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1.1 [EAmME

PHG AbH PRSI Gt — 4 4 =R = 4EDU A B R RRS . H RSB T =4 DY i A%
1%, — HERINE DL AR RGN

1.2 BxHIEInE. 2. Bl%ES

FEANPUTIIAR A TTH, DUANTH S 04085 4 04 14 24 3, ANAL S H 0 (& TH A 0-1). 1 (13
FIN 0-2)s 2 (AN 0-3)s 3 (WETA 1-2). 4 (BEWA 1-3) A 5 (ST A 2-3). TN
WG R0, 1,2, 3, LA i SRAVELSTIR @ PRTHT . XS T RN TR L RN R ST N e S

1.3 ZHHEITAEL

PHG ST 40 s T R A %, By “ AL S0 . A MTAMI, K
0, BRI, (7 5 5 2 AR BT TREAEIE , 440E 40—, P 11 B A ed ik
T B AT 2 0 B TGRS TG T AT 722 1 8 TG I 2 0 3
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1.1 PUmfR T — o4tk
PHG F R I EVEIE T [2, 7,9, 1] Bocdifbi ks T BiENA IR o4 ALBERTA

[11] "R S, B FICHIR T — R 2R, SRR 0 (BT 0-1 i) ARk IdapIks
BTG ZRAANTI g 5 ] LA P 4R0E, el DLl PHG B34

BTl s, BE AR ITTI A 0 BT HITHON T HI8 0, 8 SCHITTiG 1 T 5 IehR o 15T
1, FHICTI RS 5 A BRI SC B IT M T i g 5 RIS B 8 o« A T SCRAT I 46 A% ) 404k, PHG
{FH 5 FhERIGRY, 73 5IFKA O (opposite)« M (mixed). D (diagonal, ¥ F- ALBERTA ] type 0)« F
(face, ¥I . F ALBERTA [f] type 1) 1l E (edge, X F ALBERTA [ type 2). X 5 P o414k
P 1.2 fros.
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5 g =R ITHR), R, WIS S — N RIT e, KB AIAL— IR RIS HT LT
e1 M ea, FIHE e Al eq 40— IRAFRIDUASHTHTC €5, €4, es5, €6, BT HF €3, eq Fl e5 5 ANH—IXTT
@J%ﬁ—gﬁfﬁ €7, €8, €9, €10, €11 A €12» BE'&%IW*%HH €6, €7, €8, €9, €10, €11 il €12 *@)ﬂio

el0|el2

e9 [ell

e7 | e8 eb

Kl 1.3 R IR ) SO Sy, Z0 3R A T A% A 7
JASCH, ULE] RS N RO R HH RO S R, AR AR T .

1.5 HHXBERMIE

M p AMUERRHEATIAT AN, PHG KRS A p AT M. PHG (IS 150 36 T2 700
17, KA TP p T A A p AT RRAZ I T4, R THR MBS T RA o A, HEA P
He VR I — SRR RIS P p A TR, BT T IO e 0 T S SR BT % (Lt
T0)e B L4 A 13 IR A TA T (p = 2) BT RS TROR R, Jo AT
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BTG T A (A B G T A T o SR K5 (7 o A 2 I AT 7, S
AT AT R

elOfel2

a9 ell

e7 | e8
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P, SRR EAE N TR P OGS T4 R 5 AT S A I P RO A 555 A
0 JFafio i, TR CA g S 1E 0 — 3 Z (8], AR 57 0 — (nvert — 1) Z A (nvert AT
T4, )R 575 0 — (nvert_global — 1) Z[H] (nvert_global A4 Ja) W& H I Tl s %K)

B BICHANEIN, TR IO R R TSR ITI TR« TR T R A R 4 Ry o B TR (R4
Iy ) B e — AN FT R o

ARG AP B AP I R AL DI S T
IR YA, T I DU R T R R (R AN TR R BT R K. PHG R 208 5 41
Wil b2 R g 5 BN T R (R D) B Ak A S B s AL IR 5, T 53— 2R D) FIIA TR 5B il 215 31
BAH (42)5) T .

T A 5 AT, AR AR, DI A R T, AT
A B TT AL A AR AL TR Y A TR P 2 BT DR s AR R T, T T AR LS P AL I T . PHG
258 AL AL IR R S TR o4 S Gt S50/ R T 1 9 A D70 51 T 40k 7 A B e 0 I THT R 4 5, 1T 53 4b
PR AN F T RBT 4 20 FC BT R 9 5

YT HIGH S, PHG 2@ A & BAR/ANAA RS 5 404012 BT S 5 oc 4R 52 H TG I
T, AT — DT HICoROR 9 o

1.7 —L&Es

TfisE PHG W& H 20— Lo &, e 1w ARk phg.h .

Dim R YEE, —4EmTh 3.

NVert. NEdge Fll NFace 7} AR — By T JAANHKE H o X T =4ED R oo 5,
NVert = 4, NEdge = 6, NFace = 4.

1.8 Bk MIgxREFELEM

1.8.1 SIMPLEX Z5#43
PHG iR e R 454 2 SsIMPLEX, Horp & LA R A

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;




1.8 BT KW R I E5 A o

M, children[0] A children[1] 43745 1 PN T 51 JG; neighbours [ $i& [H) 2F 4 [N 1HI b R4 fa H
JG, USRI @ i SR neighbours [i] AP 4REr, WURM ¢ BB FEASEAM, W neighbours [i] fi
[ [ s 1 DA [) &8 J DG R R — AN G ) (S FH Pl i AN OG0 ) s AL, bound _type [4] 45 HHIHI i
(RIS, e RIS (W% 7 214 : INTERIOR (A #B1H)« DIRICHLET (Dirichlet i ¥¢Hl) - NEUMANN
(Neumann 14 ¥1f) - BDRY_USERL (JIJ /7287 1 44 517) . BDRY_USER2 (JH/7 282 2 34 FH1fT) . UNDEFINED
(RFRE KRB A FEIH) A1 REMOTE (48 A0 He WA Th i S I, JRBI 5 A% (1) I 541D s parent
FRIAQHTT, ARG S parent NATREN . PHG foF— AN [R5 2 AR, 40 DIRICHLET 1
INTERIOR, XAFFEAEREATA MR IC TSI n] LAAE A ST s e i AR A,

verts[]. edges[]. faces[] I index J§ b1 73 MIORAFII A 10\ AN SR TCI A S 5, ©ATM 4
545 ] LAy 58 %7 GlobalVertex. GlobalEdge. GlobalFace #ll GlobalElement 3kf53, filf, 1%
W g AR A HT A IR ERER (GRID %), e RFR M- AMHRICHIRES, W e->verts[0] ZAHHFIC e T2 0
AT A S, 1l GlobalVertex(g, e->verts[0]) WIZ5 XTI 4 g5 (6 T-AE A =L
W A 2 5 A R g —FE) .

mark ¥ O3 H TAE B IE NS AR A AL BRI BRI, mark > 0 SRR ESREGIX LT fk
mark {&X, mark < 0 T/~ RVPBZIPCHRZ A —mark K.

1.8.2 GRID %&#4
PHG ik A% B 5ede 45 89 & GrRID, Horp & FJLA 2R

typedef struct GRID_ {
FLOAT 1if; /x RETFHET *+/
COORD *verts; /* TR,E AR %/
BYTE *types_vert; /**< Types of vertices (bit flags) */
BYTE *types_edge; /**< Types of edges (bit flags) */
BYTE *xtypes_face; /**< Types of faces (bit flags) */
BYTE *types_elem; /**< Types of elements (bit flags) */
INT nleaf;
INT nvert;
INT nedge;
INT nface;
INT nelem;
INT nvert_global;
INT nedge_global;
INT nface_global;
INT nelem_global;
INT nroot;
INT ntree;
int rank; /x HAZF */
int nprocs; [+ HAREL (TR */
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#if USE_MPI

MPI_Comm g->comm; /* MPI i1z 25 */
#endif
} GRID

X SRR N verts LMK nxxxx. nxxxx_global Ji 5.
verts HALH T ORAF T IR DT AT TOU (1 a7 AR KR, 2 TR PRI AS M 4 5 U A2 T8 9, A i
g APIRETRER, e HEICIREL, W e B @ DI 2y 2 ARFRII 00
g->verts[e->verts[:]1] [0]
g->verts[e->verts[i]] [1]
g->verts[e->verts[i]] [2]
nleaf 43T RIMSELE A T B AT Q5 T T
nvert_global. nedge_global. nface_global fl nelem_global 7345 H i 4 Jay WA A% H (1 T A
K % IECNERITHE. WK, nelem_global “5 Ty T M%) nleaf {HZ M. UL A1
PP 5E e —FE.
nvert. nedge. nface fl nelem [ AHXT & 4448, U1 W45 T T8 L 10 A H T K B KA
Mg 0 1o X TAR AT RIS, BT 05 T 7 R R T S RO S R e
AT 3 A A%, nvert 8517 HH T A0, nedge. nface M nelem [R5 RKS (1) 7341 5 A
Ko XL A, T AN B ) — e 7ok B X L R IO o R B IR AR B — AT
60’ K AL — AT BN T HTC ey M eg, REIXPIAN LTI B AR R 3 R IS 7 R AG, 1 104% 0 fL
Toers TS 105 e W 1.5. BT SHOMOBAACRILI A S S, 55 W IIECTAR L 4
Eﬁ*ﬁ’ PIAS T 4 i 5 A2 — 20K, ACHZ 5 AR TS 78 0 BTG eo 1 e MR e =
ZANMAH (42)5) G50 0(0)s 1(1)~ 2(2), er MI=ARIAMIAH (22)R) M58 1(1). 2(2). 3(4), Ktk
nedge HIH A 4. T8 1 HIHTT eg T ex FIEG, eo FI=ACILMIAE (2)R) %524 0(0). 1(1)~ 2(2), e
(1) =2 AR (42 )5)) w50 0(0)~ 3(3)~ 4(4), KM nedge MMMH A 5. A3 AL HITHIF LI ¥ 4
GRNKRIESE 1.6 1TV

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

e0 e0 e0
(2) 2(2)
(1) @ (0) 1(1) 3(4) 1(4) O(O)
el e2
() (3) 3(3)
Bl ?V FH 1

B 15 SQHIG, THICHIAING SRR, SR T, 355 WA RS

R, PR AR e R 3 T AT ST K F KR T RS i Se B B &
% R TR IE o



1.8 BT KW R I E5 A 7

1.8.3 types_xxxx #¢H

GRID M A VYA A types_vert. types_edge- types_face Fl types_elem, &A1 & 4E %57
A nvert. nedge. nface fll nelem A, IR A B T A ) TR s 32 THIRH BT R 1 S 1k
XL JE AL 5 SIMPLEX H I bound_type Ul FE IR &N, I H 2RI bound_type FALH (AR
ASATAEE AR (AT I 32 AR JE A5 T P A0 B A T s ) T 3 A S R %A By ds S a5 R
M0 T R34 AR 2 WKV T bound_type #(41).

% T bound_type A HFRENI AN, types_xxxx B —FRA OWNER HIH7, K78 24HTF M
BE N JE e AT B, — DTG RERIIN & T 2 A 7 ks, IX8e 7 RS o O — Ml e e
Fr)E 2, fEi% 7MKL types_vert [i] ) OWNER £7°4 1, ZEH AR T W% I owNER A7 358 0, Hirr 4 &
AN TR AS G o

) types_vert [i] == 0 (iX Ll F]# & UNREFERENCED KK 0) I, RORITT @ A& T 24900 1M
HIH 5500, REZIO A B i TS TSI ] IRZIEOLT, FERl A g 5 0] 0 HEA T 388 g 1N
flhn, 7EEAN B HEEA (BF BUE) A, Nz S Bl s | T, 78 BV SRNI, WY
Z 2 AT owner JEMERI. 10

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

i1 THIATEA T 5, UNREFERENCED LA 41 [F] 112 X,
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PHG (1 4a BRI 75 B & — L8R 1A S 85, 45 MPT. PETSc. SuperLU Dist+ SPC+ LASPack.
HYPRE. Tcl/Tk. VIK LK ParMETIS (5§ METIS) 2. BARIXSCHRAOFHR IS ATk (r), (5 il 28
¥ PHG i Zdetf e M LMEIF ) PHG 4aTife. WAEH] Linux #A4ERS8, WIE2 % Wik
ftp://159.226.92.111/pub/RPMS AFEAEH) VTK. ParMETIS (8¢ METIS) A& RPM fU.

2.1 ERES5HF
£ PHG PRSI0 H b 4hd7

./configure

make

P94 PHG % libphg.a. VEE, %iiF PHG I AHUEH GNU make, 50 GEHI4Y. PHG
(€195 P 2 HAEIEAT contigure Wl BB BT AR A ¢, 4817 “./configure --help” nJ L1 5
configure Hﬁ?ﬁﬂbﬁ%%ioconfigure A5 P SRS AR B A T [T 45

o CC: i€ C 4ilkds (BRIA mpicc)
o CFLAGS: fii/€ C ZikiLIN
e CPPFLAGS: fiiE C/C++ FilAbFHILEI (U1 “-1I/0opt/include”)
e LDFLAGS: #5E ML
o LIBS: FH& HEH AL HI
o CXX: /& C++ 4itkas (BRIAH mpicC X mpicxx)
o CXXFLAGS: $ii/E C++ i PFILI
LI -
o ——prefix=H & %: i PHG 2% Hxk (BRILh /usr/local)
e —-enable-debug: Jii HIFEFH KA (BR)
o —-disable-debug: A% FFE/F IR
o —-enable-fpetrap: 4Zu PRI I SVFINIF 5 il 3KF sl 3 8 (DI (BRIA)
o —-disable-fpetrap: & HIHIKIT AL T H M IhAE
o —-enable-tcl: Ji /il Tel AL (ERIN)
e —-disable-tcl: ZEH] Tel AL
e ——with-tcl-config=X T %: $§5€ --tclConfig.sh X% (JT Tel FL'HE)
o ——with-tcl-libdir=FH &% : $§& Tel FESCAFHTAEN H 3%

9


ftp://159.226.92.111/pub/RPMS

10 F_F & BE. fHiFEXHEER

e —-with-tcl-incdir=H &% : $55€ Tel X F7ER H 5%
--enable-tk: oA Tk A (BRIN)

--disable-tk: 22/ Tk BIA#:O

--with-tk-config=St % : 5% --tkConfig.sh IF4 (JHT Tk ML)
e ——with-tk-libdir=H & %: $§5& Tk F CIEFTLER) H %
--with-tk-incdir=H K% : 8 Tk Kk 3CHPTAEM H %

e ——enable-vtk: JAH VTK £ (ERIN)

e —-disable-vtk: ZAf] VTK [

o ——with-vtk-cmake=ft %: 475 --cmake F2J7¥ (H T VIK ALHE)
o ——with-vtk-libdir=H &K% : fif€ VTK FECAHER H 3%

o ——with-vtk-incdir=H &% : fif/¢ VIK kCAPTER H 3%

e —-enable-mpi: i M| MPI y Ef&iH (BR)

o --disable-mpi: A%/ MPI ¥ S f4is

o —-with-mpi-libdir=H &% : fi& MPI EICFE44

o —-with-mpi-incdir=H &% : fi& MPI k3644

e ——with-mpi-lib=/: $§& MPI J& (Ul -1mpich)

e ——enable-mpiio: JiJf] MPI-2 I/O pRi%k

e —-disable-mpiio: ZEf] MPI-2 1/O %L (BRIN)

o ——enable-metis: JiJf] METIS (JF M#%1%r, BRiN)

o --disable-metis: A METIS

e —-with-metis-lib=/: ¥§& METIS &

e —-with-metis-incdir=H K% : $Fi& METIS kAT ERI H 5%

--enable-parmetis: i ParMETIS (T W& 5|5, BN

--disable-parmetis: Z8H] ParMETIS

e ——with-parmetis-lib=/%: #§ ParMETIS J%
--with-parmetis-incdir=H &K% : $5& ParMETIS k3R E 1 H 3%
-—enable-solver: Jii HffvA#Ez 0 (BRN)

--disable-solver: ZZFffkesf: 0
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e —-enable-spc: il ] SPC fi#ik#s (BRIN)

e —-disable-spc: ZEH] SPC fifitids

e —-enable-petsc: Ji ] PETSc fi#ikas (ERN)

e —-disable-petsc: 25H] PETSc fif#ti%as

e —-enable-hypre: Ji/f] HYPRE fi#iEe% (2hiN)

e —-disable-hypre: #5H HYPRE fi#tiZi#s

e —-with-hypre-dir=H & %: HYPRE %% Hx (BKIME N /usr/local/hypre)
e —-with-hypre-libs=/%: HYPRE J# (BRINH 4 -1HYPRE, W ZERHAT & BLAS Al LAPACK J%)
e ——enable-superlu: Jii [ SuperLU_Dist fi#vk#s (ERIA)

e --disable-superlu: %] SuperLU_Dist fifty}: %

e —-with-superlu-lib=/: f&E SuperLu JF

e —-with-superlu-incdir=H & %: $&8& SuperLu Sk 3CAFFTTEM H 3%

e —-enable-laspack: /i H LASPack (H1T) fiftvkias (BRIN)

--disable-laspack: 25H] LASPack (H1T) fifididy

e --enable-papi: i PAPI 11

--disable-papi: 25H] PAPI %11

o —-with-papi-lib=/%: #F & PAPI JE (% Mi42, BRINN -1papi)

o —-with-papi-incdir=FH F: $§5E PAPI k3 Hx 4

o —-enable-gzip: i/l gzip MEILASCHF (SCFFEEA gz RALHISCAE, BRIA)
--disable-gzip: 25H] gzip MRIE4H

o ——with-gzip=AL/F % : gzip T4 (BRIAA gzip)

--enable-bzip2: JAH bzip2 LA HF (LRI (bz2 AW, BRIA)
--disable-bzip2: 25H] bzip2 f#IE4H 7 Fr

--with-bzip2=F2F % : bzip2 ¥4 (ERIAN bzip2)

--with-blas=/& %51} BLAS %

——With—lapack=/fr— #5H LAPACK J#

--with-£77-1ibs [=/&] Fortran 77 Jif (440§ “= &7 I PHG H hALI)
--with-fc-1ibs [=/£] Fortran JiE (W% “= J&” I i1 PHG HZIHIN)
—--enable-long-double A5 FH DU A5 K5 BE 37 s 55 (gjiﬁ\ﬁfﬂqxﬂﬁg/%ﬁ@ﬁ)
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2.1.1 C/C+H+ #WiF:[F MPI

PHG T35 CiES%S, HT R VIK M Trilinos £ 14E CH++ 1. K AR T B sz 1
i, HEE C gikasai vl LL T . PHG @it MPI 34 EAL ST . 03 MPT SZHF, MIHAE
i PHG I HATIRAS .

PHG ] configure A C Al C++ niFEas L SEA & mpice mpiCC mpicxx &5 4. AL,
WG MPT REHAE TIXFE g2, WAEIZAT contigure B AN F EATM LT MPT IS4,
WHRAE T MPT R T e A0 g 2% A, nT USR5 cc M cxx Sk¥Re el et
T, configure & ik AATH A I MPT LU FEAEE R, WA RMG, WIFE2EH --with-mpi-libdir
Al -—with-mpi-incdir I/} lFE E MPL FEFISK SO 4%, LA —-with-mpi-1ib IEIFE & MPI
(I ESCHE, s

CC=gcc CXX=g++ ./configure \
--with-mpi-libdir=/opt/mpi/lib \

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

2.1.2 METIS/ParMETIS %1

HHT, PHG i METIS ) METIS_PartMeshDual 5¢HJUAMKE T4y . fETHEEEREd, WA
ParMETIS ] ParMETIS_V3_AdaptiveRepart O¥, ParMETIS_V3_PartKway 5¢ AT #1128 ok FH7 k)
5o WRPEAT METIS/ParMETIS SZH: U e HEAT AT 4
2.1.3 #RESHEDO

PHG A LA Ah B fi# 2, €445 PETSc, SuperLU Dist. HYPRE. SPC HI LASPack AR ARZE
JifEd . TEIZAT configure N RJ LA 5 MR LEARIE R4 11 (L ZEI 75 B4R AL SO L B B 55 o
FH PR e o HAAAT PR fif v 2% e R P R, BORAEISATRE P I B i 24T IE I “ ~default _solver” fi7
JE o LASPack s&— AN HRATIRES, 1GGE%A MPI MRS EATH .

2.1.4 Tcl/Tk. VTK

PHG $2ft 5 Tel/Tk AIEF ML AT Tel/Tk BADGE, RGP LEEA Tel/Tk
SAAN ) FF A EE o WIER configure Joi H BTN Tel/Tk, WIFT L4 LG Y HIE I (-—with-tcl-*
Al --with-tk-*) KI5 E e,

PHG [#) VTK #10 H R /& SZg M), &35k VTK 4.5.0-2 LA FJRA . 1817 configure NIl H H
g?'ﬁ% cmake f‘i‘z’?ﬂ’ﬂﬁﬁ?)ﬁﬁfUT o

2.1.5 BLAS #1 LAPACK [

— BSR4, U PETSe, HYPRE Fl SuperLU_Dist 77 %% H % BLAS X LAPACK J#, Hrh
PETSc #1 HYPRE 7% LAPACK Al BLAS, ifi SuperLU_Dist N{Y 75%% BLAS. 1575 %4 PHG
A I P X e, AT 1062505 | FHAH [R] 1) BLAS F1 LAPACK.

1Z1T configure W UIH A T PETSc, W] PHG 4 H3M PETSc H1 3K 5% BLAS Al LAPACK
Wfs R, SR A ZER 247 B4R 2 BLAS Al LAPACK J# (W 45 52 B ifi v fig i 45) -

WRIZIT configure WA PETSc, WAZite e LM BLAS B/l LAPACK A4 fgfi H
HYPRE 8¢ SuperLU Disto P Ifils&—%%IZ1T configure Mfl1:
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./configure --disable-petsc --with-blas=-lgoto --with-lapack=-1llapack
./configure --disable-petsc \

--with-lapack="-L/opt/intel/mkl/1ib/32 -1mkl_lapack -lmkl_def -lguide"

(7E: WTPLH --with-lapack [AIHR5E BLAS Fl LAPACK £, H AN ZA] --with-blas KI§E LA-
PACK J%),
2.2 &I

SER R G, AEURRS H ST

make install

make install-doc

23K PHG EERISL SO (B s EeH ) 2283 ——prefix IR EM Hak, HhE—4md
. %%E PHG [NF M manual.pdf (72 CCT H3C TEX).
PHG 23 i (¥ 2T R H S G5k F

_bin/phg

bin/phg_tcl

1ib/libphg.a

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

| share/doc/phg/examples/*
M share/doc/phg/manual.pdf & PHG [f] T/}, share/doc/phg/examples H L7 Makefile FlfE
Fefy 521,

2.3 #l{E RPM &

PHG Yt H x4 —4 phg.spec U, WTHIRHIME PHG () RPM . HilfE RPM G, 24T
RIS 22, PHG F e A, 46 VIK. ParMETIS 2%, V%] RPM B R 25, W
hb ftp://159.226.92.111/pub/RPMS AbEAL T X4t RPM 11,

PHG RPM SCEFIHIME D IRUT T (R i 218 3 75 22 LU T 7 B T) -

(1) 7€ PHG FIUAS H g AT

./configure

mv phg.spec /usr/src/redhat/SPECS/.


ftp://159.226.92.111/pub/RPMS

u Bo% WA, RE. GEECUHER

lmake distclean J

(2) £ PHG YA L — 2 H AT

tar --exclude CVS -cjpvf /usr/src/redhat/SOURCES/phg-x.x.x.tar.bz2 phg-x.x.x
rpmbuild -ba /usr/src/redhat/SPECS/phg.spec

e L “x.x.x” Hol PHG KIRAS S o IR Bk g P dr 3847 ), W B PHG 1)
A CED)

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

/usr/src/redhat/RPMS/i386/phg-x.x.x.1386.rpm

H1 T PHG HOM T R GErh 238 iVE 2 g8t DI AR ity — BB (0l 1 s & T e e g i/
BRI L. WRA S RPM WAE NS E2ee, IR EAE RSN & b R Y5 A% A HEAT 2 1
i N : rpmbuild --rebuild phg-x.x.x.src.rpm.

PHG ] RPM HLIERINZ3E 4420 /usr/local. 1T PHG ] RPM £ & relocatable [, AJ LA

TE B R e e A% %42, Wi: rpm —-prefix=/usr -ivh phg-x.x.x.i386.rpm.

2.4 EFZLYH

examples HixH A& LA (simplest.c. poisson.c. maxwell.c 55), FIhgmiF
SRS RCEATR AT AT SO, AT RS AT EA RN PHG M4 6275 IEH) (84T I AT LLH] “-help” i
DT RV EA SRR i AT o

2.5 Tecl/Tk #0

W IR E] Tel/Tk F1 VTK, “make all” 2K dw it LR phg_tcl, ‘ER& MY EM
Tcl/Tk it RedS, HPEK T VIK fl PHG 1) (#64)) ThfiE. phg.tcl &> phg_tcl ARSI, &5k
BT AR B R A, HE T

/prefix/share/phg/phg.tcl [F4& L] }

(K5 “/prefix” Bk PHG F23E8645) . Hoh “ MAE A" 2—A ALBERTA 5 Medit k%209 4%
XA. G4, AT EAIE G Shell A /prefix/bin/phg KIBATIX I

2.6 SKH#ER phgdoc

PHG $24t—4 & H. % B &7 4 phgdoc I T-#rifl PHG pREU AT 2 7 (11240, phgdoc &—AMHf
LK) Shell JIA, BRI 51T ZHAE PHG 13530 FH PR AT N IR pR Bl A4 R0 Sz ko
% phgdoc phgImport
BOOLEAN phgImport(GRID *g, const char *filename, BOOLEAN distr);

% phgdoc phgDofCurl

#define phgDofCurl(src, dest, newtype, name) \
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—_ -

L phgDofCurl_(src, dest, newtype, name, __FILE LINE__) J

2.7 FAPEFHFSHEE

R A PR X448 mycode. ¢, MU TE Makefile A T IHI—AT:

include PHG4 % H 3k /share/phg/Makefile.inc 1

RJGPAT “make mycode” fiy 4, A 1] g Ak i nT AT S mycodes
PR RI90 1 8580 2% /prefix/share/doc/phg/examples/Makefile, HiH' “/prefix” 1§
#* PHG 388815,

2.8 MR

PHG JH3d A% phgImport RJ LA Z Pk =X i RS SO AL AS . BT, PHG HAEFATE
ARG WS o AR TR EH PHG BT SCREII RS SO 2o X T 2e ks, mr DO ik L 4
PHG FrZ#FeszCk S N2 PHG Y, PPt AR i, — 250l N2 —> Shell AL
RESEIA.
2.8.1 ALBERT #&3{

1Xj& ALBERT 1.0 [IUG WIS SO, ALBERT FXZ 4 macro triangulationse ALBERT H1i,
e R A5 5 JE read_macro() Ml write_macro() o HICAFEEMUIT:

DIM: KRR 12 AR 04 4 4K
DIM_OF _WORLD: ZALIE 274
number of vertices: T & 2% (av)
number of elements: ¥ L3k (ne)

vertex coordinates:
TR, 5048 AR
TR & 1A AR

TR & nv-1 42457

element vertices:
¥ L0 E %5
TR 55

¥ lne-1T0 &% 5

element boundaries:
H oA F KA
ETAAFER
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¥ lne-1i4 KA

element type:
¥ ToRA
#AIER

¥ Tne-1£#

element neighbours:
# O AT JEE T
B A AR E R

¥ Tne-169 48 & # 5T

curved boundaries:
w8 N2
W FAZ; x BARRF; vy AR E,; z BARKRF

PHG 3R “RAE ) ARG 47 F <2 18 487 YY%5F 3. “vertex coordinates” FEEATALS =4
VEHL AT 20 gy 2 AAAR. “element vertices” WVAHTALA PUANKERL, NFFHLE HI# T DY
TS . “element boundaries” FFAFAT L PUANEER, 45 HHAHN ST L AR, 1 3%
7K Dirichlet 115, 2 &7/~ Neumann U5, 0 LI/RXKIMA . “element type” WiF45 HAFAN R ICHIAN
1k 274, 0 7% DIAGONAL, 1 #7R~ FACE, 2 %7~ EDGE, PHG P8 ity wyN2A4> %I ] 3 (MIXED) £l 4
(OPPOSITE) K/R. “element neighbours” #3 HiRFANHLICPY/NER ) (W 0o 5, -1 Fonid 5, PHG
2 ALBERT i N SCEFrb s H R &0 e 5 3 B AT B0 AR i G A5 B

curved boundaries & PHG )M g, ke SClifia 7, A i —MEE n Al n A
K fe B AR EE AR <5 RIFRRIER, EN380 oy 2 BRE, B AKX R B

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

BRI TN Cr,y,2) =0, T (P(z,y,2), Q(z,y,2), Qx,y,2)) WA (z,y,z) HEEB M
(1A RR (S8 MRS SCAESE] test/sphere.dat). A SCAFH RVFAE AR Z B /05 5 H#AT, (H5A4
AEA4 I

WR NS A “element type” T, W) PHG SARTEHF & M A S B HocHR e —
PRSI, I HAHNAS Mo oo PN TR B, DA R AT U A 36 A 40 A A S92 B B S (A AR 25
%Ak

WS NS AL 2 “ element boundaries” I, I PHG ¥4 FiA i S i ()25 75 & 4 UNDEFINED,

KT ALBERT i A& TS RIE S E (1]

2.8.2 Medit &3k

Medit [3] A& NP s 5 AL B, — L S (R MRS B 3R R, W1 Tetgen [13], Gmsh [5)]
S5, TR Medit A% URIRS SCIF. KT Medit #UHIAETTE 2E Medit KT



2.8 P SCUHEAL S 17

PHG W LA A Medit mesh format k&1 MH, {HH1 A Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals %(4i, ZABSH B Hd5. PHG ZERKEm A ST b R RS A2 B 1R o 4n SR
AP TR ICHI B, PHG H SRR NIRRT, 5 A B 6 AN DU T4 5 T - ORA A% 1)
PriftE. PHG #RIEHTA S H 1 Triangles Ml Quadrilaterals YR ae Wk Hads S )il 2K
Mo BRNEOL T, PHG K Medit SCPFPRIZEAY 1 #4004 DIRICHLET, R 2 #: iy NEUMANN, ATy
¥ 4§y UNDEFINED. N 4EIN, FH AT LAFEE — A BBORKG Medit SCAF I SRR PHG 1)L
FRM, ZF 283, .

W AAEH Netgen [12] A5, 7] AR HIA utils/netgen2medit ¥ Netgen [1) .geo X,
neutral #& X AR Medit #4320, X5 FAZ] PHG 1, BAAHEESE WA H i #E E.

2.8.3 hFRER

PHG $4t T FPi %287, DIRICHLET. NEUMANN. BDRY_USER1. BDRY_USER2 F UNDEFINED. 7£-5 A
WSSOI, PHG H4 WS SO b $i e 1 R B 4ok iR i Rh R — . 72 A phgImport Z HiT, H
1] LAY H phgImportSetBdryMapFunc A HA & — AN ARk 2, THE PHG WERNIAL TR
R, HrP 220 betype ARIA S IR, sRBOR[FHE XN PHG A8, -1
FORAEBAR N L FR A,

~

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 */
}
}

I, betype AEIA AL SR, IR -1 RoRIEVE (BORAIN) LR,
23N ALBERTA #5200 M A U, PHG 208 P 8 5 L SRR e b 50, 12 4% T
¥ ALBERTA (Wil SR 404 PHG il 5282




18 F_F R, BE. fiFROUEER

ALBERTA 154288 | PHG 45261
<0 NEUMANN
0 UNDEFINED
1 DIRICHLET
2 BDRY_USER1
He BDRY_USER2

2.9 FHEZER

IR

PHG 7 U8R 804 FLOAT, ERWAE X4 C 1) double. fEIZAT configure I LAH
--enable-long_double LUK FLOAT 457 A long doubles

M PR AE R T FLOAT SRR ECA BN, NAZAEH PHG & %, X887 1 4 kil i
# 1ibm ' double PR I FRESCN K'E435], U Sqrt, Sin, Log %5. fE MPI A5, MWizfliH
PHG_MPI_FLOAT WA MPT H4ls A, ANZIE LM MPI_DOUBLE, IXAF W] LACRAEACASE ] T ANIA]
M FLOAT (F e I8, 1 InT, PHG B34E TAIN 1) MPT 0852574, W1 PHG_MPI_INT).

1 H] phgPrintf SRR H FLOAT BRI, @i HA double Hirth, #i4n:

FLOAT a;
DOF *u;

phgPrintf ("a = %lg, norm(u) = %lg\n", (double)a, (double)phgDofNormL2(u));

300 FLOAT 2K Y) format H IR FFAN UL L I 4 HS 45 SRAXT

7t 1686 Hil x86_64 V-5 I, long double SEfr A 80 AL (fLLL double % tHZy 3-4 fii ik
HIKE ). fEHE 284 b, U0 SGI Origin 3800, long double Al LLiAF 128 ALkEEE (£ 32 fi -3k
HIRE L), (R B R T BeARH AR 12




% SN

3.1 Poisson F#E
o BRI O N AT R U SRR S

examples/simplest.c /& PHG H i ‘ERfE T IR Dirichlet i1

FLZA Poisson JTHE:
—Au = Y]
L (3.1)
u=g x € 0f)
3.1.1 FiEF

At g MR RS . DOF %% u_h Ml £_h 4> BIAEBCEUE AR A7 S 6 80, 2571k DOF_DEFAULT (2R
INEGL T 24 DOF_P2, B} 2 [fi Lagrange JG, W {EiaATHE PN Id Ay 24T IE I -default_dof_type BIiE
RHEEM), grad_u H T IHET AR EUEARTIBEE o error H TRAFIRZE R8T, RN DOF_PO (43
D o

GRID *g;
DOF *u_h, *f_h,
SOLVER *solver;

*grad_u, *error;

/* #M%548 PHG */
/* BRI x/
/x FAPAE A */

phgInit(&argc,
g = phgNewGrid(-1);
phgImport(g, "cube.dat", FALSE);

&argv) ;

= phgDofNew(g, DOF_DEFAULT, 1, "u_h", DofInterpolation);
phgDofSetDataByValue(u_h, 0.0);
f_h = phgDofNew(g, DOF_DEFAULT, 1, "f_h", func_f);
error = phgDofNew(g, DOF_PO, 1, "error indicator", DofNoAction);

while (TRUE) { /x BiEFVER */

phgBalanceGrid(g, 1.2, -1);

solver

build_linear_system(solver, u_h, f_h);
phgSolverSolve(solver, TRUE, u_h, NULL);

phgSolverDestroy (&solver) ;

grad_u = phgDofGradient(u_h, NULL, NULL, NULL);

= phgSolverCreate (SOLVER_DEFAULT, u_h, NULL);

/x PETRAELELE 555 */
/* BIEMRESR «
/x FERENMEFTAZLE */

/x RIBGEMEFTFZL */

/x TEAH R ML x/

/x it E AL SEAR L */

estimate_error(u_h, f_h, grad_u, error);/* it HiZEZJ8TTF */

phgDofFree (&grad_u) ;
if (%R EAF) break;
mark_refine(est, ...);
phgRefineMarkedElements (g) ;
}
phgFreeGrid(&g) ;
phgFinalize();

/* A BALBAE (R BER) */
* FIBF R T4 RITH +/

/* ARABIR £ 18T FARIE LT */
/* P& R R amit */

/* EAE AR o */
/* 1E# PHG */

19
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I H XSS u_h BEFH S 4L DofInterpolation, ‘&AHTH Y WAk AN AL AL I H 25T u_n it
ATHEME, A £ _h IR WU F PR AL func_f O XS HHEATIE, AV error NI T 24 DofNoAction,
FIRAKS A B AT B )R B AL B, R 0 e TR R (A7 i 1] o grad_u FHER
4 phgDofGradient B, BRAE 56 B G ST VR T

3.1.2 TR ATEA

PR%L build_linear_system() JERMZENETTREL, &0 A HT MAS BT A3 B e b4 T3 [y, TR AR B
JT I IO LA A S 20T, AR ik N BN e PE R GErh 25 o X P R BT il 14 % ForAl1Elements
KAAT o IRBLERNE T REALI REOEREh AL, J), AR B(D), 1,0 =0,... .M —1, M JyR%TH
AN WIS RN R
N = u_h->type->nbas; /* BK
ForAllElements(g, e) { /¥ *FET
for (i = 0; i < N; i++) {

LAY ANEE */
AT N */

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

# 1.0 EmnE| AT, 1) L;

¥ u 9AFEE M B(D) Lk

continue;

}
for (j = 0; j < N; j++) {
J = phgSolverMapE2L(solver, 0, e, j);
‘i‘l‘ﬁ-/gradcpi-gradgoj HEmE| AT,D);
X e
it E /f%ﬁi FHEE| B(D;

}

J

Hrh, gis @ FREFTC e TR REL. PREL phgSolverMapE2L (solver, 0, e, i) IHHIC e
KV solver (5S04~ DOF [2F i AN ARENEAE T FEAL T [ R %% 5 » phgDofGetElementBoundaryType
IR PR G R R A /grad @i -grad ¢; 15508 F PR %0 phgQuadGradBasDotGradBas SEI%, /fgpz
FIvH 808 F 541 phgQuadDofTimesBas 58 . /3 F)H /grad wi - gradg; XJ i\ j (IO R P ek v
ﬁ%o
3.1.3 RERTTHIHE

PIAL estimate_error ) TFHAENHICHIRZEIRR T, HAAE/E DOF A4 error H1o IXHRH
IR ZEFRIN TN

ne = hAun + full§ o+ D> hylllgradus - ngllg
fEF(e),fCQ
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Horf he HHTC e WHEAR, F(e) A e FITREES, hy NI f FIEAR, ng A f ARALER R, [ R
71N BR B T T Ak . HARTE AR IR

}

DOF *jump, *residual;

jump = phgQuadFaceJump(grad_u, DOF_PROJ_DOT, NULL, -1);

residual = phgDofDivergence(grad_u, NULL, NULL, NULL); /* Au, */
phgDofAXPY (1., f_h, &residual); /* Aup + fr */
ForAllElements(g, e) {

int i;
FLOAT eta, h;
FLOAT diam = phgGeomGetDiameter(g, e);
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_typel[i] & (DIRICHLET | NEUMANN))
continue; /* boundary face */
h = phgGeomGetFaceDiameter(g, e, 1i);
eta += *xDofFaceData(jump, e->faces[i]) * h;
}
eta = eta*.5 + diam*diam*phgQuadDofDotDof (e, residual, residual, -1);

*DofElementData(error, e->index) = Sqrt(eta);

phgDofFree (&jump) ;

IR, SR F B4k phgQuadFaceJump THE. grad wy, THIBEE, JFA7i{E DOF X% jump
R AR T R A phgDofDivergence T grad up, (RS (Eﬂ Auyp), T R 2L phgDof AXPY FIs
f_h AR Aup + fro AR HIE IS PR 2L phgGeomGetDiameter Il phgGeomGetFaceDiameter 77
AR BT HARF HAT. %A DofFaceData(jump, e->faces[il]) 45 H jump XN THIC e 1)

50 NH R EGERAE, 27 DofElementData(error, e->index) WIZGH! error XN -T-BIG e
I Hu k.
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.....

BERTH e AT BT e, 23 m), Wl I Aefif s A BT Hoe
(AR AR HA% ¥ Jacobian) 5.

o ARAE RS A, B LTE S

4.1 BHHEZR
H HERTY (DOF type) i B i X G0 IEARRRE, JL8da g by vh ) 3 2 b i R

typedef struct DOF_TYPE_ {

/* B ERBBAAEH R */
const char *name ; /x B EEERE G LARRIGE */
FLOAT *points; /* BREALE (ZOALFF) */
BYTE xorders; /% BB SR XoREL */
struct DOF_TYPE_ *grad_type; /* AFEALN) B R ERE +/

/% BEARAT */

DOF_INTERP_FUNC InterpC2F; /% AL AEE) 20 W A& IGAE F 5L */

DOF_INTERP_FUNC InterpF2C; /% 4mF]#kiU%HF]#§$Eﬁ§L4 2 o*/

DOF_INIT_FUNC InitFunc; /x BFEHE () */

DOF_BASIS_FUNC BasFuncs; /* EELL 2 ox/

DOF_BASIS_GRAD BasGrads; /% M BALE */

BOOLEAN invariant; /* AIBREEL ALK K */

BOOLEAN free_after_use; /% REEZ O HBER */

SHORT id; /* ARERE LGS */

SHORT nbas; /¥ —ANRF A BB «/

BYTE order; /x BRI 5 % RMAKE */

CHAR continuity; /¥ A PR RE A E L x/

SHORT dim; /% A FBILAELL «/

SHORT np_vert; /x BEANTRE B8 B B RS +/

SHORT np_edge; /* HEA L0 aEANK x/

SHORT np_face; /* HAE L0 g B EANE +/

SHORT np_elen; /% BN H R EANE «/
} DOF_TYPE;

B IR BUHS A G — AR5, U T oA FE R BOBB E A 7Y Gauss B3 KAL) bR £L
i, 2% 5.2
name 47t [ {1 LMK A4 FR B (5 R -

grad_type 47 1% F HHERA B S eR SRR LI Bl BESRAY, I+ A3l 2B s AU B AT

23
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FE curl 55 H XS fl, fERE n B Lagrange JCHI H HIERM T, grad_type #E X h n—1
Fr discontinuous Galerkin JGHJ H H SR,

np_vert. np_edge. np_face Ml np_elem 73l 45 HiE AT L 34 THIAIEL TG ) B HEANEL
I, —/NEIT B E B R

NVert X np_vert + NEdge X np_edge + NFace X np_face + np_elem (4.1)

nbas Z3 tH—MRICH F AL (REHERE) AL 5T (4.1) M1fE.

invariant Uil F HHEEZRAL ) REAE R BOE A S OTRARTE G, RIS SAEA och 2 —FF
] (4 Lagrange JT), F 2 TP EE T order 45 H I BRI By 2 TR B (W0 A4 orders
HAEAEFREE, WA g &SRR ek B 2 TR, B K/l np_vert + np_edge +np_face +
np_elem), HTIEFEEAINEIE; dim 45 LR A4S, 140, %) Lagrange JG dim = 1, JfiAA% H
JG dim = Dim.

A points MFPLs TV 34 HAIRIC H B IALEE R, 200 0 4. 1 4k, 2 4R 3 4isR
DMAEFRER IR points )R EE N 1% 02

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

i, % T DUEr Lagrange JC, ST EA 1A B HE, S0 EA=A A, #4000 EA=1A
HIEE, R FICRAA 1 AN AL, points BN AR :

static FLOAT points = {

1, /* MEBHEALE */
.75,.25, .5,.5, .25,.75, /x A HEALE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /x @A MEILE */
.25,.25,.25,.25 /* IRBBAEALE */

2 H R BAT E A AL E A OGN, N i%HF points BN NULL. 2 points AA%T NULL I,
T P PR 55 T AH Y. AR 1 e 211

AN EALUEL phgDofNew BRI SIS, PHG AILAMB—ANIEG %S, BRAFHE id
o, g B e B B R RS B U . id == -1 Ronix B R

PHG WA RN EAEAE FI K B d R ORAE A — A5 T e N0 B BRI, 1%
X P B R 5 v e o b 1, 1SR H SR, 12 S Br5 I - E
FERBE) 5 EOU s e 25 1, 24— At EESRAL R 5 L v 0 IR IT A ST A
BEX G35 ORI I a1 R free_after_use MIME A TRUE M1, PHG SF0Z H HEZEA Y name
H points JT iy FII AAE B B R B R BERTRUA 5 i o FH V) 9 A7 ke

continuity %7t H HI LB AR 17 FRICRRBUIELERY, < 0 R RBUE RN, 0 Ron k%L
BT CO 1 R EUR T O, KIS

4.1.1 A& E) 40 A IR R £

H iR R 5 InterpC2F 45 1) WM S A I St ) H B X G b AT #i 4 1) pR B, Hepe 1 287800k
DOF_INTERP_FUNC, HAKUIF:

void InterpC2F(DOF *dof, SIMPLEX *e, FLOAT **parent_data, FLOAT *xchildren_data)
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& 4.1 RERBPRBETEHHENERET

parent_data Jil

A PR

Al ey 7

parent_datali]

[np_vert] [dof->dim]

T i F A MEE, i =0,1,2,3

parent_datal4 + i]

[np_edge] [dof->dim]

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

parent_datal[10 + 7]

[np_face] [dof->dim]

i LA EEE, i =0,1,2,3,4

parent_data[14]

[np_elem] [dof->dim]

FCAR TN B AR

* 4.2 fRERSPTHTEAEHERET

children_data Jil PAE NN a2
children_datal[0] [np_vert] [dof->dim] | HrIiis B H t A

children_datal[1]

[np_edge] [dof->dim]

BIRRE TR 0 R i B B BEA

children_datal[2]

[np_edge] [dof->dim]

BRI R 1 MR B0 B i EEE

children_datal[3]

[np_edge] [dof->dim]

B RE TR 2 Rl B iR B i A

children_datal[4]

[np_edge] [dof->dim]

BN TR 3 MR LK A i {E

children_datal[5]

[np_face] [dof->dim]

BUAZ T AL 0, 3 R BT _E 0 B A

children_datal[6]

[np_face] [dof->dim]

B RE T 1, 3 BT I 8 b A

children_datal[7]

[np_face] [dof->dim]

BTN TR 0, 2 ARy T L f¢ 8 eh

children_datal[8]

[np_face] [dof->dim]

BN TR 1, 2 Ryt _E A E AR

children_datal[9]

[np_face] [dof->dim]

BRI AL 2, 3 AR THT_E A A eh 2

children_data[10]

[np_elem] [dof->dim]

BWE LR 0 FIFT Tk LA B A

children_datal[11]

[np_elem] [dof->dim]

BEZ WO 1 KR iR B B AR

b dof N HEHEXS, e HIHIT,

A parent_data HEUE 15 ML, FRMACH IO R H SR, X BT A, mATE
PR L B R AR A S E B AR o AR, XSRS MAER 4.1 Thag i, K dof->dim N HH
JEXZIILER, SE 4.2, T8 BERMAE, 2 np_edge > 1 BX np_face > 1 I, Lol A (1 4k HES1) it

Jp o R T (0 4 SRy 5 W 1405 o I 6 ZBUARAT R T A o P 4.1 2o T R 88l P 5 7 T
AR R A ASE TR DUZRRTIA S 5 ASBIERT A B oG, AR, 24 children_data

25

P 12 MREE, AR X LSRR, IR R AR 4.2 tRar i, B 4.0 AR TR ATETL

7R
kAL

V0]

V[2]
parent_data[15]

children_data[12]

Kl 4.1 DYTHIAR R il il

B TnterpCaF [ES LRI TR AT 60, T4 145 RUE children data J8 I 0IKsY
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T X R RRE I S SR 34 TTARF B A — S A A, (HOX S AN
BTG SErb T o (0 o S TR B AR ) o

PHG &4t 7 —AN0 A 2 401 8 1 PR 20 phgDof InterpC2FGeneric HJ H T4TA7 H HH A H 1)
InterC2F F i, (HILMEREZIE T %€ At LR Vvt (R e R 4

4.1.2 A& 20 E WIS IR1E R ]

H R P I BOA InterpF2C 45 [n) WA AHAL IS 0T B FHEERT R THRE I e 3, B D S5
InterpC2F —#Ff, (HIE R IERAE IR AH I« 1 BREGHE NI, 4 A% 1K) H B EE{E H children_data, DK
parent_data A, FHRICHEEEM 4 NN 5 450 PN AR B ER AL, A1 T3 U1 5 parent _data
A JE T HIeH — 43 PIAN I AT R i B A

PHG #&HE T — ANl A 41 ZHHG {E 5 2L phgDof InterpF2CGeneric M H TALA [ FH &2 A (1)
InterpF2C Ji 01, (HILPEREIE B 25 -5 HHREE B R A B (R 4di (B R 2

e XTI, FRIch e e A — AR, 15— AN R, I A R
e->children[] #8415 T NULL. 49— FRIC/EH g MR, 752G 15 20 S 1 B b .
KEEAEAER E 2%, Hil PHG A SEIVEAT], 245K InterpF2C X IX A G HLEEA TR AL 2, B2
— AT RIS TREN I BB children_datall HE T R4 — AT HIui s, RASMEEILE
FBORH AT R .

I, BOSCIRITH e IANTHIC A e Fl oo WA eo Fil g BIHHEZ 4545, | InterpF2c
SRR AR I 0. T 2/3 FEATT H B HE, BAT 5% Y parent_data TRZE 4 (14 0). 26
12 (M0 2)« 25 13 (11 3) FIZH 14 (HLJT) I, parent_data "W 'E A children_data "1 T i
FR M e DS AR, vTH TR iR e AT FRER, UL eq AFEAHL, N InterpF2C
BRobaIA o4 1 2/3 AT A HEERESS, EEVHEACH TR T A 04 34 1/2 F 1 AR A B A,
I3 %S M. parent_data fIZE 0 (WAL 0). 55 5 (314 1)« 28 6 (314 2) AIZE 11 (1f0 1) T, HHAREAEH
children_data HTNJET e MM E HHEM (55 1. 28 5. 55 7 A28 10 Til). S8, iR e AH754R
Bf, W InterpF2cC BRUIFHIL 0. [f1 2/3 FIHTC H P MEAL, B FFZVHEACH T TR 1. 11 3/4 F
100 AL1% B I FEAE, 2> WX parent_data 55 1 (I05 1) &5 7 (4 3). 25 8 (4 4) F1%5 10 (T 0) I,
HHABEME A children_data HWEE 2. 2 6. 28 8 FIEE 11 Lif¥{H.

4.1.3 MR{EERK

H R A g i g (ORI R PR 20 InitFunc AR B& BUE VR € 09 B B EAE,
R — AN R 5% 2 45 2 A B o ie), Hez 28004 DOF_INIT_FUNC, HAKFE 40T

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 vype $RELTHEI H S, VERTEX Kol A )%, EDGE Kowid H i/%, FACE £/R1iH
HH A%, ELEMENT K/n .70 H HEE . 240 index 45 TN I BRI AE S IC T %5, 4 type 4 ELEMENT
I index fH A% & . InitFunc VHEFRENEN H B, RS RIBHAESH dofvalues TR LEMT
D PR [R5 TRE Y A Gemt X i R PPl ICRE dof->dim x np_xxxx, HHEAELEMPIX )
(AT 4 FLOAT [np_xxxx] [dof->dim] (xxxx MR¥E type HIAIFME > HAREK vert. edge. face B
elem). V£, X Lagrange HJE K%L, Y type S EDGE BY, FACE Jf H. np_xxxx > 1 I}, InitFunc 752K
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0 320 BB PR TO0 A5 R 4 ) o U B T AE SO, % np_xxxx ZHEUE (R T dof->dim AM4K) i
AT B, LR UEAR AT 507G ) 20808 10— Sk

Z ¥ userfunc. user_func_lambda Ml funcvalues 75l N NANBREFREFI— Nl ig4r, &
A2 H o 550 R B 1) BRI B R AT A0 2 B B R 22 o X M, AN EF T 20T AT — AN AR 3E
Bt. userfunc R —ANKT w, y, 2 KIRKE, HAE KAL) DOF_USER_FUNC, HAKUIT:

void userfunc(FLOAT x, FLOAT y, FLOAT z, FLOAT *values) J

1M userfunc_lambda JFE[A]— KT H OSSR S, 42102875 DOF_USER_FUNC_LAMBDA, {4k
I

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

FLOAT *values)

P BB T 18 s AR AR AR I B BUE, 3531 DofDim(dof) AN, MHETEH values T A IR X
(DOF_USER_FUNC_LAMBDA "11f] bno Z: %45 HAH BV AV 5 (1 o) ¥ 255 R 50w 5 ) o

2 funcvalues NAETEFRENIN, BRI AFAT TG TH LRI B BBUE I 22 0P X o BEINEESR 1 ph B2 2R
") points AR FREN, AN E I B 54 AL E W R EUE A € o funcvalues 1
AR E T A TR TCAE T np_xxxx MV E B , 257t DofDim(dof) x np_xxxx ML,
XL EAYE points HH A I T o

—SEILPRHL, N hierarchical basis RIKEEREL, 7ETHEI . MHEUA B HELN, 52 H BURYERr &
AR EH A 9 G vk S0 B R I B (W PN TV S AR B e B AL, AT B P R A
FINZIA = AT AU = 4140 1) A B FEfE. 8 TR EE I, PHG H )R AL InitFunc B
SEAE— N BTG A F AR GE B S 4E P BT o DRI, (ETESE—NME I B R, 7R B Rk gE
RrEAL B A e, TRLE RS H . WIRZS AL pdotvalues K7 455N, KW I MAR4E
AL E AR ) BB AT LA dof->data 158, WIS 4 pdofvalues N AEZ T4l MK dof->data
ISR AT, TN pdofvalues JITH Il (1 bk 3543 T 75 AR 447 B AR H i A . pdofvalues
AL 15 ANMEEE, Zr R 4 AN, 6 2514 4 ANTRIR A B RS, 3% LY InterpC2F M
B[] parent_data ZHEAL (35F 4.1.1). HAl, pdofvalues !'= NULL ¥/ 504 H 30 FH i pR 2L
" (Wl phgDofInterpC2FGeneric. phgDofInterpF2CGeneric)s

T2 RGeS K%L, U1 Lagrange 76, DG Jo4%, o B2 IR IE S 502 AH Y. RUAR 1)
BREE . XTIXRIE R EL PHG $2 £t T —Nill A E B8 21 phgDofInitFuncPoint fE N H fH R
InitFunc.

WA —ANZ5E, W DOF_TYPE H 11 points H4l NAEF 484, W InitFunc 7E 14 H user_func ¥
user_func_lambda I ™A% 4% points FUZH T AT KA H - PHG H(1)—£5pK 44, W1 phgDof Copy,
1SRN AR R IX — 24 58 Ak — LEF S TH5 (W cache FLIGH I SE R MH) -

vE: 383t InitFunc e 48F %28 f) BasFuncs T A AL R a9{a. sbif, 245 7%)/% & BasFuncs &
E) 4% A+ R A user_func 3 user_func_lambda X /5 ¥ 46K 2K, B A5 # 7T 4518 H BasFuncs
kAT EA TR AAE, X & — A 5 F R PHG #4918 ) 3618 % %K phgDofInterpCoFGeneric.

4.1.4 HEHE

H A A ) BasFuncs T8 45 & B O AR AR B I HB 2> B4 il e i B, e 288 0
DOF_BASIS_FUNC, # 1Z&%l -
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const FLOAT *BasFuncs(DOF *dof, SIMPLEX *e, int noO, int nol,
const FLOAT *lambda)

HrP no0 Fll not A JRi ik bk i o Y ] (KO BB TG THL AL 3 THDRIAA B RR EEFRI U 9 5, AN O FF
%L%%ﬁ%nW?hwl-1Zﬂmmﬁ%&ﬁ’m%nﬂ<=OM%%nM=dﬁﬁWm»Mmo
lambda[Dim + 1] (& HOARER. IZEREGR [PI—ANG2 b Dbk, o rp Al 35 T 48 g Y0 T 1) 4 8 25 vy
Bl 220X i BasFuncs #flt, W AN, FXHN] BasFuncs NP X 1 N 28 24
B, BCE P IX 25 8. BasFuncs JLIR[H] dof->type->dim * (nol - no0) /M, ¥«
FLOAT[] [dof->type->dim] HINFFHES .

4.1.5 EERBHEE

H i 2R i 54 BasGrads T 0T 545 52 B0 AR AV AL 708 0 1l 4 8 5k bR B0 0 T FE O AR bR PR B i
i, HAE 1128804 DOF_BASIS_GRAD, 1S3 N

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

HZ AN Y BasFuncs JEL, BREGR [FHE M UE LS 2 BasFuncs AL Dim+ 1 1, A7k N
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBIBHERR

SESC—ANHT E RS, NS AN (R 2R A, I SERUAH Y i L R 2, W LA S %
lagrange.c ' Lagrange JGIHIE X, BU geom.c WU ME Lo By, NS Mt 2 2
(PIeR%, AR DAATRME, BAES pk NuLL i),

4.2 BHHEXNREIESEY
I EH N S A5 ) R B 0 b T

typedef struct DOF_ {

char *name ; /x LARSBAGE */

GRID *g; /* PAFESE . x/

DOF_TYPE  *type; /* BEEER x/

FLOAT *data; /* Bk B B IR E A R +/
SHORT dim; /* B 0T R UERL */

N E B SIS AN IR A DG . — AN S Il S T S e A ORI B R
A% ORI (WA A TEAMAN), A ERTXLS R, TS RS RN, & B SRR
JIT AT 5 HAH ORI 1 H BEXT R

dim BIAZEH B EEXRT G LEE . — A B 1 BRGNS VIR R B e ST A R R R A RS
XS S 42 B (dim x type->dim, 7] il id % DofDim #3%1).
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data F5 [ A7fi A H LA 22t X, e RO FE ST 1 B BEX BAE 2401 A% b AT 1 e A
K
dim x (P#& ¥ T, 54K x type->np_vert + M A&+ A 4L x type->np_edge +
M # P 4L x type->np_face + MA&F £ TH x type->np_elem)
TR L ORAEJE T 3 7 s B B R B o X T R JE T 2 A A I T BRI H
FE, EAE AR AR AN RIRERE I ORFE 3 B BN G A B 20 ol 42 TR s 32 TRRMAS ) Pl P AR A
CATRI A G 5 07 L AE G, A AL PHG & B eI T 4L, #vii, —/>rmigh
1 EH R PO A7 TSR AT LT 1 R B 2 7R

{FLOAT [T M 4577 % 44] [type->np_vert] [dim], FLOAT [T M 4412 4X] [type->np_edge] [dim],
FLOAT [-F M 4% & 4%] [type->np_face] [dim], FLOAT [-F P #&3 7T44] [type->np_elem] [dim] }

(4.2)

4.3 HHEEMNRBERE

B HH X G s S5 A AT AT DO S T T &R AREL . 1oy BRI is . i, —A> dim =1
1] n B Lagrange JGHT X M (1 p& B FIER B & — dim = Dim [ n—1 B discontinuous Galerkin JG, %J'&
)66 B B FE 149 31 () Laplacian, —4 dim = 1 [ n—2 By DG JG. -1, X PE#s #9C (DOF_ND1)
BEAT OB ST (BREE . BUEE .« curl 25) 5B A FI4ERR 0 B Lagrange 7C (40 7% %0) . PHG 424t T
— I 1) B HEEX R ECAHE SRR, DTS M IRITN IR, ZF A13,

4.4 EHEHEEHENREE

H S S I A A AP E— N, 6 4.2, PHG 34212 FH U5 B X %40,
CATIRIAEE B iR ik, AT LI B R BT B, R
DofVertexData(dof, TR.,& A7)
DofEdgeData(dof, X&) AH%5)
DofFaceData(dof, W #7 A4 5)
DofElementData(dof, %L ANY T )
DofData(dof)
PRI AL13,

VT I, AP R R D, B33 T B TC A G 5 AE T~ P O AN,
EAT I bRE ) UNREFERENCED, 4 #2561 [ P B B50d S 04T 30 D I, I 230 a0 B2 I B il Jok 4
E Hﬂﬁo Jﬂjlﬁ'ﬂulﬁﬂa Zliﬁ phgDofGetBoundaryType E‘Z phgDofGetElementBoundaryType ﬂ%%’iﬂX E 26|
FERIRAARE

T4, — A B AR FINAAAE T 24T AR b, A I T 2R B ) OWNER ARG Rk G xS
Al —A> B AR 7 kg P B R AL B . PHG $¢flt— N2 DofIsOwner, ‘BIR[A] A 1) OWNER A5

76
i, N — BT B AT A
INT i, n;
GRID *g;

DOF *dof;
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RS
=
e

EREPESLE

FLOAT sum, *data;

n = DofGetDataCount (dof) ; /x ARy b E LA K *x/
data = DofGetData(dof); /x ARH B b E SRR */
sum = 0.0;
for (i = 0; 1 < n; i++, datat++) {
if (!DofIsOwner(x, i))
continue;
sum += (*data) * (*data);
}
#if USE_MPI
if (g->nprocs > 1) { /* TR & RKF «/
double a, b;
a = sum;
MPI_Allreduce(%a, &b, 1, PHG_MPI_FLOAT, MPI_SUM, g->comm);

sum = b;

#endif

4.5 Y5BHRELRR

PHG 24t T PANERE B i R, BFEH =289 3 i 225 DOF_CONSTANT AIfENT Y 3 A
DOF_ANALYTIC,
4.5.1 TEREHERER

WA H R T A AU A F R R e, TR i AR e LT AN RN EUE N
WiE (1,2,3) MHBEEXS:

GRID *g;

DOF *u;
FLOAT values[] = {1., 2., 3.3};

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

WA A 77 T AR S H0 1 B EL phgDofSetDataByValuesV K45 w4 B B4 S Mt -

GRID *g;
DOF *u;

u = phgDofNew(g, DOF_CONSTANT, 3, "constant vector", DofNoAction);
phgDofSetDataByValuesV(u, 1.0, 2.0, 3.0);
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PHG SRV B A BN RS 5 EUER 25 . v DUEIL U1 DofData, dof->data fEI4F EH %
V7] B . 0 TR R E XS, phgDofEval ) RS e Al lambda. HHI, PHG ARV
R E S BT B 5.

4.5.2 MR BEHERE

AT I b BRI T A B AR AT R K, R BT S I P userfunc BEGE . PHG SUVF##
M B N R 2 5 HUER e, LA IE I &4 phgDofEval O THHBREUE, HA SRVEXS AT
SMES, WABEMCN phgDofAXPY() T “y7.

4.6 JLAIEEHENR

A geom.c HSEIL T ANRRRR A BHEERT S, O H PR BROCTE S 4 B LU i
ALFE R ICI I AR S . EAR, FRITiAR . AR EOALFRIY) Jacobian. geom.c H4Eflt T —4
PR3 phgGeomXxxxxx HEFH i HIRIRBUX LE L[ &, 2F A.17.
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EFRE HERS
AR e A T B R IT I R B R L TE RS 4y . PHG 4L T — RV EE R ) bR
Bz (PEILBR S, X R B A K Gauss BEER D J5id. [4] [10] [2] [6] [14]
5.1 HEAREUESEW

AR 53 Fo B 40 AR 40 e ()G H A HUBCHE (A o T AN [RDRE FE R SRR A 2K ﬁ,éu =N
A . 2L F ALBERTA [11] "1/ QUAD £5#4), PHG e XL—AEERAR, K45 e itfisy
NEPRAE SRR, BATRRZEHI MR CRIRRIP 2RI . BAGE CAF

typedef struct QUAD_ {

const char *name;

int dim;

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

} QUAD;
SRR A -

.......

e name: & RN TAAFK, WTLAHIHI T B CF85E, I =4ER PUBIAS EEIRL 0 T A 444 < 3D P42,
o dim: & MR TUERL, 1 ARREE LINRBUY, 2 A= ML LBy, 3 AR A LRy,
e order: iE XTI HL.

e npoints: & %M T IR AL

e points: JE LM T IR AL R ITH A H LA R,

o weights: & EFMR R,

o id: EXBIS T — bR, SRR, YMEN -1, 18 5.2 TP RIS E RN 4.

PHG HE X T — A —4E (2B B, 4 (#ﬁ%ﬁ/) BRI =4 (YR B0 7,
‘BAIIH AR B 4404 QUAD_[123]1D_Pn, KHMiE Legendre-Gauss B4 A3 [10], — 2ol A UE
*‘Jﬂﬂ*é’ﬁ Legendre-Jacobi £} i i 5K SEAME K o B T 90E RS> 7-, Pl BLH @ SO

RIIRIA A B, —4E 3 Bt Radau 5820 20n) BLGT T &

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

33
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3,
2,
QUAD_1D_Radau_pts,
QUAD_1D_Radau_wts,
-1
};
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

PHG IBUEM L A — A order 240, M THREFTERMBI PR (2T 80) . Wik

T PHG (WU BRSO EhHE U RERE, RS MO0 S, SR A e S 3
QUAD_DEFAULT (HLAE24 ~1) LABCH AT AT 3

5.2 EEHRASHENES

58 TR e 2 B T A 30T 10, 3 L 75 5 A PR K B 5 47— e
55 B O TRIREN F—RIEHA, 0 Lagrange TAERREE, A I7EL SRV AL MIELAE AT BT A
—REH . o T SR TS T AT TSR — M B R B R, A1 PHG Pt T
<l cache HLBIRALIEE— W, oK 4T AL ICA BT -S4 o6 KO B0 (8 R A7 (2P 2%
FEIK T, AR S A 3 AT [ E R SR MO BAR S, BT LT — 1
e KL [ R, WP 5.1 R SRR cache BUBLM LS RSB, I RERh U B
3 B IR 3 BRI T AR 6 B 547 T8 SR P U428 - S R 4 B SRR RE RO .
SRR 11 S T B Ao (MR 2 5 PR 0 S U PR A 350 S

5.2.1 FIRLEWH

g T SEBLX A cache ML, FRATTETE T PN P 3 %0diE 45 #) QUAD_CACHE 1 QUAD_CACHE_LIST T
T AT BT R PR B R R 2 {i s [N AE DOF_TYPE FiI QUAD ¥ &5 M vp OB T AH N (9 i 52 151
QUAD_CACHE % #& 4544 52 L :

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

GHAR SR LB TAA S A BARE R, HorhTaEr e FR1SAF AR X N M K% H. 0. FRE data
8 10 G A B M A7 X
QUAD_CACHE_LIST ¥ 4584 5 X hy -«

typedef struct {
QUAD_CACHE **caches;
SHORT n;

} QUAD_CACHE_LIST;

ZHAR A A8 e E AT DA K] 5.1 ) cache Mo n ACFRZ M BEAE % QUAD_CACHE 5 K HUR .
DOF_TYPE Z5RJFRER N T 40 F —— Ll 52 T«
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B ol BOBR
(FHLARDT)

R SRR
(xyz)

5.1 Cache HLiIEHE L&

void *xcache_basfunc;
void *cache_basgrad;
void *cache_gradient;
void *xcache_curl;

BOOLEAN invariant;

H:H1, cache_basfunc. cache_basgrad. cache_gradient Fll cache_curl s&¥5 ] QUAD_CACHE_LIST X}
ZHRES, 0 T AF R s B FE R BRI O T B OAARR) « JE R EOBA L O T R /RARFR) | FE R
U LB invariant 250N TRUE 58T IZ ) 22 20 Ak o A0 T A AR RS e —FEID s X
)24 B T TR AR I o A P A

F QUAD Xf %7 AR K id, %A HAT PIFIRAS

e id = -1 I, RUFZRAIBIN MR, SA7 X BAAHEHE, 7 E 10 S A7 X s nid %
o id > -1 I}, FRIFZRAIEII 5 B B vl BeAFAE T A7 X b (FRELRE— DI , ZBA7 %5
H2[¥) QUAD_CACHE X} % AF 247X (Hl QUAD_CACHE_LIST %% KA &N id.
5.2.2 MAEED
AT TR A B S LU T P R s A W I . X 63 12378 P PHG g XRIER ) B 5
i E B
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get_cache PRCR[H]—/NMT AU QUAD_CACHE 454

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

% A |

HINZHCNFE M) QUAD_CACHE_LIST X %M —HIF4 clist_ptr 1 QUAD X % KR quad. %R
R [A]—AM45 7] QUAD_CACHE X R [WH5Er . WA quad CUAF/ET QUAD_CACHE_LIST X% 1, ik
5] ({6546 7] QUAD_CACHE_LIST A% "h )5/ QUAD_CACHE %1% ¥4, MIZF QUAD_CACHE_LIST
XA ECRT AR 8], T A% quad FEAURAS: X M) QUAD_CACHE X%, #i4r L) QUAD_CACHE X
%Y data A5k NULL, 3&[B15753AC ) QUAD_CACHE X} %tk

PLURPIAS A get_cache BREURIUA N fY) QUAD_CACHE X} %::

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

MNSHENHRIC o0 A w, FREIF T 0, B EA quad. ZEREGRMIE HEZ w /LRI e
R 0 DNIEREAERS T quad ISR RAL K.

‘ static FLOAT *get_grad_lambda(SIMPLEX *e, DOF *u, int n, QUAD *quad) J
EE IS

247 X |F] phgQuadGetBasisValues, THH1JEHE B HOC T H O ABFRIIBAFE o
‘ FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad) J
AN

Z % X IF] phgQuadGetBasisValues, V15 K& 3k pRHOC T T R IR ABFRIPIBR S .
‘ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) J
4

SR ] phgQuadGetBasisValues, TI A A S R B TiE B
5.2.3 TAEWLHI

P EER 3 BRI ] get_cache £42]—/ME W QUAD_CACHE X% [ Fa% . 4B 40T Wy Fp
&L QUAD_CACHE X B Hh S A I E /2 v I, 2 WIANTT Y, b2 B8 v 57

(1) QUAD_CACHE X% data fREF AN A5 HiZz H HEEZRAK invariant #5304 TRUE, Bi% H HJE
KA IR 5 BT TR

(2) QUAD_CACHE ] data #5414~ Z5 1My H. QUAD_CACHE ZBAT IAMERILF /3T e L.

FIAT AL T AR B B AR AR A7 AE — A QUAD #5041 quad_1list Ho AR[RIZEAEEEE (ke %L
(R« ik R KB 2 (P {E 55D (1) QUAD_CACHE X %4 73 7 OR A7/ AN [F] ) QUAD_CACHE_LIST 1o XT-[A]
—/NLJG, A QUAD_CACHE_LIST nJ AZEAF 2 PR 0 AL B : (R AR AE IR — R KA AN A
Bt ErEdE. B 5.2 T M. (BT “3DP1” AR 3 4 1 R, eI

24— QUAD PSR ZEAE IS, QUAD->id fEE E A quad_list LA AR QUAD_CACHE_LIST 1
(WA E . JXFEAE QUAD_CACHE_LIST "4k 75 %L1 QUAD_CACHE X4y, nJ DL %, Bl Al
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DOF _TYPE
3DP2 1DP1 2DP2 1DP2 3DP3 | 2DP3
Cache basfunc —> NULL onel NULL onel one3 onel onel on e4
n=8
3DP1 2DP1 1DP1
cache_basgrad [f— ] cnet NULL] onez | ones
n=4
3DP1 20P1 | 1DP1
cache_gradient [ onet NULLY one2 | ones
n=4
cache_curl —> NULL

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

K 5.2 DOF_TYPE " G%A7- 53 1)

QUAD->id SEA7. {HJE %ML e 4 QUAD_CACHE_LIST "4 “253 7, W 5.2 Fizs. XF cache
SERIBU IS T — N, IR B TTTE &, BT A AN R RE s R AR o R A B, DRIt
X4 cache JIT 7 FH 1) A7 25 ) 1T DL 2SN T, 038 42 T LA 2.

get_cache (R AR,

procedure get_cache(clist_ptr, quad)
if (quad AFKZ #); then
J quad_list ¥iTLRKIZ quad;
# quad->id JIRAE;
fi

if clist_ptr is NULL; then
%64 clist_ptr;
fi

if clist->n <= quad->id; then
# clist->caches #9 K ¥ &Z| quad->id + 1 R
F HY¥ clist->caches[clist->n, \ldots, quad->id] LA A NULL;
clist->n = quad->id;

fi

if clist->caches[quad->id] &=& NULL; then
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#3644 clist->caches [quad->id];

fi

return cache

clist->caches[quad->id];

FEE RERL
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6.1 PHG B SITIRIN

PHG (L7 1T LUE R A AT I T AR IRMFIEAT 240 PHG i 247 IR kil S8 X
Ji T Ay =2

(1) PHG PN S5
(2) PHG MBS =J7 84 (0 PETSc) e fit 1k 1
(3) M REF BAT E XL

b, B SRIELUNATAT PHG F27 A8l FH 1), 128 = 2RI W ek T-H P #2)7

Y H P REP A phgInit B, PHG WS % arge Al argv IR PRI 447, FF50FHorb (i 15
AT AL, N phgInit PRECRIFIN, Fif)E T PHG ML SHKE BN arge Fl argy HMHIFR

PHG R R “-£R 8 A4, “-&R L7 ok “+£R L7 B, L ADIERIEmAT
P2 I, f e ILERAER - PHG [IEI4 A4 S EAI R SEUIWIF, <+ R 27 1)
AR BEH TAH SEIE T, Fonyy - T8 MRS SCRERAE, 385 T B0 AN Ay i B I 1)
I X Ty ZEIE I, L1445 28000 A B SR OT, 52, S0 IE ] AR LS
-G As TBASL, WATLUE K - R L =A% M. iR A s S E R A A,
NAZAE AT AT EH (FREA) 55 K 1K L I el S Rk ok

R AT DAL RAE A AT _Bg ki oh, F P m] DO — IR W8 — AN SCPF (BROAIETOCA) o, 4R
Ja e AT H “-options_file XA &7 RIIASCAFF LT, PHG fE N SCAF RS2 NG TR, DL
5 o#2 JFAR AT BACA T RAT 117 20

WA SRR AT SR & 0 B TR —F Bk %0 “ . options” B34, W PHG
SE A e k. B P wT DU RR 7 2008 — N8 e BRGE T

M PR, R phglnit Z AT phgOptionsPreset BREICR e S SETIUE [P I, IXLE 1
T AE T AT e Ik I 2 A ab B

6.2 FILATHAETIRFHBER
IBATAEAT—A> PHG FERPIS, ARATLLM “~help” A1 HE €I SZRF IR A7 12000 A AH . FA) 35 B 6L o

6.3 APEFIE=ZFRHBEHNSH

AL 5 = 07 A B PR R I S B 5l I “—oem_options” MWL H. HAT PHG I S H5 (K
BT AET, R4 PETSe M HYPRE ff) Euclid i/ T3 4E T hrvEr ey 247380, = e oy
AATIRITUE S B CAT SR . B, v R i AL 3k 1545 PETSc:

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

AT LA ARIEIUE S E (0 PR = 8 w) IR AR INE] -oem_options 45 i
Wb, AIARE S 5 =7 A s P RE . BEAh, D TG R R AL BE, A5 3845 5 =7 AT
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40 FRE @AITHIR

SR SET, A AREBUE S He il A s B 2 A R BUE N S w7 R e
H phgInit J&, " EAM argv[] A EIXEESHL,

6.4 BREEXZEIR

PHG $2it—41p% %k phgOptionsRegisterXXXX, HEH RPN B A AT ET . X 28 pR 24 (1)
SRR AR EE SR BRI, MIST R G AT T A AN R T, PHG 2AH
MAE SR &, 2 5T S HUE.

R, B ORI phglnit Z AT

KTH P A€ SLEBI] LS F 7R FIFEFT examples/poisson.ce

6.5 FEEITHEFKESHNTHSITIENAE

FEFiE it , v LA phgOptionsGetNoArg, phgOptionsGetInt 45 PR HRIN iy 24T L T
{H, VAL phgOptionsSetNoArg, phglptionsSetInt S5 PR B RO iy A AT I TR



FtE KMERERIED

PHG #efit—&=5 L TSRARLNE TR, SEhrsRAgnr, BErT LU PHG A g2 a8 12
L PCG. GMRES kA%, WAL R PETSe. HYPRE. SuperLU. MUMPS. SPC.
LASPack ZEAMHARTERS o

PHG M2 MEffvkasxt %} SOLVER, H PRI e ke . B R RRALf R an i . REE
BRI S I o HH P 300 AN 9GO SOLVER IS K, 1 5 T H PHG 2 Ze PR 2 1042 L R
R 58 U AR A

71 KHERES

PHG [RIfiftideds b IO AR St i B ARk s I 8 52 1K B R B S b 1 8 PR B o vkt PO R i
RT3, SRR HEATS « SO R R B

JRIFS L R EE G 5 A2 K1 WA T I AT 1 R EE AN O FF 4632 1 E BEXT BRIP4 R i 1 A 1D o LR
A4 it TR A pR B phgSolverAddMatrixEntry. phgSolverAddMatrixEntries. phgSolverAddRHSEntry
HI phgSolverAddRHSEntries M RIS H tHEE G 5 o (A B G 55 8 R W B A o sl A s IR, W] LA
W FH B3 phgSolverMapE2L K7 {HH17F 25N & DOF X GAEFEANRE & P01 AN B BE 1)
A E ST, %R LR

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

Hrr, dof_no 75 DOF X RAEM AJN ) 424K DOF X R A (W 0 TTaR) Iy, #lln, i
BORFN ) =A DOF X% uy v w KOG W w IF54 0, v B S50 1, w PS5 Hh 2. e 4
M TC. index N u A MELERTC e THIG S (EFT u fERTC e RS B 2L 2 5 ) o
PHG ZVEfas & — D REOERE (mat BC01)  — /M) & (chs J801) il (oem_solver
1) Ao I, R BUE RO JEA B A ) BT R, SR 5\

J&

0

7.2 RAPEORE
PHG FAER KN RGEREH BL R LB %

(1) I phgSolverCreate I MFLAE NS, Hi G Edq e MO R MEN—41 DOF X%, PHG
PIXLE DOF X HE LN DOF B 5 ek 1) 5t i) A AR OC &R

(2) 1AM phgSolverAddMatrixEntry ¥ phgSolverAddMatrixEntries [a)Zk1E RS HININFFEICE,
Y4 phgSolverAddRHSEntry B{ phgSolverAddRHSEntries VRINA I, PHG (RIAIA T K Aq bt
TRy 0, 3K bR HCHS T ) 7T 3R 200 SRR R A S I

(3) (WIik) MM phgSolverAssemble 564kt AL A %e .

(4) M phgSolverSolve KL Nt RS, Hrhifi 2t 24 DOF X%, EAIMIA, Hekh it
IR B S DOF X858 4 ULHE, SKAFHT L& HIARI LU, SRR 1 IR 0] B 284 2]
(Kt o

KPR HARIEASE A5,

41
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FNE BRY. mE5%EE

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

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

8.1 BRET
PHG [ (MAP) I —AN [ EAEERE R 0 A, DAL B IGERS B B EZ IR N IR .
8.1.1 T[&jEEBRES

] B SR TR RN 5 A XS B A IR 1) B o B AR E ) 4 R RN S HERE R K
AN BRI EA MAP PR RRECUT R

MAP *phgMapCreateSimpleMap(GRID *g, INT m, INT M); J
Hrh M A HERKEE, n SRR K,

ME R m 2 FNELFET M, U e N R ML RS g . AR
FEFF I B RN A m (4347 X e

YT AR m ST MW, B e AN EE AR [N A T R R R R . X PR
WS R A 3 AT SR
8.1.2 HHEME

B A Fh 2 LS ) R 5

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

PR Z RN —41 B AR E MO S, SEER G LS e £ NULL 45 W, I ZE R MAP X T
SRR A RS T H R R R, s AR N T B RS
B2 R, AR ) o0 PR/ INE T Z R T A 10 B AN G, R 8 T2 N R Bl
gL —ANERE BT “P0E 7, B HEERTER S, 4. T 0K OWNER br&EME).
8.1.3 HLEHRS

FAIFR— A7 A A ) B A TC R AL ) B e S R CR I g, R AR R TR
0, BATCEG T A 1, RIS WEICEN S T UHAE R R Edgw 'S (G5 Ellh 0 — M-1), 1

A SR B A 1 A R
ATSELE P T PRE S S, I TR 1 ki 2 A, T L b B B SR R — A
2, I A [ EEE SR S [ R SR U R P — AL, o2

.............

Fe it R BHDOR X 289 5, -
phgMapE2L H— AN FICH 1) RS 5 75 2L o 1K) = 8 G 5
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44 EANE B, mESER

phgMapD2L FH—™ F B EEXT G 1K) 1 bR BE G 5 S WSS o () SR 4 '
phgMapL2V HHJT 3 1 4 5 19 208 1 35 v S 4 5
phgMapL2G HHITER 1) 4 5 19 28 14 5 W) 4 5
7 MAP AU 254, nlocal J i 4 M) AR H A3 BROK/IN o X THadask B e XS G st s, A7 T
AH (WK B R 2 T R A BRSPS Bt B L R A
HENIANE T E A B, MAP Z5R ) 1ocalsize A S T T AMKIFTA A hEEL SHA
BT AR ITE . AR, localsize > nlocale WS HIH Ik SEAN g T A Kb IR 76 25 43 e Ja) i )
i, Y5 WA nlocal Fll localsize-1 Z [0, ‘A4 g5 TR AFAES4L L2Gmap H, 141K
J%24 localsize —nlocale I, RIE—NJCE RIS I S 54 40 WIE 4R n) &2 5 4 «
i+ ng WH i <nlocal (AHLITER)
L2Gmap[i —nlocall MR i > nlocal (HEAHIITE)
b ng RoRJE T AR BN R A g
TEMRT PR 1, localsize = nlocal, MRS AAEAEAE T AN TCER .
LAY B A OCIBRIN, F Ry g A J i 1) 4 5 42— KR ()
8.1.4 RRETHIIHE

P4l phgMapDestroy {5 MWL, BT & I BE

HIF B S AN R R, O TR R R A, AR AT AT,
PR 5 I 2 — IR QU I L5 T 00 00 R —ANBrifx 5 REFEEk i &) 51 it
S, SIS NN 3] phgMapDestroy I, WIRBUF K5 HTFECRT 0, WA %1%
WG, T RO E IS IO 1o RAT ARG S TP 0 A g B shah, REA R
) A B, R A BTG I I ] phgMapDestroy.

8.2 MEE&E
8.2.1 [MEHIFIESHEEK
B gt ) 7

‘ VEC *phgMapCreateVec (MAP *map, int nvec); }

Horb nvec JRIE M BRI HELL

EE{EE¢

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHE

— AN RS, BE A CLE R A phgVecAddEntry o phgVecAddEntries whnmsEsoE, ]
DA EARAE K data Ml offp_data D1 SERON A IR IIMAE S, NVi% ] phgVecAssemble
BRI [n) EEEAT A 2



8.3 % 45

) B A 3 B B AP E VEC SR data RO, KR4 map->nlocal x nvec. ANET
A > P, ABAL T A 7 WA ) B H T B ) FE TSR AR LY VEC S5 offp_data BT, X
PeE N (map->localsize — map->nlocal) x nvec. [MIEAIZEN), ANE T AT TTER S AES N
A R BERE o

[ B AR TP S AN R mat, BRAK ) R N EAREAR T RO S, W) mat S FE 1) S L
AR . Y &1 mat K CAAETTRED, I H mat->handle_bdry_eqns A TRUE I, [m] 413
FEFP AR 2 ) 5 22 BT SK A% mat->bdry_eqns Ly [a) 5 1 I A TR M UK /N AL T R4, JF AT IX s
T REAR R ST ) B P AR T 3R . X RN T O EREAT A PR IT B BN Dirichlet 3 ¢ 4644 (4
. 2% 8.3.2

8.2.3 BHHESMERMEIELE

PRIAN phgMapLocalDataToDof H phgMapDofToLocalData HFAE I AL 2 AH ORI B BB %
Z AL B . 1 R 2 phgMapVecToDofArrays i phgMapDofArraysToVec WHTF 24 e5H %
PN G A 2 AL s K

8.3 %EME
(ol
{ MAT *phgMapCreateMat (MAP *rmap, MAP *cmap); W

rmap 43 HUAEFEAAT WU, cmap &5 ARSI, BT Do RS (17 80 5AT AR IR R/ A 23
AT T ), L n] LU AN A RS
TH SRR -

void phgMatDestroy(MAT **mat_ptr) ; J
SR, PHG (R Sob A — g G LTI % MR 8355 ) — MR 1
AR REAT A IS8R, WERE RS RO T 0 MRS ook 1, 5]
FIVHECR 0 I A e R SO R
8.3.1 “FiERE” %ERE

PHG SCHF “TEHIFE” (matrix-free) JEaCMRIFE, BURARIFERR/NI A (5 B SO M FEEE )
FEE, G AN SR A AR pR R 58 AR L 1) 8 R SR AR AT

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,

void *mv_datal, ...);

MV_FUNC J& 58 3R P n) o e f 1) pR BcFR 1, B2 B -

typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ %A, VEC *x, VEC xy);
HorF op ATLAER MAT_OP_N (AP 3feln) &) MAT_OP_T (XE %% & 3fe ) &) A MAT_OP_D (P4 (1%} # 2k afe
Bl i)

N[AR S mv_data0 55N M IESEL, A REAAETE MAT MUFREHEUA A mv_data 11, WKL
¥4 MV_FUNC.
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8.3.2 XBFERYLEZEE

—NHE R ) I phgMatAddEntry. phgMatAddEntries. phgMatAddGlobalEntry 25 bR BN
IEE 0 o, AT TR 2 A phgMatAssemble HEAT A . —ANHEFEAL3E 5 5 A AVF 1 BB L
Horpoes, A RE2 3 BOCIE TR 45 R .

PHG AR IAT I A i oo FRE I A R AN J T A AT A8 T B I AT 2R
(Al IR ST R 95 AT e KB B i, B T A ICE RN cmap (R R RS, S
Ju e 0 2 cmap->nlocal-1 Z [0 ANJETAHA 0 R eA7E cmap oA e, UM %
Y5, TV 7E cmap->nlocal | cmap->localsize-1 Z[A], 75 M3 Be— A7 (1) &30 n) 4w
i TV AE cmap->localsize F| localsize-1 X [A], HH' MAT Hifd localsize %5 T T 7E cmap
PGS SR EICE (G5 TEEALE 0 2] cnap->localsize-1 ZIA)) LUK IIAT H e W A i A st 358
el A TR (%ﬁ%?ﬁ?ﬂ? cmap->localsize Fl| localsize - 1 Z‘-l“ﬂ) Z A, AR localsize >
cmap->localsizeo LWL, Hiffrhth Ml — NI A L2Gmap RARAFAN i T A HUF) 71 FY) 42 )i 2
5, Py cmap->localsize — cmap—>nlocal N5 cmap->L2Gmap HhsE e —FE,

AT A R IGTHE T Dirichlet 11 FH 4 F AL EE, FEFEH AT — MK A% 54 handle_bdry_eqns,
WACE A TRUE, DR AT 4 2hE T 25 S0 R A M IR 3 AT HEAT AL B o G IS SR o o T A7 34
FATHRIAE 0 JTTERINE TILF A, IXEEAT L GRS AR PVIAL W] AR IR N AR 1 Ty R, R 2 2R e
PR IR e NI RRALIY) LU S fRARAEAEHE R bdry_eqns B3, SR JGRE T A 1L ST R0 fr 2kt 5
B L AR MEITREN 0o BORTFI LU 232l n) AU 3 FSRAE 1) 412 iy ST 1) 7
WHITHE, ZF 8.2.2

8.4 %P, MEEZE

PR #L phgMatAXPBY UL Y := X + 8Y, X\ Y BIHEE, "SRG MR RN A AT 51
A o

PR 4L phgMatVec TIET y := aop(A)x + By, =« y A=, A N, REPHSE op ATHCY
MAT_OP_N (op(A) = A). MAT_OP_T (op(A) = trans(A)) Al MAT_OP_D (op(A4) = diag(A)). 4 op N
MAT_OP_N B, iZpRELEK x->map 5 A->cmap AH I, y—>map 5 A->rmap A 1Y op 4 MAT_OP_T
B, WK x->map 5 A->rmap, y->map 5 A->cmap #H[A.



FENE HHE. HFERETE

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

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

PHG MEEARHIEAE V54 L R Bl

int phgEigenSolve(MAT *A, MAT *B, int n, int which, FLOAT tau,

FLOAT *evals, VEC **evecs, int *nit)

VT R & Az = ABx ] n ANMRFEXS (REAEAECFIAH N RFAE 7] £2) . 240 A F1 B 25 HHH
B, 4 B WZIRENT RIS B = I, U IR FRUERFIEAL M 8o n AR UF B RFIERT AN 2. which
FEUITHEE n AMEFAEX), AT LABY EIGEN_SMALLEST. EIGEN_LARGEST &Y, EIGEN_CLOSEST. tau 5! shift
o evals $5 I IRAFTHRAF BIMRREE R S IX (KER DN n). evecs IR[PIF B FIFHE ) . nit IR
[l AR T A e B A PR AR Kl (R ) 2 S5 AT A3 7 00 o BRI B30 (R DAy s Dl o B HA 1)
FEEXS N5 (€ [0, 7))o

TEAT BRIV S S D7 (IR B 8T 1 e BER SR 1

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

©E B R RS AR E I A X S AREE A R B BN %2 map BIEE, AR
S i i pR % phgMatRemoveBoundaryEntries M i AT AIZ (75 WK 2405 K & i Dirichlet i1 5% 4%
PEP= L N RFIERS ) o RSN map AR N RS HR u, ... S EHEN S . HRSHNS XS
phgEigenSolve 582 —FF.
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D

B}

MisR A PHG TE. BHE5

Al BB

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

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

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

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

A2 E=E.2BT

il

Dim > Y, 5T 3

NVert > NI TSR, T 4

NEdge > —AMRITPRILE, SFT 6

NFace > —NEITHEL, T 4

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

A3 FEE R

CHAR > AT ST AR R

BYTE S Y1 i R R Py i

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

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

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

Pow > 15 FLOAT ULECHY pow BR%L

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

Log > 5 FLOAT ULHLH log PRAZL
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50 Mt% A PHG % 8. B 5%

Exp > 5j FLOAT UCICHY exp %L

Sin > 15 FLOAT ULPET sin pR%L

Asin > 15 FLOAT ULCIY asin PR

Cos > 5 FLOAT ULFCHT cos BREL

Acos > 5 FLOAT ULHCHT acos PAZL

Tan > 5 FLOAT JCFLIY) tan %L

Atan > 55 FLOAT ULHCIY) atan PR%K

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

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

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

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

SIMPLEX > HICK 4 (struct)

GRID > PRI S (struct)

DOF > HHEHE (DOF) X4 (struct)

DOF_TYPE > HHERNE (struct)

QUAD > AL (struct)

SOLVER > SRAEEXNT S (struct)

OEM_SOLVER > AMEBSRAR B 16 5 (struct)

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

A.3.1 BHEXAPFERORBEEAOXE

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

A3.2 MEXRIBHREZRR

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



A4 Ban
DOF _DEFAULT

DOF_PO
DOF_P1
DOF_P2
DOF_P3

DOF_P4

DOF_DGO
DOF_DGn
DOF_ND1
DOF_HFEB1
DOF_HFEB2
DOF_HBn
DOF_HCn

A4 FAHAK

QUAD_1D_P1
QUAD_1D_P2
QUAD_1D_P3
QUAD_1D_P4
QUAD_1D_P5
QUAD_1D_P6
QUAD_1D_P7
QUAD_1D_P8
QUAD_1D_P9
QUAD_1D_P10
QUAD_1D_P11

QUAD_2D_P1
QUAD_2D_P2
QUAD_2D_P3
QUAD_2D_P4
QUAD_2D_P5
QUAD_2D_P6
QUAD_2D_P7
QUAD_2D_P8
QUAD_2D_P9
QUAD_2D_P10

v v Vv Vv V

v VvV VvV Vv Vv Vv V

v vV VvV VvV VvV VvV VvV VvV VvV Vv V

vV VvV VvV VvV VvV VvV VvV Vv Vv V
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BRI\ B FEIRAY, wAEs AT Ry I i i i 4
ERBOE (BRINME N DOF_P2).

0 B Lagrange JG, 70 4, S0 A HHE

1 B Lagrange JG, 8250 v 8tk sR %, REASTA—ANH AL

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

ATIEIN “~default_dof_type” (4%

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

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

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

n i DG JG, 0 <n <15

2k Pk Nédélec 7T (B HIT)

1 Bir#% ¥.JC (= DOF_HC1)

2 B 570 (= DOF_HC2)

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

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

1 BRI —4E Gauss B0 A3 (1 45)

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

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

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

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

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

1 BYRSE 4 Gauss B340 (1 41)

2 MrREE 4k Gauss B A3 (3 /)

3 MrREEE 4k Gauss B A3 (6 £)

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

5 BrRERE 4k Gauss B A3 (7 /)

6 BREE 4k Gauss B30 (12 14)

7 MR 4k Gauss B A3 (15 A1)

8 PRI 4k Gauss B A3 (16 A)

9 MrREEE 4k Gauss B 43 (19 1)

I

10 MRS —4E Gauss A (25 £1)
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QUAD_3D_P1 > 1 ki =4 Gauss A (1 5)
QUAD_3D_P2 > 2 BRSP4k Gauss B A (4 1)
QUAD_3D_P3 > 3 FrkEE =4k Gauss B A (8 &)
QUAD_3D_P4 > 4 BOREIE =4 Gauss AR (14 1)
QUAD_3D_P5 > 5 Mk =4 Gauss AR (14 55)
QUAD_3D_P6 > 6 Mk =4k Gauss B AR (24 15)
QUAD_3D_P7 > 7 MrkEE = 4E Gauss B AR (36 1)
QUAD_3D_P8 >8MEF#%GW%ﬂﬁ®ﬁMm®
QUAD_3D_P9 > 9 FrkEE =4 Gauss AR (61 545)

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

A.5  BREF. EEFNEERE

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

MAT > FEFEXS S (WbidT IR4A 17 ) o

MV_FUNC > “TRHE R R ) e R R K R A

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

GUEEEE T2 B R B .

MAP *phgMapCreateSimpleMap(GRID *g, INT m, INT M)
B — AN BRI o

void phgMapDestroy(MAP *xmap_ptr)
CEE S S

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

QU “TCHEFE” HERF . mv_func 2 5ERAERE i SRR et . 2 8.3.1.
INT phgMapE2L(MAP #*map, int dof_no, SIMPLEX *e, int index)

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

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

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

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

JRI8] map R4S h index MTCEMA RGN .
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
bR O] 18 1) P R A A 3 20 5 AR SCIER K B X B
int phgMapDofToLocalData(MAP *map, int ndof, DOF **dofs, FLOAT *vec)
RN TR B R R s AR s 4 17
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF **u,...)
B —A> 2 Yt R EE R gy — 4 A RS S8, B A RN S AA A2 vec->nvec

ANRA . ERGE A FE B HEX % . remove_bdry %5 TRUE I &/R vec AW EILABHE. %
PREL T B TR I RR A

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

W2 B NGB BB 4 — A 2 Y R BT S TR TR R,
AL Es] phgMapVecToDofArrays FALs

W

MAT *phgMapCreateMat (MAP *rmap, MAP *cmap)
OUEEHIFE, rmap 1 cmap 73 45 AT FIZ R o

void phgMatAddEntry (MAT mat, INT row, INT col, FLOAT value)
WIMAFETCER, AT R g T

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
ININFERE TR, AT AN EIAE 4 )R ) & 5

void phgMatAddLGEntry(MAT mat, INT row, INT col, FLOAT value)
WINFFETCR, EHREITH S BRI RIS .

void phgMatAddGLEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERE IO, R 2R I RATH S . R SI%  .

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

NN nrows x ncols MEMETCE, T8I g5

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

NN nrows x ncols NMEFEICE, 1THM 2R W HEd S .

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

NI nrows x ncols MEMEILE, M RTITH S . &R M EYS.

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

N IN nrows x ncols NMEMEICE, AR ET9S . RIS
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void phgMatAssemble(MAT *mat)

HBEFERE, FAN B T A AT A% BIAH R .
void phgMatDestroy(MAT **mat_ptr)

CRES S EL

MAT #*phgMatRemoveBoundaryEntries(MAT *mat)

PR ASHTIRE R, s T U R R ) BT A T AT L A o FE R IR AT AN B A R S
(K18 XS B P ) DB_mask & AAAAE , AR N AN R BEN SAT ORI BT B BT S 1)
DB_mask 324 0 i pR HOR [P o 5B 2 AR FE AN -9 JEURE AR £ 1 Eh SEARL IR

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

5% phgSolverMat2Solver 1EHAH[H
VEC #*phgMapCreateVec (MAP *map, int nvec)
I M R, nvec A A EYESL
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)
AN R ICE (FHJS3Y ) which $8 VTSI [m) & 1WA 7 &
void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
N o AN EICER, indices 44 HYIXSEIT IR R MG 5 . which F5WISINE] ) & WA 70
void phgVecAssemble (VEC *vec)
e, AR T AR 70 3 R K B AR
void phgVecDestroy(VEC **vec_ptr)
GEGEE
VEC #*phgVecAXPBY(FLOAT a, VEC *x, FLOAT b, VEC *xy)
W y:=aZ +bf. X b == 0 I LI y == NULL, BLEREEGIEEFEIRFl—ANHm & vy,
VEC #*phgVecCopy(VEC *src, VEC **dest)
) F 4 DA . IR LAV dest == NULL, JMLEPEEGIEEIFIR Bl —ASF ) i dest.
MAT *phgMatAXPBY(FLOAT a, MAT *x, FLOAT b, MAT *xy)
THREIEFE L ME H . 250105 X5 phgVecAXPBY KLl
VEC *phgMatVec(MAT_OP op, FLOAT alpha, MAT *A, VEC #*x, FLOAT beta, VEC *xy)

Wy .= aAz+ By (15 BLAS BA % DGEMV 2X1B1) . MAT_OP Ji5 € FE A £ 1544 &, 7l LIEL MAT_OP_N
(0) MAT_OP_T (1) BY MAT_OP_D (2).

ZERBAYF A == NULL, &8 A NP, 24 alpha == 0 I f0¥F x == NULL. 34 beta == 0 Iif
RVF y == NULL, BIPIGEIEE— NN E yo BRECTN alpha Al beta FIARFRAE (0, 1, —1) HEAT THF
TR A B DAY D AN A B TF mas B, DRI T DL R 58 i/ 22 AR ) B ) s B, A
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phgMatVec(0, 1.0, NULL, x, 0.0, &y) y =z (&= )
phgMatVec(0, -1.0, NULL, x, 0.0, &y) Y= —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:=azr+ LBy
phgMatVec(0, 1.0, A, x, 0.0, &y) y:= Ax
phgMatVec(0, -1.0, A, x, 0.0, &y) y = —Ax

24 op = MAT_OP_D I, PR A X AZER T 5 x IR,
FLOAT phgVecNorm2(VEC *vec, int which, FLOAT *result)

TR M ER L2 B, WERTRE result JEF NI E SR M AF S R AL . which $5 B V15 1] /= A
AL, W which < 0 NIFRIITHE A /3 B IEL, TERTUER result Ry IE2S 485 e H5 ) 22
XK ENZANT vec->nvec, HITIRIF vec->nvec N m AL, BREGR [FIME R E o (BEE—
Sy EAUNR which < 0) ) H,

FLOAT phgVecNorml (VEC *src)
THEL R &) L1 8. 2407 XA phgVecNorm2.
FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
TR R KA. 2505 XA phgVecNorm2.
FLOAT pthecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)

R E x Al y A, 240 which_x. which_y fil result 5 phgVecNorm2 F1AH[A,

A.6 fRERR
AN PHG T SCRE R4S, ST T B4 phgSolverCreates

PETSc fi#iid%

SPC fiftikds

SuperLU ffik#s

HYPRE ks

LASPack 24y (ICRFHRAT)

PHG [f] PCG k2%

PHG [fJ GMRES f#ik 2

ERIMR Y, Fonik PHG IEPERVA S
ZEA Y PHG TS, A& (nT
extern OEM_SOLVER #*phgSolverList[];
phgSolverNames & I%EAFIH PHG A MRESS AR, B0l )52 —A> nuLL, HAg=aF:

extern const char *phgSolverNames[];

SOLVER_PETSC
SOLVER_SPC
SOLVER_SUPERLU
SOLVER_HYPRE
SOLVER_LASPACK
SOLVER_PCG
SOLVER_GMRES
SOLVER_DEFAULT
phgSolverList

v v VvV Vv VvV VvV VvV VvV V
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PC_PROC > PHG [ PCG fl GMRES f#vkas K fiscfvH#1, AR T

VEC *(*PC_PROC) (SOLVER *M, VEC *b, VEC *x_1, VEC **u);

PRSI A PRI RE, R AR wu IR [E],

A_.7 *ﬂyE\{t\ iE‘.II:I:II\ %gi%ﬂi@_&1ﬂlp\iﬁ~ﬂj

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

WItHt PHG (M MPI. i858 ) o WAEW S PHG BT . arge Al argv W 00& H 5K
AT S H k.

void phgFinalize(void)
B PHG. WAZUFERE 45 AT o
int phgSetVerbosity(int verbosity)
I PHG BN S R 0 (BRME) Fom ANt W5 B .
void phgPause(void)
TR, fZ gk gk sl . A TRt
int phgPrintf(char *fmt, ...)
WorfE B A printf pRAL, [HHAERERE 0 Hl/EH].
void phgInfo(int verbose_level, char *fmt, ...)

WoRfE R, SNSRI . BRS4L verbose_level 4b, #H5 printf FAho ZREHAY
M ~log_file MEMIRIE T H G SCIFN A it 5 B

void phgWarning(char *fmt, ...)

BB #UA printf,
void phgError(int code, char *fmt, ...)

WIRERE R R code 1= 0 M7 B IEREPHAT .
void phgAbort(int code)

SR IEFE AT, code AFEFIR A1

double phgGetTime(double tarrayl[])

IREUI ] . tarray E*AKEK/J\? 3 1) double %44, ™4 tarray != NULL Y, tarray[0] iR
(S INFA], tarray [1] 2 [BI RGNS TH], tarray [2] IR [H15% BINA], DIRD R 507 o e 80K BIE R T 5
TR, DARR D A
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A8 HNEFEIE

void *phgAlloc(size_t size)

24T malloc (), (HANAR A A7 FITE AR IOU b 1 FR AT
void *phgCalloc(size_t nmemb, size_t size)

T callocO), (HATRAAE FHE RN b - FE P 4AAT
void *phgRealloc(void *ptr, size_t size)

2T realloc O, fHATRNAF HITE RN 1 EREF AT o
void phgFree(void *ptr)

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

A9 EREZEIT

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

SRIBCYFITE A PERE(E (Mflops) (7 2B AL PAPI). aggregate iR [ AL/ HF 4G 40UAT 2 4
HIHF 341 B8 since_last_call iR EIRIHAZKEL (55 1 A0S MR UG 3T) 224901
PR, PREGR [P{EZ5E T *since_last_callo. X H G111 RE & g->comm T RERR PR R
A,
size_t phgMemoryUsage(GRID *g, size_t *peak)

IR BIFE  HAE F  AF (RSS) 718K, W2k peak WARF 45, WIAE xpeak iR [HIFE /T4 HIL
s R A AR (LURS e SR A A T A TR S5 R ) o

Uik g == NULL, JUBR[PIEABERE M AEAE RIS O, S 2 MR AT g BrAd FH FR Bl A7 ERE (R B KA
FEAE AR O o
size_t phgMemoryPeakReset(size_t value)

¥ PHG W KAFTHEUE ) value, 3R AR A THECIE L2 T HIAE -
size_t phgMemoryPeakRestore(size_t value)

¥ PHG WM K AAETHECE WA I S value TIWECKF, R IEIFEIZ BB K WA T ET)
fEo

A10 SITIAW

void phgOptionsRegisterNoArg(const char *name, const char *help,
BOOLEAN *var)
VEM AN B0 fr AT name 44 HIBIRAFK (R4 = ). help % e T %ML I
Wifs o var Jy——/> BOOLEAN ! (&2)Roli#iiAy) AZ A HhE, XA R WILAEN ) FALSE, 44T+
WEZIEI, PHG & AIfE AL TRUE.
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void phgOptionsRegisterInt(const char *name, const char *help, INT *var)

VEf— NP S H 6 AT name 43 HEIRAFR (A <=7 ). help %t K FZIEI Y
HE B var —A> INT B (42 RakifiAs) A REIHIAE, Ay 44T o A IR TN, PHG A4 R 1)
Zgiﬁﬂiﬁiéa *varo.

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

M AR S B S H AT, name 45 HHIEINAFR (A5 “=” 5). help 45 H %L
MG E o var J—A> FLOAT Y (4 )R ulihay) s ik, Mdr AT i%IE e, PHG ¥4
y*Eﬁé%;@ﬂﬁ%ﬁén *varo.

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

M ARSI A ATIED . name 45 HHIEINAFK (A7 “=” 5). help &5 H T i%IEIN
WG R var A char * B (&JRelid) R, Mar 247 P EZIE TN, PHG KA
B2 SR wvar, PHG 556 H A AL AEHOR S M A B REI, P RFE R R 7RI
bo

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

AN SO S B AT . name 45 HIETAFR (AN “=” 5). help 45 H 5 TZ ik I
I B e var A— char * B ()Rl Dmigiht, M7 P iZIE e, PHG KAH
NS HEMRS «var, PHG A& AT R A0 T W AF IR 5 WAFERRE I, P P ANBE A
ITRETICE

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

HM AN T S B A A TIE . name 45 HIETAFR (AT “=” 5, help 4 HI ST %k

FI’J%E‘HJJFE‘O keys s&— LA NULL &5 RI24F B FaE 44l ﬁlJtHﬁlz*iIﬁFﬁfmfFF{’J%é%&o var J—" int

B (AR EGHA) AR, LR keys FLHMERT] (M 0 IF4R), A AT S %I
i, PHG FAHNAE L var IE.

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

M35 € SR func BRI S E A SATIE I, func i HAT W R4z 1) R 4K
{int func(const char *name, const char *string) ]

Hrb name N4, string HIETUG T ERRE 24, R EOR [BIEE o BN RS E A R D
(ﬁuﬂlﬁ@t?ﬁ;é&)o

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

PR BOFAE SCH IR fir 2 X850, 10+ — Al AT IEINE M — R, =7 fir 24T LI035
LEPSE

void phgOptionsPreset(const char *string)

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

Fel PETSe MIERRIL BRI 74 SIBEH CG A block Jacobi.

void phgOptionsShowCmdline (void)
FUH R i AT
void phgOptionsShowUsed(void)
S AT IR A AT IR E (B BUAE Ay 47 Hh IR ) (1 24 .
void phgOptionsHelp(void)
H BT AT i AT IR AR N (R B A
BOOLEAN phgOptionsSetOption(const char *op_name, void *value, int type)
MR AL
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
HE LT op_name FTAT N IKAL FE A # 4 value, op_name WAL —MESHINIEINA, A FE - 5

P %O
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)
W LT op_name JITAT (M EAL E A value, op_name WAUE— AN B SR IETN 44, AT

|
-

o
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)
B LN op_name FTXT I AR T A & A value, op_name e — iy SERI S EAIEI4, AN E

|
-

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

FE I op_name JITAS 045 {1 value, op_name AUL MHKHLT ZHINEING, A0
P Ejlo
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

KHEIT op_name FTASRLI0ERHHEY value, op_name AV /M 74 HBMINILIG . A%
P Ej—'o
BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

FFILETN op_name [TV [1)AF S AH B M value, op_name W4jE— i AR M SENIE 4, A
1 Fjlo
BOOLEAN phgOptionsGetOption(const char *op_name, void **pvar, int type)

W R AE
BOOLEAN phgOptionsGetNoArg(const char *op_name)

R [HIETH op_name JTXS N (KA AN, op_name WZE NS EIILEINA, ANF -2 8+ 5,
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INT phgOptionsGetInt(const char *op_name)

IR [EJEIT op_name FTXS WAL FEAE, op_name WAL — M HEMISHI LA, A E - T
FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZETN op_name FTXS N HAR A, op_name WAZM&—/Mir KIS EINEINY , AT -0 5,
const char *phgOptionsGetKeyword(const char *op_name)

R [HIETH op_name JTAS N F{AZHAH, op_name WAZiJE — it R P SHIETI4, A E - o
const char *phgOptionsGetString(const char *op_name)

SR [FIETH op_name Tt (125 A, op_name AU — M FAF R BHINRING, A - 5,
const char *phgOptionsGetFilename(const char *op_name)

IRIFEIN op_name FTXS W HIAZ FAH, op_name W& — N A HSERIETY, A& - .
void phgOptionsPush(void)

DRAF DI SR I 4 AL

void phgOptionsPop(void)
PE E—IH phgOptionsPush PRAFFRIE I

A1l MIREIR

GRID *phgNewGrid(int flags)

AL I R 5, IR IATEIE R oS (1485 . £lags & —SObREAL, 430024 Pk OB i 2
5 SRR 2 LT %, ARG R — 284585 VERT_FLAG: Xif P44 0 25 HEAT 4 %5 s EDGE_FLAG: X M 4%
JIEATY S s FACE_FLAG: X RS THI3EAT 4 5 s ELEM_FLAG: Xf K SLICHET4n 5 s GEOM_FLAG: A Bl
SO (/4R8N L. HAE. Jacobian %), ZF A.17 11 phgGeom* PREL. HHHL flags = -1,
void phgFreeGrid(GRID **gptr)

REBRE T G (S AR SRR H XS5 ) o
void phgCheckConformity(GRID *g)

R s o, TR .
void phgRefineMarkedElements(GRID *g)

AL RIS R E 0. BT mark KT 0 (7 HICE DAL mark K. PHG 2 HEIWHE
FATCHEAT W B AR AL LR B RS (KT B E o AL 5, BT RS Hh BT 3~ B0 Y mark J8 03 R S5 T
i DA g T~ B0 AR R 25 1% B TR AR AL (R KR
void phgRefineAllElements(GRID *g, int level)

e A BTl 1evel IR (HI—SMA& N, A0 T4 A 1 50 H) mark BEA level, 8
JERH—k phgRefineMarkedElements).
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void phgCoarsenMarkedElements(GRID *g)

FHAG R RS R E T8 M7 T mark (4% 0 2 SRVFRCRIL RSO 5, B A7
LR Z SRV —mark K. PHG CRUERIAL)S, OB 5 0T ISR RS S DR 1Y) I HLAE
AL mark (K RS BB PE LR I TS TR 2 10 500, BUALTEROE, B RS B it 5 5 mark
J 3 PR 55 3 i PR Pt B 6 P RO 25 2% S CABRELA FR TR

void phgPartitionGrid(GRID *g)

I3 ATIRE B T S I A T R, A B R . X R ECh PHG WA, T RR RN
1% phgBalanceGrid.

void phgRedistributeGrid(GRID *g)

TR T U VR LA B S P, RO PHG A, P BB
i/ phgBalanceGrid.

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

H 4 {5 11f_threshold il submesh_threshold VA#E T M HIEH 504 . L 1if_threshold
TR BA R 1, s A SR BA P R R T 855 T AE I B2 43 %, submesh_threshold
HTHE M , ﬁﬁ%%ﬁzﬁﬂ$§ﬂgﬁpigfﬁjﬁiﬁEﬂﬂ<ﬁ>ﬂ:i2ﬁ5(ﬁﬁjb¢§@*?gﬁ§,55 submesh_threshold
AN R AT ] PHG W EIBRIAME) o e EER ] 0 Fospikg AL, 4F 0 FRosx) Mg AT 1 L
/1. weights Fll power 25 Hi 1 W& KI5 I I ¥R AU EE. (B weights [ power {XJ7), 21 weights A NULL
8¢ power A 0 W FRIRPTA FICHIB RIS

FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

AFAE - TTIA AE, RIBIPATC e By (07 T i 32 S R FR) rh g G SRS 1 g T 22 1]
B F 5 1 KA (ATt B HZRiR %) o

ForAllElements(g, e)

FF XS WA b BITAT 7 B e A T3 1 1R 2% 3R 1A IR e ostm e iR = A T o, R
TEIAH e $57 1 AT T 50, fEIAETRIN e $4E 4 NULL,

GlobalVertex(g, index)

U AR5 index [WTHA A4S Rdn 5 o
GlobalEdge(g, index)

YA GRS index MIAMIA RS .
GlobalFace(g, index)

YA SR S index [WITHI KA R4 o
GlobalElement (g, index)

ARG 5 index IIFRIGINA RS o
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A12 A

void phgImportSetBdryMapFunc (BDRY_MAP_FUNC func)

g PR SCEFI, H NSO AR S PHG AR e e R 8o func R HAT W N OB
I A e R
int func(int bctype)

ZRHOR A S N IA SR betype AN PHC 25287 (40 DIRICHLET. NEUMANN %%), JR[A] -1
FRARANEARENILF KA. BF 2.8.3,
BOOLEAN phgImport(GRID *g, const char *filename, BOOLEAN distr)

ML E AR E S . g RERIRTREE, B bZUEH] phgNewGrid B ; filename JE /T4
IR distr A TRUE, JUFERIRS N5 LRI FCEA T 730 6K 5 0k o0 A0 B BT IERE o 5 (IARANTE
HZZHHUIER, @A TRUE).

HHT PHG SZRFKI R4S SCIFA% 30A . ALBERTA 4% 301 Medit #43X.

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

Fe ZHT PR ALBERTA (1 R SRS e A SR 2T AR 5 24> 1 W ds, ek 25 H air
Bt 2 0 S

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

B850 M A o MEDIT (http://www.ann. jussieu.fr/ frey/logiciels/medit.html) 2
R T AS LS 2 AT RS, R ECH AT R TSR 0 5 A .

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

B LL VIK vtkUnstructuredGrid MUk 25 @ ScfF, PUEH e 3T VTIK mrfiik
WAF40 ParaView ( http://www.paraview.org/)s MayaVi ( http://mayavi.sourceforge.net/) 554k
SRR k] legacy VTK fileo WEZHHE & o H 1K) H HHBEXT 5, DA NULL 453, KA
DOF_PO (73 7 #450) I A HHEEXS BAER cell data iyt 1 H &AL 1 BEX R WAEA point data 4l
th, S TR AT A LR ) BasFuncs BRECK VS RIRS TR M . W RS H b4y i SOk 44
ANEYRE, e A3 EY R4 ek RREGR P SO OIn T RELLR) 344 . ks H
BTN SRS 26884 DOF_ANALYTIC f) 4 FHE X4

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

B MK LL IBM Data Explorer ) native file format #%2U5rH 248 & SC2F, PMEH OpenDX 45544
(http://www.opendx.org/) HATAIHALALEE . WIS H 45 L4 W B BN %, LA NULL &5 4
RSHP GRS AAETY R, R A3 By @4 . ax. BEOREH SO O T R EUG)
HISCIEAS o %R E0H A AN SRR H 2R 4 DOF_ANALYTIC Y H HIBEX 4

A.13 HHESZ®E

SpecialDofType (type)

F T HIW—AN B b 2R A S RE R (DOF_CONSTANT BX, DOF_ANALYTIC) F%%.


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

Al3 BHEYLHE 63

DofTypeDim (type)

SREN R 4E 5. vype 9 FHHBES AN 5.
Dof TypeName (type)

IR B BRI A4 FR . type A H HEERAIN 4.
DofTypeOrder (type)

AR A BRI 2 I 8 sype b B HIERIIN S
DofNoData

HT DOF (1 userfunc i1, FnGld 8 i EEA SN A il HdE 2 X .
DofNoAction

T DOF ] userfunc {5, KA H A RBEAT BN L 165 SE A2
DofInterpolation

M7 DOF ] userfunc B, &< Mk 4i4L RN A Sl B B AT 4 .
DofDim(dof)

IR X SIS (55T dof->dim x dof->type->dim).
DofData (dof)

R A [ b PR AR A b, dof O I BEXS B . AR ) b B i HE Sy A SERR A T

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

T[] T4 5 TR R B RS s (R d ks dof I BHFEXS SR, index A TR A IS 5 o
DofEdgeData(dof, index)

R[0S T4 5E 1 B el R A (R dh ik, dof b HHHFEXT S, index A IAMIAH SR 5 o
DofFaceData(dof, index)

R [ED6F T4 78 T B el P (e d ks dof b A HIFEXT S, index ATHI AL S 55 o
DofElementData(dof, index)

R[S T4 78 BTG el O (R dh ik, dof b I HIJEXT R, index A FRIGCIIAHIGR T
DofGetVertexDataCount (dof)

30 1] A TP T A T R P
DofGetEdgeDataCount (dof)

AR [ R A R T AT A PR
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DofGetFaceDataCount (dof)

AR [ P A R BT AT T R A I
DofGetElementDataCount (dof)

R [E]F R RS AT T (7R A R R
DofGetDataCount (dof)

AR A1 R R AR I
DofGetVertexDataCountGlobal (dof)

IR 4 Jay WA A o BT A TR e S
DofGetEdgeDataCountGlobal (dof)

R[5 4 Jey WA R BT A A B i BEESOE (R
DofGetFaceDataCountGlobal (dof)

AR 1] 4 S PR HH BITAT T e PR
DofGetElementDataCountGlobal (dof)

R Al 4 Ry RS BT AT oG (1) B i EEER K
DofGetDataCountGlobal (dof)

AR [ 4 JRy AR T e PO ) B

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

GUEEE BN SR g ARIREXIS: type N HHERA (DOF_TYPE): dim b H HEEX G 4E 4L
(FAMLE dim PN H); name A H HEX G AR userfunc $§E 51% B H1 BT GAH IR H P A
4 (BHJ8A % DOF_USER_FUNC), FHT451% H tHEEX ZIR{H, userfunc W LAUKF#R(E DofNoAction
579 DofInterpolation, HIE 2R ANKE A i B S AT A BIRME  FRME, S5 3827 2 A% 4 AL BSOr AL I
HEAT B A .
void phgDofFree(DOF **dof)

BB H X 5
BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)

BOE u->DB_mask [I{H, BIEUR PN u->DB_mask A HI{H.
void phgDofDump (DOF *dof)

FTEDE BN R A2 o 05 TR .

void phgDofSetDataByValue(DOF *dof, FLOAT value)

K F BN SRR AG A 1R € value.



Al3 BHEYLHE 65

void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])

B B X S BIE aa N $8 2 8. array_of _values L7 DofDim(dof) ML, 5 eREUE N
gy BN EAH R Y

void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)
K H B BN R BRIt vo ANBEJS Al 28 S50 A, PR S HA B 1 i T
DofDim(dof)
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)
HE 2 RO B BB S {E . 2% DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)
R AR E H N R AR ML (557 DofGetDataCount ZFE—HF).
size_t phgDofGetDataCountGlobal (DOF *dof)
IR [E4EE B HEEAT R4 JREAE K S (5% DofGetDataCountGlobal JIfE—HF).
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)

T A BN R A4 € ST Fe e AL EIE . dof h HHIEXT S e HHIC: lambda A HLAA
bRs values N HNZEN DX, I TAFBOHS M 10 B i BEAEL, TR RE P IAZ AR TESE P DI R/ o 3R [ i
ZZrh Xt

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

£j phgDofEval KL, (HTHE B X G BB AR 45 3 s IE - gradbas & — M4, W8 B HE
S IUALE BT R BT A L R BB P AR, W15 gradbas A% 4541 ) phgDofEvalGradient K ANE & 1M
HATTHE L R BUIBE B . gradbas S5 N B4 T 57 (F38F G — L8 0 4% 1A 55 bR BI0BE FE AL RT3

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

L phgDofEval ZBL, {HIFH H XS I BUELELS 2 HIEH . 40 gradbas N HESEH 5K
e phgDofEvalGradient o g —FE,

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

55 phgDofEval ZML, (HIlH H XS Curl 4558 M. S5 gradbas MRS5S
PR phgDofEvalGradient o —F.

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

QAN A XS, BT sve MIBREE . name 45 T H HHEEX R Z K. newtype 45 HHT
HHEEXT G IR, S0 LU NULL WIER7RHT B B X SR 45T src->type->grad_type,
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F A.1 phgDofMM HFRYGEPFHEHNIZE X R

transa JU{H | transb HUE | FFEAER S0 PRz b
MAT_OP_N MAT_OP_N Cuy = o Awg Bxy + 3 Cuy
MAT_OP_T MAT_OP_N Cuy = o AL, Byy + 3 Cuy
MAT_OP_N MAT OP_T | Cyy = a A By + 3 Cuy
MAT_OP_T MAT OP.T | Cyy = AL BL + BCuy

DOF #*phgDofDivergence(DOF *src, DOF **dest, DOF_TYPE *newtype, const char *name)
A AN NS, BT srce IIBUL. name 45 3T H X R4 FR. VER DofDim(src)
WAL 3 4. newtype 4 HUHT A IR IIRAY, S H RICY NULL W78 H B EEXT K

KIAET src->type->grad_typeo
DOF *phgDofCurl (DOF *src, DOF *xdest, DOF_TYPE *newtype, const char *name)

B B XS, ©%T src 1 Curl name 45 H#HT B H X SR 4 FK . I DofDim(src)
WWIE 3 A5 newtype 25 VB H HHEEXS RIZRAL, %S 40an IO NULL R 7508 B X %01

KT src->type->grad_type.
DOF #*phgDofCopy(DOF *src, DOF **dest, DOF_TYPE *newtype, const char *name)
A A RN S RSV A R, N, AT ER N RAD =B Lagrange 7t

(1) B EEX BE IR G — A28 i Lagrange JGI H A% o newtype 45 HHT H HHEERT SR 1126
B, S EN RO NULL W8T B EEX SR IYAE T sre->type->grad_types

DofIsOwner (u, index)
R4 58 1 1 bH B A5 R AT PR T

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

I C:=a op(A) op(B) + BC (A4 T BLAS 1) GEMM pREL, o op RRF B EIAHE),

1% PRELE SR DofDim(B) = N x K 2 DofDim(C) = M x No transa I transb A PL43HL MAT_OP_N
(ANEEE) M MAT_OP_T (% &), Aol FIFEREYER SO R R R AL &t

! blka < 0 IFRIR A 4ilRE, B 2E5K DofDim(A) = M x Ko

2 blka > 0 I, IR A & DIP PRI AR, X APCK/N N blka x blka. BUIEK M=K, blka
L% M, JFH DofDim(A) = M x blka. —FH TS ILE blka = 1, BEI) A RIR— M x M [FIX FA%E
P, DofDim(A) =M, A "R 43 FRE R A B R AT 3R

A ALK NULL, 7 A B, N ESR M=K, 24 a =0 I B AJ LA NULL. 24 8 =0 I ¢ AJ
DA NULL, MGI, RECRIRE—AN8r B BN S, HALY B (2RI, 4E%0h M x N,

T RN TE T PR phgDofAXPY I phgDofAXPBY [¥IIhAE.

DOF *phgDofAXPY(FLOAT a, DOF *x, DOF *xy)

Wiy = a* x +y.a==0MEATHFEM a == 1 NENTHHEMRN, a == -1 NEHT
A
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DOF #*phgDofAXPBY(FLOAT a, DOF *x, FLOAT b, DOF *xy)
WH y :=a*x+b*yoa==05b==0KAMYTHHERLEEL.
DOF #*phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

114 y := alphaxA*x + betaxy, #1397 BLAS FFiJ¥ DGEMV. 3 A == NULL HJZR/R A K HA7
FE, 24 DofDim(A) == 1 IEIR A IbrEFeLUHAA P, 24 DofDim(A) == DofDim(x) M7~ A KXt
B, 124 DofDim(A) == DofDim(x)? M~ A Al

FLOAT phgDofNormL2Vec (DOF *x)
THEL A BEX RN 1) & 2 uH, BT A H BT O BT
FLOAT phgDofNormL1Vec (DOF *x)
THRE XSS R & 1 Je%, BT B R B ZERHE 2
FLOAT phgDofNormInftyVec(DOF *x)
T H B S R IS5 e L BT B b R 1 s R4l
FLOAT phgDofNormL2(DOF *u)
THEL A RO TR I AT BRTC R B L2 A (R .
FLOAT phgDofNormH1 (DOF *u)
TR B X BT N A BRI HY AR (B
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
R[] dof fEHLTG e FFRICINGRS A index M1 HHJEAE F HIEEXT S 1405
BTYPE phgDofGetBoundaryType(DOF #u, INT index)
FRE A B AR I AR, index & [ AR S A S0 5 o
BTYPE phgDofGetElementBoundaryType (DOF *u, SIMPLEX *e, int index)
FRE A H AR I A5, index St H AR SR IC NGNS -
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
SR H AR ARBRAL B, index J H AR SR IC NGNS

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

T 28w A EERAY, 45 Lagrange 76 DG Ju%E, Wl ABGEREL v M0 XL | hE
B InitFunc, &F 4.1.3.

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

TR A 20 40 PR RS PR A (B R K5, T A BRI P ) InterpC2F Jli, SF 4.1.1,
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void phgDofInterpF2CGeneric(DOF *dof, SIMPLEX *e, FLOAT **parent_data,
FLOAT **children_data)

P 40 D A SR PR RS PR EL R K, T B BRI InterpF2c J 01, BF 4.1.2

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

X HHEEXN S u 7EHTT e A bas_index MNRITIEE RS, WIERAHNAT B A S AR E At
© u->DB_mask "IN, WZpREAMATATALRE, pREOR [BI{E Y FALSE (lﬂiﬂﬂ’/ﬁ% F mat A rhs). 1
W, HRHE func 45 H BOIUAE S AT B BGA AT RER) R BUA 5 I, 3385 mat A1 rhs IR 9145 HIRE
PR R Bl TRUE.

NI @ %7K bas_index, n RN HICHERE ML (n = u->type->nbas), ¢; KR j MR
K wy ORI BEHE, 0< ) <n.

X} Dirichlet 11 5451 () Ab BER H H G L2 B8

HEAGH 2K u->type->points != NULL, BLINFEREBE B FEE AL R, L5 TR A

u; = func(x)

Forb 2 O H H A B I ARKR .
W u->type->points == NULL, WiAF /7Rt L2 #sgtis, B

n—1
;(/‘/¢j~¢idV>uj:/vfunc~¢idV

Hoph v £oR B HBEFTER TS (WS BB 4 G BB (M E B Bt (o0 A HE).
M u->dim > 1B, AT w->din A, HTITH M REOE —FEK, B mat KA
SURIE 0 ANRE i R AR 75 0 X 28 R AT o rhs TR u->dim AN 500
S8 proj fa B ST HE IT, H i A f8EC4 DOF_PROJ_NONE (A#%5%) 1 DOF_PROJ_CROSS,
HrhEE N BEHAE u->type->dim % 3 == 0 FIIHAL, H TAEHE Maxwell TFEIA G uxn=gxn.

A.14 HERS
KB PHG BUEAR 0 H P BB A TE RN, EA TR 75 22BN 7
QUAD *phgQuadGetQuadlD(int order)
REIFFE TR E KGR (I 1—4E (e k) KA
QUAD *phgQuadGetQuad2D(int order)
RIEIFFERERE R (I =4k (=) KA
QUAD *phgQuadGetQuad3D(int order)
RIFIFFETRERG R (1) 1 =4 (Wit sKREIA A

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

IRl —ANF S X ik, AP A5 B userfune R T quad MIFTE B RARIME, dim /2
PR AR R, —
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ZRHCK R T — AR cache ML, 4 2 AT [F]—AN B BLE R — S e b R — AR 4 AR
3 RAMER T DL R R VST . N H R : phgQuadFuncDotBas.
FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad)

R[Al—ANFRA L X bl S B XS u BT quad HIFTA RS s AR A

ZREUN E cache ML, 4 A ) —AN B B X S AE [ — AN B oo b [a] — AR 7 IR g3 sl Ak
B AT LS S 2 vH 5 () W1pR 21 phgQuadDofDotBas). J34b, 4 u->type->invariant A TRUE Ei&
A AR E R R u SRR (28 B 1) . NHZRPIZE phgQuadDofDotBas.
FLOAT *phgQuadGetBasisValues(SIMPLEX *e, DOF *u, int n, QUAD *quad)

R A —ANER AR X il Horp s B R u->type HIZE n NEREAER DT quad HIITE
Uy mAR A

ZEREN B cache HLHI, 24 R EATHT A —AN 1 pb BE S (1) 36 ok B07E [) — AN S b ) — MR 1
(IR 43 s AE IR AT LR B H 2 v H 5 (Wﬂﬁﬂglﬁl phgQuadDofDotBas). A, Y u->type->invariant A
TRUE ‘B/IEA] DA B UHAL u (IR (2 8 1) NH/R#HIZ % phgQuadBasABas.

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

R E AN gz Dbk, Ferh LA B HERAY u->type S n MR EER 7T T quad
BT A B )AL I
iRe MRS phgQuadGetBasisValues AL, Eifﬁﬁ%@ﬂé?i%‘pthuadGradBasAGradBaso

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

Rl S Gt X ik, b B HERA u->type (U2 n NMEREL curl FEB> T quad
I TRy RIAR I
DiRe S phgQuadGetBasisValues Ffl. N H/R|Z % phgQuadCurlBasACurlBas.

FLOAT phgQuadDofDotDof (SIMPLEX *e, DOF *u, DOF *v, int order)
WHEAMENS w5 v I3k (W) BTG e EMARS. order FRERINAKX M, e/ T
0 =45 T QUAD_DEFAULT I, o 1 pR 480 H Bk £608 200 B SRR A 2

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

WHHIC e FAMBEXNE u U o NMRFEEERES B HEXNS v B o AN RTIER T N R
TG e EMIFY . order Z 8145 X F] phgQuadDofDotDof. [ HEEXI%: v ANfiE &y DOF_CONSTANT Al
DOF_ANALYTIC 87,

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

TR KA userfunc 5 HHAXN S u A o MERETIT (W) BTG e LIRS . order
Hy 2 IA] phgQuadDofDotDof,
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FLOAT phgQuadGradBasDotGradBas (SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHBEHBEENS v 5 HHENS v IR RN BTERTT e BB n Fl m 7351
S u A v RS 40T o order Z2EU1I % X I phgQuadDofDotDof. H HEXS u Al v Afig
A DOF_CONSTANT F! DOF_ANALYTIC Z5%Y,

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

VWHHBENS o 5HBENS v FRHEREN curl ABTERITT e LA o Flm 2351
G u B v (R R YT o order U1 7 X [F] phgQuadDofDotDof. [ HEEXI 4 u Fl v AN fE
A DOF_CONSTANT F1 DOF_ANALYTIC Z5%Y,

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

R BHBEENS v 5 HHEXNS v RN RBERTC ¢ LR n i v B R
T, WSS R res 188 M2 X IR A2 ph X L (34 u oA ) 5= pRELI oF 5 45 SR 2 M 8l » order
ZHH% X IF] phgQuadDofDotDof. HHIEXTS v ANfiE A DOF_CONSTANT F/l DOF_ANALYTIC K7,

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

WEHENS v SHENSR v B35 o AR NARTER I e BRI, B2EK v 3R
HoEReERE, X255 phgQuadDofTimesBas AR Z Ak o

FLOAT phgQuadDofDotGradBas (SIMPLEX *e,DOF *u,DOF *v, int m, int order)
WA w FEREE S HHE v 928 m MER BB A BRI o LIRS
DOF #*phgQuadFaceJump (DOF *u, DOF_PROJ proj, const char *name, int order)

THESRE B HENS o 1 (T Bhs, 8% TEREZE T eaR B &—ANE B B X
% BN —AME, ZEIE o 7R BBk L2 BT . 280 proj $RE WA w BEATH
#%: DOF_PROJ_NONE 78 AFL5% . DOF_PROJ_DOT 7~ -5 [Hl HLAv2: m) 5 54T W B DOF_PROJ_CROSS #
7N T A Y ) B REAT AN (L) o order A A B

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

T HE u 55 o ANIEREUCB R LR EHERE A ST A HIE v 05 m AN IERR AU BAE T 5
JG e BMFY. M A g NULL RonIL R BB, A 1% p% £ % [F] T phgQuadGradBasDotGradBas. A
H AR FRE I, DofDim(A) WA T 1 (I BT LLHAT FF) B DofDim(u) * Dim (FR7xf AFE) B
DofDim(u) * Dim MV CGRARIGFED, & RS DL M A I

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

TR A B u 55 0 MERECERREGHIE A RO A B v 5 0 MERETE R IT e EFY. A
b NULL 7 Hohy SRR R, MM % R $02% /) T B 81 phgQuadBasDotBas. A A IEZS 354, DofDim(A)
WIREE T 1 (RO B LA FE) B DofDim(u) (7S A FE) BE DofDim(u) V75 GRARIFE, &
PR D0 i A A It o
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FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,
int order)

THRE HIE o 55 o DMEREI IR SEERE A (IS B v 025 m NI R BN TR BRI e
ARG o X A 2 S 4E R ) [F] PR 2L phgQuadGradBasAGradBas.

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

T AR u AR S RERE A BOTRAS A B v ISR o IR R B I N BEAG e IR
Iy o Kb A (258 K 4k PR i1 1] 6 4 phgQuadBasABas, X B 25K DofDim(u) 45T DofDim(v) * Dim.
A.15  ZERREER

H AT Z ML 2 e D UM 1, M e B BN ot L .
INT phgSolverMapD2L (SOLVER *solver, int dof_no, int index)

IZ[A] solver M) dof_no ™ H X ZH I index AN H LM RS ) R B B S

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

IR[F] solver HE dof_no NN HHEXNZLERIT e LI index N H HEELME RS H 1M H
T o

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

BRI % . oem_solver THEMEIEHE, W HL SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.

SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG . SOLVER_GMRES B SOLVER_DEFAULT. HJZZZ%{ (M u
THIR) @ ARFNESIZR, PL NULL 850 IR [P 82 R AVE AR X B3R ET .

int phgSolverDestroy(SOLVER **solver)
BISBEAR N B, BEGE T BRI

int phgSolverAddMatrixEntry(SOLVER *solver, INT row, INT col, FLOAT value)
¥t value fE S INEN L NE T AL REGHIE Alrow] [coll b, Hrh row Ml col KA S 5.

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

¥ values ") nrows x ncols NREME B MBNLME T FRA REUEFEF, rows Fl cols 4l /il
o5 th RBOE FEAT RS A B G 5
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int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value (R MNBLNETTFRALH index NAHGI, index AA ML .

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

$ values K n MERIMBN LN R A I, A indices 45 HIXLEAT IR A G 5
int phgSolverAssemble (SOLVER *solver)

MAELeME RS H P FEIF5¢ I 4 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.

ptholverAddRHSEntry,ﬂ]ptholverAddRHSEntries BRI I 5 AT DAAE SR T FH 12 bR 50K 50 i
AV R A R A S AT D phgSolverSolve 2 AN e R R RS
ik

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

R L ME AR GUIR) AR B B A i TUAZA T s e s A it A% 5K (CSR) i i 204 5€ S - matrix_fn 47
ARG S 4 matrix_fn &5 AT D4R SCPF A4 o matrix_fn DX matrix_fn 0] DO2SREL,
RN ANE AN SO o %P A H AT SCHRF AT N PE R S

MAT #*phgSolverGetMat (SOLVER *solver)

ARIUFEAS TP I R BOERE . %R BUR[F] solver->mat, JK solver->mat 95| FHTHEUIN 1.
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

QU ALl mat N REGEFFRIMRES, JFH mat (05 1HIVHEON 1.
int phgSolverVecSolve (SOLVER *solver, BOOLEAN destroy, VEC *x)

SRIBLMETTRRAL, x IR REA B o 2 B0 1 B S U phgSolverSolve 451 ] .
int phgSolverSolve(SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

SRIFENETTREAL . WARSEL (A u THIR) 45 HIREN RS, B NULL 4500, e TIN5 W) ah R,
B H I AL 2o RGN . 1 BORFNR AR P AN ORI B2 Y phgSolverCreate M —3K, 415
destroy == TRUE M3, JUISRA5¢ BE Jo 37 RIS S8 5 KO B ANA i 0 LURE TN A7 1% BR BRI e 285X
U (RIFME (= 0 FoRR B R AR R) .

void phgSolverSetMaxits(SOLVER *solver, INT user_maxits)

BEEAR ML S BRI B OIEARE . 77 T 2 o BN T iy A7 8 L R e RIS R
void phgSolverSetTol (SOLVER *solver, FLOAT user_tol)

BEEAR ML B BNEARE L IR 77 U P 2 o KON iy 4 AT 1 A I A R L IR (LK 2R
void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

¥ & SOLVER_PCG F1 SOLVER_GMRES fiBVE#s X% solver TS 1o BRIANAE T jacobi Figett:.
F ] DLl 1% s B s £ PC_PROC pe_func SEILE 24 HITISAT T-o 24 pe_func A NULL I, ERiAH



A6 HAEE AT 1 B 3

phgSolverVecSolve (pc_solver, FALSE, *u) >Kf# Mu = b, J0¥f u i[9l Forr M 5B pe_solver
int phgJacobiSolver (MAT *A, VEC *b, VEC **x, int max_its, FLOAT rtol)

f# 1] Jacobi Jjik, KA# Ax=b, ¥4 RIRTFAE x F7 0 VEC X5 G20 R fi AL T 1% pR B i
it phgMapCreateVec B o PR [BIME A S PRk AKX EL . max_its AEHBKIERDEL, rtol For
AL L IR

void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(#% HYPRE 2.0.0 3L FARA ) 52 X HYPRE AMS 4T 1 Ay 1 Ag HiFES
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[} phgSolverHypreAMSSetPoisson, HT a Fl 3 A H AT IE .

A.16 FHEERFHEEEHE

A.16.1 BE

EIGEN_SMALLEST o I8 5/IMA n ANMRFIEAELFVERE ) =
EIGEN_LARGEST o TN n AMEFIEAEFVRRE ) 2
EIGEN_CLOSEST o tHEIRFELT tau ) n ANEFAEE AL 7] &

A.16.2 SEMFIEEMESS

phgEigenSolverARPACK > PARPACK FFFAH ML 4%
phgEigenSolverJDBSYM > JDBSYM FREEARTESS
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) FFAE{H fifi): 2%
phgEigenSolverSLEPc > SLEPC FREEMFILAS
phgEigenSolverTrilinos © Trilinos/Anasazi FfiE{H AL RS

A.16.3 EOERH

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

TR R M Az = ABx 1) n MFAEAE /AL 5. which W] LLHX EIGEN_SMALLEST (#/)h
¥$4EAR )« EIGEN_LARGEST (¢t K4S4EAf) M1 EIGEN_CLOSEST (F¢HEiT tau MUAFAEAN). nit 3R [FIEACIK
5, WA w, ... 41 DOF X RIEAL, B A BRI DOF W R A S A i B
(1) DOF X % —5, FAELLEE n 4> DOF X5, R[04 2 FREAE ) &

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

THET SCFFEE 08 Ax = ABx 1 n ANRFAEEFVRE ) 5o FFAE 0 Sl T *evecs 1R[] (Wit
NI xevecs == NULL, WiZRECH HEEIE N EX %), HRZH S phgMatEigenSolve 11X}
INEAG I
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void phgGeomInit(GRID *g)
Faa e LTS (A SR -

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

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e)
Y CIE R IHIDNEREE

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)
R 8] 45 5 PR IC I EL O ARBRIF Jacobian

FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face)
MR [BIFEE HW L, face A I HICHS o

FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
IR[BIFRE MY EAS, face A HRITHY T

FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face)
TR R R T AT VL T i, face ATHIM R IC AT o

FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
IR A1 5 I ) BAL AN A B, face AT HIC A

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IR A1 2 1l R IRARAR (2,9, 2) FEHTT e TR ARRR.

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

R[EIHTE e FPHEE HOABR I R R AR
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BDRY_USER1, 5, 17, 18, 50, 50
BDRY_USER2, 5, 17, 18, 50, 50
BOOLEAN, /9, 57
BTYPE, 50, 50

BYTE, 49, 49
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phgCalloc, 57

CHAR, 49, 49
char*phgExportDX, 62
char*phgExportVTK, 62
char*phgOptionsGetFilename, 60
char*phgOptionsGetKeyword, 60
char*phgOptionsGetString, 60
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phgCoarsenMarkedElements, 61
COORD, 50

Cos, 50
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DIAGONAL, 50, 50

Dim, 4, 24, 28, 29, 49, 50
DIRICHLET, 5, 17, 18, 50, 50, 62
DOF, 49, 50, 73
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phgDofEvalCurl, 65
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Fabs, 49
FACE, 26, 50, 50
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FALSE, 49, 49, 57, 68
phgFinalize, 50
FLOAT, 18, 49, 49, 50, 58
FLOAT*phgGeomXYZ2Lambda, 74
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get_cache, 35, 36, 36, 37
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phgGetTime, 56
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GRID, 5, 7, 49, 50

GTYPE, 50
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phgImport, 15, 17, 62
phgImportSetBdryMapFunc, 17, 62
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phglnit, 39, 40, 49, 56, 58

INT, 18, 49, 49, 58
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MAP, 43, 44, 52
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MAT, 45, 46, 52
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phgMatDestroy, 54
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phgMemoryUsage, 57
MIXED, 50, 50
MV_FUNC, 45, 52
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NEdge, 4, 24, 49
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NFace, 4, 24, 49
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OEM_SOLVER, 50, 55
OPPOSITE, 50, 50
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phgOptionsHelp, 59
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phgOptionsPreset, 39, 58
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PC_PROC, 56, 72
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phgRefineMarkedElements, 49, 60, 60
REMOTE, 5, 50, 50
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SHORT, 49, 49
SIMPLEX, 4, 7, 50

Sin, 18, 50
SOLVER, 41, 50
SOLVER_DEFAULT, 55, 71
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SOLVER_HYPRE, 59, 71
SOLVER_LASPACK, 55, 71
SOLVER_PCG, 55, 71, 72
SOLVER_PETSC, 59, 71

SOLVER_SPC, 55, 71
SOLVER_SUPERLU, 55, 71
phgSolverAddMatrixEntries, 41, 71, 72
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phgSolverDumpCSR, 72
phgSolverFinalize, 71
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phgSolverInitialize, 71
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phgSolverSetPC, 72
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phgSolverVecSolve, 72, 73
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UNKNOWN, 50, 50
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phgVecAddEntry, 44, 54
phgVecAssemble, 44, 54
phgVecAXPBY, 5/, 54
phgVecCopy, 54
phgVecDestroy, 54
phgVecDotVec, 55
phgVecNorml, 55
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phgVecNorm2, 55, 55
phgVecNormInfty, 55
VERT_FLAG, 60
VERTEX, 26, 50, 50
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phgWarning, 56
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