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1.1 [EAmME

PHG AbF ) RS A G — 4 — 4 =R = YE DU AR P RS o H AT ST = 4E DY 144 14
B, — HERNE LR AR R SE B

1.2 BiHInE. 2. Bl%ES

FEANPUTHAAR A TC A, DYANTR S 20 3090 54 0+ 1. 24 3, ANZLHI95 0 0 (& TS 0-1)4 1 (1
EIN 0-2)s 2 (RATA 0-3)s 3 (WETA 1-2). 4 (BEA 1-3) M 5 (ST 2-3). PN
BT A 0,1, 2,3, P i SEAEE TN ¢ . JX S5 7 BIRR A T IR ) BT P 4

1.3 ZHHEITAEL

PHG ST ) B 00 R AL S0, R “ AL S0, b, K%
0, BRI, (7 55 5 2 AR T TR, 45T 50—, W 11 B ek
5 W AT A 0 W TEH AL AT T AP 22 0 B TE R B T3«

A3l T
=
THIT 0
L1 PUmfAR e — o 4tk
PHG F R B4 EEIE T [2, 7, 9, 1]o Botdifbil ks 5 H T BiENA TR o4 ALBERTA

[11] i, REASFRICHOR T — bR, SRR 0 (BT TR 0-1 I3 A Akl . HIaa ks,
BT R BN s g 5 W] LA P 4R0E, AT il PHG B34

BT e, A A ITIT R 0 ()T ITRRA THIT 0, B CHITT AL 1 18I0k N 180T
1, T ICTH AU g 5 PR TR S F T T i 5 AR AR E o R T SCRHT A G MRS (1 414k, PHG
fHH] 5 FhEpIeA, 23517k O (opposite)« M (mixed) D (diagonal, X§ % T ALBERTA f£] type 0)« F
(face, ¥J . F ALBERTA [{] type 1) 1 E (edge, X W.F ALBERTA [1J type 2). iX 5 F IR
FEWE 1.2 Fior.

1.4 BRMIgLEH

U i A A% 22 3 S S SR o3 B on i e s AN LA TN 4 i) S SR . — AN Fosii e
JEAE N ARG, 23R S P F 8T8, JrA i ST B T AR Z . PHG DRIE 4 IR A%
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B = mE o oilE), fEXAMI R, WIS AL S — AN TG e, 4 E AL —IRAT BN ASHT LT
er Ml oexs FHFE €1 Il eo KA —IXAFRIVUASBILIC €5, €4, €5, €6, TGN €3, ea Fl e5 KA — X1
ilj%ﬁ_ﬁﬁiﬁ; €7, €8, €9, €10, €11 Gl €12 F%%M*%Hﬂ €6, €7, €8, €9, €10, €11 A €12 *’Qﬁfco

el0|el2

e9 |ell

e7 | e8 e6

B L3 RIS 0 SR A, 20 G BRI AT O T
RS ) R " ISR R TR TRURIO R A TR G

1.5 HHREXMIZ

M p ANEFERATIATAL LN, PHG KBRS H 20 B p AT RIS PHG (1 RISl 2 3L ook
17, R A TR S R p N A A, A TR B A A% . AN, iR
A% 2 AR (0 SO0 B p A7 B, BERR AR G055 RS (i s e T A i (BJR R
JG)e B 1.4 R 1.3 RS 2 S AT (p = 2) IFES TP AT R B, P
M%@;é\u+¥$fﬁ €7, €8 %ﬂ €9>» %:4\¥M$§@é\u+¥$fﬁ €6, €10, €11 %D €120 Yﬂf%y E;ﬁﬁ%*ﬂﬁp,
M B0 B AR R, AR AEM 7 B AT B F A o XM b R BE 5 A W 2 IR ) kAT 3 g, SR
HIAT TS FE

el0fel2

e9 ell

e7 | e8

submesh 0 submesh 1 subtree 0 subtree 1

Bl 1.4 I3 A7 202 DR R (B B 454

1.6 BRIAHRS. KK SHERES

PHG LT %, TN 0 . Mt E S, A = HRRING S 73t 4 R0H
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WS, I SAE T IR S, T4 R g 5 W T AR 4R RS (R 2 5 o BITAT 9 5 N
0 JFafio i, TR CA g5 1E 0 — 3 Z[A], A 575 0 — (nvert — 1) Z[A] (nvert AR
), RS 0 — (nvert_global — 1) 2 [i] (nvert_global 4= Jay M HH R T 5 20)

AN RITHAAE I, R ITAR R R T AR T T A AR A4 SR o BT AL (B4
I ) B AN BT G

T TC L AR I, LR A DY BRI A A0 VRIS TR A
BRI PSS, TR T D R R TR AURT S RS (R S TR B TR R . PHG 2 A 4
il b2 R G 5 BN T (R D) B Ak AR A B s AL IR 5, T g 4R D) IR 25 B il 2545 2
B A (42)5) .

FHTEIL A 5 A AT, LRI YR TR AR ORI o BT RT, eA
A FRL TG A, A AR TR P A THT AR PR 4 BT DR e A R T, T R 0 B P AR A ) TR . PHG
258 AL AT IR P AN TH R P 4 S - S50/ R T P A A D754 T 0k 4 S8R o 0] WA THT RS 4t 5, 0 53 4b
PIAN DI TR T 20 BCFT IR 4 5

XTI S, PHG "2 5E B S BAT BN 4 R g5 (R 44 72 b 1 TH ) 7 B 4k S B T
G5, MR — AT B TCo BORT 9 o

1.7 —iEs

g PHG Hh&e i H 20— &, S 1w AR k30 phg.h .

Dim R YEE, —4Emth 3.

NVert. NEdge I NFace 7 HMREER—ANFICH TS« AR H o X T = 4EDUTHAA R ICI 5
NVert = 4, NEdge = 6, NFace = 4.

1.8 Bk MIgxREFELEM

1.8.1 SIMPLEX Z5#43
PHG iR e B3R 454 2 SsIMPLEX, Hrp & FJLAS R0

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 KM R A E5 A g

L, children[0] F children[1] 43481 51JC; neighbours [i] 7 [m 2 4 AN b 20 5 B
JC, TR @ i S neighbours [i] #3454, WAk ¢ ERIEEEATEAM, W) neighbours [i] fi
[Fa) (1) A 3R 1 A% TR €005 OC R (R — N 5 K (Rl R P 8 AN 50 ) s AHN ML, bound_type [¢] &5 HYIHI 4
(P FEEAY, e e B IH—LE ([0 4% A7 41 : INTERIOR (PNF51HI ) « DIRICHLET (Dirichlet 11 54 [f]) - NEUMANN
(Neumann 14 ¥1fl) - BDRY_USERL (JIJ /7287 1 44 5417) . BDRY_USER2 (JH /7282 2 34 FL1fi) . UNDEFINED
(A& JAL L ST R REMOTE (408 JE 22 2L 7 IR v ) Y 0T, R B R (1) P I 11T ) parent
FRIACHTT, ARYICIN S parent N TEN. PHG foUF AN AL 5 2 A5 &, 41 DIRICHLET Al
INTERIOR, XAFAEREATA PR ICTHSI m] LAAE A T E e e 1 R A

verts[]. edges[]. faces[] Fl index U2 7 MORAEIN A 34 AN CHI AR 5, e84
e 45 ] LLAy 58 H %7 GlobalVertex. GlobalEdge. GlobalFace Al GlobalElement 3K75, 4, 1%
W g AR A HT PR 4R (GRID *), e AR M —HICIIRER, W) e->verts[0] 43l HIT e 12 0
AT ALY %, 11 GlobalVertex(g, e->verts[0]) M4 HIZIN A4 RS (X TIE0Am=0T
W A 2 5 5 A R g 2 FE) .

mark Ji b3 FH T B & N o SR bR A A BOHAL I BT, mark > 0 RN KRB X FICAAL
mark /X, mark < 0 K/ VPR IZ TR 2 —mark K.

1.8.2 GRID %&#4
PHG ik A& B 5de 4589 & GrID, Horp & FJLA FEER A

typedef struct GRID_ {
FLOAT 1if; /x RERTFHEET +/
COORD *verts; /* TR,& 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 A5 */
int nprocs; /* HAREL (FRAELHD *+/




0 £—7 ERiLE

#if USE_MPI

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

X SR N verts LMK nxxxx. nxxxx_global Ji /.
verts HALH T ORAF 1 RS Hh T A TOURU Rl s 7 AR B, 42 TR AS M 20 5 WU A2 T8 9, A
g NIMIETREL, e AIICTREr, W e M ¢ DISH 2\ yv 2 ARSI 54 -
g->verts[e->verts[:]1] [0]
g->verts[e->verts[:]] [1]
g->verts[e->verts[:]] [2]
nleaf #7141 AR AL S I A CH, IS T RS 1 508
nvert_global. nedge_global. nface_global Fl nelem_global 43Jll%5 t 244 Jas A% 1) T 5
B L AR IO BAR, nelem_global 5T A ¥ M H 1 nleaf {H 1. IXLER LT HE
Firhse 4 —FF,
nvert. nedge. nface fll nelem 7% XAHXS & %28, CAT 12l 55T T0 A L 320 TR TG 1) e KA
o 50 1o XFAR AT IR, EAT 55 T G R T R K BL R R O R B C A
AT A XM, nvert 55T PRI T A2, nedge. nface Fl nelem [MME NI WIA% 1) 40 A1 J7 X AT
Ko XL A, F A7 800 — 4] -7k BT IX L R IR0 o RBHIER A% L & — BT
eor FEILAME — AT BIPIASTHIT eq T e, FFIXPHASHLICH BRI A% KA 53 R IS WA, 1 1A% 0 4
e, THKE 10 e WK 15, ETESAMIBFRIL I A G 5, 55 WAL 4
R, IS TR 4 R T AL — B0, ACHE 5 AR ELMS. 78 0 HETT e 1 e BB, e HI=
SAAAM (42)R)) 954 0(0)~ 1(1)s 2(2)s eq =AU MIAKR (42)5) %5 R 1(1). 2(2)~ 3(4), Ktk
nedge HIMEN 4. TH 1 HEATT eg e FIK, eo HI=RILIIAHE (22)R)) 4524 0(0)« 1(1). 2(2), e
1 =40 A L (42 )5) 4a*5 0 0(0) 3(3)« 4(4), L nedge MMEN 50 A AL HLICHI T I (1) G
GHNKRRIESE 1.6 BT

) (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, 5 AR T, 355 WA RS

R, PR AR e T 3 T AT OGS S K F R T 7 P RS i Se B B &
% TR AR I .
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1.8.3 types_xxxx #¢H

GRID 4144 PUA ik b types_vert. types_edge. types_face i types_elem, EATELEE 7 )
i nvert. nedge. nface l nelem A4, Horb 03 i+ A& IO A 34 TR TG A 5 .
XL JE AT 5 SIMPLEX ") bound_type FUAL—FEMIFREAL, I HIEMRYE bound_type FW4LH HIh5
AT IE I (AT R B R bR AR A T I S 1 T it s ) T a2 A 7 3 iz I 45 51
10 T8 (320 bR 75 W KJE T bound_type 2H41).

% T bound_type "I HIFRENISL, types xxxx AL — RN OWNER (W47, R 5T+ M
R AT A8 T o AT A, — N0 AT REIR] N & T 21 A%, X Le-p g v U — AN idia 2 e
(M@, 7E% T MK L types_vert[i] ] OWNER 1724 1, 7EH4 T MH% I owNER {73424 0, b &
AN R A 2 5 o

™ types_vert[i] == 0 (iXHLI#H % & UNREFERENCED &7n 0) I, RRTIT i ANET 900 7 Mk
Rt oe, RIZIN SR 4T ks g o IRZAE LS, feil i A b g 5 0k T E 47 3 g 1)
B, fEEEN A HEEH (SZF BUE) M, NaZd mEd S TS, 7R KA,
Z 2 NEA owNER JEMEIT, 51

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

continue;

i1 THIATEA T 5, UNREFERENCED LA AH [F] 112 X,






ETE RS BRE. HIFERXHER

PHG (¥4 B AV 75 20— LRI S 8, B35 MPT. PETSc. SuperLU Dist+ SPC+ LASPack.
HYPRE. Tcl/Tk. VITK LK ParMETIS (5 METIS) %, AR SCHRAFHR AL AT 1K), (H 576 g
% PHG Wi &%t e MILMEIF I PHG 4 iBThfe. W ARAE Linux #4E RS, WG 2 he ki
ftp://159.226.92.111/pub/RPMS AFEAEH) VTK. ParMETIS (8¢ METIS) A& RPM U,

2.1 ERES5HF
75 PHG PRSI H b 4hd7

./configure

gmake

B4 L PHG ME 1ibphg.a. VER, 4iiF PHG 20U H] GNU make, 50T AEH4EY. PHG
19 1F S HAEIZ1T configure Wl LB A HEH5 0, 1817 “. /configure —-help” 1] L%
mﬁgme%ﬁ%%%omﬁ@ueﬁ%%f%%ﬁﬁ%ﬁ?ﬁ*%:

o CC: 7€ C Jit¥ds (BRUA mpice)
o CFLAGS: fif/€ C 4 ikiLIN
e CPPFLAGS: fi7/E C/C++ TiAbFHILEI (U1 “-I/0opt/include”)
o LDFLAGS: 15 HEHE I
o LIBS: Fi& HEH AL HI
o CXX: /& C++ Hitkes (BRIAH mpicC B mpicxx)
o CXXFLAGS: i€ C++ S iFFILI
S SUAUECE
o ——prefix=H & %: $fE PHG 2% Hx (BN /usr/local)
e —-enable-debug: Jii FIFEFH KA (BR)
e —-disable-debug: %IRRT IR
o —-enable-fpetrap: % I G FLVFINIT A i SRVF AU 1 MU TIE (BRIN)
o —-disable-fpetrap: A& HIHIKIT AL T H M ThAE
o —-enable-tcl: Ji [l Tel AL (ERIN)
e —-disable-tcl: ZEH] Tel AL
e ——with-tcl-config=X 1% : $§€ --tclConfig.sh X4 (JHT Tcl il'H)
o —-with-tcl-libdir=FH &% : $§& Tcl FESCAFHTAEN H 3%

9


ftp://159.226.92.111/pub/RPMS

10 F_F R BE. fHiFERXHEER

e —-with-tcl-incdir=FH &% : f85& Tcl L AHPTAER H 3%
--enable-tk: JiiH Tk AL (BRIN)

--disable-tk: &M Tk JHIAFE

--with-tk-config=3t % : #§%E --tkConfig.sh XIF4 (JHT Tk FL'H)
e ——with-tk-libdir=H & %: $§5& Tk F CIEFTLER) H %
--with-tk-incdir=H K% : 8 Tk Kk 3CHPTAEM H %

e ——enable-vtk: JiH VTK £ (FRIN)

e —-disable-vtk: 5[] VTK [

o —-with-vtk-cmake=ft % : 475 --cmake F2/7 (M T VIK ALHE)
o ——with-vtk-libdir=H &K% : fif€ VTK FECAHER H 3%

o ——with-vtk-incdir=8 &% : fif€ VIK kCAPTER H 3%

e --enable-mpi: i ] MPI JH B f&id (BRN)

o —-disable-mpi: ZEf] MPI 1§ B A8

o —-with-mpi-libdir=H &% : fi& MPI L4

e ——with-mpi-incdir=H &% : {1 MPI k3CIF#%

e ——with-mpi-1lib=/: $53 MPI J& (Ul -1mpich)

e ——enable-mpiio: JiJf] MPI-2 I/O K%L

e --disable-mpiio: 5] MPI-2 1/O B&%L (BRIN)

e ——enable-metis: JiJf] METIS (JF M%7, BRiN)

o --disable-metis: A METIS

e —-with-metis-lib=#: ¥§& METIS &

e —-with-metis-incdir=H K% : $Fi& METIS kAL H %

--enable-parmetis: i ParMETIS (T W& 55, BN

--disable-parmetis: Z8H] ParMETIS

e ——with-parmetis-lib=/%: $§ ParMETIS J%£
--with-parmetis-incdir=H & % : $5& ParMETIS k3R AE 1 H 5%
-—enable-solver: Jii HffVAE#E2 0 (BRIN)

--disable-solver: ZZFfikoif: 0
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e —-enable-spc: i [ SPC fi#ikds (BKiA)

--disable-spc: 25H] SPC fiftvkas

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

e —-disable-petsc: 5] PETSc fif#tiias

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

e ——disable-hypre: 25f] HYPRE ik a4

e —-with-hypre-dir=FH & %: HYPRE %% Hx (BRIME A /usr/local/hypre)
e —-with-hypre-libs=/%: HYPRE J# (BRINH 4 -1HYPRE, D ZEIHAT 5 BLAS il LAPACK J%)
e ——enable-superlu: Jii ] SuperLU_Dist fi#vk#s (BRIA)

e --disable-superlu: 2X/f] SuperLU_Dist it} %

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

o —-with-superlu-incdir=H &% : $§& SuperLu SkICHFFTAEN H 3%

e ——enable-laspack: /i H LASPack (%1?) fiftl oy (EjW)\)

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

e ——enable-papi: /A H PAPI #1

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

o ——with-papi-lib=/%: §§5& PAPI J (& M#1%, BRIAKN -1papi)

o —-with-papi-incdir="H F&: $§5E PAPI k3 Hxk4

o —-enable-gzip: Ji/] gzip MEILASCHF (SCFFIEEA gz RALHISCAE, BRIA)
--disable-gzip: 22 gzip filf R4 S ¥r

o ——with-gzip=AL/F % : gzip FE/F4 (BRIAA gzip)

-—enable-bzip2: i bzip2 MHEAESCRE (SCFFEEAN cbz2 FRIHISCAT, BRIA)

--disable-bzip2: 5[] bzip2 L4 L FF

--with-bzip2=A2 5 % : bzip2 FEFH (BRILK bzip2)

--with-blas=/& %5} BLAS %

——With—lapack=/fr— #5H LAPACK J#

--with-£77-1ibs[=/&] Fortran 77 Jif (%4W& “= &7 I PHG H hALM)
-—with-fc-1ibs [=/£] Fortran JE (W% “= J&” It} PHG HZhHI)
—--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 % CiES4S, HHTRA VIK M Trilinos £ 114& CH++ 1. K AR T B Sz 1
s, HEA C gmitassinl UL T . PHG i MPT 3 EALEESCIIRAT . WA MPI 38, M GE
e 4 PHG HIHRATHROAR .

PHG [t configure JAIAKMN C Fl C++ Guifas AL SEAE mpice. mpiCC. mpicxx F5r 4. I,
WERE R MPT Rt TXAE 40 a2, WITEIZAT configure AN ARG AT T MPI 4L,
W) MPL RGAE T H e AR a8 i, v LUHIEEAR i cc Ml exx SRf e el He il
T, configure XK BATH A O¢ MPT k30 FEFRE L, W, WIFF2EH -—with-mpi-libdir
Al -—with-mpi-incdir I/ HIFE & MPI ERSK SCAFIER AR, LA --with-mpi-1ib MEIFE & MPI
(R ESCAE, e

CC=gcc CXX=g++ ./configure \

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

2.1.2 METIS/ParMETIS %1

HHi, PHG i/ METIS [ METIS_PartMeshDual 5¢HIZEMIAEHI4y . fEiHE e, 84
ParMETIS [ ParMETIS_V3_AdaptiveRepart ¥ ParMETIS_V3_PartKway 5¢ /3% WK (1)1 %% ok 2 5 &)
4y WIRAA METIS/ParMETIS S H5 K AT SR AT HH5
2.1.3 fEESEENO

PHG W LI AR 2%, A44% PETSc. SuperLU_Dist. HYPRE. SPC F1 LASPack SR il 1tk
TIFEA . fEIZAT configure I ] LA¥E & Jif FHMIRLL vk an e 10 (b BEIS 75 BEER I S ST L PR 56 o
FH PR A AR W R g2 as eR AR vk g, BOEAEIBATRE P I By AT IE T “ -default _solver” IR
5E o LASPack J&— M HATHAVESY, EAERHE MPI MRS L.

2.1.4 Tcl/Tk. VTK

PHG #2flt5 Tcl/Tk BIATE F W A TAIH Tcl/Tk BIATIRE, R b4 %e4T Tel/Tk
FARREITF R IAEE o i configure JoiZ2: H ATINE] Tel/ Tk, MG EME I IE YATIED (-—with-tcl-*
Hl ——with-tk-*) HKF5 & B0

PHG [#) VTK #10 H A& SZI M), &35k VTK 4.5.0-2 LA EJRA . 1817 configure INIEH K
TR E cmake PP BT LT

2.1.5 BLAS #1 LAPACK [

— BN IR A4, W1 PETSc, HYPRE #1 SuperLU_Dist 7722 %] BLAS 8 LAPACK J&, Hh
PETSc 1 HYPRE 7% LAPACK Al BLAS, ifj SuperLU_Dist WY 753 BLAS. 40875 %4 PHG
AN P X e 4, AT 1062505 | FHAHR] 1) BLAS F1 LAPACK.

IZ4T configure I3 T PETSc, M) PHG £ F3hM PETSc F13KEf 5% BLAS Al LAPACK
(oM &, DU P A AE v 247 LR 58 BLAS Fl LAPACK J# (40 845 % S i vl 6 A

WIRIZAT configure I FT PETSc, WAAZIHEE IEAMIK BLAS 8i/M LAPACK J& 4 Refii
HYPRE 5{ SuperLU_Dist. I [fi/& 441247 configure ¥
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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"

(H:: ATLAA] --with-lapack [F]iH 5 BLAS 1 LAPACK JE, (HAN %] --with-blas KI5 & LA-
PACK J%).
2.2 #E

SERC R G, AEURRS H sk AT

gmake install

gmake install-doc

3% PHG [WERSR SR (e —S8AH RS MT) e8] —-prefix LITREMN Hax, Hh G —5m2
. %% PHG [NFM manual.pdf (752 CCT H 3 TEX).
PHG 23 5 I 2O RN s 45kt

[bin/phg

bin/phg_tcl

1lib/libphg.a

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

| share/doc/phg/examples/*
H:H share/doc/phg/manual.pdf & PHG [FJF-/Hf, share/doc/phg/examples 17 Makefile FIFE
Jr 15451 o

2.3 #l{E RPM &

PHG Yt H x4 phg.spec XA, WJHEKHIE PHG [ RPM . #lfF RPM fif, ﬁT
RIS R, PHG IR e 8 4E, WFF VIK. ParMETIS 2%, N i% 4 RPM I E R 225
Bk ftp://159.226.92.111/pub/RPMS ﬁ%%ﬁwizﬁb RPM i,

PHG RPM SCEEIHI SR U (R ibar & 185 75 Z OB P 3 040U T):

(1) 15 PHG [H% H b AT

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


ftp://159.226.92.111/pub/RPMS

y RO M. RE. HERCHER

lgmake distclean J

(2) 7 PHG Jt5 1) F— = H & 3d7:

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 FIRAS S o iR B gn P dr 3847 s, W ER PHG 1)
Pt

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

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

(T PHG BT RGh 28V 2 S kP, IBOFTA I M LI SIS A T 5 A o
EHLE Lo WA RPM e IUEHLA F A, DB I3 LTl (T 0
Y PEfn 4 M : rpmbuild --rebuild phg-x.xX.X.src.rpme

PHG 1) RPM G ERIN 2225458 /usr/local. T PHG ) RPM 2 relocatable ], 1] LA

PR Ae N 7 8 e e 42, Wl: rpm —-prefix=/usr -ivh phg-x.x.x.i386.rpm.

2.4 EFZLYH

examples HixH A& LA TTHEFSEA (simplest.c. poisson.c. maxwell.c 55). AIh4mF
JE S ECE AT AT AT SO, FTLUEAT BRI PHG (401t 15 IEAE (247 T CAH “-help a11”
MRS B AT SRR i AT 1B o

2.5 Tecl/Tk #0

WU DR 2] Tel/Tk Al VTK, “gmake all” fix 2K kA i) ¥ phg_tel, E2— N R
Tcl/Tk fiRe#s, PR T VIK 1 PHG 1 (377) YIAE. phg.tcl s&— phg_tcl JHIASSIA], 5L
T — AN EE S, VAR

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

(K5 “/prefix” Bl PHG M ZHEHAR) . Horp “ MA&S 47 &> ALBERTA 5% Medit #4210 Mk
Ao Y4k, AT LAE R Shell A /prefix/bin/phg KiE4T 1% AL

2.6 SKH#ER phgdoc

PHG $&{t—4 A B4 phgdoc T A1) PHG pRELM R & % (1241, phgdoc J&— M
FLIY Shell A, ERYE T ST S HAE PHG (1K1 P8 AR ) o B 44 RO s H R il
% 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 PR S 44 4 mycode. e, HUFGFE Makefile HHIIA R II—47:
include PHG4 % H 3k /share/phg/Makefile.inc 1

RIGHAT “gnake mycode” A7, {8 1] 4w i L B nT AT AT mycodes
H PR 19w 88 2% /prefix/share/doc/phg/examples/Makefile. H:H “/prefix” %
#* PHG W31t

2.8 MBI HHER

PHG 8L P % phgTmport ] LU Z Rt IR SCPF b 2 AR IR IAS . HET, PHG L AES AR
IR RS o AT TR 2 PHG PSR (RS SCHEMS 30 3T IE st T DL DR e
PHG PrsCHF R ok B AR PHG H, XFHHAEEAR R, — 28500 PR B —A> Shell BIAH
RESEIL o

2.8.1 ALBERT #&3{

1Xj ALBERT 1.0 [1U5 WS SCAER% X, ALBERT #XZ A macro triangulationse ALBERT sk
e A read_macro() Ml write_macro(). HICAF&5 MU

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
¥ UATR S S5

¥ lne-1T0 &% 5

element boundaries:
H oA F KA
B U1 RER
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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 PIRR G 2507 F1 « = 18 4387 55T 3. “vertex coordinates” HHAE(TAL & =/
FRAL SRTEN oy ys 2 AR, “element vertices” WERATALE PUANELEL, Nl Pen L ITIPY
AT R 905 . “element boundaries” HRRTAL & UANIEEL, 45 tHAHN SO IYASHIIL AR, 1 3%
7 Dirichlet 5%, 2 /8 Neumann 5, 0 R/RXILHN . “element type” MilJF45 HIFREA R IT I
{1k, 0 F 78 DIAGONAL, 1 F7R~ FACE, 2 %7~ EDGE, PHG R8Ity iy N2A0/> %I 3 (MIXED) fll 4
(OPPOSITE) K/, “element neighbours” #3 HiREANHLICPY/NER (M 0o 5, -1 Fonid i, PHG
2% ALBERT i N ST s H AT s 5 2 M B AT 308 2B O A B

curved boundaries s PHG MM &, FIksE i 7, HAd th— D38 n A0 n HA K
Ko B AP PUAH <5 BIFIERIE, SN0 oy 2 Kk, BIRRA A R g

C(z,y,2); P(x,y,2): Q(z,y, 2); Q(x, ¥, 2)

BRI C(r,y,2) = 0, 1M (P(o:,y,z), Q(z,y, 2), Q(x,y,z)) WA R (2, y, 2) B2 MRS
(FIAARR (S WA SCA5E 4 test/sphere.dat). FIASCAFH RVIEA R Z B4 5 R AT, H 54
R B o

RN AP AL “element type” Wi, N PHG M H4E & M HE A s WA PR ICHR € —
PRI, I HAH NAS Sose s oG A DU AN TIA R DA CRATT R D0 A 3 A2 43 A0 SR T R (R AH 25
A

W NS A “element boundaries” T, I PHG #4514 Ft i (125 %4 &4 UNDEFINED.

KT ALBERT i A SCHE# X TEANE BIE S F [ 1]

2.8.2 Medit &3k

Medit [3] A& > PIA% s 5 A B, — L2 G S i W% B A R, W1 Tetgen [13], Gmsh [5]
&, LU Medit A% U RIRE SCHE. 55T Medit #CUHIAE1 12 E Medit #9 T
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PHG W LA'F A Medit mesh format k&1 MHE, {HH A Vertices. Tetrahedra. Hexahedra-.
Triangles fll Quadrilaterals %(4fi, ZABSH B H¥5. PHG ZERKH A STAF P i RS 2 B 1R o 4n Rk
AN N R Iek) &, PHG A SRR NTHAR RICEH, 5 ANE 6 AU AR BTG FORF AR 1
R, PHG MRIGHIASCHFF ) Triangles Fl Quadrilaterals JSHY KA (A% A S 1l i A2k
Mo BRAOL T, PHG K Medit SCIFH SRR 1 Fe#il DIRICHLET, R 2 #6400 NEUMANN, HARYY
¥ 49y UNDEFINED. N 4EIN, FH AT LAFEE — A BBORKG Medit ST I AR PHG 1)L
HRM, ZF 283, .

WA Netgen [12] AR AR AU, AT DU FH AT utils/netgen2medit peos Nétgen,ﬁﬁ .geo o,
neutral #& X CHFEA R Medit #20, X5 2 AZ] PHG 1, BARRIEEE ZF A G 0 # B 15 B

2.8.3 hRER

PHG $4t TiFfil %25, DIRICHLET. NEUMANN. BDRY_USER1. BDRY_USER2 I UNDEFINED. /£S5 A
Wk SCARIT, PHG 5 WA SO iR e 1 R B 45 iR TR R 2 — . fE U phgImport 21T, M
JUAI LAY ] phgImportSetBdryMapFunc A HARE — MU FRA L4, T2 PHG BRINIL K
R R, S betype NHIASCHF LAY, sRECRIFHE N X N 1) PHG 52K, -1
FORARVEECAR SN 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 A LSRR, IR -1 RoRIEVE (BORAIN) LR,
23N ALBERTA A% WA #E U, PHG 208 H P g 5 0 SR AR pR 2, T & L%
F¥ ALBERTA Wil SR M40 PHG il 5220
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ALBERTA 154288 | PHG 4 5+ 261
<0 NEUMANN
0 UNDEFINED
1 DIRICHLET
2 BDRY_USER1
He BDRY_USER2

2.9 FHEZER

IR

PHG " FH 77 s 2R 8004 FLOAT, ERAE O C 1) double. {EIZAT configure INAJ LU
--enable-long_double LUK FLOAT 457 A long doubles

M PR AE R T FLOAT ZRAUMECE- BNy, NAZAEH PHG & S %:, X885 1) 44 Frid it
H# Libm ' double PRELAA M PRI K E1HE], W Sqrt, Sin, Log &%. & MPIL#f5H, N1 i H
PHG_MPI_FLOAT WA MPT a2 A, ANZIE#EM MPI_DOUBLE, IXAF W] LACRAEACASE ] T ANIA]
FKAM FLOAT (W&, W1 INT, PHG 34 TAHMN (1) MPT 085252, W1 PHG_MPI_INT).

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

FLOAT a;
DOF *u;

phgPrintf ("a = %lg, norm(u) = %1lg\n", (double)a, (double)phgDofNormL2(u)) ;

Y FLOAT K75 format H IR FFANUCHC I 4 HH 25 SREAS K

7t 1686 fil x86_64 V"5 I, long double SEFr R AT 80 fiAHAL (ULt double £ ¥ 3-4 fiiti
HIRGRE) o 7EHE—38F 4 |F, 1 SGI Origin 3800, long double W LLAF 128 frkifE (4 32 fitidk
HIRERE), (RIS SO B v] RE AR R AR w12




% SN

3.1 Poisson A&

examples/simplest.c /& PHG " fij 511 H & NAT BRIC o ERE PS4 &K% NiR Dirichlet i1
JL54F Poisson J7F:

—Au=f x2z€Q
(3.1)
u=g x € 00

3.1.1 FIEF

At g NMAE RS . DOF %% u_h Ml £_h 4> BIAEBCEUE AR A7 S 5 80, 2578k DOF_DEFAULT (2R
NGO T 24 DOF_P2, B} 2 ffi Lagrange JG, W {EIaATHEFI It Ay 24T IE I -default_dof_type WIiE
HHE R, grad_u FH T RARAFEUEM OB E o error H THRAFIRZRnF, 23544 DOF_PO (4
R

GRID *g;
DOF *u_h, *f_h, *grad_u, *error;

SOLVER *solver;

phgInit (&arge, &argv); /* #1464 PHG */
g = phgNewGrid(-1); /x B AT 2 %/
phgImport(g, "cube.dat", FALSE); /x FANRAEAF */

= 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 BIENYEIR */
phgBalanceGrid(g, 1.2, -1); /* PAEET AALLE 5o */
solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /x G|ZEfEX%E «
build_linear_system(solver, u_h, f_h); /* TR&KMEHAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /% RE&KMEHAZL */
phgSolverDestroy (&solver) ; /x TEAFRMRIE R */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /x it B Z{AMGAEE */
estimate_error(u_h, f_h, grad_u, error);/* it HiZEZITTF */

phgDofFree (&grad_u) ; /x EABAABHE (TBER) +/
if (R LIEEA) break; /* FIR T4 RITH */
mark_refine(est, ...); /* FRIEIE E IS T FAREMICE T +/
phgRefineMarkedElements (g) ; /x P& BB amit */

}

phgFreeGrid (&g) ; /¥ EAERAEXT R «/

phgFinalize(); /* 1B & PHG */

19
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B B EXN S u_h BS540 DofInterpolation, & H {544 PS4 AL BAAL IS B 3% u_n 3F
ATHEME, A £ _n ISRV PR func_f O XS ILHEATIRAE, A1 error N T 24 DofNoAction,
FORARS B BN R BATATA B ) B B E AR, SUR D B TTREAH Y. (A7 45 7] . grad_u HIE
e phgDofGradient B, BRAE 56 5 G S DR T

3.1.2 FRE&MATEA

PR build_linear_system() JEIEENE T FELH, &) 240 MRS (K T AT B eI T T, THEARAN
TR B TC I BEHE B ANAT B T, AR J ik N B ERME R Gerh 25 o 6 S Hh BTG (1) 3 [T 3 i % ForAl1Elements
RAAT o BN T R RBOEE R AL, ), AT B(D), 1,0 =0,...,M =1, M JiR%E
AN WS R T

N = u_h->type->nbas; /* I BEEANE +/

ForAllElements(g, e) { /x ST THATIE R */

for (4 = 0; i < N; i++) {

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

1.0 Em3| A1,1) Lk

Fou 9B FER A B(D) L

continue;

+
for (j = 0; j < N; j++) {
J = phgSolverMapE2L(solver, 0, e, j);
i‘l‘ﬁ/gradcpi-gradgajﬁ‘f“%/lﬂéu AT, D;
X e
it E /fsoi HEME| B(D;

}

J

Hrh, oiv o AREFITC e TR REL. AL phgSolverMapE2L (solver, 0, e, i) IWHHIC e T
XY solver []4E 0 4~ DOF 1% ¢ MARENEAE T FE41H (1 )54 'S, phgDofGetElementBoundaryType
IR A G 3 e /grad v -grad @; 1T 518 F PR % phgQuadGradBasDotGradBas ¢/ /ftpz
(¥ V1529 ] B 31 phgQuadDofTimesBas 5% . FLRr i H] / gradg; - grad o; X} i~ j HOFRYERD T
HE.

3.1.3 RERTTHIHE

PRE estimate_error () TH BN HITIIRZEFT /N T, HAFAELE DOF X% error H. X H KA
HIARZEFR N TN

e =hZl|Aun + fll§o+ D hyllleradus - nglg
fEF (e),fCQ
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Forp he HHTC e WHEAR, F(e) A e KRS, hy NI f FIEAR, ng A f ARALRER R, [ R
71N BR B T T R . 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) ;

AR, E eI %L phgQuadFaceJump T grad w, [WIIBkE, HAFMEE DOF A% jump
Hh, REE R R B phgDofDivergence T grad up, I HRE (E]] Aup)s FHIJH FH BB 5 phgDof AXPY KBEL
f_h AR Aup + fro AR IE IS P2 phgGeomGetDiameter Il phgGeomGetFaceDiameter 47
AR BT HAR RN HAT. %M DofFaceData(jump, e->faces[il]) Z5H jump F XN FHIC e 1)

50 NH R EGER AL, 77 DofElementData(error, e->index) WIZGH! error X N-T-HIG e
IR L







FME BHEMNR

HEHBEX % (DOF) & PHG HIEAKR S L —, T HR AL EL I A A5 WA L (45 R s

WE AT T AT IR . 23], W) BT Ae oAb BRATAT e J0 A 7 A% g8, 0 an LTS
(AR AR AR ¥, Jacobian) 4.

©
B

4.1 BHEZR

H HIEESRM (DOF type) A B o1 EEX G ISEARGAL, RSk (1 32 ZE R B R

typedef struct DOF_TYPE_ {

/* By E R BEAEF R */
const char *name ; /* BEERE L IRRAGE +/
FLOAT *points; /* BREALE (ZOAFF) */
BYTE *xorders; Jx BAH R F S IRRKI */
struct DOF_TYPE_ *xgrad_type; /* AFEALE) B R E R +/

/e BHAGH */

DOF_INTERP_FUNC InterpC2F; /% HEL IR e 5] 2 ) AR JEAE 0 2 +/

DOF_INTERP_FUNC InterpF2C; /x 2P ASE AL A G E B4 */

DOF_INIT_FUNC InitFunc; /x FTFREHEL (11,) */

DOF_BASIS_FUNC BasFuncs; /x EOREL *x/

DOF_BASIS_GRAD BasGrads; /x BRI */

BOOLEAN invariant; /x REBBRTHRAMKRIL K */

BOOLEAN free_after_use; /* X TEZHHFER */

SHORT id; /¥ BHREERE RS +/

SHORT nbas ; /x —AFIUE B BB */

BYIE order; /x AR R S RARNRI */

CHAR continuity; /% H RIS +/

SRR dim; RS 8

SHORT np_vert; /x BATRE B8 B B EASK +/

SR np_edge; /x B EE B BB +/

SHORT np_face; /x BAE L BB EAE «/

SHORT np_elen; /x BARE G AN */
} DOF_TYPE;

B IR BUH A G — AR E, TR FEREBBE A AE Gauss B3 KAL) bR AL
i, 2% 5.2

name 47t} [ {1 SRR A4 FR B (5 R

grad_type 47 H1i% H o1 SRR P SO R BB L 1K) B e EESR Y, T B S AR 1 R B B2

23
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JE . curl &5 H HEX S B0, {EH5IR n B Lagrange Joi) H HEZRAH, grad_type #E X H n—1
it discontinuous Galerkin JGH] H H EERAY,

np_vert. np_edge. np_face fll np_elem 7325 i CAETH A 34 THIAHLICH ) B HEEANL
I, —ANoT B A S ECh

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

nbas Z3 NI Al (RABEERE) KA 5T (4.1) B1E.

invariant YW A 11 BERAL A R 3R B B A5 19 ST BRI R, RIEATTR SAERTA oo & —FF
] (41 Lagrange JG), T2 TP EL T order 45 H L BRI By 2 TR B (W SR A4 orders
HAEEFRES, W23 S A J R B 22 K, 04 K/ oA np_vert + np_edge + np_face +
np_elem), HTIEFREUEAR NG dim 25 LR EIN LT, 11, X Lagrange JG dim = 1, TfXAR H
JG dim = Dim.

A points Mi@4 IV, 34 AN B IR EAE B, 2] 0 4. 1 4. 2 4EN 3 iR
IDMAEFRER IR . points )R EE N 1% 02

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

@, % T VYR Lagrange 76, RAWALEA 1A BHE, MU A=A, B0 EA=41H
HIEE, RENRICRAAG 1 AN A ML, points RN FWIT

static FLOAT points = {

1, /x & AHEALE */
.75,.25, .5,.5, .25,.75, /x A HEALE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /x @A HEILE */
.25,.25,.25,.25 /* IRABEALE */

2 H R RAT E A AL E A OGN, N i%HF points BN NULL. 24 points /A5 NULL I,
T P PR 5 T AH . R A P R 251

YA A HERAEIE pheDotNew AW I, PHG KM RN S, RIEE id
i T B L B R A SR BE I U . id == -1 Ronix E R

PHG WA RN EAEAE I A R RORAFE — 5 VG 80— NBi A B R, %
X P I F E RS v Eessoin b 1, 0B H BRI, 2 RS - E B
FERAI 51 RO 2 25 1, 25— B e 2R 5 LB 0 o I WP A7 5 | RS B Hh
FEX G ORI BEIN U free_after_use [M{E N TRUE [Hifi, PHG SFEH0Z H R name
M points FT i I AEHR DL A% 1 EH BESRZAS 5 B o FH IR N A7 B

continuity %7t H HH LR B IR 147 PR IT R BIIELERY, < 0 LR RO, 0 LoxREL
BT CO 1 RO EUE T O, KA.

4.1.1  FHFAEE) YN A8 4R 1E R £

H R P R 5 InterpC2F 45 1] K 41 AL IS ) [ R 0 5 B AT R 1 A e B, e I 2870l
DOF_INTERP_FUNC, KU1 :

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

parent_data Jil

LS N

il ey 7

parent_datali]

[np_vert] [dof->dim]

Tjidis EIHEBEME, i =0,1,2,3

parent_datal4 + i]

[np_edge] [dof->dim]

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

parent_datal[10 + 7]

[np_face] [dof->dim]

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

parent_datal[14]

[np_elem] [dof->dim]

SRR B AR

* 4.2 fRERSPTHTEAEHERET

children_data Jji G132 NN sty 25
children_data[0] | [np_vert] [dof->dim] | Bl i i

children_datal[1]

[np_edge] [dof->dim]

B RE TR 0 R i B B i BEA

children_datal[2]

[np_edge] [dof->dim]

BN TR 1 MR 3 E1K A i EEE

children_datal[3]

[np_edge] [dof->dim]

B RE T 2 R i IR B A

children_datal[4]

[np_edge] [dof->dim]

BN TR 3 AR LK A

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_datal[10]

[np_elem] [dof->dim]

WE LR 0 (T Tk LA B h e

children_data[11]

[np_elem] [dof->dim]

BE 2O 1 KR CR B B AR

Hrr dof A HHEXNE, e HHIT.

A parent_data HEUE 15 ML, FRMACH IO A S, X BN L. ATE
HK A R O RS TR . R, XSRS AR 4.1 haa, R dof->dim 4y HH
FEXBIYER, S5 4.2, FEEEMZE, 2 np_edge > 1 BX np_face > 1 I, B 1%k HE B I

Jp o MR T 10 4 Joy 5 W80 (145 7 o IR0 B RAT I T o ] 4.1 2 T R 88l PR 5 7 i

25

— NI S ASFTIR USRI S 5 ASBI AT PASET LG, TR, B4 children_data
HAE 12 MBS, 20 hdR FIX S, XSRS AR 4.2 thar i, B 40 AR E R AL
(K17~ BREL InterpC2F MMLST WU AT IR E THAT, JFREAE ST RIFAE children_data Fi (A (113X 44

Huhk At

V0]

V[2]
parent_data[15]

children_data[12]

Kl 4.1 PYTHIAR ST i
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e X BRI L SR A AR A iR E R S E U, (R S AR AN
BRIGVE SR BT o (T S TR L AR o

PHG #&ft 7 — ANl AR 2 4045 {5 s 2% phgDof InterpC2FGeneric A H TR H R A (1)
InterC2F i i, (HILVEREEIZE T4 4 11l 2RI U U (104 {1 R 2K

4.1.2 A& E) M IEE R

B ERB P I B 51 InterpF2C 45 1) PURS ALK I 0T B HH REXT G- THE I I pR 2, e iR N 24500y
InterpC2F —Hf, (HSEUNHEAE IE LA I o % RRECE IS, 4 IAS (1) B 1 FE{E 1 children_data, PAK
parent_data H15C. FHLICILEM 4 AN 5 450 PIANTHAR I B 32 44t , %97 9711 55 parent _data
AN TRl 404 . NIRRT R IR 1 B R A

PHG $24t 7 —ANi8 F 40 20 AH 45 {2 PR 20 phgDofInterpF2CGeneric ] FHl TALA H th EE R A rh (1)
InterpF2C B b1, (HIHVERETE W 2 T4 g B 2R B vt R4 11 o 2

e X T oA As, R e R — AN AR, TS — AN EIE R, A R
e->children[] #H%145T NULL. /N FLICAEH & 1 IAG IS, R HE 0 G135 159 20 & 1) 1 h REAE
XL AEAER E A%, Hil PHG WA SEIVEA], 124K InterpF2C X IX PG HLEATRERAL P, R
—N TR FREI BT children_datall HE T 54 —ANFHICiE s, RH MG E
F-BORTEH R A B IC I E a0 .

WP, RBSCHRITCH o0 PIASTHRITIT A e Ml ero WIR eg e $NFAEFEEN, W InterpFac
St S SEACFRIT I 0 THI 2/3 FIHLIT A B BEIGE, EA150 XS Y. parent_data HFZE 4 (14 0). 25
12 (10 2)« 25 13 (11 3) FIZH 14 (BLJT) I, parent_data "I G IR children_data "1 HTA iy
T8 M eSS A S A R, vTH TR IR e A TRER, UL eq ATEAH, W InterpF2C
BRobA 0. 1 2/3 AT A HEERESS, AT T A 04 14 1/2 FIE 1 AL A B A,
I3 %S M. parent_data fRIZE 0 (T0 AL 0). 25 5 (34 1)« 2/ 6 (314 2) AIZE 11 (1f0 1) T, H HAREAEH
children_data BT eo MO HHHEEAE (55 1. 28 5. 28 7 FI%H 10 7). KA, Wl e 77 4a
Bl W] InterpF2c FRiTHA 04 T 2/3 .70 H HELRMESL, IO ZHHACHRITINTA 1. 14 3/4
T 0 Abf) E FHBEA, 23XV, parent_data 55 1 (IW& 1)« 25 7 (14 3). 25 8 (4 4) FZE 10 (11 0) T,
H HABEAE ] children_data "HFIEH 2. 5 6. 5% 8 FIZE 11 TUM1H.

4.1.3 MR{ESRK

H R i H g i OO AR AE PR 20) InitFunc ARYE B EUE VI 5 2 1 B EE(E,
R —A R B 52 2045 A R oG a), Hge 1287882, poF_INIT_FUNC, HARTEAR 0T

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)

4 vype i€ EIELN A A, VERTEX FRom i H H1%, EDGE Konidl H H1%, FACE Koni H
1A%, ELEMENT K/n .76 H HEE . 22480 index 45 TS i BRI /L0 %5, 24 type A ELEMENT
It index {H A% 2 Mg . InitFunc VHEFRENEN H MM, RS RIBHAESH dofvalues TR LT
Db IR [R5 TR, A Gemt X i T R P At ICRE dof->dim x np_xxxx, HHEAELZMPIX H)
(AU 4 FLOAT [np_xxxx] [dof->dim] (xxxx HHH type MIAIFIME D HARE vert. edge. face Bk
elem). {¥ i, X Lagrange T FE K%L, XY type A EDGE BY FACE Jf H. np_xxxx > 1 I, InitFunc i 24
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320 BT R T 5510 42 JR) 2 R R TR A7 O, 6 np_xxxx AEE (BT dof->dim AM4Y) 2
ATIE 2 B e, DALRUEAH @ 5. 7 R B 16— Sk

Z ¥ userfunc. user_func_lambda Al funcvalues 7;Jl| NN BREFREN A — N $5%l, ©
AT H v S pR HAE ) R SR AT B0 5 R B A 22 P DX, =AM FRE R iy HAC — S AR 4
Bt userfunc R —NKT 2, y, z KL HA% ORIy DOF_USER_FUNC, HAKGIR:

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

1M userfunc_lambda JF§ A — KT H AR A EL, 42128744 DOF_USER_FUNC_LAMBDA, A&
F:

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

FLOAT *values)

PN R B T 8 2 AR AR AL P R E(E, HE1T DofDim(dof) N, HETEH values IR I I IX H
(DOF_USER_FUNC_LAMBDA "11f] bno Z: %45 HAH BV AV 5 (1 o) ¥ 255 R 50w 5 ) o

Y funcvalues NAEFFRENIN, CHR MAFA TG THE I I B EELIM 22 1P X o I 2K 1 Pl R 2R Y
1) points Ji R AR FREN, I H AN E ) B B 58 A AT B 1 B EUE € o« funcvalues !
A FR R T A BT T np_xxxx MBI REE, 37T DofDim(dof) x np_xxxx M,
IXLLAT B AR points B AE o

—LEILPR AL, U hierarchical basis FEMIERREL, (EvtRIA . AR F BN, 75 EH B EAL &
ARTRTE R BEAE . 1T H S B e R I R B B B PR AN T AR ) B FEAEL, TR B R RN R A
FINZIA = AT AU =410 AE 1) Bt FEME . 4 TR F R0, PHG H R EHE A InitFunc &
FEAE N BTG RS e AR AE B =y 4E 7 54T o DRI, fETE S —NME W B R, 7R B Rkt
AL BB E O H e, mTLLEEES I H . R SH pdofvalues N7 45Er, K UIPT: HIMCLE
LB AR ) BB AT LA dof->data 158, WIS 4 pdofvalues N AEZFaEl, MK dof->data
R AT, FFEN pdofvalues FTTR ) (Ml FAG T 75 AR 4EAT B AL B B {E - pdofvalues
RS 15 ANMRER, 2 BlERI 4 ANTHAL 6 4530 4 ANTITAVAP ) B, % Y InterpC2F i
P i) parent_data ZHRML (BZF 4.1.1). HIl, pdofvalues != NULL [P0 A H T30 H 41 R 2K
" (Wl phgDofInterpC2FGeneric. phgDofInterpF2CGeneric)s

TR 2 R AT IR JCHE e 2, W1 Lagrange JG, DG JG45F, o H H1 R AR IE LF w2 AH M. s AL
PR . XTIXRIE R EL PHG $2 4t T — Nl IR E B8 21 phgDofInitFuncPoint F N H fH R
InitFunc,

WA —ANZ 5, W DOF_TYPE H [ points B AAEZF8E, W) InitFunc AE A user_func &}
user_func_lambda I 2045 4% points FLALH AT KA H - PHG H#)-—2£pR %L, W1 phgDofCopy,
TSI I AR I — 24 i K o — L RV (W1 cache HLIGH 2L BRI BUMH) -

vE: %3t InitFunc B 9T 485 2984 BasFuncs T H A RAA1E. sLit, 24%7)/2 & BasFuncs &
Bt 42+ R £ F user_func 3 user_func_lambda Z /& 46K %L, B A /5 #4585 BasFuncs
kAt HA PR SAE, X @ — AN A G F R PHG 918 B 3518583 phgDofInterpCoFGeneric.

4.1.4 HEHE

H SR A ) BasFuncs 1 T8 45 & B OB B I HB 4 4 il i s B, Hoae 288 )
DOF_BASIS_FUNC, $1&%l F:
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const FLOAT *BasFuncs(DOF *dof, SIMPLEX *e, int noO, int nol,
const FLOAT *lambda)

Ferh no0 A not Jh Jay i HE B £ 5 v B (MR UKHE I BT i TS 3 THORA B R RE R4 I 0 T
ﬁﬁ), TR no0 F not - 1 Z AT EEMREL W not <= 0 MIFRIR nol = dof->type->nbas.
lambda [Dim + 1] & HLLARKR. 1% PR HOR A NG Xk, b A5 P g Y I 0 o 4 v 3k by
B, %2 X i1 BasFuncs $2fit, MW ZFHAN, BRI BasFuncs W2 XA ) A A 2 Y
W e, o b XAk 2 A0 BasFuncs JLiR[A dof->type->dim * (no1 - no0) M, #%
FLOAT[] [dof->type->dim] HINFFHES .

4.1.5 HEBHE

H i 2SR i 54 BasGrads I T-oH 5045 5@ B0 AR AT AL 08 0 1l 4 8 5k bR B0 T FE O AR bR PR B i
i, HAE 1128804 DOF_BASIS_GRAD, 1S HN:

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

HZ AN S BasFuncs FL, pRHGR [MHME 1N BOELS & BasFuncs AU Dim+ 1 1, A7k
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBBHERE

SE LA A BRI, RIS AN R R, RS Y 2 ek B, v LS %
lagrange.c ' Lagrange JGHIE X, 8L geom.c LT ME M. 2 pRfc, Nt 2 M 2
IRREL, AR AT DOAERAE, B 45 % nuLL Biv).

4.2 BHHEXNREIESEY
IR S S5 ) T R B 0 e i T

typedef struct DOF_ {
char *name ; /x BARRIGE */
GRID *g; /% PAAEST F x/
DOF_TYPE  *type; /* BEEER x/
FLOAT *data; /¥ A B AR A Rk +/
SHORT dim; /% B BT R UEAL +/
} DOF;

J

N E B S AN IR A DG . — AR S Rl A T S e A ORI B R
PR ORI (WA KA FEARAT), 2 BBl HRTIX LS 3 B A, T PR RN, 2% F BRI
FT AT 5 HAHOCIBE R ) HH BEX 4

dim B AL HY B B BERT G LEE . — A B b BERTGT0 IN I o B S T B R R A S S A
X S 4R 2 B (dim x type->dim, TJilid % DofDim #3%1),
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data 710 A7 A EEEO 220 X, BRI REAE T B b BEX SAE 11 Mk T R

.
dim x (P#& ¥ T, 54K x type->np_vert + MA&F A4 x type->np_edge +
M # P B 4L x type->np_face + MA&F £ TH x type->np_elem)

B R ORAE R T B 27 A% B B i B . ) T A8 T 2 A 7 PR I T A 2B E
FE, AT AR AR A RIRERE P IR — 2. B B G I8 7 42 T 2 TR B AR s
AT G 5 P IE LA MR PHG 2 B S T3, #bisth, —A>7 Mk
1 EH R s A7 SO T LU T 0 2 2 7

{FLOAT [T M 4577 %.44] [type->np_vert] [dim], FLOAT [F M 4411 4%] [type->np_edge] [dim],
FLOAT [-F M 4&# 4%] [type->np_face] [dim], FLOAT [-F P #&3# 7T4%] [type->np_elem] [dim] }

(4.2)

4.3 HHEEMREERE

H EH RO S IR 2 AL A4S AT AT LORHE AT TREA T 25 A ARE Ty« BRGMas 5. B, — A dim =1
] n B Lagrange JGHT XS N (1 B& E0TIBR B & dim = Dim [] n— 1 B discontinuous Galerkin JG, %J'&
(0 Refs 2 U (8143 BB 1) Laplacian, —4> dim = 1 [ n—2 Bt DG JG. F01, XT&PE o0 (DOF_ND1)
BEATIMAMIESE (BRIE  BUE .« curl 25) 32110 A RIZERTN 0 B Lagrange JG (44 #40). PHG 24t T
— I I A HEXN R ECHE FRAE, DT E&MAA RN TR, 26 A3,

4.4 EHEHEEHENREE

B X R A B AT — DN, 2 4.2, PHG #2406 412 H T Vi) A i BN S8,
CATIRIAEE B R gk, TP AT LU B i B s B AT BRAE, -
DofVertexData(dof, TR & A% T)
DofEdgeData(dof, &) A% )
DofFaceData(dof, W #7 A #%5)
DofElementData(dof, LAY F)
DofData(dof)
PRI AL13,
it SRS, A R B T, PRSI TR A L T AE T RS R R AN AELERT,
AR Y UNREFERENCED, 24 LT 1 i RS SO E (730 DT, I 1260 0 B o
E HHEO Jﬂjﬁﬂ'ﬂ[ﬂwﬁﬂﬂ Eliﬁ phgDofGetBoundaryType E‘Z phgDofGetElementBoundaryType ﬂ%%’iﬂX E 26|
FERIRIE AR
ihk, A B EERTRERIN A AE T 2 A7 PR o, A I 2 A 1Y OWNER A s R G )
Al A H B AR 7P P R AL B . PHG $2flt—K DofIsOwner, &iR[F| A HZ ) OWNER AR

76
i, B — BRI B AR T
INT i, n;
GRID *g;

DOF *dof;
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i
=
-l

EREPESLE

FLOAT sum, *data;

n = DofGetDataCount (dof) ; /* ARG B EIA K] x/
data = DofGetData(dof); /* 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) { /* T RAE) 2k KA =/
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, BFE 0 =289 3 i 225 DOF_CONSTANT AIfEHT Y 3 A

DOF_ANALYTIC,
4.5.1 TEREHRERER

A H R T A AL B R Bl hn, R T AR E ST AN R R U A
WAE (1,2,3) HEBEXS:

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

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

W m] LU Y ] 22 50 R 5 phgDofSetDataByValuesV K45 &2 [ H X G A -

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 SEVFHEM A hEN RS SEER M. LB W% DofData. dof->data frEH45 HI%
V7 )& B . 0 TR RS XS, phgDofEval ) RS 4 e Al lambda. HHI, PHG A RVFXS
R E S BT .

4.5.2 T BEHERR

AT R 1) p PSSR T A AT R B, R B I TSI I Y userfunc BIZGEK . PHG RVH#
T H N R 2 SEUER IS, PLAGEI 2L phgDofEval O THABREE, HA RV LTI
SHIEH, HAHEMN phgDofAXPY() K “y7.

4.6 JLAIEEHENR

A geom.c FSEIL T AMRRRR H HHEERT SR, O H PR BROCTE SR & B L8 L i
ALFE R ICIH AR S . HAR, FRITAR . HARFEOALFRIF Jacobian. geom.c FHeflt T —41
PR £ phgGeomXxxxxx HLH /i K SRIUX L8 )L i, 2F A.17,
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A BRICTHS b Al BT S O R B R S L S SE IR . PHG S0 17— RN BE R 70 b
B R, XU s EUI R Gauss BUEUANT7E. [4] [10] [2) [6] [14]

5.1 HEAREUESEW

BB T B A BB A IR SRR o 8 F AR AL R B A S, B AL
RA R, BT ALBERTA [11] #f) QUAD 45K, PHG it L—MasHath, H54 Emioss
A SEBAE L T, RATRRZEE A IR T BRI . Bt STF

~

typedef struct QUAD_ {

const char *name;

int dim;

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

} QUAD;
SRR ] -

.......

o name: & XAV FHFK, FILAHIH T H O e, i —=4E DU R il Adn 44k < <3D P4
o dim: R THUEEL, 1 MRLE LRy, 2 RE=ME LIBUY, 3 REWHAAE LB
o order: & XBUF THIr L

e npoints: & LS T IIB R E

o points: & SZMF T HIBL; AL I AT O AR R

o weights: & EEAMRSF s IR

o id: JE MBI AR, SHIPTER, WMEHR —1, 5 5.2 WP EATSAE A /41,

PHG "1& LT —dHAEEN—4 (LB a1, 48 (AT Bl =4t (i #51,
B4R 4 QUAD_[1231D_Pn, KA IM2& Legendre-Gauss HAR /3 /A [10], —Lem4ifin At
M —4E Legendre-Jacobi #7322 Aol I sk E ARG (K] B 1 7€ LA 1, AT LA E &
RBRIA A B, —4E 3 Brif) Radau A0 A ATEANT E X

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,

=]

e

2
[

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

PHG MEMER L P — A order 24, M THRETERMRDNEE (2T £). Wk

A BB PHG (HRAEFE s BRI £ B shiiE RS RE, RS BB Tl sl i Tl SO
QUAD_DEFAULT (FLAEH -1) LASCEARRS 1 mT ek

5.2 EEHRASHENES

S T A 2 L A AT L B S P B B 5 e — B
55 B O TRIREN TR 8, 0 Lagrange TAERE, A I7EL SRV AL MIELAE AT BT
—REH . T e B R TS T AT TSR — N B R R B 1, A1 PHG Pt T
~Fl cache HLRRARIEE — I, oK 4T A IEr BT B30 F 0 B K% BB (8 R A7 S P 0%
TR, KB X BN A B LGSR AE (1 AR X Sk, 9T AT S T — 1 i
FE R [ BRI, BB 5.1 . SRR cache BLRIRHT S RENI I, P FLFE R R B
2 B TR 3 BRI T AR B0 547 T8 SR P U428 - S R 4 B BB RE RO .
SRR 1B S AT A o MR 5 0 P 0 RS U PR 9 08 -5

5.2.1 HIELEH

AT S cache HUH], FRATTWEVE T PN N 6404 4544 QUAD_CACHE Al QUAD_CACHE_LIST Hl T
A0 AT BT 0 5L bR B R BB B s[RI /E DOF_TYPE H1 QUAD HICH &5 ke b v B 1 AH S 1)l 2 T
QUAD_CACHE %4z 4544 2 L :

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

ZHE SN B TAAE A AR S S, o IaEr o 18 1M SRA7 I EHE X6 N K IS FR 6 %L data
Fe R AT (S A7 %
QUAD_CACHE_LIST ik &k k)2 K -

typedef struct {
QUAD_CACHE **caches;
SHORT n;

} QUAD_CACHE_LIST;

EERE SRR AT LR AR A 1] 5.1 F 1 cache o n AR %M T BEAEAE (K] QUAD_CACHE e K3 E .
DOF_TYPE Z5RJFRER N T 40 F —— Ll 52 T«
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B ol BOBR
(FHLARDT)

R SRR
(xyz)

5.1 Cache HLHI%EHE K

void *cache_basfunc;
void *cache_basgrad;
void *cache_gradient;
void *xcache_curl;

BOOLEAN invariant;

H:H1, cache_basfunc. cache_basgrad. cache_gradient I cache_curl s&#5 ] QUAD_CACHE_LIST X}
ZHIARET, 0 T RAFFE BB FE R BRI O T HLOAARR) « FER BRI O T RIRAER) |« JE R
HUEEIME . invariant 22300 TRUE B 1% A i RESE A AR e& BU7E DT Ik B e o —RER s R
)24 BTG e AR I o SR A T A

£ QUAD X E AR id, 1A A MR

o id = -1 I, RUZIEBBI MR, ZAr X P RAT A ORE ,  217 G A DR R I % o

o id > -1 I, FRIFZRAIEII T5 B B vl BeATAE T A7 X b (FRELRE— DI, ZBA7 %5
P2 ¥) QUAD_CACHE X} AFZE4£ X (H) QUAD_CACHE_LIST %% ffi & A ide
5.2.2 MAEED

AT A PR LR T R e A W I o IR e I fE R PHG g LAY iR 4
I B B A
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get_cache PR [H]—/MT AL QUAD_CACHE 454

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

% A |

HINZHChFR ) QUAD_CACHE_LIST X% —HIRE clist_ptr Al QUAD X B HIFREl quad. %A
R [A]—AM45 7] QUAD_CACHE X R W45Er . WA ¥ quad CUAF/ET QUAD_CACHE_LIST X4 1, ik
5] ({55146 7] QUAD_CACHE_LIST %% "h )5/ QUAD_CACHE %1% U1 ¥4 , MI7F QUAD_CACHE_LIST
XIS, T A 1% quad AR50 X) BV (1) QUAD_CACHE X} 4, #i4r LY QUAD_CACHE X
%11 data ZZ K NULL, R[] 4:ACT) QUAD_CACHE X} %k,

PLURDIAS R E0H H get_cache BREZRIUAH N fY) QUAD_CACHE X} %::

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

MNSHECNHRIC o0 A w, HREITF TS 0, PUFER quad. XBRECRITE HIE u fEHIT e
ERE 0 NIEREAERN T quad [RAE A AL IE

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

ZH% X JF] phgQuadGetBasisValues, P15 K172 3k BR HOOC T T O AR FRIPIBR 5 .
‘ FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad) J
R SR

Z%iﬁf?}(ﬁﬂ phgQuadGetBasisValues, %fﬁiE@{%Eééﬁiﬁééﬂ:ﬁ§%3ﬁ<ﬁé$ﬁE@t%ﬁ%o
‘ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) J
ST

ZHE XA phgQuadGetBasisValues, ifﬁiﬂ@%%%%éﬁiﬁﬂﬁﬁ%ﬂic
5.2.3 TAEWLH

FIT A I EBUE AR 5 R BRI get _cache £42]—ME M) QUAD_CACHE X IUFREN . 4B B Wi~ W Fh
150U QUAD_CACHE X% HR A7 IR A& nT K, 2 AR AT Y, 20 E B v 45

(1) QUAD_CACHE X% data FrEF AN Hiz H HEEZRALY) invariant AR 4 TRUE, RIGZ H &
R E S T TR

(2) QUAD_CACHE [¥] data #8414y %5 1My H. QUAD_CACHE ZBAT FMERILF /E# T e L.

FIAT AL T AR B B MR AR A7 AE — A QUAD #5041 quad_list W7o A[RIZEAEEHE (k%L
(R« Jk R KB 2 (P{E 55D (1) QUAD_CACHE X %A B 73 73 OR A7/ AN [F] ) QUAD_CACHE_LIST 1o XT-[A]
—/NLIG, A QUAD_CACHE_LIST nJ AZEAF 2 PR 0 KB B : (R AR AE IR — R KA AN A
Bt ErEdE. B 5.2 T M. (BT “3DP1” ARE 3 4 1 BBy, eI R

24—~ QUAD PSS ZEAE IS, QUAD->id fAEEAE quad_list LLZAHK QUAD_CACHE_LIST 1
R0 E . JXFEAE QUAD_CACHE_LIST "4k 75 %L1 QUAD_CACHE X4y, nJ DLl %, 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&A17- 53 1)

QUAD->id JEf7. HEZMIETT HESAf QUAD_CACHE_LIST H/7/4E “253”, il 5.2 Fizn. XM cache
SGERIMB IS T — N, IR B TTTE &, BT A AN R RE s R AR o R A B, DRIt
1XEE cache JIT 7 FH A PO A7 25 () 0] DL ZABS AN T, B 2 T LA L o

get_cache (R BRI,

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

if clist_ptr is NULL; then
%64 clist_ptr;
fi

if clist->n <= quad->id; then
# clist->caches #9 K ¥ /&% quad->id + 1
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];

FELE RERD




ERE wSITIEI

6.1 PHG B SITIRIN

PHG Ly 1T LLE R A AT I I SR IRAFIE1T 24 PHG [ 247 EIUR A okl S g X
Ji T Ay =2

(1) PHG W@ Ik
(2) PHG M =J7 84 (0 PETSc) B fit 1k 1
(3) M REF BAT E XL

b, B SRIEDUNAEAT PHG A2 7 A8l FH 1), 128 = 2R I W ek T H P #27

YA PR phgInit B, PHG WS40 arge fl argy H3REFH P @y 24T, FE0F A g i
HHATALEE . M phgInit BRECRPIN, B JET PHG WIED L SEE Y arge Il argvy FIBR.

PHG FEI—F K “-&R % A%, &R L7 8 “+£R L7 BN B ADEITER AT
2 I, B e — IR HBIRPERAEH . PHG BUIEIS: A5 SE AT S E R, “+25R 87 1)
TEARGEH TAWSEIIED, Fons -8 A SRS SCHIHRAE, 385 B T30 N AT B0 )
BT, X Tl ZEWIE I, BEI44 5 S50 PR B S BT, 52, S8k mnl DB v LLE
-G Au RSN, WATLUE R -2 RS =440 M. WRIE A sl S H 0P S s,
FAZAE AT 2AT B (LB 5154 3K Le gk 1 al 2 HHE ok

BT LB A fr AT Lag ik migt, HI ] DO — A WURAE — AN SO (RO IR 1, 4R
JEEm AT H “-options_file P &7 SKRIFASCAFPHLETT. PHG fE WSO RS NIE TN, DL
£ o4 FFARAT A T RAT 1T 2008

WAL SR I AT BAT SO R 44 9F B TR —F Hak . §T /40 “ L options” 3L, W) PHG
SE AN e kIt P wT BUH R J7 2008 — AR 3 e BRE T

H P RS, 7 LLE phgInit Z A phgOptionsPreset BREUCK & L —LETi'E (LT, 1XLLik
T AE T AT Foe e I 2w b 2

6.2 FIHATAMEBEBER

IBATALAT —A> PHG F2/PI, AEATLAH “~help” A1 e BT 37 45 10348 00 A AH N 1) 35 B = B o —help
FIZHE— KA 4, U0 -help hypre’ E/nH K Hypre [IEIN, ‘-help all’ E/nFrHIEI, 1M
‘-help help’ W rth P 2n4.

6.3 FAPEFIE=FRESH

P 25 58 = 7 AT U PR P I S Hb U i “-oem_options” REHIZS . HET PHG JTsCHFiH)
FH=Jr AT, JAT PETSe M1 HYPRE () Euclid FAAF 7406 TR fr SATIET, SC T eI
ATIRIUE S B NSO . Fltn, W HR m R UL I8 T4s PETSc:

mpirun -np 2 poisson -oem_options "-ksp_type cg -pc_type bjacobi"
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40 FRE @AITHIR

AT BT ARG DU X S E (B REA RS - B+) IR pk B3 INE] -oem_options 45
Mz, WAk idss 55 =J7 A sH P R . Ak, ﬁTﬁ@ﬁHFﬁ?E’WJ‘E &3 45 55 = 07 AT
S PRS0, A ARE DU S s A R 2 AT IR DU M S 8 dr. 1 R AR
H phgInit J&G, WL argv[] 321X LE 4L,

6.4 RPBEXEDR

PHG $2fit—41 K% phgOptionsRegisterXXXX, i/ AN A QAT SAT LI 1X L8R £ 1)
ST TR B AR R EE SR R L, AT A AT TR 4 AR N B IR, PHG 23 AH
AR MOR AL &, A2 T S HIME.

W, P A SGETL AT phgInit Z AT

KTH P B g LS F R BIFE)T examples/poisson.co

6.5 TEE{TEHIZPIRENSHNEmSITIRBIRYE

FeJrigfridfe A, LA phgOptionsGetNoArg, phgOptionsGetInt 5% BRI SR B Ay 247 1L i 11
TE, uﬁlﬁﬂﬁﬁ phgOptionsSetNoArg, phgOptionsSetInt #}i i&ﬁﬁ(}[ < '/ﬁrli;[ﬁ E’]fﬁ



FtE LURERIZEO

PHG fefit—&4 8 0 T RG], SEPraR g, BErT LA PHG 1R v e 12
) PCG. GMRES %5547, WAL E A4 PETSc. HYPRE. SuperLU. MUMPS. SPC.
LASPack ZEAMHBRIERS o

PHG MZePEARvLas 0% 4 SOLVER, FH Rl ek . BAE Lt Ral AR & .. /REE
BN A S I o FH 7 305G AN 5G40 SOLVER WSS A, 1 A 7 U H PHG i Ze ik 23 104 H e
R 58 U AR A o

71 KHERES

PHG FRIfiftideds b IO AR Sl i B ARk s I 52 1K B R B S b 1 8 PR B o ikt PO R i
73t A BB R LR S « R T R AR

JRIF L R G 5 A1 WA R A 8 RN O FRaR4 19 R N SR AR IR G H 1k A 1) o R
A i TUHEEAE BR R phgSolverAddMatrixEntry. phgSolverAddMatrixEntries. phgSolverAddRHSEntry
M phgSolverAddRHSEntries U] Jay &l H HIBEG 5 o 7547 BRIT TSR NI BE KR B BlA Sim U , 7] LA
W FH R phgSolverMapE2L Ky {HH7F 2 5/MEF € DOF X BAEFEARE & B IC 1 AN B BB )R
8 E ST, %R DR T

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

1, dof_no 75 DOF X RAEM A SN )44k DOF XS R ANEH (A 0 THh) S, Film, &
BAREN ) =AY DOF X% us v w KA EG W w 1520 0, v NS0 1, w PS50 2. e 4
HHTHIT. index K u THIA HEEAEHIT e PRI S (BT u /LT e THYRHBEEREI 90 7)o

PHG ZetEffvdds A& — A REFERE (mat BEbL) s — MR & (rhs 1) % (oem_solver
1) Ao i, F R DUE RO SE B MR ) AT IR, SR R\

&

psin

7.2 RAPEORE
PHG FAER SKiE— N RGE R BU R LD K

(1) I phgSolverCreate i MFILAE NS, Hih G Edq e MO R MEN—41 DOF X%, PHG
PIX L DOF X Z AL N DOF BIZ 1t 5 Ge i 1) 5t i) (LA OC &R

(2) 1AM phgSolverAddMatrixEntry ¥ phgSolverAddMatrixEntries [a)Zk1E RS HININFFEICE,
i phgSolverAddRHSEntry X phgSolverAddRHSEntries VN IIAT % li. PHG FRIIUEH M K A i
TR 0, I 48 e EICRE BT ) 76 3% 58 0 S8 B A S L

(3) (Wik) FH phgSolverAssemble 5684k AL M4 %e .

(4) M phgSolverSolve KMLMERST, Hihifi L2t —41 DOF X%, ‘EAIMSAL. YEfrn ity gl
IEE AT RIS SEHE N DOF X G584V lS, SKAFHT A S HIURIL LU, SRAF 5E 1 R [P e 2445 2]
(¥t o

KPR HARIEASE A5,
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FNE B, mE5%EE

PHG $E4t— 4L s B 4 BE S AP I 0 A s i, DURETATRI 70« AT I A7k 1A i
FFE A FMEAERERE (W) (K 0 ATl I W (MAP) BEAT Hiid 15 PE,

PHG BErT DLAR B ihi A7 FROCRR . A7 IR TR O K Al XA s AR, thm] UAR BE I 3 4% D 7y
A R 16 B AT T i A ik PR KR

8.1 M5t
PHG FIBLS (MAP) HIR —AN ) EEAEHERR I 40 A, LSRR e 3R [ FR B 2 0] O 56 R o
8.1.1 T(EjERRRET

i B SR T RA R 5 b XS B A IR 1) B o B B R E ) B 4 SR RN S HERE A K
N BRI MAP (R RR BT R

MAP *phgMapCreateSimpleMap(GRID *g, INT m, INT M); J
Hrp M A RKE, n SRR RKE.

MR m 2 FNEGFEET M, ZBUR e AN R My SRR TS e i . ANt
FEFF B RN A m B 43 AT X e i

MTE R m T M, I AN R A RIS A AE T SRR R I I X
WS R 3 AT SR
8.1.2 HHEMS

B A Fh WS Y R 5

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

PR Z R —41 B AR E MO S, SEER G LS e ER NULL 45 W, P ZE R MAP X T
SRR A B SR T A R R, s AR N T B S
Bz R, AN PERE R (R 0 BN T Z R T A 10 B AN GER RINJE T2 AR A
S —ANERE AT “HHA7, A EETER A . BRI OWNER AR E/E) o
8.1.3 HLEHRS

FAIFR— A7 ) &b B C R A ) B RS ORI g, R AN O RS T
0, 5 —ANTCE TN 1, IR, MEICEN G S T UUHER RS9 S (G5 alh 0 — M-1), #

......

EE LRI R RN S TR
AR SRS e 8 PR R SR, JURR T AT R S A, BT U] B B SR g S ok bR IR — AN
o UM A B B SRR, KX [ BN SR UGE R AR S — AL, o fE s+

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

Pt R DR X 289 5, LI
phgMapE2L H— A FICH 1) ] RS 5 75 2L o 1K) = 8 4 5
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44 EANE Mg, mELEE

phgMapD2L FH—> H H BTG P 1) B H R g 5 31 L o 1) J 4 5
phgMapL2V HHJT 3 1 4 5 19 208 1 35 v S 4 5
phgMapL2G I MR g 515 2 'E 4R 0] i 4w 5
7t MAP B 454 1, nlocal Ji b 4y nl (W AR A0 SR/ o 6 Tad o B e BEx g (g, 47 1
AHL (MRS (98 B HEE 2 T RS AR SN, B L B il L e R T A
WEAIANE T R B, MAP Z58) T i) 1ocalsize %S TAL TAM BT B i, GiA
JE T AT E . AR, localsize > nlocal. WG HIH Ik SEAN g T A Kb IR 76 25 43 e Ja) i )
i, G5 Y0 TE nlocal | localsize-1 Z[1], ‘AT IHIA R g 5 (RAFAEELA L2Gmap Y, XEALIM K
f¥4 localsize —nlocal. UL, fR¥E&—NICEMRES M Ed T R 4 WE AR N S50
i+ mno WH i <nlocal (AHLITE)
L2CGmap[i —nlocall IR i >nlocal (HEAHLITE)
Horh ng KRB T AL B /N2 R 1) 5o 5
TSR LS 1, localsize = nlocal, MR ANEM#AJE T ALK TTER
LW AN B A OCIBRI, F R gt A0 Jg i 1) 4 5 42— FE 1)
8.1.4 BRETHIIHR

PR 41 phgMapDestroy {5 MU, BB &7 I BE

HIF NI S A R R, O TR R R A, AR AT AT
PR 5 | 2 — WU L5 T EO0 00 25— MBI 5 CREFEE i &) 51 ]
SR, LBV BN . 18 phgMapDestroy i, WML AT FHTHEOCT 0, WIASS 8%
WG, T RO E ST RO 1o RAT ARSI THITHECh 0 A g B shAh, REA R
i A B, e A BTG I ST I ] phgMapDestroy.

8.2 [E
8.2.1 M[EMEIRSHEK
QI fi) -
{ VEC *phgMapCreateVec (MAP *map, int nvec); }

Horb nvec JRAE 1M B HEEL

EE{IE¢

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHE

NG S, B AT DU e phgVecAddEntry o phgVecAddEntries WwhnmEscE, W]
A EARAE K data Ml offp_data BD1. 58RO A S ICH IMME S, 1% H] phgVecAssemble
BRI [ AT A2



8.3 %[ 45

In) F A 2> BRI A7 fifi 7 VEC SR data BCO1H, BdE KA map->nlocal x nvec. ANET
A > e, ABAL T A7 Wk ) B H LT N ) B G R AR AT VEC S5 offp_data B, X
PeEN (map->localsize — map->nlocal) x nvec. [WIEAIZEN, ANE T AHTI TR SHAIEZ N
AHN. R BERE o

) B S TP AL N mat, WA )RR AN AR A T B A S I, ) mat SR 1) Ze AR
EA TP IFE . 10 Y mat B0 AR RS, Jf H mat->handle_bdry_eqns 4 TRUE I, |r)&4%E
PR 25 AR 42 ) 2 i K mat->bdry_eqns b ) f W RIA AL TG SR IR /NS S 1tk R A, O FH X L8
T3 PR AR SER ) B b A AH Y TG 3R o X RO T T R T AT PR OC B U Dirichlet 32 545 FFIF 4k
H. 2% 83.2.

8.2.3 BHHESMERMEIELE

PRI phgMapLocalDataToDof H phgMapDofToLocalData FTAE I A 2 A ORI B X %
Z AL B . T R A phgMapVecToDofArrays i phgMapDofArraysToVec WHTFEL24m=5HM
T G 2 TG i H

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

rmap 45 HFEFEIOATIRGS . cmap 45 HEARFEAG UGS, EATRT LUZ RS (17 511 5ATAH R RN A7)
ATEITT ), ] DU AN A R
T SR
{ void phgMatDestroy(MAT **mat_ptr) ; J
SR, PHG (A S A — A LU % ML 835 ) — AR 1
AR FEREBEAT 0 WS AR, AR E RS BT 0 MUURRE S -k 1, 5451
FIVHECR 0 I A 2 BRI SOE R
8.3.1 “FiERE” %ERE

PHG SCRF “THIBE” (matrix-free) FEAIHIEE, BIUATREFE IR/ A5 S BT R Ed 1)
FEE, E A — AN S B R R 58 B B L 1) 5 (R SR AR A

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

void *mv_dataO, ...);

MV_FUNC & 5¢ JlH B 1) & e 1 sk i da 6, 82 1R F -

typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ %A, VEC *x, VEC xy);
Horf op AT PAEX MAT_OP_N (AF P [n) ) MAT_OP_T (R F44% & el i) A1 MAT_OP_D (HiBf Xt # k3
LLa) ) o

AR S mv_data0 N MIESH, ENIRAAAELE VAT MIFREH S04 A nv_data 1, W] R kAL S
ZH 45 MV_FUNC,
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8.3.2 XBEPERYLEZEE

*/I\%ﬁ%?ﬁﬁ'ﬁiﬁ@ﬁ phgMatAddEntry. phgMatAddEntries. phgMatAddGlobalEntry %@iﬁ{fﬁ
Ak 0 JCE G, AT ZE U phgMatAssemble HEATAIRSE . — AN R EHAS A VFFF HL BB K
HorpigocsR, SN e B8ORS R

PHG IR IAT I Al 3o R AL R b AN T AR AT 8 A8 I B I B AT N 2E R
[ IR R T 3R 90 5 AT e vk MG, R TSI ITCER R cmap MR S, i
Yo FEALE 0 2 cmap->nlocal-1 Z e ANJETAHA 70 R EA7E cmap A R, DAL %
5, 5 JEHI{E cmap->nlocal 3| cmap->localsize-1 Z[A], 5 WU JUI43HC—N T 1 JRi 0 ) FE 4 5,
i TV AE cmap->localsize #| localsize-1 Z[A], HH' MAT [Ffi it localsize 55 T T i 1L cmap
TH G5B EICE (G5 TERAE 0 3 cmap->localsize-1 2 [f) LA FITAT T/ ol R B4 1) A b s
A alHBAeE (éﬁ%?ﬁ?{: cmap->localsize #| localsize - 1 Zl‘ﬂ) Z A, AR localsize >
cmap->localsize, SR RAL, R A — AN A R L2Gmap KARAEA G T AU 51 ) 4 S5 G
7, HR Ry cmap->localsize — cmap—>nlocal N5 cmap->L2Gmap g —FE,

KT R ICTHH H Dirichlet WU A4 AF AR BE, FEFE AT — M /KB B handle_bdry_eqns,
WA EA TRUE, DR AR PR EAT 20 2B 1 25 S0 0 A M 1K) AT BEAT AL B o G I B2 SR B o BT A7
FATHIARE 0 JCHRIRE TILIRI, IXEAT B RE— RFWIAL W] A 1) N e T R 4L, AR 2 e
AR IX LN T RRALIN LU 53 fRARAEAEFEFE (Y bdry_eqns 03T, SRR T A 1L AT R0 f 2o
BN L AR MEITRE N 0o BORAFIK) LU 32l n) AUy PSR AE 1) 2 2125 i S8 1) & P )
UFICE, B 8.2.2.

8.4 4. mMEEZE

PRI phgMatAXPBY T14 Y := aX + BY, X\ Y BIWAERE, "EA TN H RN A5 AT < 51
RS o

PB4 phgMatVec 15T y := aop(A)z + By, = y NE, A N, REPHSE op WTHUEY
MAT_OP_N (op(A) = A). MAT_OP_T (op(A) = trans(A)) Fl MAT_OP_D (op(4) = diag(A)). 24 op N
MAT_OP_N B, ZpREEK x->map 5 A->cmap VEIGIE y->map 5 A->rmap A 1Y op A MAT_OP_T
B, WK x->map 5 A->rmap, y->map 5 A->cmap A A,



FENE FHHE. HFEREHE

PHG 2t 5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi Al PRIMME [{]4% 11 [f]
TR SCRAEAE R A 0] 5 (ARAEAR) o FEAEAE S R 10 S T SRR I — 3 1, mTEB AT RS il
Iy AT IR IR FRAT AR — A1) FH R AR AR SR AR 25 o

PHG ) JDBSYM #2 I BE 32 K IR 4G 0 #3 47 IDBSYM 27, 13735 il /N9 52 s 964746 ) JDB-
SYM F&/%. 14T configure If<x HBNAIIATH K JIDBSYM JEJ2E 15 & JF4T 1.

PHG FEEACRFIEAE TH 4 1 s 25 1

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

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

VR R W& Az = ABx I n NMRFEXS (REAEAELAIAH Y. FIRFAE 0 &) . 280 A 1 B 25 H%H
FE, 4 B NZHREIN R o) B = I, SR N ARHERF AR in) o n D4 R VHSEARFAE RSN 2o which
TR n ANEFAEX), AT LAEY EIGEN_SMALLEST. EIGEN_LARGEST B{ EIGEN_CLOSEST. tau %3} shift
fHo evals RIRAFTH A RIMREE R Z X (KEAR DN n). evecs IR[MI1FB|[FFHE M & . nit &
[l o A5 v A PR AR AR B (FLaf ) & S5 Al F R8s A7 %) o BRISCIR [RIAE A e D o 5 HA 1)
FEAEX AN (€ [0,n)).

FEAT B TT SR S A D7 AR IR 2 B ST 1 e BERT S 4

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

CEEE VA R ) BB e I R R AR A R B B N % e map BIEE, R
JERGIBUNE phgMatRemoveBoundaryEntries M2 FAT R0 71 (?W\U/I%/{:\@é\j(iﬂﬂ Dirichlet i1 4%
PEF= AP REAEXS ) o WU map MW NS KR u, ... A AHEN S . HRSEWE XY
phgEigenSolve 584 —FF.
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D

B

MisR A PHG TE. B 5

Al BB

AR e PR A PR phg BTSN — 2808 SRR B AR B A G BN EROR AR S M A RER S,
HA4FBF/NE, U phgInit. phgRefineMarkedElements. phgRank 5.

PHG HE X C RBA KRS A RER B, 41 GRID. DOF 4

JAEB (static) ARHELRRHE /NG FBE K7 KT RIZEMI B, 140 refine_path()

PHG e LI % *E‘J%ML_% SR, A A R 480, HKA pheg 0T, 1
Ul: NVert. DofElementData 5. {HA I th A H K5 7 BEFI N R4, W TRUE. NEUMANN. DOF_P1 5§,

A2 EB=E.Z2RTE=E

Dim > YR, 55T 3

NVert > NI TSR, T 4

NEdge > —AMRITPRILE, SFT 6

NFace > —AMNERITH I, FT 4

phgRank > ABEFEAE MPI_COMM_WORLD H[HJiEFE S
phgNProcs > MPI_COMM_WORLD P [{JikFE %L

A3 FEE R

CHAR > AT ST AR R

BYTE > S T A A

SHORT b R (/D 2 )
USHORT > AT REERAR R (2D 2 TN
INT > MR (/b 4 )

UINT > GRS REAARE (R 4 )
FLOAT > VRN

BOOLEAN > AR BAR i, HUE TRUE (1) 8% FALSE (0)
PHG_MPI_FLOAT  © FLOAT [f] MPI $#ig25%!
PHG_MPI_INT > INT [¥) MPI ¥
PHG_MPI_UINT > UINT () MPI #5257
PHG_MPI_SHORT  © SHORT ) MPI #4525
PHG_MPI_USHORT > USHORT f] MPI %#i2 %Y
PHG_MPI_CHAR > CHAR (K] MPI %#5357
PHG_MPI_BYTE > BYTE ff) MPI #5257

Pow > 15 FLOAT ULECHY pow BR%L

Sqrt > 5 FLOAT UCHCHY sqrt PREL
Fabs > 15 FLOAT ULECHY fabs PAEL

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

Exp > 5j FLOAT UCICHY exp %L

Sin > 15 FLOAT ULPET sin pR%L

Asin > 5 FLOAT ULHCIY) asin PREX

Cos > 5 FLOAT ULFCHT cos BREL

Acos > 5 FLOAT ICECIY) acos PR

Tan > 5 FLOAT JCFLIY) tan %L

Atan > 5 FLOAT ULHCIY) atan PREK

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

MIXED. UNKNOWN. Hi 4 ANeii 73l TR 7m T risk 0 4EJL [ (VERTEX). 15K
1 4k L[ & (EDGE). [Himk 2 4 JL{T & (FACE). LS ksl =4k JL{7 & (ELEMENT).
DIAGONAL. FACE. EDGE. OPPOSITE Al MIXED HT-3R/R i oodifb Iy

BTYPE > ArbRE, FIRE R AL 1. A28, ATEKI{E 4T DIRICHLET (Dirichlet i4
4%). NEUMANN (Neumann 11 5¢). BDRY_USER1 (FH)"257 1), BDRY_USER2 (F /"%
A 2). UNDEFINED (A& SiZ1 ). INTERIOR (IX 8P4 ). REMOTE (£ 1 X 4k It
%), OWNER (#1457 F1 UNREFERENCED (0). L', UNDEFINED K /n A fh i R )
114, UNREFERENCED R W B3 T Hous |, U ILEIEm 8o, —
AN GA] LRI AT LA 1, Bt — 24538 W] LLBLJ& T Dirichlet 345, & T
Neumann I 5, [FI 3CAANF]-7 /A& A= (REMOTE) . —> il 1Bl 1) BA ]
I T2 A1 A%, H A E—— A7 R R O & AT, AR OWNER A7 7
S 1, AR T RS O 0.

BTYPE F T HI T LT %4, T A NS, H& Loeak .

SIMPLEX > HICK S (struct)

GRID > WX S (struct)

DOF > HHEHE (DOF) X4 (struct)

DOF_TYPE > HHERNE (struct)

QUAD > AKX E (struct)

SOLVER > SRIFEAXNT S (struct)

OEM_SOLVER > AMEBSRAR B2 16 5 (struct)

COORD > Dim 4 FLOAT MUE041, Al TR 7= AL bR

A31  BEERE RSO RE

DOF_INTERP_FUNC > f{H B HIRA (BF 4.1.1 Ml 4.1.2)
DOF_INIT_FUNC > HHERZREIEORLY (ZF 4.1.3)
DOF_USER_FUNC > i z, y, = WA BB KA (ZF 4.1.3)
DOF_USER_FUNC_LAMBDA o i FJ EL.CoARFRIV FH P B3 2R (B 4.1.3)
DOF_BASIS_FUNC > VIR RBEE R (BF 4.1.4)
DOF_BASIS_GRAD > THALERRREML s Bd% 2R (B35 4.1.5)

A3.2 TMEXRIBHEZRR

DOF_CONSTANT > REik E SRR, H TG AEE
DOF _ANALYTIC > Riik B R, HTF5IH— AN TR



Ad B AR
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 Vv Vv V

v

v VvV VvV Vv Vv Vv V

v v VvV VvV VvV VvV VvV VvV VvV Vv V

vV VvV VvV VvV VvV VvV VvV Vv Vv V

51

BRA R, WIS AT R N 3l 1 Ay 24T 1L “~default_dof_type” (&
BREE (BRIMEh DOF_P2).,

0 M Lagrange JG, 70 v #4, BAHEIT—NHBE

1 i Lagrange JG, ¥ELEJ; v Setth s 2, BTSN H

2 By Lagrange JG, 450 i —IRZ U, AN AL E—DNEHTE

3 B Lagrange JG, 424 =R Z I, Eﬁ/\Tw T BN AN E B
S H B EE

4 i Lagrange JC, #4250 v PUIRZ I, BEANTIA B HICH AN H HIE,
1. AN = H B EE

0 fr DG (discontinuous Galerkin) JG, %" T DOF_PO

n By DG JG, 0 <n<15

2k Pk Nédélec 7T (B HIT)

1 Bir#% %.JC (= DOF_HC1)

2 B 570 (= DOF_HC2)

n B H' Pp)ZFE (hierarchical basis), 0 < n < 15, 2 DOF_HBO %5 DOF_DGO

n v H(curl) ¥p)Z3E (hierarchical basis), 0 < n < 15, H:H DOF_HCO #H*4T
DOF_ND1

1 RS —4E Gauss B A (1 4)

2 ks —4E Gauss B2 A3 (= QUAD_1D_P3)
3 BRSS9k Gauss B A3 (2 K1)

4 Brk§E—4E Gauss #4343 (= QUAD_1D_P5)
5 Bk B —4E Gauss Bl A3 (3 1)

6 MRS —4E Gauss B0 A3 (= QUAD_1D_P7)
7 BYREEE—4E Gauss B AT (4 KD

8 Mk — 4k Gauss F10 A3\ (= QUAD_1D_P9)
9 FrREE—4E Gauss B A3 (5 /)

10 MrREE—4E Gauss B14) A3 (= QUAD_1D_P11)
11 Prks BE—4E Gauss B A (6 5)

1 BOR R —4E Gauss BUP A (1 5

2 MrREE 4k Gauss B A3 (3 1)

3 MR 4k Gauss B0 A3 (6 £3)

4 MRS BE 4k Gauss Bl A (6 1)

5 BrRERE 4k Gauss B A3 (7 /)

6 FrREE 2k Gauss B A3 (12 51)

7 MR 4k Gauss B A3 (15 A1)

8 MrRE L =4k Gauss B30 (16 1)

9 FrREE 4k Gauss B A3 (19 51)

10 Bk BE 4k Gauss B AL (25 1)

H
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QUAD_3D_P1 > 1 PR BE —4E Gauss U A (1 57)
QUAD_3D_P2 > 2 MREE =4 Gauss LA (4 45)
QUAD_3D_P3 > 3 BRSE = 4 Gauss B A0 (8 4)
QUAD_3D_P4 > 4 FrkE =4 Gauss B AR (14 54)
QUAD_3D_P5 > 5 BRI =4 Gauss B A0 (14 45)
QUAD_3D_P6 > 6 BRI =4 Gauss B A0 (24 45)
QUAD_3D_P7 > 7 BRI =4 Gauss B AR (36 45)
QUAD_3D_P8 > 8 MYREIE —4E Gauss LA (46 £)
QUAD_3D_P9 > 9 BREE =4 Gauss A AR (61 £1)
QUAD_3D_P10 > 10 RS =4k Gauss B2 (73 31 81 #)
A5 BRET. [ = FNEERE

MAP > BRSNS, s SCHERE L )RR 20 A0 A E TR B B R AR
VEC > [ E G (T 53 BRAT ) o

MAT > FEFEXS S (WMbiAT IR4A 17 ) o

MV_FUNC > TGP b ) R IR AR R R e 2R
MAP #*phgMapCreate (DOF *u, ...)

GUEEEE T2 Bt R IR .

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

void phgMapDestroy(MAP **map_ptr)
CEE S

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

QU “ TR HERF . mv_func Z5ERAERE . iR IR et . 25 8.3.1.
INT phgMapE2L(MAP *map, int dof_no, SIMPLEX *e, int index)

RIA] map I dof_no NHMEXRIERIC e HINEE index N H AL WL P (1) )5 5 2
‘5, dof_no M index M 0 FT4G.

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

& [A] map "AEE dof_no AN H HHEEX SR IEE index A HI LR H KRG 5 o
INT phgMapL2V(MAP *map, INT index)

1219 map RSN index FICER IR IR En .
INT phgMapL2G(MAP *map, INT index)

W[N] map JRESGE TR index MITCERIIA RGN o
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int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
PR R TR 1) B ) Bl A 25 55 FOAHSGIRRIK) B i BEX B2
int phgMapDofToLocalData(MAP *map, int ndof, DOF **dofs, FLOAT *vec)
2 RR KT H-Ke R B mp () Bl et 4 )
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF *xu,...)

W24 R EAR LIRS — A B TS, RS B B G 2 vec->nvec
AR AERSE A FE A HEXS % . remove_bdry %5 TRUE I R7/R vec PAESFUH BB, 1%
PR B TR AR T SRR

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

Ko A B G Bt an— D 2 UEr i 2 B E 2 PR E v i s 2o, 2
LA e phgMapVecToDofArrays KL,

MAT #phgMapCreateMat (MAP *rmap, MAP *cmap)
BIEFE Y, rmap F cmap 4325 AT FIBWILG
MAT *phgMatCreateBlockMatrix(GRID *g, int p, int q, MAT *pmat[], FLOAT *coeff)

B —A p x q HAERE, HiBR (i, ) 25T coeffliq+j] xpmatliq+41,0<i<p, 0<j < qo
¥ PHG TP RE R SEBLIE T matrix-free #5211, ‘& 2K P A7 JEXT /1 H ) handle_bdry_eqns {H
M FALSE, 1T %) fE () handle_bdry_eqns {E [ % TRUE &k [F] 4 FALSE.

void phgMatAddEntry (MAT mat, INT row, INT col, FLOAT value)
I FETT R, AT AT R G S

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERETC R, ATHNRIAE )R o R

void phgMatAddLGEntry(MAT mat, INT row, INT col, FLOAT value)
ININFERE TR, R EAT o S« R ESI% .

void phgMatAddGLEntry(MAT mat, INT row, INT col, FLOAT value)
WInFFETTER, R ETH S . RIS .

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

AN IN nrows x ncols MEMEICE, 178 g5

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

ZNIN nrows x ncols MEMEICE, 1THIMEH R M & .
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void phgMatAddLGEntries(MAT *mat, INT nrows, INT *rows, INT ncols, INT *cols,
FLOAT *values)

N IN nrows x ncols NMEFEICE, A REITH S &R =I5 .

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

¥SIN nrows x ncols MHEFMEICER, M4 EATH T RIS .
void phgMatAssemble (MAT *mat)

HBFERE, R A T A AT A IE B A MR
void phgMatDestroy(MAT **mat_ptr)

B SRRRE .
MAT *phgMatRemoveBoundaryEntries(MAT *mat)

PR ASHIR R, s T R B PTAT I S AT AR SR B o HIBE R AT NS I SO
1 8 X S P ) DB_mask J&GARAE, AR FE IR AN E U EEXRT SRAHORER S BT B B EEXT A
DB_mask I8 0 I % b8 2OR [ SRR o O A (R B AN 145 IO AR 1 1 el JEEAR ORI

SOLVER #*phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5% phgSolverMat2Solver 1EHAH[H
VEC *phgMapCreateVec(MAP *map, int nvec)
U )5, nvec ) ELEH
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)
AN G (R4 ) which $& IS0 2] i &I 7 &
void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
W n AN EICER, indices 45 HHIXLEITTER N RS 5 o which F8 WIS N2 ) & (1R 705
void phgVecAssemble(VEC *vec)
AL &, A B T ASHL ) 70 38 R K B AR
void phgVecDestroy(VEC **vec_ptr)
B i)
VEC #*phgVecAXPBY(FLOAT a, VEC *x, FLOAT b, VEC *xy)
Wy = aZ+ b 24 b == 0 N AVFy == NULL, JEIRREEGIE I3 [0l —AN 8 &y
VEC #*phgVecCopy(VEC *src, VEC **dest)
o) 5 DA . %R dest == NULL, JBEEPEAAIEE IR Fl—ANHT 7 H desto
MAT *phgMatAXPBY (FLOAT a, MAT #x, FLOAT b, MAT **y)
TR IE . S8 L5 phgVecAXPBY KL,
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VEC *phgMatVec (MAT_OP op, FLOAT alpha, MAT %A, VEC *x, FLOAT beta, VEC *xy)

Wy .= aAx+ By (5 BLAS B3 DGEMV 2K1LL). MAT_OP /EHFF A £ 754 E, 7 LA MAT_OP_N
(0) MAT_OP_T (1) B{ MAT_OP_D (2).

LB A == NULL, %78 A NHA7FF. 24 alpha == 0 I 0 x == NULL. 4 beta == 0 I}
FoVF y == NULL, BEIPEEEIEE—ASHIN S yo AT X alpha F1 beta MIRFERAE (0, 1, —1) #AT T4F
PRAC R LA D AN B2 pi s B, DALk m] DLk 58 BV 22 SR R AR R D 1) Sas B, 49 2

phgMatVec(0, 1.0, NULL, x, 0.0, &y) y =z (INEH )
phgMatVec(0, -1.0, NULL, x, 0.0, &y) Yy i=—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:= By
phgMatVec (0, alpha, NULL, x, beta, &y) Yy = azx+ Py
phgMatVec(0, 1.0, A, x, 0.0, &y) y = Az
phgMatVec(0, -1.0, A, x, 0.0, &y) y = —Ax

*4 op = MAT_OP_D I, iZpR#H4T A XM x IR
FLOAT phgVecNorm2(VEC *vec, int which, FLOAT #*result)

TSR L2 B, WEORIRET result ARG 1A A7 A R KIHBIE . which $&WITH5E 1) &
IrEIRL, U2R which < O WERWITHE PTG 20 S 0B, BN AU result AR HREH M E SR A 122 pf
XK JENZANT vec->nvec, HTIRAF vec->nvec N &E MK, BEUR IME MR E 08 (BEE—A
AR which < 0) f) B,

FLOAT phgVecNorml (VEC *src)
THEL R &) L1 8. 240 XA phgVecNorm2.
FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
THEL R R KA. 250 XA phgVecorm2.
FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)

MR x Ay M. 340 which_x. which_y fl result X phgVecNorm2 H4H A,

A.6 fEEES
AN PHG s fEMfvss, 1T H T84 phgSolverCreates

SOLVER_PETSC > PETSc filtikes
SOLVER_SPC > SPC fi#ikids
SOLVER_SUPERLU > SuperLU fi#ikLss
SOLVER_HYPRE > HYPRE fi#i:8%
SOLVER_LASPACK > LASPack fi#ikas (I ZH5HR4T)
SOLVER_PCG > PHG ) PCG fi#ik#s

>

SOLVER_GMRES PHG K GMRES fi#ti: 4%
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SOLVER_AMS > PHG ] AMS (Auxiliary space Maxwell Solver) fifJi#s

SOLVER_DEFAULT o BRIM#ILS, Forik PHG EHM LG

phgSolverList > ZBAYIH PHG WA fddds, &8
extern OEM_SOLVER #*phgSolverList[];

phgSolverNames © ZEAAIH PHG HIFTAMRIEAS AR, S5 /2 —A> nuLL, HAga
extern const char *phgSolverNames[];

PC_PROC > PHG ] PCG Ml GMRES ik s tF 70, Bk T

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

BB R, IR SR *a R[]

A7 WiEk. BE. #HiRAERESHL

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

WG PHG (Je MPI. V54855 . UAERA LS PHG sREGTIHH . arge Al argy 2002 FLAK
AT S H .

void phgFinalize(void)
R PHG. AUERE P45 ACHT I o
int phgSetVerbosity(int verbosity)
PEH PHG (A Bt . 0 CBRIMED) R ANt (e
void phgPause(void)
PHERRFE, Rl AEst ks, TRt
int phgPrintf (char *fmt, ...)
BB [ printt AL (HRFEERE 0 AR
void phgInfo(int verbose_level, char *fmt, ...)

BORAEE, N AFRF IR . BRS 4 verbose_level 4b, #5304 printt KMl ZREUIA Y
M -1log_file ZEIHEE T H & SCAFI A 4 A5 &

void phgWarning(char *fmt, ...)

BN E B #3UA] printf.
void phgError(int code, char *fmt, ...)

BRHRE R W code 1= 0 WBIRAE G IR FPHAT .
void phgAbort(int code)

SR PR FPIAT, code AREFFIRTIRY



A8 WhHEH 57

double phgGetTime (double tarrayl[])

SR E] o tarray & MKEANT 3 1 double BUEL4, X4 tarray '= NULL I, tarray[0] iR
(AN TA), tarray [1] JRIFIR G0, tarray (2] 3% [F15E FNFE], DARD 4 547 R HGR [FIE D 24 Hirke
_EFA], RARR O A

A8 HNEFEE

void *phgAlloc(size_t size)

24T malloc (), (EARAR A A7 FITE AR IOU b L FE e AT o
void *phgCalloc(size_t nmemb, size_t size)

T callocO), (HAMAR A AE FIG AU b 1R AT
void *phgRealloc(void *ptr, size_t size)

2T realloc ), HAIIR NAF HITE RIOU I EFE P AT
void phgFree(void *ptr)

MM TF free), {H'E SOVF ptr == NULL.

A9 ERESEIT

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

RBCH AT RPERE(E (Mflops) (7 2 E AN PAPL I50HF). aggregate iR [H AT ITaH 4k
TR PERE, since_last_call MR[HIN EORUMATZ R (5 1 U H 115 ARR T T LR HAT)
B ETF R PERE . PREUR [FEESE T *since_last_call. X HLGETHIITEREE g->comm HHFTAH HEFEM)
PEREZ A,
size_t phgMemoryUsage(GRID *g, size_t *peak)

R PIRE A 1 A7 (RSS) F 198, W2R peax KR FREL, WIAE xpeak iR [MIFE 74 HI ik
(1t K AF i (LURF E IR A A T AT RAE 4520 o

R g == NULL, WGR[BI2AIERE R AAE IGO0, e MR IE] g v e A E R Fh e K A A
T L.
size_t phgMemoryPeakReset(size_t value)

¥ PHG W B R AT ECE N value, IR [MHRK AR THECIE L2 BTTR(E .

size_t phgMemoryPeakRestore(size_t value)

¥ PHG WK AT ECE DA A S value NBCRF, IR INIFE L2 0T K W A7 o)
fH.
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A.10 HEITIEIN

void phgOptionsRegisterNoArg(const char *name, const char *help,
BOOLEAN *var)

HM— AN S E T 24T IE . name 25 LA R (AHF “=” 5)o help 25 H O T iZ ik 01 4
BhfE B o var A—> BOOLEAN ! (£ JRaiFas) A m bl 128 S WL {EN N FALSE, 21T
A ZIE T, PHG K8 H{E 25 4 TRUE.

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

HEM— 3R S H a2 ATIE D . name éﬁﬂjiﬁlﬁ%‘r (ANAHF “=” ). help 5 HI T iZIE T
HWWME R o var A INT B (B REEaS) ANl a7 S ZIE DN, PHG FAHMN 1)
ZHEIRE *var.

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

HEM— AT S S iy 2ATIE I . name 45 HHIETAFK (AT “=” *5). help 45 HI KT 1%L TN
(R {5 B e var > FLOAT 2 (2 Rjaliias) AR Mhl, a7 & iZEmin, PHG #AH
rmﬁﬁﬁw%*mn

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

TN 5 B S HU A AT . name 25 HIEIRAFR (A “=7 5). help 45 C TiZ%k I
M EME R . var A char * B (R REERS) A RHHE, a7 A& B, PHG AR
IS EUEIRSS *var, PHG A 74T 3N BC WAFHOIF T DT A A- RIS, T REF AN RE B AT R
o

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

TN SO S HU) A 2 ATIE . name 45 HHIEIRAAFR (AN “=7 7). help 45 H % T iZUL I
MR . var A char * M (SR Elias) R MMhE, Ay 17 PO IZE SN, PHG KT
N ZEUEIRSS *var, PHG 4 SCH4 705 83 B85 70 BN A7 BRIF S 5T AP BRICBE TG, T P REP ANBE
ITREIE .
void phgOptionsRegisterKeyword(const char *name, const char *help,

const char *xkeys, int *var)

M — N S S M AT IE D . name 45 HUETAFR (A5 “=” *5). help 25 H G T i%IE T
A IIE B keys & —NLL NULL 45 BIFAF B Fa 5404l S HZakmiit Vi Z 4. var A int
B (S JREiEA) AR, ZAR RN keys BRG] (W 0 FFLR), a2 AT A E IZIE T
N, PHG FAHNAZ K var K1E

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

FEAE AR E R func ARBEH S RN i 2 ATIEDT, func K AU R LK) R 2L

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




A10 HAFT T 7

b name NIETIA, string LIS P ERAEIIZEL, W R s EGR PR 0 EINRRS Boh AT R R

(WAREZE)

void phgOptionsRegisterTitle(const char *str, const char *help, const char *category)
PR BOFAE SN fir 2380, 101 T8 — AL AT IUE N — A, SR AE dy AT I 3

BhfE B, category H T 2ATIEIN1I /7K.

void phgOptionsPreset(const char *string)

BT RIS HUME, B WIIHE phglnit ZFTMHAL. #14nm] LU

phgOptionsPreset ("-oem_options ’-ksp_type cg -pc_type bjacobi’")

KA PETSe MR SR B4 T4 8180 OG A block Jacobi.

void phgOptionsShowCmdline (void)
I AR AT
void phgOptionsShowUsed(void)
FU R PTAT B A AT E (M BLAE i 247 IR TR (12 4fE .
void phgOptionsHelp(void)
FIH BT i AT RIS AR N A B 1
BOOLEAN phgOptionsSetOptions(const char *str)
MRAE str 4 H R IR A1 Y AR R AR
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
PG IETN op_name FITX MY [HAR A B A value, op_name WAJUE—NILSEINEI4, AN - Bk
14 A,
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)
FEIETN op_name BTNV AR AR E N value, op_name W2 e — ANy B S H UL, A -
3.
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)
B LI op_name FTX WY AR FE A E A value, op_name e — iy SERI S EHIE IS, A E -

\

%o
BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)
K¢ ETH op_name T N [{) AR HAK B A value, op_name WA AN KHEF SHINIELING , A5
P —'%'0
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

LI op_name JTXS VIR AL Al H 4 value, op_name Wl —Milr 4 B S HUN LI, A

P

T o

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

F LI op_name FTXS MR AL FAH E A value, op_name Wit MMy U4 SHUN LI, AN E
—
PR ‘5‘0

BOOLEAN phgOptionsGetNoArg(const char *op_name)

MRAIEIT op_name JITAf MV [¥ A HAH, op_name WZE —DMIESHIIEIHL, A - B+ 5,
INT phgOptionsGetInt(const char *op_name)

MR [IEI op_name TSN AL FEAH, op_name WZJE Ay B SHIE T4, AN = T
FLOAT phgOptionsGetFloat(const char *op_name)

IR IEI op_name FITXS N HJAZHEAH, op_name WZE— ANy SERISHHYIEIIA, NG = .
const char *phgOptionsGetKeyword(const char *op_name)

IR[AIZETN op_name XN AR B, op_name MAUE My REEFSEAIEDY, ANE - 5,
const char *phgOptionsGetString(const char *op_name)

IR[AIZET op_name XN A EAH, op_name MAUE M AIFHESEIIEDIY, ANE - 5,
const char *phgOptionsGetFilename(const char *op_name)

& [MIETH op_name JITXS N I{AZEH, op_name WAZJE —Mili A SHIMIEIIA, AE - 5.
void phgOptionsPush(void)

DRAF T AT LI 4 i A
void phgOptionsPop(void)

PE b —H phgOptionsPush {RA7 1%L

A1l MIRETE

GRID *phgNewGrid(int flags)

CUBEH I RS 0 5, IR [P A B RS BOFE 5 . £lags L& —SUhRGAL, JHTH 124 R A% (A8 I
TP E I LT %, AFEA N — 28458 VERT_FLAG: A MAS TH AiHE4T4% 5 . EDGE_FLAG: XM F%
AT Y5 s FACE_FLAG: XJ MAKIRIHEATSM 'S ; ELEM_FLAG: XJ WA% # cT49% 5 GEOM_FLAG: HZhit
SRR (/AR ¥ HAR . Jacobian 55), & A.17 I phgGeom+ PA%L, WX flags = -1,

void phgFreeGrid(GRID **gptr)
BERRES B (S5 ZARRIRE A ) o
void phgCheckConformity(GRID *g)

R PR I E e, TR
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void phgRefineMarkedElements(GRID *g)

AL RS I E 5. FTAT mark KT 0 (T 3G RPN nark (K. PHG & HEIXIHE
FICHEAT W BV AN AL LLOR B RS (KT BRI o AL 5, BT RS Hh BT 3 B0 1Y) mark J03 IR 55 T
Jo A A - BT AR RL R 2 1% SR T R A R K
void phgRefineAllElements(GRID *g, int level)

e A 7 5T 1evel IR (I —SMA% N, A1 T4 A 1 50 H) mark BEA level, 2R
JE R —k phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FAL PR P R E #1007 HIGK) mark B IZHGE 2 SAVFROHL I IR S S, B
e SUVFBRIAL —mark K. PHG ORUEALAG S BB A5 B G AA) B PR A 2 B A 14, 5 ELAEG
A mark {E K A R PELT A T4 M AL SR 22 1 0. RUSE N B o Bt 1 HO0H mark
Jo8 B (I A5 JEU A ARG I RGP R 2512 S e LA R CH
void phgPartitionGrid(GRID *g)

SR ATFA R K T R T R ) A B ERR R IR PHG AT, T R
1% phgBalanceGrid.,

void phgRedistributeGrid(GRID *g)

AP MG 07 WA AT PR LU B S AF IR SR 8P R ECh PHG WM, TP R i
P H phgBalanceGrid,

int phgBalanceGrid(GRID *g, FLOAT lif_threshold, INT submesh_threshold,
DOF #*weights, FLOAT power)

HRYE B (E 11f _threshold 1 submesh_threshold VHEE T M H 504 . P 1if_threshold
M T E A AT 1, o 2 AT 1 KT 8088 T AR IS 555 /4%, submesh_threshold
P T FEb 5 A H 5 155 A 12 e AN THZAE (O RFIRZ0%E , 2 submesh_threshold
WA F7n ] PHG B AIERIAE) « PR EGR A 0 R Mg A, JF 0 Roni MR EAT 1 BRI
970 weights Fll power 45 Hi ¥~ WM& KI 23 I () B TCA R (B weights [1) power X J7), 24 weights A NULL
5l power iy 0 INKos T Hon AL I AR .

FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

AL ML R, R IPIRTT e A AT il T S AL IR R RS 3 i b PR 2 TR PR R
BRI I R (AT B iR %) .
ForAllElements(g, e)

P55 WA b BITAT 1 A T3 D (R 2 A RO R s R = AT S, R
fE3AHh e 4R AT 590, TEIASRIN e #EN NULL.

GlobalVertex(g, index)

AR 54 index FITHLAS AR5 o
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GlobalEdge (g, index)

AR 5 index [MILMIA R .
GlobalFace(g, index)

YA SR S index [WITHI A R4 -
GlobalElement (g, index)

AR 54 index FIFRIGINA RS o

A12 A

void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

i SN PUE SCERRT, S NSO RIS PHG 1 B e bk 4o func R HA W R
NIV VAREN D@8

int func(int bctype)

% R KR [ B gy N3 287 betype MIXTNY PHG 3451257 (40 DIRICHLET. NEUMANN %%), &[0 -1
FoRARINBARL AR . BF 2.8.3.

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

AR S NS S . g R PIASFRER, © A 2E ] phgNewGrid HTEIEEMN); filename /& 144
WER distr & TRUE, WAE RIS N5 SLEDN R T 31 70 -4 5~ WA 20 A 2 AT e R 25 (00 RANT
HZZHFYIER, @M TRUE).

Hl PHG SCRF A% SCPEAE AT : ALBERTA #5XF1 Medit %K,

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

He 2 PR O ALBERTA (19 WU SRS o A SR AT AR A0 5 247 WS, ek 25 H i X
Bt 0 R

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

M HT RS FT H A MEDIT (http://www.ann. jussieu.fr/ frey/logiciels/medit.html) #%3,
T ST RIS 2T RS, IR B H BT AT S 0 S T R

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

B LL VIK vtkUnstructuredGrid MUk H 25 @ ScfF, PUEH S 3ET VIK T fiik
WAF4N ParaView ( http://www.paraview.org/)s MayaVi ( http://mayavi.sourceforge.net/) S¢Ab
SRR O a3k legacy VTK fileo W REZHHR E S 1 19 A HIBEXT 5, LA NULL S50, R4
DOF_PO (73 7 Hi4) (B X BAEN cell data firth, MHERBMH bR AEA point data i
t, JE ) B R ) BasFuncs B UK U FLAS TR UM . AR SHh 45t i 3044
AEYRE, Ry AZhN EY A vk BRECR B SCME On T RELLS) SCE 4. R H
AN S RF 28804 DOF_ANALYTIC 1 H FHEEX %


http://www.ann.jussieu.fr/~frey/logiciels/medit.html
http://www.paraview.org/
http://mayavi.sourceforge.net/
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const char *phgExportDX(GRID *g, const char *filename, DOF *dofl, ...)

F A% LA IBM Data Explorer [ native file format #% 20 H 2145 2 3C44, PAMEHR OpenDX 254k {4
( http://www.opendx.org/) BAT AT ARALAL I . WTIESE0dR e B 1) B X5, DL NULL 453,
RSH PG RIS AAETY R, SR A3 Ly B4 dx. sRECR [ SO (n TR LUS)
(R SCA 4 o 1R B0 TN SCRFI 28 h DOF_ANALYTIC 1) H X 4.

A.13 BEHEEIE

SpecialDofType (type)

TP —A B B 2R A 2 55k 257 (DOF_CONSTANT BY, DOF_ANALYTIC) )%
DofTypeDim (type)

SREE BRI 4E S . vype N HHIRE AL
Dof TypeName (type)

SRIA RS TR type A H HIERTN %
DofTypeOrder (type)

SRICE R Z I 4. type i B HHEERAINT A
DofNoData

M7 DOF 1] userfunc H i, KB B B G AS FRIEEE 22 i X
DofNoAction

M7 DOF ] userfunc i, KaAXT B AR BEAT BSIRAE . f6E{E SRR
Dof Interpolation

M7 DOF 1] userfunc B, &ML HALI B3 B d R0 St T4
DofDim(dof)

RIETE SRR (% T dof->dim x dof->type->dim),
DofData(dof)

TR [EASHE [ b R 2 B af b, dof DA H R BN B0 MR 11 el B s i 91 7 e SE R AR T
DofVertexData(dof, 0).

DofVertexData(dof, index)
R R F- 25 5 T i B AR A g ik, dof S H HHEXT S, index A TS AR5 o
DofEdgeData(dof, index)

JR[BIKE R T8 58 11 RSO L a bk, dof D B EHFEXS S, index AU AL S .


http://www.opendx.org/
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DofFaceData(dof, index)

TR A Y25 5 T ) F EH P i af ik, dof O HHJEXS 4, index A IHIFRIAS LS 5 o
DofElementData(dof, index)

TR A0 R T25 5 BT ) RS R Ak, dof D HHHFEXT A, index A FRITHIAMS N 5 .
DofGetVertexDataCount (dof)

AR A1 R R R T AT TR B e BRSO R
DofGetEdgeDataCount (dof)

AR [R5 A% R T L B R AR
DofGetFaceDataCount (dof)

IR B RS BT AT A RO R .
DofGetElementDataCount (dof)

R A5 BA% RBTA FIC (1) B AR
DofGetDataCount (dof)

AR [B]5 PA% R E  RER ) EKE
DofGetVertexDataCountGlobal (dof)

AR [R] 4 SR P RS T BT T A el B
DofGetEdgeDataCountGlobal (dof)

A5 1] 4 ey W A R BT 3 B el AR
DofGetFaceDataCountGlobal (dof)

AR [l 4 Jey WA TR BT A D B e BRSO (R
DofGetElementDataCountGlobal (dof)

& [H] 4 R RS T BT T (1) B EE B G
DofGetDataCountGlobal (dof)

IR (1] 4 Jg PR T R e R R

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

QB B XS g APIERT G type K H HIBEZEAY (DOF_TYPE): dim A H HIBEX S 4E 4L
(B E dim DNZH); name A H X R A FK: userfunc $7E 5 1% H H N GAH KRB )7 B
K4 (B8R, DOF_USER_FUNC), JHT451% H X ZIRMH, userfunc W] LAURFA(A DofNoAction
Bl DofInterpolation, i &nANS H HHEEN SBEAT HANIRAE 16 1E, J5 2 27 24 kS 4140 BORLAR I
BEAT A B4 -
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void phgDofFree(DOF **dof)
FEE HEEXT R
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)
BeE L RN A SRR R A RO ] T4 A RO R .
void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)
BOE 5 DN GAH ORI 5L T B0 AR T BB iR ek T 145 1% A i B SR .
BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)
W u->DB_mask M, BEUR[FIE N uw->DB_mask J5 A HI{H.
void phgDofDump(DOF *dof)
ITEDE H BN R A A A 3 TR .
void phgDofSetDataByValue(DOF *dof, FLOAT value)
B B o B BN AR B A N 15 € value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])

¥ 8 BE GBI A $R T (. array_of_values HfU{ DofDim(dof) N4, 5 EREUEN)
3 AN B R o

void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)

B B BN R EARAIG A tH vo FIBE S 10T A8 S 50h th I, RIS 8N E0m 1 onsE T
DofDim(dof) .

void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)

AR E s B X R IRME . 276 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)

R E H N RA MBI KRS (15 DofGetDataCount LJfg—Ff).
size_t phgDofGetDataCountGlobal (DOF *dof)

IR A4 B 54 R A K R (':,175 DofGetDataCountGlobal IjJﬁE**i)
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)

T A S S A e e e e e AL B . dof A H XS e AHIG; lambda A FE/L AR
bi; values AR, M TAFBCH S B bR, AT RO PRAESE P X AR/ o 3R [0 i
ZEh X Mk
FLOAT *phgDofEvalGradient (DOF *dof, SIMPLEX *e, const FLOAT lambdal],

const FLOAT *gradbas, FLOAT *values)

1 phgDofEval ML, (HIFH Bt IR SR AGKE EAESS 3 KU . gradbas &AL, W& Bl
FRBLAE HL T I A RS R BRI AR, R gradbas okt i=Eaul phgDofEvalGradient FEAE e
FAT TR R BB B . gradbas S5 20, T J7 STk G — SE U AR IRk ol BOBE BE AR IR o 5
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FLOAT *phgDofEvalDivergence(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
Y5 phgDofEval ML, HIFH 1 HH AN G B AR 45 58 S . 4L gradbas WNA STERH 5%
2 phgDofEvalGradient Hhsg e —FE,

FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
5} phgDofEval KL, (HIHE A HEX %1 Curl E4E M. B8 gradbas N ASETS
PR % phgDofEvalGradient 54— FFf.

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

B AN A HEXN S, BT src BT name 25 HUBT H H X R4 FR . newtype 45 HHT H
FHBEXS IR, 1S RN NULL 2708 H i X R PR IS T sre->type->grad_type.

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

BIEE—ANH XS, BT src MIHUE . name 25 3T H X R4 FR . R DofDim(src)
WIIE 3 HIMEEL . newtype 43 HVHT H (M XN B AORAY, S A AR, NULL W8T A I B R
FKMEET src->type->grad_types

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

BN H XS, BT sre 1 Curle name 25 HUHT B ST ZR 4 FR . V&% DofDim(src)
WA 3 A5 E. newtype 25 HUBT H HHEXT R II2EAL, Z S0 B NULL WIERISHT H X 41

KT src->type->grad_type.

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

A HEX R R BOTVFSCR A REESRA, i, nTBLER AR = Lagrange J6
[f) 8 i BN A E IR S — N B) —Bir Lagrange JGl H HEEX 5o newtype 45 HUBT A 1 RO G IK
M, S HURICY NULL WERZRET B AR IR AT sre->type.

DofIsOwner (u, index)
L AR 1) EH A A T T AS T A

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

P C:= a op(h) op(B) + BC (FH4 T BLAS H[f) GEMM %L, HHp op RRFBERAKE).

Y cptr AT NULL I, THEZEIR ¢ IRAEAE «Cptr Y, JFH ¢ IRALE «cptr IZRTAH A .

) cptr %51 NULL B, THE4ER ¢ & — Al 28800 B->type 1 DOF X4 (ML 2k B
HAEETRED)

Z BB ER DofDim(B) = N X K 2 DofDim(C) = M x N. transa Al transb ] LA43JH MAT_OP_N
(ANFEE) F1 MAT_OP_T (F), MG OL T IR EEAER e SR IR AL 4.

Y blka < 0 INKs A AR, MBI 223K DofDim(A) = M x K.

2 blka > 0 I, Fox A & —DPOS HAFERE, X AECR/NY blka x blka. JEI 2K M=K, blka
L% M, JFH DofDim(A) = M x blka. —FhH DAL blka = 1, BEIF A RIR— M x M [FIX FA%E
K%, DofDim(A) =M, A "5 FRE R A B R A T 3R
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F A.1 phgDofMM FRYGEMFHEHNIZE X R

transa JU{H | transb HUE | FFELER SR 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 = arAw Bl + 3 Cuy
MAT_OP_T MAT OP.T | Cyy = AL, BL + 3 Cuy

A AT LA NULL, 78 A A BA7FE, I EESRk M =Ko 24 o= 0 I B /LA NULL. 24 =0 I ¢ 7]
DA NULL, BERS, pRECKRIR—ANHT B XS, JLRMY B (2RI, 4E50h M x N,
T ZHRHURTE T A% phgDof AXPY I phgDof AXPBY [ THAE.

DOF #phgDofAXPY(FLOAT a, DOF *x, DOF **y)
Wy = a* x + yoa==0MYTTEME, a == 1 BENTHHEMM, a == -1 BENT
A H1 A
DOF *phgDofAXPBY (FLOAT a, DOF *x, FLOAT b, DOF ss*y)
W y :=a*x+b*yoa==05b==0NAMYTHHEIRLEEH.
DOF #*phgDofAFXPBY (FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {15 y := a * £(x) + b * y. K%L
£ IS in 4 x BRBUH, HAEEEET < MAEEG M S8 out b y REUE, HY4EESET v 4
#.
DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) {|'%f y := a * f(x) + b * y. 15 phgDof AFXPBY
R IAE TIX ek # £ AR KA E o PEIIE < MBS0 b R x 1y RA MR
DOF *phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

P4 y := alpha*A*x + betaxy, 134T BLAS FF2/7 DGEMV, 4 A == NULL & A Ry Hf
F, *4 DofDim(A) == 1 WEIN A NbrE LA, 24 DofDim(A) == DofDim(x) KR/~ A XA
R, T4 DofDim(A) == DofDim(x)? IR A MIHFE.

FLOAT phgDofNormL2Vec (DOF *x)

THEL A BEX R 1) 5 2 Yud, BT A B TS
FLOAT phgDofNormL1Vec (DOF *x)

THEL A B R 1) 5 1 YuE, BT A B A A
FLOAT phgDofNormInftyVec (DOF *x)

TS A X R I R R, RUPTT B s (6 s KR e
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FLOAT phgDofNormL1(DOF *u)
T HEEXS BTN N A PR TC R LY A
FLOAT phgDofNormL2(DOF *u)
THEL B RO TR I A IR e RR B L2 A
FLOAT phgDofNormH1 (DOF *u)
THEL A RO G TR Y AT BTG R B HY B (BT .
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
R[] dof 7EHLIG e FFRICINGR SN index M HIEAE H BHEEXS S 4 5 .
BTYPE phgDofGetBoundaryType (DOF #u, INT index)
FREA H AR I A5, index S H HIE AR B A S5
BTYPE phgDofGetElementBoundaryType (DOF *u, SIMPLEX *e, int index)
SR HEAR R IIA A, index A& [ HH AR R R IC NG
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
SR AR R AARAL B, index A H H AR B RGN G055

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

W T 20w B A, WFE Lagrange 76 DG 6%, B HPGELRE, nl XL H b B
M) InitFunc, 2F 4.1.3.

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

AL PR 2N RS (AR s L 1T B BRI 1) InterpC2F BB, ZF 4.1.1.

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

P 0 A R PR RS PR R R K5, T T B BRI P ) InterpF2c L, S 4.1.2

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

X H NS w fEHIC e IS bas_index ANJeFBIERREL, W0 FAH AT B K34 S bs B A,
¥ u->DB_mask TN, WIZBREAMATATAIE, sRECR AN FALSE (LA % H £ mat Fl rhs). 75
W, M4 func 45 H A 4 AT IR A T R R BOAT v I, 985S mat 1 rhs IR [HIZ5 AT,
PRI HCIR [FIMEh TRUE.

T @ &K bas_index, n FK/RFICEREI N EL (n = u->type->nbas), ¢; RS j MHEEK
o, uy RSN HBEE, 0<j <no
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X Dirichlet 11 5 54 AL PR H B G B 12 B3¢,
BRI TR u->type->points 1= NULL, BLAPEAABRE [ i REA AL A2 R KA, LS T7FE s

u; = func(x)
Ferb 2 O A AL B AR AR
R u->type->points == NULL, WA 7 FEM el L2 Bk, B

n—1

Z(/ @j-widV)uj:/func-goidV
v 1%

=0

Hoh v Fon B HBEFTER TS (WS A M) 4 OB M) 1 (T A B BURI0 (FooE B ).
M u->dim > 1B, F R IAT w->din A, BTITA R RECE—FER, B nat KA
JURM 0 AN REG PRSP AR 4 75 B Ik 28 RAOHAT o rvhs HIRI] u->dim A7 520
24 proj faE 4P J7 2, B A Mk DOF_PROJ_NONE (AN#%5%) 1 DOF_PROJ_CROSS,
5 HAUREHITE u->type->dim % 3 == 0 fIFEUL, H TALEE Maxwell J A4 uxn = g x n.

NEIGHBOUR_DATA *phgGetNeighbourData(DOF *dof)

WIUEALAT JE B o 1% 00 B0 i B s A3 B AR Ja b i B i R, IR B A A — AR
“}J NEIGHBOUR_DATA &5 R o bR EUR IR A% 45 04 (I FR 45T o

FLOAT *phgNeighbourData (NEIGHBOUR_DATA #*nd, SIMPLEX *e, int neighbour, int type,
int index)

TR [ml 45 4B B s R £ SRR AL fE, WIFREF ELEAR 0] B R S AN A B, A5 )
FREMFR IR nd HPAFAEAR R BE AN A B o« neighbour 5 EMEANARIE (Hgn'T), type 485 H HE &
(T pi s 320 THEC T A B E), index $85E AU THIELAICIISN 5 (R 148 & o I 4 5 Iy,
24 type A ELEMENT H, index L fBIFHL 0).

void phgReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)
B B DR A 08 Je A () K 4 )
A.14 HIERS
KB PHG BB P BB A TE RN, EA TR 75 22BN 72
QUAD *phgQuadGetQuadiD(int order)
REIFFE TR E KGR (I 1 —4E (e k) KA
QUAD *phgQuadGetQuad2D(int order)
RIEIFFE TR ERE R (I 1 (=) KA
QUAD *phgQuadGetQuad3D(int order)

R iR E R (2 BaRT) 1 =4 (DU fa) KA.
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FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)

R AN pPX hE, HrP 8 BT userfunc T quad (K FTE S ALK, dim J2
PRI iR, —

ZERECR T — M1 cache BLHTL 4 s AT HT R —AN B L [R]— AN 5o A — M4 1 IR
gy RALE N AT DU B 05 . N 751 : phgQuadFuncDotBas.
FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad)

Rl —ANERAS e X bl A S 3 BB S u BT quad FIFTA R s AR AR

LN E cache ML, 4 A IR —AN B X GAE [ — N 3 o6 b (R — AN 41 B g3 s Ak
R IS AT DARE o B2 A (1920 R % phgQuadDofDotBas). #4b, 4 u->type->invariant J4 TRUE ‘& ik
LU R u R (2 ). NHZRHIZFE phgQuadDofDotBas.
FLOAT *phgQuadGetBasisValues(SIMPLEX *e, DOF *u, int n, QUAD *quad)

SE[e]AEAEIE H, JErh K wo>type 025 0 AMEERHLABUN T quad MFTAT
TR AR

RN B cache LI, 4 S AT IR —A> 1 bh 2SS B (1) 25 R 5 A R — AN Fp oo b /] — AR 1
AR 23 s AE I Ay DLk e B 2 vH ST (191 4l R %L phgQuadDofDotBas). J34h, X4 u->type->invariant A
TRUE ‘016 0] DU EE R u 2R3 (2E 8 HE). NHRHIZF phgQuadBasABas.
FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad)

R A=A g X ki, P B R u->type HIEE n ANEREBREER T quad
P AR 43 R A A

Vige kY phgQuadGetBasisValues Kfl. W 7RI 5% phgQuadGradBasAGradBas.

FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad)
ﬁi[]**4\§§%§§§WFE§ﬂﬁi¢, ;iq“fﬁf?ﬁiﬁﬂgggﬁﬁﬁ u->type ﬂqéﬁ n 4\§§E§§ﬁﬂ@ curl%EiHﬁf%F quad
(IR 3 RAL IR -
ifie &2 phgQuadGetBasisValues M. N AI/RH1ZF phgQuadCurlBasACurlBas.

FLOAT phgQuadDofDotDof (SIMPLEX *e, DOF *u, DOF *v, int order)
WHEAHBENS vl v 3 (W) BIERIT e BRI order fRE R AW, Ye/hT
0 5% T QUAD_DEFAULT I, 3R7x b R4 H Bk 8638 1k B IR AL A K.

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

WHEHIC e EAHBXNSR v 5 o NMRIFIERES B HEXNSR v 953 n AR 5E s EU
I e LIRS . order U1 XA phgQuadDofDotDof. H HIEXI% v ANfE N DOF_CONSTANT Al
DOF_ANALYTIC 287!,

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

THE PR userfunc 5 H AR u 4 n DMEREIR (W) FAERIC e EIIFT. order 2
Bt X JF] phgQuadDofDotDof o
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FLOAT phgQuadGradBasDotGradBas (SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHEBEBENS w5 BHENS v RIS R SN BERTC e BRI . n Al m 2351
5 u F v RIS R IR S o order S X [F] phgQuadDofDotDof. H HEXS u fl v AiE
A DOF_CONSTANT F DOF_ANALYTIC 2§71,

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

WHEHBHENS v 5HBEEXNS v BRHAIEREN curl FIARZERIE e BN n Flm 237
g w A v (I ESE R IS T o order ZEUTIE X phgQuadDofDotDof, HHENS u il v ANfE
A DOF_CONSTANT F1 DOF_ANALYTIC 287,

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

WE B NG o 5 BHEEXNS v 1R AR R B RBE S TC e BRI . n 43t v IFERRH
5, WS RIATE res 88 MG X IR [FIZZ X Huhk (24 w A ) BN o1 545 B2 17 AE) o order
ZHH) % XL 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)

RN SR v SHENER v B o DNaE R NIRRT e ERIRSY, BEK v I
Bt R e R AL, 1X /&5 phgQuadDofTimesBas AN[A]Z Ak
FLOAT phgQuadDofDotGradBas (SIMPLEX *e,DOF *u,DOF *v, int m, int order)

WEABHE o FEES B HE v B35 0 NMEREIEEMNERIC e BRI,
DOF *phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

WESRE BHENS o 1 () B, W% TERREMN . e B & —AN 8 B HEEX
5 BN AME, H(ERE w i ERBEER L2 B TT . 4L proj FRE WX u AT
%: DOF_PROJ_NONE /R A% . DOF_PROJ_DOT K755 1H #4772 [n] & 1E4T WAL DOF_PROJ_CROSS %
75 BRI ) REAT AN (3U3FE) o order AN A KB L.

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

EfREm EAEE vy v FIERBUS IR . proj $85E u FEMAMNE R _ERIHE 7, ATHL
DOF_PROJ_NONE. DOF_PROJ_DOT HY DOF_PROJ_CROSS. order 8 &M K5 R o

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

WHEREm EAHE v 5 v SIS . proj T5E u M7, #HL DOF_PROJ_NONE.
DOF_PROJ_DOT 5, DOF_PROJ_CROSS. order fi§ ERI/M k.

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

W [ |JulP, order FFEM T HEE.
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FLOAT phgQuadGradBasAGradBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v, int m,
int order)

WHEEBHE w2 o MEREUOERE U REGERE A SR AR v B n DNEEREWEL LT
JG e bRy M A g NULL RonH R AL RE, %R 205 [F T phgQuadGradBasDotGradBas. A
HAETFREL I, DofDim(A) WA T 1 (RO HALLHAAIFE) 5L DofDim(u) * Dim (F7xf AIFE) B
DofDim(u) * Dim [F°F-J7 (RIRIHRED , J5 PR 0 i AR ik o
FLOAT phgQuadBasABas (SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v, int m, int order)

W HHE o o NMERECRRIGENE A RORH B v 15 o MEREHEFIC e RN XA
o NULL KRR SRR R, HIN 2% pR 45055 7] T~ PR 41 phgQuadBasDotBas. A AAEF4R4EH N, DofDim(A)
WA 1 (RN H B LA ) 5% DofDim(u) (R X AFE) 8K DofDim(uw) V77 (R/RHFME, J&
PR35 10 13 AA T ko
FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,

int order)

T A B w3 o NMEREIEE SHFE A FIRS A v 28 o DN EREIIERE R TG e
FRIARSY . X A BIZ e S e i [F] PR 2L phgQuadGradBasAGradBas.
FLOAT phgQuadDofAGradBas(SIMPLEX *e, DOF *u, DOF *A, DOF *v, int m, int order)

T A u RRE ST A (FRFRE A v 1058 m DIERR BRI N BE 5T o BN
I%e KA 2 5E B 4ER PR 5 7] o8 %L phgQuadBasABas, X HL 325K DofDim(u) 25T DofDim(v) * Dim.

A5 ERMERRASE
HURT A S PERRVE AR 12 1 R R 1, AR A S B I e L
INT phgSolverMapD2L(SOLVER *solver, int dof_no, int index)
R[H] solver % dof_no /N H MR R IIE index A H HIEEAELNE R G 1) A g

1

T o
INT phgSolverMapE2L(SOLVER *solver, int dof_no, SIMPLEX *e, int index)
R[] solver H % dof_no MM HHEXRIEHIC e LINE index N HHEAELIE RS H MR A
S
int phgSolverInitialize(int *argc, char *x*argv)
(WS AT
int phgSolverFinalize(void)
(WA
SOLVER #*phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

BN S o oem_solver 15 7E fi#i)#s, W H SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS B, SOLVER_DEFAULT, 1] A%
ZH (N u JTFIR) A RFNE A, DL NULL 45 0. 3% P16t (1@ e xd %454t .



A15 KM E B 73

int phgSolverDestroy(SOLVER **solver)
TSR AR B, B A DR

int phgSolverAddMatrixEntry(SOLVER *solver, INT row, INT col, FLOAT value)
¥ value {H S MBNZNE T FEA REFEFE Alrow] [coll F, HH row Ml col M AT,

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

#t values ) nrows x ncols N REU BN BN LNE T FEAH REFEFEH, rows Fl cols H4 7%
o5 R BUEFEAT S A G 5

int phgSolverAddRHSEntry(SOLVER *solver, INT index, FLOAT value)
K value HERINBILNE T index MU, index AAMGN 5 o

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

¥ values ") n AMERMBILAN I FEAATIRIN, $4 indices 43 HIX LA I I KA 5 o
int phgSolverAssemble (SOLVER *solver)

AL E RS, RTS8 T % phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Ml phgSolverAddRHSEntries PRSI IJG, AT LATE SR AE AT IR % s BOR 58 1
LM RGN A 2 . PR B T IE R L EERT phgSolverSolve 2 H A H B K 5E £k It R 4L 11
%,

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

PR Pk R GE I R B B S A i T AT Hs G M i A7 i ks =8 (CSR) it 2048 @ X AF o matrix_fn 45
H RGPS SO 44, matrix_fn 25 AT v I HH SO 44 o matrix_fn BY matrix_fn W] DUESFRED,
FRoNANG AN SO o 1Z R H AT A SRR AT 2R R S

MAT *phgSolverGetMat (SOLVER *solver)

IE A I R BOE R . %R [P solver->mat, JFHF solver—>mat (51 HTHEUN 1.
SOLVER #*phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

A —ANEL mat 4 RECEFEROMES TR mat (051 HIVHEON 1.
int phgSolverVecSolve (SOLVER *solver, BOOLEAN destroy, VEC *x)

SRARENETTREA, = IR BT FEATIIMAE o 122 R B T 2 e — LE R B phgSolverSolve S .
int phgSolverSolve (SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

SRIFLANETTREAL. ATARZHL (A w JTUR) 45 HORFIRZIER, LU NULL 855, EATE AN S a1k,
B IS ARG FERARFESR P ERSEALINE phgSolverCreate H1 K8 WA
destroy == TRUE [RI15, JUJSRMESEHRJm 37 BIVEA 55 28 B0 B MUA g T LIORE FRCN Ao 12 PR KGR ] e 22064
OB GRIME < 0 Rk A AR 1R) .
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void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)

BB AR E AR G B RSB A IE . #7812 B Ul 3 iy 447 BEE R B R AR IR 2R3
void phgSolverSetTol(SOLVER *solver, FLOAT user_tol)

BB AR E MR AR G NIRACE  RE . #5 1  12% e HOUN T T iy -4 B0 B AR A QR 1 BRECRS 2R3
void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

BB LS S solver BITIAAT 1o 1) ] LUl It i R B4R £ PC_PROC pe_func SEILE R Tl
ZAFT o 24 pe_func A NULL I, BRIA U phgSolverVecSolve (pc_solver, FALSE, *u) SKfif Mu = b,
FERE w k[l o M OFERE ) pe_solver & X

TE: KRR E TR B AT PCGL GMRES B PETSc f#VE#3H %, PCG fil GMRES
BRIANEH jacobi FEAF-
int phgJacobiSolver (MAT *A, VEC *b, VEC **x, int max_its, FLOAT rtol)

HEFI Jacobs J7ik, A Axsb, K64 BARAFLE x JRII VEC AP 0S5 245 VA ik 02 i
i phgMapCreateVec B o PR BIME A S PRk AKX EL . max_its AEHBNIENPEL, reol For
AR 1 R
void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)

(#% HYPRE 2.0.0 3L FARA T H5) 52 X HYPRE AMS W4T 1 Ay 1 Ag i

void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[} phgSolverHypreAMSSetPoisson, HT a Fl 3 4 H I IE

A.16 FHEERFHERETE

A16.1 BE

EIGEN_SMALLEST o I8 /N n AR ARRIE [7) &
EIGEN_LARGEST o UEIRKM n AMFEMEARRE 7] &
EIGEN_CLOSEST > & &I tau I n MNEFALAE AR ) &

A.16.2 SPEMFIEEREESS

phgEigenSolverARPACK > PARPACK 451 {H ik o
phgEigenSolverJDBSYM > JDBSYM HFEAH il %
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) FFfE{H #7225
phgEigenSolverSLEPc > SLEPC HFIE{EfETESS
phgEigenSolverTrilinos > Trilinos/Anasazi o5 fiE{f il 2%

A.16.3 EOERH

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

TET SURFEE M Az = ABx 19 n AMRFIEAE /FRFAE M) 5 which 7] DAHX EIGEN_SMALLEST (dg/)
FEEMY). EIGEN_LARGEST (5 KAF/E(H) M1 EIGEN_CLOSEST (IxFEIT tau [4FMAE(E). nit IR[FIIERIK
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B, WTAAZE u, ... 41 DOF XS MEL, B A BB DoF X B RALA Y A il B
i) DOF X% —3%, SAEHE S n 4> DOF X%, R[0S 2 FREE ) 2.

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

TS SCRAEE I8 Az = ABa (8] n AN AVRAE 7] B o Rk ) R8I *evecs R[] (Uit
A} xevecs == NULL, mUtZ@ﬁ%ﬁ%%Ei%bﬁdi%**’%ﬁﬂé%%ﬁé?)o HRZH 5 phgMatEigenSolve HFX)
[ 2 KA ] o

A17 LMEMHESERE

void phgGeomInit(GRID *g)
Fhate LT St (AR ) -

FLOAT phgGeomGetVolume (GRID *g, SIMPLEX *e)
IR AR RE L IT AR

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e)
IR [BI5R E FICH EAS .

FLOAT #*phgGeomGetJacobian(GRID *g, SIMPLEX *e)
IR A4 7 BT O ARBRTE Jacobians

FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face)
R E TR, face ATIMIHICH i

FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
IRFIHEE W EAE, face AHIKIHITHL S

FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face)
IR [R5 5 [ ¥ ALV B, face RTHIMIFRIC ST .

FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
IR P52 [ AN ), face N THIHIHICN S

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IRIBIHR 2 R IRABAR (2,9, 2) TEHTT e O ARPR.

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

R[EIFTT e FPHRE HOABR I R R AR .
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phgAbort, 56
Acos, 50
phgAlloc, 57
Asin, 50
Atan, 50

B

phgBalanceGrid, 61, 61
BDRY_USER1, 5, 17, 18, 50, 50
BDRY_USER2, 5, 17, 18, 50, 50
BOOLEAN, /9, 58
BTYPE, 50, 50

BYTE, 49, 49

C

phgCalloc, 57

CHAR, 49, 49
char*phgExportDX, 63
char*phgExportVTK, 62
char*phgOptionsGetFilename, 60
char*phgOptionsGetKeyword, 60
char*phgOptionsGetString, 60
phgCheckConformity, 60
phgCoarsenMarkedElements, 61
COORD, 50

Cos, 50

D

DIAGONAL, 50, 50

Dim, 4, 24, 28, 29, 49, 50
DIRICHLET, 5, 17, 18, 50, 50, 62
DOF, 49, 50, 75
DOF_ANALYTIC, 30, 50, 62, 63, 70, 71
DOF_BASIS_FUNC, 27, 50
DOF_BASIS_GRAD, 28, 50
DOF_CONSTANT, 30, 50, 63, 70, 71

4. TEZERS

DOF_DEFAULT, 19, 51
DOF_DGO, 51, 51
DOF_DGn, 51

DOF_HBO, 51

DOF_HBn, 51

DOF_HCO, 51

DOF_HC1, 51

DOF_HC2, 51

DOF_HCn, 51

DOF_HFEB1, 51
DOF_HFEB2, 51
DOF_INIT_FUNC, 26, 50
DOF_INTERP_FUNC, 24, 50
DOF_ND1, 29, 51, 51
DOF_PO, 19, 51, 51, 62
DOF_P1, 49, 51
DOF_P2, 19, 51, 51
DOF_P3, 51

DOF_P4, 51
DOF_PROJ_CROSS, 69, 71, 71
DOF_PROJ_DOT, 71, 71
DOF_PROJ_NONE, 69, 71, 71
DOF_TYPE, 27, 34, 50, 64
DOF_USER_FUNC, 27, 50, 64, 65
DOF_USER_FUNC_LAMBDA, 27, 50
phgDof AFXPBY, 67, 67
phgDof AFXPBY1, 67
phgDof AXPBY, 67, 67
phgDofAXPY, 21, 31, 67, 67
phgDofCopy, 27, 66
phgDofCurl, 66
DofData, 29, 31, 63
DofDim, 27, 28, 63, 65-67, 72
phgDofDirichletBC, 68
phgDofDivergence, 21, 66
phgDofDump, 65
DofEdgeData, 29, 63
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DofElementData, 21, 29, 49, 6/
phgDofEval, 31, 65, 65, 66
phgDofEvalCurl, 66
phgDofEvalDivergence, 66
phgDofEvalGradient, 65, 65, 66
DofFaceData, 21, 29, 64
phgDofFree, 65
phgDofGetBoundaryType, 29, 68
DofGetDataCount, 64, 65
phgDofGetDataCount, 65
DofGetDataCountGlobal, 64, 65
phgDofGetDataCountGlobal, 65
DofGetEdgeDataCount, 64
DofGetEdgeDataCountGlobal, 64
phgDofGetElementBoundaryType, 20, 29, 68
phgDofGetElementCoordinates, 68
DofGetElementDataCount, 6/
DofGetElementDataCountGlobal, 64
DofGetFaceDataCount, 6/
DofGetFaceDataCountGlobal, 64
DofGetVertexDataCount, 6/
DofGetVertexDataCountGlobal, 64
phgDofGradient, 20, 66
phgDofInitFuncPoint, 27, 68
phgDofInterpC2FGeneric, 26, 27, 68
phgDofInterpF2CGeneric, 26, 27, 68
DofInterpolation, 20, 63, 64
DofIsOwner, 29, 66
phgDofMapE2D, 68
phgDofMatVec, 67
phgDofMVM, ix, 66, 67
phgDofNew, 24, 6/
DofNoAction, 20, 63, 64
DofNoData, 63

phgDofNormH1, 68
phgDofNormInftyVec, 67
phgDofNormL1, 68
phgDofNormL1Vec, 67
phgDofNormL2, 68
phgDofNormL2Vec, 67
phgDofSetDataByFunction, 65
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phgDofSetDataByValue, 65
phgDofSetDataByValues, 65
phgDofSetDataByValuesV, 30, 65
phgDofSetDirichletBoundaryMask, 65
phgDofSetFunction, 65
phgDofSetLambdaFunction, 65
DofTypeDim, 63

DofTypeName, 63

DofTypeOrder, 63
DofVertexData, 29, 63

E

EDGE, 26, 50, 50
EDGE_FLAG, 60
EIGEN_CLOSEST, 47, 74, 74
EIGEN_LARGEST, 47, 7/, 74
EIGEN_SMALLEST, 47, 74, 74
phgEigenSolve, 47, 75
phgEigenSolverARPACK, 74
phgEigenSolverBLOPEX, 74
phgEigenSolver JDBSYM, 7/
phgEigenSolverSLEPc, 74
phgEigenSolverTrilinos, 74
ELEM_FLAG, 60
ELEMENT, 26, 50, 50, 69
phgError, 56

Exp, 50
phgExportALBERT, 62
phgExportMedit, 62

F

Fabs, 49
FACE, 26, 50, 50
FACE_FLAG, 60
FALSE, 49, 49, 53, 58, 68
phgFinalize, 56
FLOAT, 18, 49, 49, 50, 58
FLOAT*phgGeomXYZ2Lambda, 75
ForAllElements, 20, 61
phgFree, 57
phgFreeGrid, 60
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G

GEOM_FLAG, 60
phgGeomGetDiameter, 21, 75
phgGeomGetFaceArea, 75
phgGeomGetFaceDiameter, 21, 75
phgGeomGetFaceNormal, 75
phgGeomGetFaceOutNormal, 75
phgGeomGetJacobian, 75
phgGeomGetVolume, 75
phgGeomInit, 75
phgGeomLambda2XYZ, 75
get_cache, 35, 36, 36, 37
phgGetBoundaryError, 61
phgGetNeighbourData, 69
phgGetTime, 57
GlobalEdge, 5, 62
GlobalElement, 5, 62
GlobalFace, 5, 62
GlobalVertex, 5, 61
GRID, 5, 7, 49, 50

GTYPE, 50

1

phgImport, 15, 17, 62
phgImportSetBdryMapFunc, 17, 62
phgInfo, 56
phglInit, 39, 40, 49, 56, 59

INT, 18, 49, 49, 58
INTERIOR, 5, 50, 50

J
phgJacobiSolver, 74

L
Log, 18, 49

M

MAP, 43, 44, 52
phgMapCreate, 52
phgMapCreateMat, 53

phgMapCreateMatrixFreeMat, 52
phgMapCreateSimpleMap, 52
phgMapCreateVec, 54, 74
phgMapD2L, 44, 52
phgMapDestroy, 44, 52
phgMapDofArraysToVec, 45, 53
phgMapDofToLocalData, 45, 53
phgMapE2L, 43, 52
phgMapL2G, 44, 52
phgMapL2V, 44, 52
phgMapLocalDataToDof, 45, 53
phgMapVecToDofArrays, 45, 53, 53
MAT, 45, 46, 52

MAT_OP, 55, 55
MAT_OP_D, 45, 46, 55, 55
MAT_OP_N, 45, 46, 55, 55, 66
MAT_OP_T, 45, 46, 55, 55, 66
phgMat2Solver, 54
phgMatAddEntries, 46, 53
phgMatAddEntry, 46, 53
phgMatAddGLEntries, 54
phgMatAddGLEntry, 53
phgMatAddGlobalEntries, 53
phgMatAddGlobalEntry, 46, 53
phgMatAddLGEntries, 54
phgMatAddLGEntry, 53
phgMatAssemble, 46, 54
phgMatAXPBY, 46, 54
phgMatCreateBlockMatrix, 53
phgMatDestroy, 54
phgMatEigenSolve, 74, 75

phgMatRemoveBoundaryEntries, 47, 54

phgMatVec, 46, 55
phgMemoryPeakReset, 57
phgMemoryPeakRestore, 57
phgMemoryUsage, 57
MIXED, 50, 50
MV_FUNC, 45, 52

N
NEdge, 4, 24, 49
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NEIGHBOUR_DATA, 69, 69
phgNeighbourData, 69
NEUMANN, 5, 17, 18, 49, 50, 50, 62
phgNewGrid, 60, 62
NFace, 4, 24, 49

phgNProcs, 49
NVert, 4, 24, 49, 49

O

OEM_SOLVER, 50, 56
OPPOSITE, 50, 50
phgOptionsGetFloat, 60
phgOptionsGetInt, 40, 60
phgOptionsGetNoArg, 40, 60
phgOptionsHelp, 59
phgOptionsPop, 60
phgOptionsPreset, 39, 59
phgOptionsPush, 60, 60
phgOptionsRegisterFilename, 58
phgOptionsRegisterFloat, 58
phgOptionsRegisterHandler, 58
phgOptionsRegisterInt, 58
phgOptionsRegisterKeyword, 58
phgOptionsRegisterNoArg, 58
phgOptionsRegisterString, 58
phgOptionsRegisterTitle, 59
phgOptionsSetFilename, 60
phgOptionsSetFloat, 59
phgOptionsSetInt, 40, 59
phgOptionsSetKeyword, 59
phgOptionsSetNoArg, 40, 59
phgOptionsSetOptions, 59
phgOptionsSetString, 59
phgOptionsShowCmdline, 59
phgOptionsShowUsed, 59
OWNER, 7, 29, 43, 50, 50

P
phgPartitionGrid, 61
phgPause, 56
PC_PROC, 56, 74
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phgPerfGetMflops, 57
PHG_MPI_BYTE, /9
PHG_MPI_CHAR, /9
PHG_MPI_FLOAT, 18, /9
PHG_MPI_INT, 18, /9
PHG_MPI_SHORT, 49
PHG_MPI_UINT, /9
PHG_MPI_USHORT, 49
Pow, 49
phgPrintf, 18, 56

Q

QUAD, 34-36, 50
QUAD_1D_P1, 51
QUAD_1D_P10, 51
QUAD_1D_P11, 51, 51
QUAD_1D_P2, 51
QUAD_1D_P3, 51, 51
QUAD_1D_P4, 51
QUAD_1D_P5, 51, 51
QUAD_1D_P6, 51
QUAD_1D_P7, 51, 51
QUAD_1D_P8, 51
QUAD_1D_P9, 51, 51
QUAD_2D_P1, 51
QUAD_2D_P10, 51
QUAD_2D_P2, 51
QUAD_2D_P3, 51
QUAD_2D_P4, 51
QUAD_2D_P5, 51
QUAD_2D_P6, 51
QUAD_2D_P7, 51
QUAD_2D_P8, 51
QUAD_2D_P9, 51
QUAD_3D_P1, 52
QUAD_3D_P10, 52
QUAD_3D_P2, 52
QUAD_3D_P3, 52
QUAD_3D_P4, 52
QUAD_3D_P5, 52
QUAD_3D_P6, 52
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QUAD_3D_P7, 52

QUAD_3D_P8, 52

QUAD_3D_P9, 52
QUAD_CACHE, 3/, 34-36
QUAD_CACHE_LIST, 3/, 34-37
QUAD_DEFAULT, 3/, 34, 70
phgQuadBasABas, 70, 72, 72
phgQuadBasDotBas, 70, 72
phgQuadCurlBasACurlBas, 70, 72
phgQuadCurlBasDotCurlBas, 71
phgQuadDofAGradBas, 72
phgQuadDofDotBas, 70, 71
phgQuadDofDotDof, 70, 70, 71
phgQuadDofDotGradBas, 71
phgQuadDofNormP, 71
phgQuadDofTimesBas, 20, 71
phgQuadFaceDofDotBas, 71
phgQuadFaceDofDotDof, 71
phgQuadFaceJump, 21, 71
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