliffas) AR pgibl, ST A S IZIETN , PHG KA N

SHEUEIRGS #var,

void phgOptionsRegisterFloat(const char *name, const char *help, FLOAT *var)
FEM A R RS EU iy 2 ATIE I . name 23 HHIEIHAAFR (AN “=” *5). help 4 K THZIE I

MG R var /> FLOAT B (4R ulifias) 2R Mhhl, Sy 47 P S ixdE iy, PHG KA

S EAEIRGS *var.

void phgOptionsRegisterString(const char *name, const char *help, char *xvar)
FEME— ANt 705 B 2R iy 2 ATIE TN name 253 HIETHAAFR (AN “=” 7). help 4 K THZIE

MG S o var > char * M (4JRiaEiay) 2R, 2y A7 P S ixIE I, PHG H5Al

RS EEIRGS *+var, PHG 4745 5 S0 00 B AT BRI DT AP BRI IRC HEP REP AN RE FLA TR

e

Eio

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

FERE— A A S EUN A 2 ATIE T name 45 HIETHAA AR (AN “=” ). help 43 K THXIEIN
MBI B e var —A> char * M (L2Jaelifidy) 2SR ht, a7 R A ST, PHG KAl
NI B EAEIRG *+var, PHG N SCIF4 745 H 3 & 70 I A AF BRIF S0 5T W AF BRI, T R AN g
ITREE -
void phgOptionsRegisterKeyword(const char *name, const char *help,

const char *xkeys, int *var)

FEME— A K S BN AT I name 45 HIEIAFR (A7 “=7 5)o help 45 H G T%ILT
I B Ko keys J&— LA NULL 85I A A7 B 9REH UL, 2 %k T RVFIIZEL. var A—> int
B (A R EEA) AR HE, R RIER keys ARG (W 0 FF4R), M AT P B ik o
I, PHG REAHNAZ L var M.

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

MR € R 2L func PRI SEUN AT 2 ATIEIL, func A HA W NE R 2L
int func(const char *name, const char *string)

Forp name JIETNA,, string A IETA I FTERBE IS EL WA BGRFIAE 0 B RS ZE 0P AT B iR
(WAEEZH) . B U string R IRENI, e BN % WO B IR B (S H &g L4 .

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

R EFAN E OB a2 2L 0, 1 T — A ay AT IE IR — AR, BoRTE Ay AT LI A
W5 B . category H Tn AT 432K,

void phgOptionsPreset(const char *string)

BT R I — LS HUME, B W IIAE phglnit ZHTH]. F1anm] LU
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phgOptionsPreset ("-oem_options ’-ksp_type cg -pc_type bjacobi’")
Kt PETSc MERIAMEIE S RITAA153 A CG il block Jacobis
void phgOptionsShowCmdline (void)

SISV EDAE N ID s T
void phgOptionsShowUsed(void)

FU P TR A AT IR E (M BLAE i 247 T AIE T 2 5fE .
void phgOptionsHelp(void)

U R BITAT di A T IS N R B A
BOOLEAN phgOptionsSetOptions(const char *str)

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

P IETN op_name FITXS NV AR FE{H B 4 value, op_name WJIUE N ILSEINEI 4, AN -0 B
140 A,
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)

LI op_name FTXf WA H{HE N value, op_name W —Milf SR SHKILINY, A
v 2
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)

KT op_name FIXf MK AR B E A value, op_name WAAUE— MM SHNETN 4, AN
=
BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)

W LT op_name FTXT I [KAS S Al B N value, op_name DAZHJE— AN KBTS HUNIETN 4, ANF
v
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

*%ﬁilﬁ op_name 55X¢E?nggﬁiﬂﬁigjﬁ value, op_name I§ﬁﬁﬁ%**4\ﬁ§ﬁzg?5ﬁ%géﬁﬂgﬁtlﬁéé, Z<f§
=
BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

K LT op_name FTXT R (KHAS Al B N value, op_name DAZHJE—AN7 U4 S HUNIET 4, AN
v 2
BOOLEAN phgOptionsGetNoArg(const char *op_name)

& [MIETH op_name JTXS N KA HAH, op_name WJt NS EINIEINA, AN - B+ T,
INT phgOptionsGetInt(const char *op_name)

R [F[IETH op_name A NFFIAZFEAE, op_name WAZilit — AN MU SHURILIIA,, NG - T
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FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZETN op_name FTXS N AR FAE, op_name AZ &M KRS HEDNY, AF - 5,
const char *phgOptionsGetKeyword(const char *op_name)

MRAIEIT op_name FITXT Y (1A HAE, op_name WAUE AN ST SEINIEIA, AT - T
const char *phgOptionsGetString(const char *op_name)

JR[FIETR op_name JIT4 N[ AR H{H, op_name W& —Mir - B SEUNIE T4, A -0 5.
const char *phgOptionsGetFilename(const char *op_name)

MRIEIT op_name JITXf Y (AR HE{E, op_name WAUE AN AL S EIIEIIA, AT -2 5.
void phgOptionsPush(void)

DRAEPITAT IE IR 4 i L
void phgOptionsPop(void)

P L —IH phgOptionsPush FRAT7 LTI .

A1l MIEEIR

GRID *phgNewGrid(int flags)

CUELH I RS 0 5, IR A A UK (T 5. £lags GLE—SUFRAGAL, T2 PAK% AR I
T T LN 5, AFEW S —2 bR VERT_FLAG: X A% T 5 3E 47472 ; EDGE_FLAG: X M#%
B ATYR S ; FACE_FLAG: XM AT T4 ; ELEM_FLAG: %M et 4T49% S ; GEOM_FLAG: HZNT
S (1 /4ARFR vE . EHAE. Jacobian 4§), 2 A.17 1] phgGeom* PRA%L, W HIN flags = -1.

void phgFreeGrid(GRID **gptr)
RERE TG (S AR SRR H X B
void phgSetPeriodicity(GRID *g, int flags)

T80 A AE— A AN A 7 ) ERFAYE, Horb f1lags HX X_MASK. Y_MASK J& Z_MASK [f]

{EREFEAL A B o WI: phgSetPeriodicity(g, X_MASK | Z_MASK) KIRMIASTE = Ml 2 Jym) b2 3N .
%R R 207 phgImport L HTHEAT, H H B X HIUG AR T i — LK

(1) PAASAE BT 2802 W A 1)

(2) WG RS ANGE A, ZESRAT R — X R 45 m i el PR A R B AR 20 2 DA 5 =453, AR
WRR Ry 25 A o 0 SRATTAR PR AN AR 3K 45 AT, T DASE A f HLIE 22 0 2 A AN (R0 2 1% 4 AT
(RIRIA% o I, X RIA% test/cube.dat BEAT 6 UK SUME Ja 142K EL 5 384 AN FRITIK RS (5
S
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void phgSetPeriodicDirections(GRID *g, const FLOAT dirs[])

fasE MW o B dirs RS 9 NG R =ANEE R R, AR IR I = 7 10,
X=ANTTARZERIEAS . phgSetPeriodicity "FAGER — AT MO 2 51, 2B =ANJ5 W y J7i,
B=ANTTICA 2 T7 T o %R UK T A Z0AE phgImport Z HjHEAT

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

void phgMarkElements(STRATEGY strategy, DOF *error, FLOAT theta, DOF *osc,
FLOAT zeta, int depth, STRATEGY coarsen_strategy,
DOF *coarsen_error, FLOAT gamma, int coarsen_depth, FLOAT tol)

FrRic RS AL FIRLAL . strategy TRE MAS AL IRMG . ] M KoM Th A SRoc i8S, Wik
PRAUR PG 45 € M S T A S oc S M, (M I T4E). H n(s) Ronfon (8Ufl) s ERZESR R
T, 0 RoRgIL b, PHG $efit N iR 401k 5 -

(1) MARK_MAX

Max %M. M, = {e|ec M, n(e) >0 maxer n(s)}
(2) MARK_GERS

GERS #lg: M, AW Y. cpp ne) > 03 cppnle) BN T5
(3) MARK_MNS

MNS 5il&: M, = Merror U Moscr HP' Merror #2MHXT T error Ml theta 1) GERS AL HITE

By Mose X T osc Hl zeta ] GERS 4L I0HEG o AREEKIRZESR /R T error & XAE

1T SRR N
(4) MARK_EQDIST

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

(5) MARK_ALL
ML RIC: M, = M

(6) MARK_NONE

AMUATATHITT: M, =0
(7) MARK_DEFAULT

A 2ATIE DL -refine_strategy B -strategy 5 & ffJ g
PR FCR RIS, M, FFTH #.ICI1H mark B 03 R{ER B E A depth (%X phgRefineMarkedElements 23K
XL T3 /b A A4K depth 1K)

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

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

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

EQDIST 3f: M, = {e|e € M, n(e) <~-tol}
(4) MARK_ALL

AL 50 M. = M
(5) MARK_NONE

AHAATFTHIT: M. =0
(6) MARK_DEFAULT

A FH iy 247 1 T —coarsen_strategy Y, -strategy 8 28 ) TS
PR ECR AN, M, T 5701 mark B2 F{ER 9 BN -coarsen_depth (P4 phgCoarsenMarked Ele-
ments 23K IXLEFITI £ coarsen_depth K)o

HHJEX % error HAIIRZETR /R T, osc M data oscillation, coarsen_error A & H KAricHl
B EH X G LTS5 theta M) error I4HMLELHI, zeta A osc MANMLLILE], gamma AHI{LLL
B, EATLIUE IR A HANTFEEET 1. 8B S4 depth LA K coarsen_depth 35l AL FURLAL
R BT T 00 SEHSEL tol A tolerance, {X ¥ MARK_EQDIST FH I,

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

X5 22 - T B B A

(1) =B HEXNZRAREFRIN A NULL, error WL EFH XS, siF & LB, (1R
BE* (AN B A A B HE: osc HESRK A EHREIT], coarsen_error ML A Hidk
RIA], %FF osc LAM coarsen_error #i{di ) H HE 255 & DOF_Po. XF4H4k, MARK_MAX DL
MARK_EQDIST, error M U AAFAE4A b, @I A DOF_Po. F7 22y B2 Lie e Faiaa 4 b
PIEHE, HReEAa o — Fdi .

(2) AEHETEE A X H HE RS Rl SR MR K . BRIMT AR WR osc A& NULL, Bt
FRIC

(3) RT4utl, FRicd S an B2 MARK_ALL B¢ MARK_NONE, W] error RJ LLJh NULL; Xf J-kHAk, Fric sing
I /& MARK_ALL BY3# MARK_NONE, ] coarsen_error F] LA A NULL.

(4) 4iALI i 201 B3 X 502 error BLK osc, B 21 /& coarsen_error.

Frid ¥ R — L BT A

(1) FERECERIHATAIIPR S, RJE TR AR .

(2) X491k, osc ANJ& NULL [FIRFA%,, WIS osc K [RIFE I SIS o %) MARK_GERS 1f] 75, osc fE error fx
TC A P KW AR IC BTS2 10795 A2 MARK_GERS Tl ; IR error MU A7 A b, NSRS
ST MARK_MNS; f1 JE SIS A MARK_MAX, X} osc EL#214iH] MARK_MAX HW&. W osc & NULL,
BN error #ifE. osc &RIEM, {HX] MARK_MNS NI & 242011

(3) XF4i{k, MARK_EQDIST, IR osc ANJ& NULL, 18 —HFEf S .

(4) XT4itt, RNy MARK_ALL, W40 4bAnid 58 5 LLG BAER Hbmid 708, AR THIE .

(5) MHAAUALH coarsen_error, W1 FKIAL SIS AN & MARK_ALL B{# MARK_NONE, coarsen_error A
A&l NULL.

(6) A A RLAL I TS & MARK_ALL, Z HARIC AL 430 78 5
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(7) WRANE S AN L MARK_ALL - EUFLAL SEM& A /& MARK_NONE, JUl| coarsen_error ANAE N NULL, Jif
DL SR ANHE 2 AL 5, AL SR mS — a2 2% MARK_NONE.

(8) WAL AL FE MARK _DEFAULT, 1X/NSRHE 4040 DA ACKH A B, BRINFY SRS J& MARK_GERS, HI7E4H{L
(bR FEAT D, (ERA 5 B, WSRO 1, AN ZDRRAL SRS % 9% 4 MARK _DEFAULT.
A FH 250 AFEIZ AT () I P B IR B 2 B LT ZEM Sms, FIETT -strategy .

(9) TTFEIESEAE PP bR iC BB, SR R R, JESE I AR T MRS, (H3AT BT R DA K
bR, ARG ST T FRic SRS, P SAR0 eR B T RIS S A 1R 2 AR R 1R iE 4L

(10) A ATILEDI -refine_strategy. —coarsen_strategy fll -strategy I &7ES N nax, gers, mns,

eqdist, all, noneo

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

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

55T phgMarkElements j& X [M%, Hbrid4ifb e,

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

void phgRefineMarkedElements(GRID *g)

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

void phgRefineAllElements(GRID *g, int level)

R T HCAME Tevel YR (BI— SRR IS, 12 TR AT 7 0 mark B4 level, 4
Je I — Ik phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FHAL A% P R € BT . BT mark {HoRZ SR cH 2 ARVIRORAL B S T, B —AN i1
IR Z AV —mark K. PHG CRUERIL S HOBT A5 S TC BT AL RSCH WS S Ml 1Y) I ELAE s
AL mark B K A PR PELI AR AT B N AR 2 0. RUALSERUA BT RS T BT 5 L0 mark
J8 5 OELSE i AS IH B0 R PR 25 % PR SRR LA R O
void phgPartitionGrid(GRID *g)

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

void phgRedistributeGrid(GRID *g)

FLP WK s T WM HEAT YR HE LU B S AF K S BT R B PHG WEREHT, R Y 1%
I H phgBalanceGrid,
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int phgBalanceGrid(GRID *g, FLOAT 1if_threshold, INT submesh_threshold,
DOF *weights, FLOAT power)

HHE M 1if_threshold fl submesh_threshold W{4E 1 MAE A H 5504 2P 1if_threshold
T FEHRIEA N 1, 2Ros 2 AP A5 KT 888 %A I H 70 B A%, submesh_threshold
FIT-FEhl 5 WA B H AL 7 PR -1 2 S e H A Tl (O IAZ5E , 2 submesh_threshold
BN s ] PHG W E RIERIAE) « 1ZeREUR T 0 ZoR AR AAE, AR 0 Rt AR EAT 1 k)
/1. weights Ml power 25 Hi 1 WA J0 I I PR TCAN EE (B weights (1] power K J7), 2 weights A NULL
8¢ power A 0 B FRIRPTA FRICHIB RIS
GRID *phgSurfaceCut(GRID *g, const FLOAT cuts[])

PR BCR B RS g LA AT AZ ™ A2 AH W, B 9 B 2 A B B T DL R i i 5 2
RIRL T A R B4 cuts MIKIEN g->nedge, "EHLIRIL 1R g 5 3> 4k vk 2 H il i 5 Bk 40
MIAZ AL E, BUEAD T3 T 0 BUR T35 T 1 R 5B A ni, 5 W7 AT s oL § A4 Jm i 5 82
NI 3 4 SR i 5 UK R TR FRARR A B . PT LU BR 1 phgDof Transfer SKAE PN R4 1] ££3d H

VR H AT eR B R i S R A I 2 BT AN R IR HLARRS 0 A AT i R A 20 AL
e E PR RIS I, AN SOV B A OB PR HEAT oA . BEAE, e R R R AR I
IR, KR T RE 2 R
FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

AL M S, R HTC e BT A3 2 5 (0 32 6 o B FE S 380 oy iy 0 s TR R
B AE T B (AL R B e os) .

ForAllElements(g, e)

FIF5% WA R BT AT 1 S AT D R T T BROC E IBeE SR e At o T S R
A e $R IR T 0, MEIALTRIN e #E 4 NULL.

GlobalVertex(g, index)

A S A index [MTT S H42)R5%4 S .
GlobalEdge(g, index)

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

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

IS HIAH SR 54 index FISRIGINA RS o
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A12 A

void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

8 PG SO, NSO A SRR R PHG A R (e 4 bR B 2% R BN 1 0 A
phgImport Z ], BT iE 130 7t SR e ok DU 5 8201 phgTmport PREGEAET . func 2R
AT DB B SR AL

int func(int bctype)

% bR BUR [H] 5 i NTA FE 2R betype AN M) PHG 145255 (41 DIRICHLET. NEUMANN %), R[] -1
RIRARMEBARERIL TR % T be_map ZHT LN e, sl HIERIAFIIL SRR L e 4 bRy
. ZF 283,

BTYPE phgImportSetDefaultBdryType (BTYPE type)

TR BRINIH FEA . %R BN 1% M T AE phgImport Z BT, BT REE AU BRIAIDL S8 RA KT i 821
phglmport RRHGEAER type S HUBT BRI Y, R EOR [ME A 2 F BRI S8 type %
$H 0 54 T+ UNDEFINED. 2% 2.8.3.

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

MR NI RS E i o g A FRED, 2R pheNewGrid HiGIE N ; filename J& X4
W distr Jy TRUE, WUFERIRE 5 J5 57 R0 FCBEAT 51 230 04 7 R ks 20 A 2 e A2 b 25 (n RAN
RZZHRIFUIER], @80 TRUE).

HHi PHG SCHRFI RS SO XA . ALBERTA KA1 Medit #g2X.

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

He T ARSI A ALBERTA [ Rk ST o R /0 AR L& 24> 1 RS, 1R B H 1L
Bt 0 Sy

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

B 2480 M A Fr o MEDIT (http://www.ann. jussieu.fr/~frey/logiciels/medit.html) k&,
WA AL S 2 AT, %R ECH A 2R 0 S5 A

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

M LL VTK vtkUnstructuredGrid BBkt 245 2 30, DMEMILEEET VIK K4k
AU ParaView ( http://www.paraview.org/)~ MayaVi ( http://mayavi.sourceforge.net/) ¢4k
S A Bk legacy VTK fileo W ESHHR E S ) A HI XI5, B NULL 450, RALN
DOF_PO (43 40) I A HHEEXS SAE N cell data fiiH, TALE AL B X S AEN point data i
th, Ja SR A R ) BasFuncs B ECK TS RS TR HOME. W RS H b4 th iS4
AEYRE, ZRE AN LY A k. BREGRIBE SO (T RELUS) B304 . e H
RIS SCHET 282 DOF_ANALYTIC ) [t B %

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

F Mk LA IBM Data Explorer ) native file format #2057 H 248 & SC4F, PMEH] OpenDX 25544
(http://www.opendx.org/) AT WAL EE . Wk S EHR w EE M Y B B BEX %, LA NULL S50, 4


http://www.ann.jussieu.fr/~frey/logiciels/medit.html
http://www.paraview.org/
http://mayavi.sourceforge.net/
http://www.opendx.org/
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RBHRL B S EY R, SRS AN LY B4 . ax. BRECR B SO On T3 R LUR)
M SCAE 4 o 1% PR ECH B A SCRFS 257 4 DOF_ANALYTIC 1) H HEEX %o

A.13 BHEEH®E

SpecialDofType (type)

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

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

SRAN R AL SRR . type R A HHEESARDO %
DofTypeOrder (type)

AR A R 2 T 8 type B RIS B
DofNoData

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

HF DOF 1] userfunc i, KX B HEXNGHAT BARIE . iG(ES0H,

DofInterpolation

HIT- DOF 1] userfunc B A, &Mk 4L FALIN B3 B R S T4
DofDim(dof)

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

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

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

IR RIS Y145 58 TR B BB A 2 ikl dof A H HHBEXT S, index 4T AL A HI S 5 .
DofEdgeData(dof, index)

TR [BDF Y T-25 58 A B R R Atk dof 4 H HHEEXTSR, index Ml HIA IS S
DofFaceData(dof, index)

R[] T4 5 TR I ER P (R df ik, dof 0 H HHIEXS R, index A THIM AN HIZN 5

DofElementData(dof, index)

IR [RDKF 45 5 G i AR R A bk, dof b HHIEXT S, index A FRITHIAHIYR T o
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DofGetVertexDataCount (dof)

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

A IR e IR SRS )R 6/ RN
DofGetFaceDataCount (dof)

A (5] A% TR BT A T R R PR
DofGetElementDataCount (dof)

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

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

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

AR [ 4 JRy R AR R BITAT I B R R
DofGetFaceDataCountGlobal (dof)

AR [ Jey WA R BITAT T P B R
DofGetElementDataCountGlobal (dof)

R B4 R RS TR ITA T (1) A SR
DofGetDataCountGlobal (dof)

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

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

BB A X G g NPIREXT G type N H HEZRAY (DOF_TYPE); dim A [ HH X S 4E 5K
(FFMLE dim N R); name K H HEXT R LR userfunc 18 E 5% H XS GAHOCHE FH /- 68
4 (B 2KA % DOF_USER_FUNC), HF451% H HEXZIR(E, userfunc 1] AHURFIK{E DofNoAction
8y DofInterpolation, HIi & K/NAXS H H A S IAT A NRAE  FhEL, J5 38 Ko 4 S A0 46 Bk A iy
bei AN EEIE LIRS
void phgDofFree(DOF **dof)

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

BEE L5 R R SAH ORI M P BR B 1ZsRBCks F T451% A R XS S
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void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)
BEE 5 EEX AR SCIR R AE T FLOARAR 1 T P R B, IR B0 T 145 1% 18 b O R .
BTYPE phgDofSetDirichletBoundaryMask (DOF *u, BTYPE mask)
WE u->DB_mask MI{H, BRER[FME A u->DB_mask Ji AT ME.
void phgDofDump (DOF *dof)
FTEN A N RN T TR
void phgDofSetDataByValue(DOF *dof, FLOAT value)
H A 1 BN LB VIR A 1R EE value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values([])
B H X GBI N $8 €l . array_of _values L% DofDim(dof) N, HREEN
I3 AN B
void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)
K Bl N S B W AR B vo MIBH S T A 24 A, AT ARS8 o 1 e 2iiss T
DofDim(dof) o
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)
IR BN B B N IRl . 276 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)
RBRE B N SRAHEI K (5% DofGetDataCount LhAE—HF).
size_t phgDofGetDataCountGlobal (DOF *dof)
R H HEEN %4 R (K B (5 %2 DofGetDataCountGlobal THAEFF).
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)
T H B EXN SRR 2 e iR e B E. dof A HHEXN S e HIIG; lambda N E.LMAR
br: values RHMHIZEMNIX, HITAFBOE S L) B BEAE, Y HIRE e B A% DR ARG b DX AR K/ o % [l
zrhx Mok

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

5 phgDofEval FACL, AETTS H B SRR RS 5 B gradbas N, B E
A B TCH W AT SE BB BR LR, W1 2R gradbas A2 F % phgDofEvalGradient A FH M
AAT T L R BB BB . gradbas S I GI N BN T 7 [ 38F S —LET0 AR 155 s A0BE BEAE I TH 5

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

Y5 phgDofEval FML, HTHE H BN RIGEEAES E R{E. S50 gradbas A ASTER S
5 phgDofEvalGradient ':F‘%é*ﬁo
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F A.1 phgDofMM HHEFEHEHRIZE X R

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

FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
5} phgDofEval KL, (HIHH A XG0 Curl 4 E M. B30 gradbas N A SIS
PR % phgDofEvalGradient H5E4—Ff.

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

B NE EHEXNS, B%T src WHE . name 25 HUB A HEEX R A K. newtype 45 iHHTH
X S IR, 12 S50 B BCA NULL W78 B B XS A5 T src->type->grad_type.

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

A AN BN S, BT st KIHUZ . name 45 3T H X R4 FR . E& DofDim(src)
WA 3 4. newsype 45 HUHT A AT R AOSRAY, S H RO NULL WEZRH H B EEXT K

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

B — N H XS, BT sre 1Y) Curle name 285 HUHT B HHEENT S 1% FR o 135 DofDim(src)
AITIE 3 RS EL. newtype 45 HUBT H B X S HIZRM, 2S5 R W O NULL W78 B B EEXT 510

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

S E BEXN S ZRB VSR A iR, B, nT DU e AR = Lagrange JG
H1E B G RS — N2 A0 Y Lagrange JGHI H HEEXT % . newtype 25 HB A H X AR
B, ZSEN RO NULL WERIRHT B X BRI T sTre->type.

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)

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

4 cptr AT NULL B, TR ¢ fRAELE «Cptr P, JFH ¢ BISRALE «cper [ZRAYAHIA].

) Cptr %5 NULL I, TFSE4EH ¢ ANl . 28404 B->type ] DOF X% (VLI 2K B
HAEETRED)

PR EE K DofDim(B) = N x K ¢ DofDim(C) = M x No transa il transb 1] L3l HU MAT_OP_N
(ANEEE) M MAT_OP_T (%% &), MO0 T IR FEYER SO HOCR R AL 45t

1 blka < 0 M7 A Wi, M ZEK DofDim(A) = M x K.
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i blka > 0 I, FoRx A & DIrPO AR, X APER/NR blka x blka. M 2K M=K, blka
#ER M, Jf H DofDim(A) = M x blka. — i FHIIIHHLZ blka = 1, BLI A FoR—A> M x M AR
P, DofDim(A) =M, A M [K)S3 &R R B IR A 0 3R

A ALK NULL, 78 A N HAZRE, BIER M=K, 24 a =0 I B AJ LAY NULL. 24 8 =0 K ¢ 7]
LAy NULL, DR, sRECER PN E B TS, HRALE B (2RI, 450 M x N.

T ZERHUR TS T BB phgDof AXPY Fll phgDofAXPBY I THAE.

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

Wiy = a* x + yoa == 0 U TZFHAE, a == 1 WENTHHLEMHEN, a == -1 HEHT
A

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

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) 714 y := a x £(x) + b * y. 4L
£ AIASEL in 4 x BRBUH, HAEEEET < ARG Wi S8 out by y REUE, 4RSS T v 04E
%&o

DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) {|'4{y := a * £(x) + b * y. 15 phgDofAFXPBY
MIDAE T IX B R KL £ bR AL, eI x IR0 b e AR < A1y BATAHIR
Y%

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

M5 y := alphaxAxx + betaxy, #24T BLAS TF£/7 DGEMV. 34 A == NULL W3R8 A 4 HAT
F, 4 DofDim(A) == 1 WK™ A Mbrm LI AT, 24 DofDim(A) == DofDim(x) B K/ A XA
FE, 11124 DofDim(A) == DofDim(x)2 WFE R~ A M.

FLOAT phgDofNormL2Vec (DOF *x)

THRE HEEXS R & 2 Ju%, BT B BT R .
FLOAT phgDofNormL1Vec (DOF *x)

THEL A B R0 ) & 1 a8, BT H B 0 2 A
FLOAT phgDofNormInftyVec (DOF *x)

TR X R B I3 Ie %, AU B i R 1) s R 4E 0 HE .
FLOAT phgDofNormL1(DOF *u)

THL B B O RPN A RIS H L A
FLOAT phgDofNormL2(DOF *u)

THEL A IR SR PO N A BRC R ) L2 A
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FLOAT phgDofNormH1 (DOF *u)
T A B R PO R AT BROCRR ) HY B (BU)).
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
R[] dof fEFTC e LHITCAGE SN index B H HISEAE At S P IS 5 o
BTYPE phgDofGetBoundaryType (DOF *u, INT index)
IRIE H AR R I FRAY, index A2 [ AR A G .
BTYPE phgDofGetElementBoundaryType(DOF *u, SIMPLEX *e, int index)
AR AR BRI A, index 2 H LA H K HIC A 2 5 .
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
AR A AR R ABAR AL, index & H AL R ICA 5 -

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)

G T 2w B SRR, G35 Lagrange 76 DG Jo%%, HEHPEELREL, nl XL 5 b B
M) InitFunc, & 4.1.3.

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

PR DA A 80 A0 A RS PR (B R K5, T3 8 R BE A ) InterpC2F B, 24 4.1.1.

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

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

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

XA BEX S w fEHTC e TN bas_index AR BREL, S AH N B 10 Fibr & h A
P u->DB_mask TMAL, WK BAMBATAT AL 2, pREOR [FIE A FALSEI(EE&T%iﬁﬁgﬂ mat Al ths). 1
M), A4 func 45 tH IR 25 AT s SO R R B S A i I0E, IRl I mat F1 rhs 3% (12500 IR,
pR R BBl TRUE.

NI @ %7 bas_index, n FRHICEEREII ML (n = DofGetNBas(u, e)), ¢; FKH j Mk
BRI, wy FORAHN I HHEE, 0 < j <neo

Xf Dirichlet 115454 (AL BER FH B HAdi (20 L2 $5% .

BHHAHHZK u->type->points !'= NULL, MBI BASE B o (0 & s B0Ml, a5 70

u; = func(x)

Horb o O A AL E AR R .
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W u->type->points == NULL, WS REEIE L2 Bogtyis, B

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

Hob v £on B HEEFTEMN TS (WS BB 4 G BB 1 (T E B B0 (0 H ).
M u->dim > 1IN, BHTTHE— AT w->din A, BT PTH RN RECZ —FEK, P mat KA
SURIEL n AN REL, o FH RS P AR 75 0 X 2 REGHAT R o rhs R[] u->dim ANA7 030
ZH proj frE L FAAEMBE 7, Hi H A8 DOF_PROJ_NONE (A4%5%) Al DOF_PROJ_CROSS,
HrhEH I REHTE u->type->dim % 3 == 0 [FIHHL, H T4 Maxwell T FEAA KM uxn = gxn.

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

WIS 8 B o % pR BOE L B 15 B FE AT FE TR i E e O, R B A e — AR
4 NEIGHBOUR_DATA [FIZ5 0 H o pREUR [MME A% &5 M IR

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

AR A1 4R s A T A LICAS S IR B R (R . RS AR SE, RS HARAR 1A
O G AR A B A ST 1) nd A7 fif 408 s K (KA A7 o nedghbour $i5 5 WES4R
Jii (T ). bas_no $87&E HHI AL E (Al L. MERITH ). gindex AR SRETI, &[0 H
JEE R4 ey 1) R 5

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

ﬁi[]@BEgﬁgjﬁéijiﬁ@fﬁifggﬁﬂjiE@§§@§§ﬁ4\§ﬁ(*Hﬁéﬂ:ZEgﬁﬁgﬁgjﬁquﬂﬁfﬁ phgDofGetBasesOnFace
HIIRIEIH) o 4 peer_type M ARZS RN, IR [FIGR & F I B A SRR (T hp SCFF, HATA
¥ DG ),

void phgDofReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)

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

B3 HHEXN S dof fEHIG e I face_no LHIFEMREL (575 1% LATE R 0 FIHIC e IR
). $04 vases IR [AIIXLEHL bR FAE L IC N IG5, EATIIHESIIGUT B 1R =N T00 R 4 e g 5 i o
DRI, 0 a2 A (10 9 50 7 1 FH 12 o8 B0 459 21 0 9 20 D56 R B8 E i —— R R o R 80K [RIME R T
FEREAN 4L
A.14 HERS

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

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

RPIFF SR ERGE (W) 1 4E (ZMmmt) KA.
QUAD *phgQuadGetQuad3D(int order)

RPIAF SR ERGE (2R =48 (D) sKREA .

FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)
PR AN AR ZE X ik, PR PR BT userfunc EAAN T quad MIFITA LAY SAL MG, dim &
MRS —
ZERECR T — M L cache BILIL 4 e AT HI[R]—A B [ — AN 5 e A — MR 41 I AR
53 B IS AT LB S R 0HE . N 7R phgQuadFuncDotBas.

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

RE NS X AL, S B RS u 7R T quad IIFTH TS s IR

ZPREUN . cache HLH, 2 [ AL AT —AS H RN SAE [ — A e i) — M 1 IR 7 Rk
{ELIS T L E f B A v 5 (Wﬂﬁﬂﬁﬁiﬁ phgQuadDofDotBas). 74k, 4 u->type->invariant A TRUE ik
AL R w MR (B F ). N RIS FE phgQuadDofDotBas.

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

R[] AN L P X ik, P ) HEEZR A u->type 3 n MEREAEFT T quad T H
3 AL IR .

LR AN E cache ML, 4 AT RN b EE 2B 1) 2 o B ) — AN B oo Rl MR T
(IR 53 s A B IS wT DA RE 4 7 52 T (WﬂﬂﬂgﬁiﬁjpthuadDofDotBas)o Y48, M u->type->invariant A
TRUE ‘&30 A LB B S 0H w LR (28 S ). NHZRIZF phgQuadBasABas.
FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad)

A AN A X AL, P [ B ERA u->type IS o MEEREUNBE R T quad
(KT Ry RIAR I
e M %Y phgQuadGetBasisValues L. N 7’12 % phgQuadGradBasAGradBas.

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

RPN A X L, P B R u->type IIEE o NMERRELT curl ZEB10 T quad
(11 BT A AR 3 s Ak (AL
Ihie M FHi2: 5 phgQuadGetBasisValues 23l N H7R#Z 7 phgQuadCurlBasACurlBas.

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

WHARENS o5 v I (W) BUERTE ¢ LBy . order 7R AXMM L, HENT
0 8% %51 QUAD_DEFAULT R, 3R i A% H 208 BIE 20k L sk B A K.
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FLOAT phgQuadBasDotBas(SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHHIC e LHMEXNE u M o ANRFREERES B HEXNS v B2 o AR IE R R
EHIG e LIRS . order 81 XA phgQuadDofDotDof. H HIEXI% v ANfiE k) DOF_CONSTANT Al
DOF_ANALYTIC 2&7,

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

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

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

WEAMENS u 5 A MG v R R I N ARSIt e EIARSY . n Al m 231
gl w Al v PJRIIEE R B 5 o order SN XA phgQuadDofDotDof, H X% u fil v AfE
4 DOF_CONSTANT F1 DOF_ANALYTIC 257!,

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

HEAHBENS o« 5HBEXNS v R IERE curl ARERIC e LIRS n Al m 435
o u B v BJRERIE R B S o order U1 7 X [F] phgQuadDofDotDof. [ X4 u Al v AN fiE
A DOF_CONSTANT F1 DOF_ANALYTIC 257,

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

TR HENS w5 BHENSR v KRR RAE R T e LINEI . n g5 v INEERE
5 WWHE S RIAE res F88 PP IX IR [FIZErh X HhE (M4 w b o) S B AN T H 25 B2 Rl () - order
S0 IR phgQuadDofDotDof. [ HIEXIS v ANfE A DOF_CONSTANT FI DOF_ANALYTIC K7,

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

WHHENR v SHEXNER v 05 o DNRBER B ARERTT e LIRS, 2K v 5K
R R REL, 1IX/2&5 phgQuadDofTimesBas AN 2 Ab.
FLOAT phgQuadDofDotGradBas(SIMPLEX *e,DOF *u,DOF *v, int m, int order)

TR E B u RS B v 1050 m MR BB AR STT ¢ BB
DOF #*phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

WHRAREE A BN S u 1 () Bk, @8 T RERREM T BRI —ASE B
%, RANE M, UL o FEE OB L2 BT 7. B proj $85E WATH u 34T

%: DOF_PROJ_NONE £/~ AH 5. DOF_PROJ_DOT 755 [ FAA7 25 m) s HEAT W FX . DOF_PROJ_CROSS 3£
TN TH PR v ) B BEAT AN (X3 o order AR A IR £



82 Wk A PHG T &. B 5%

DOF #*phgQuadFaceJumpN(DOF *u, DOF_PROJ proj, const char *name, int order, DOF *g)
VR EBHENS u 1 (EE(J) Bk, Threkql phgQuadFaceJump, X AE T a3 Rk S

ke, ATHEL S . phgQuadFaceJumpN TH4 Neumann 5 HIBkE, HHAXN S ¢ @i u 78

Neumann A5 H4MER FE . HIS405 85 phgQuadFaceJump 4[] .

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

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

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

WEieem FAMmE v 5 v SR . proj 85 u MR 7, W HL DOF_PROJ_NONE.
DOF_PROJ_DOT 5% DOF_PROJ_CROSS. order 5 F /.

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

T J.|u?, order FREB RS,

FLOAT phgQuadGradBasAGradBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v, int m,
int order)
THE AW u 28 o ANMEREUGBE R LR BOERE A o H AL v 5T m AN JERR BB 1 1R
JG e BRIRVY. M Ay NULL RonH Ry A7, R 1% R %% 7] T phgQuadGradBasDotGradBas. A
NARZIRE Y, DofDim(A) WA T 1 (R B LARAL ) B DofDim(u) * Dim (FRaxxy fFE) B
DofDim(u) * Dim [RV-J7 CRARTFE ), Jo PR Dl 1 AN I ko
FLOAT phgQuadBasABas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF #v, int m, int order)

T H B w 5 o NMEREERREGERE A R A B v 105 0 DMEREHET T e BRI, 2 A
N NULL o HOh SRR, eI 1% e #0485 7] T PR £ phgQuadBasDotBas. A A AEA 4RI, DofDim(A)
WHEET 1 (FoR TRV X DofDin () (FEToM M) BX DofDim () HITI7 (RAFMIE, i
PR D0 I AATT G o
FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,
int order)

TAE HE o 56 o DMEEREIW R SRERE A IS B v 1028 m NI BT E AR R e
ARG X A B2 S AERR I [F] PR 22 phgQuadGradBasAGradBas.

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

T E W u BB SR A SRS S v 05 o DIER BB E A BERIC e LI
Iyo Kt A 258 P YK PR 1 7] 26 %% phgQuadBasABas, X HL 35K DofDim(u) 25T DofDim(v) * Dim.

A.15  ZRERRLSE

H BT A PR A s 12 1 U 0, MR 5 2 BE I 53 R 2
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INT phgSolverMapD2L(SOLVER *solver, int dof_no, int index)

M&[H] solver M55 dof_no M H HEEX RN index AN H HHEEAE LM R8P 1R A HH B S

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

iZ1] solver 55 dof_no M H MM GAERIC e FHIEE index AN H HIEAELM R H IR H
g5 .

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

BRI 2 AT % o oem_solver 15 Ef#i):4s, FJH! SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS Y, SOLVER_DEFAULT. 1] 4%
ZH (N u TTIR) RGN EA2, DL NULL 45 0. 3R Bl 60 2 (1 ik de st % 184t .

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

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

¥ value i 2 INBNLME T FEA RBUEFE Alrow] [col]l I, Hr row Al col A4 RMEH S .

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

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

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

¥4 values H1) nrows x ncols N™REE B INBN Lt R4l REFERES, rows Al cols H4l 43
oh R BUE FE AT A 6 42 JR) ) S 4w

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
$ value {HRMEBILNE T FEALS index NATHEIN, index Ay JaHB A HIELSH 5
int phgSolverAddGlobalRHSEntry (SOLVER *solver, INT index, FLOAT value)

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

$ values HH n AME R INBNLNETTREAIA 50, 2L indices 45 HIXEEA i T A4 ¥4 ) F1 2 2
=

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

¥ values W n AME B INBILM T FEA AT i I, $04] indices 4 HIX S8y bty I ) 4= J=) 1) 5 2
oy

int phgSolverAssemble (SOLVER *solver)

BN R G P RE e 58 U A 0 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Hl phgSolverAddRHSEntries BRETINIVH T 5, T LAAE S AR Hi i T 1% o B0k 56 1l
LM RS A% . IR B RTE ATI . A EE phgSolverSolve 2% H NN B SE ML RETH
iR

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

B LR PE R G R B B SAT i T2 AT R 4 Fr i A7 4% 2C (CSR) %t 2145 2 SCHF - matrix_fn 45
RGP SO 44 matrix_fn 25 HUA S D H SO A2 o matrix_fn B matrix_fn A LUESTRE,
RINANE AR SO o 12050 B A SZ R A 26 R 4

MAT *phgSolverGetMat (SOLVER *solver)

RIS DI RO o iR EUR M) solver->mat, JFH4 solver->mat 51 THEUN 1.
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

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

SRARNE T REAL, x IRAITFEA I o 1% pR 50 T il H e — e # U phgSolverSolve 251 H o
int phgSolverSolve(SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

RGN TTFEA . PTAEZEL (M w ITAR) 45 RSN SIE, DL NULL 250, A TEA R S I4a 1%,
B A S M R G o TERORFR SR P AN BN SE B2 Y phgSolverCreate H1H—H AR
destroy == TRUE {37, WISKAF5E R G SRR SR BOH B AN A S 0 OB TN A7 1% PR EIOR ] 3 454K
U (GRIPME < 0 R A AR R) .

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

BEEIREMHE SN SIS L L R o 5 T T 2% R0 BN 1 iy 47 B B B A L R 2R 2
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void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

BB MEAR N R solver HITIAAT 1o F AT LB % bR #4551 PC_PROC pe_func SEILE % T
ZAF o 2 pc_func Ky NULL I}, ERIAH A phgSolverVecSolve (pc_solver, FALSE, *u) Kfif Mu = b,
IR w 3R ], o MR pe_solver iE Y.

TE: AR E T4 H RO PCGL GMRES LK PETSc fifA# G2, PCG fl GMRES
BRINER jacobi FEALT

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

] Jacobi Jiik, KfF Ax=b, W45 RARAFAE x Fa 1 VEC K5 ENT S 75 LA % BR 20 /i
SCEhul phgMapCreateVec fE, @ﬁﬁ@fﬁﬁiﬁﬁfﬁﬁ(éﬁ max_its fURE NIERLDE, rtol £on
IEAR L IRAE

void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(T3 HYPRE 2.0.0 BLL_ LA SR & X HYPRE AMS FAAE T A, A A HFES
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[i] phgSolverHypreAMSSetPoisson, T o Fl 3 ¥ A HE I TE.

A.16 S ERIFEEEHE

A.16.1 FE

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

A.16.2 PEMFEERESS

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

A.16.3 EOERH

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

TR SCRHEE R Az = ABx 1) n MFFIE(E /AR 9] & o which W] LAY EIGEN_SMALLEST (f5/)>
¥54EAH )« EIGEN_LARGEST (H AHFAEAH) A1 EIGEN_CLOSEST (HRFEIT tau MUFFAEME). nit IR [AIEALIK
5, WSS w, ... 41 DOF X RIEAL, B RN BFIEE T DOF W R INRILA S A FT B
[¥) DOF X5 —%, AL n 4> DOF X%, IR 453 (FRFE ) i
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int phgEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,
FLOAT *evals, VEC **evecs, int *nit)

T SCRFEAE ) Az = ABa (1) n ANRAEA AR 0] 5o RPAE 1) Il I *evecs IR (G Rk
NI xevecs == NULL, WK AZ0QIE M EXNS). HRZH S phgDofEigenSolve 11X
N ZHHATR] .

A17 JUAEMHESERE

void phgGeomInit(GRID *g)
Faate LT Edls (WEBIRIT) -

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

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

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)
IR B4 & BT EL O ARBRIE Jacobian

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

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

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

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

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IR IBIFR T R IRABAR (2,9, 2) TEHTT e I LARER.

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

R[EIFTE e FPHRE HOAAR I R 2R AR .
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DIRICHLET, 4, 5, 16-18, 56, 56, 72 DofData, 31, 32, 73
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