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MR 0,1, 2,3, HA i FEAELE T @ AT . IXLeg 5 23 FR A T« SRR 5T N g

1.3 Z“HBETAEL

PHG R M 0 A0, Ry “ 304 510k . XA NTAEN, 54
i, KNI, 0 5 5 2 M AT S K365, W 11 k. — A edif
T B AT = A 3 TEI A 8T T AT A 3 TEIUR Hy 220 T 3
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PHG HRH AL EVER T [2, 7,9, 1] ondifbi ks T B IENA R ok /48 ALBERTA

[11] RS, B EICHIR T — R 2R, SRR 0 (B TR 0-1 13L) MDAl . HIda ks,
BTSRRI pid 5 o] LLEH P 4 e, v BLil PHG B 3™

T e, A HITTIA 0 KO0 7 HIT 0, WS HITIi 1 K HIChR N 19T
1, RTINS 5 MISE BRI S T I IO S 5 AR LA SE « b T SCRMEE AR A% 414k, PHG
i H 5 Fpea oo, 23 FR A O (opposite)s M (mixed)~ D (diagonal, X}, F ALBERTA [f] type 0) F
(face, XIJ%. T ALBERTA [ type 1) Il E (edge, Xf . T~ ALBERTA [ type 2). X 5 #7411k
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1.4 BXRMIgLE
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1.5 SHRNERME
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4 - AARILF

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

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

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

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

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

1.7 —&Es

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

Dim AR MYER, =4l 3.

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

1.8 Bk MIig T REELEHM
1.8.1 SIMPLEX 4#4
PHG iR B 6 R 454 2 sTMPLEX, i &rin R LA 8 0 -

typedef struct SIMPLEX_ {

struct SIMPLEX_ *children[2] ;

void *neighbours [NFace] ;

void *parent ;

INT verts[NVert] ;

INT edges [NEdge] ;

INT faces[NFace] ;

INT index;

SHORT mark;

BTYPE bound_type [NFace] ;
} SIMPLEX;

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



1.8 BT KW R I E5 A o

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

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

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

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

typedef struct GRID_ {
FLOAT 1if; /x RBRFHETF */
COORD *verts; /x TREAAR */
BYTE *types_vert; /**< Types of vertices (bit flags) */
BYTE *xtypes_edge; /**< Types of edges (bit flags) */
BYTE *xtypes_face; /**< Types of faces (bit flags) */
BYTE *types_elem; /**< Types of elements (bit flags) */
INT nleaf;
INT nvert;
INT nedge;
INT nface;
INT nelem;
INT nvert_global;
INT nedge_global;
INT nface_global;
INT nelem_global;
INT nroot;
INT ntree;
int rank; /* #AZS */
int nprocs; /* #ARLL (FRAEL) */
#if USE_MPI
MPI_Comm g->comm; /* MPI #4132 x/
#endif
} GRID;

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

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



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

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

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

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

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

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

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

1.8.3 types_xxxx #¢H

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

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

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



1.8 BT KW R I E5 A 7

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

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

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






EZE R, BRE. HIERXHER

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

2.1 EESHIF
75 PHG PRSI TR H 5 4hA7

./configure
gmake

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

configure i R PR AR 1 2 A [ — £

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

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

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

FC i€ Fortran (90) JwiFss

FCFLAGS 8% Fortran (90) 4wiik I

F77 155 Fortran 77 dMiFas

FFLAGS Y852 Fortran 77 Zmideik I

Hrp, Fortran 2 PEal B0 3= 284 TR —285E T Fortran AN (W PARPACK . MUMPS
S5) W€ Fortran PRI iy 2 KU S B2 I T 75 2219 5 Fortran 45 XHIE (configure 23 idHinixX SEFR
AAE A E T,

configure I EEIETA (5 PHG MAH K, XHIHMKA %, HiEnSEms
“./configure --help” [I%iTH):

--prefix=FH % % &€ PHG %3 H > (BRI /usr/local)
--enable-debug Ja AR A R AR (CERIAE)

--disable-debug SRR b o A

--enable-fpetrap M PRI T SO VEIN T Rl 3RV AU I D RE (BRI
--disable-fpetrap AR Il R R I D) e

--enable-tcl JaH Tl JA#E O (BRIME)

9


ftp://159.226.92.111/pub/RPMS

10

--disable-tcl
--with-tcl-config=X 1+ %
--with-tcl-libdir=H & %
--with-tcl-incdir=H & %
--enable-tk
--disable-tk
——With—tk—config=jl¢?2§
--with-tk-libdir=H & %
--with-tk-incdir=H & %
--enable-vtk
--disable-vtk
--with-vtk-cmake=X 1+ %
--with-vtk-libdir=FH & %
--with-vtk-incdir=H &k %
—-—enable-mpi
-—disable-mpi
--with-mpi-libdir=H &%
--with-mpi-incdir=FH & %
--with-mpi-lib=/%
-—enable-mpiio
--disable-mpiio
--enable-metis
--disable-metis
--with-metis-lib=/4
--with-metis-incdir=FH & %
--enable-parmetis
--disable-parmetis
——With—parmetis—lib=}§
--with-parmetis-incdir=FH &%
--enable-zoltan
--disable-zoltan
--with-zoltan-incdir=H %
--with-zoltan-libdir=H &K%
--enable-solver
--disable-solver
—--enable-spc
-—disable-spc
--enable-petsc
--disable-petsc
--enable-hypre
--disable-hypre

F_F R, BE. fiFROUEER

AR Tl AR

fRE tclConfig.sh A4 (T Tcl FLHE)
i Tel FESCAFPTAE ) H 5k

FiE Tel SkCHF PR H 3%

JH Tk AR (BRAME)

AR Tk AR N

fRE tkConfig.sh /14 (T Tk AlE)
fR e Tk JESCHF AR H %

f5 8 Tk SKSCAFFTER H 3%

JE M VTK #H (BRAE)

2 VIK $#11

fRE cmake FE/F (HT VTK FLHE)
/€ VTK FESCAF (e n H sk

8 E VTK KPR H 5%

Ja Hl MPI i1 B A% 18 (ERIAE)

AR MPI 3 B

FR3E MPI FE SO 12

¢ MPT kU642

f55E MPI J& (U0 -1mpich)

] MPI-2 1/0 B4k

AH MPI-2 1/0 BREL (BRIME)

Ja H METIS (H T M5 2, ERIAE)
#F METIS

f85%E METIS JE

fi € METIS kSRR B 5%

Ja H ParMETIS (FH T~ MA&% E 1) 73, BRAE)
2 ParMETIS

g5 ParMETIS J#

{87E ParMETIS Sk 3CHFFTEN H 3%
Ja M Zoltan 4 H1 (FHT- A& 73, BRE)
2 Zoltan #:H

Zoltan kICAFPTAERT H 5%

Zoltan e SCAFFTAE R H 3%

Jo Rfdkds i o (BRAE)

AR RfRLAR 1

JAH SPC ity (BRIAH)

5] SPC il o

Ja Hl PETSc fi#tikas (BRAH)

251 PETSc fiftik:es

JA ] HYPRE fi#ik8s (BRIAE)

%] HYPRE f#ik:as



2.1

BLE 5 % iF

--with-hypre-dir=H & %
--with-hypre-libs=/%

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

2.1.1 C/C++ #Wi¥:[{F MPI
PHG LA CiESYS, HETHA VIK Fl Trilinos #2118 C++ 1. Kb AT Hx Lo 1]

K1k

, R C ikl aT L T . PHG i MPI W B IS SCBLUFAT . WEREAT MPI 324,

4% 4 PHG W ERATRUAS .

U AR AT MPT R Gede it 1 XA 1 4

PHG (1] configure JHIAKIN C Fl C++ gmiFss AL 5ER A mpice. mpiCCy mpicxx S5 4.
WIFEIZAT configure I AR EALAIRT MPI IS4,

F

HYPRE %3 H3% (BRINMEA /usr/local/hypre)
HYPRE & (BRiAME N -1HYPRE, 2B IET455E BLAS
1 LAPACK J%)

Ja H1 Trilinos #11

ZEH] Trilinos #2171 (ERIME)

25 th Trilinos 2% H >, TS k30 2 %
Trilinos k304 H 2%

Trilinos & 34 H 5%

Ji F Trilinos Anasazi FffiE{E RS

25 Trilinos Anasazi FFAL{EARTERS (BRIAH)

Ja ] SuperLU Dist fifti=#s (BRiAH)

A5 H SuperLU Dist fi# ik #%

}5 % SuperLu JFE

85E SuperLu SkSCPFPTAER) H 5%

Ji Hl LASPack (H47) filtvkds (BRIAMH)

A% LASPack (H31T) filikes

Ji H PAPT #: 11

2511 PAPI #:1

/€ PAPI [ (% %1%, BRNK -1papi)

FRE PAPI K30 H s 44

JH gzip SCFF CCRFEEN gz AT, BRIME)
25 gzip Ml IRAESCHE

gzip FEITF4 (BRIAK gzip)

Ja H bzip2 SCHF (CFFEA bz2 RAH S, BRIAE)
25 bzip2 fiff Hs 4 S RF

bzip2 FEIF 4 (BRIAK bzip2)

45t BLAS FE

45 LAPACK J

Fortran 77 Jig (44 W& “= &7 I PHG H AL I)
Fortran £ (440& “= & N1 PHG H ZhALM)

AT DU ARG 2T R 55 (BRI FURG V7 i 5

11

H g

P,

WERAE ) MPT RGUEH] T I E ARG A i, AT OISR R co 1 oxx Kfi e el el
I, configure XU E HAT I K MPL S0 PEAEAREL, WERRIG WG 2] --with-mpi-1ibdir



- Bo% WA, RE. GEECUHER

Al ——with-mpi-incdir WIS HllFiE . MPT ZERISK ORI 4%, DA --with-mpi-1ib BT & 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 &[0

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

2.1.3 Zoltan 0O

WHRIFH T METIS/ParMETIS 32 #%, JfH configure Al 3 7 AN 1) SCAERIEE, W{EZE4THE
JPI AT AR LT “-partitioner zoltan” KIREAEH Zoltan HEH 1) —e L3 AT A% K1l 4 s F R 47
FHIET “-zoltan_method F-i%” SKIRE Zoltan [FMIMEH 43 5yk, Hodh “Fik 7 nf LEL: “rcb” (recursive
coordinate bisection, ERIMME). “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F “hypergraph” (hyper graph, 2!,

2.1.4 FRESREO

KR T PHG SR W% 4 PCGL GMRES 8582 8k, JH P b w] LU I E a8 R R R et 7 1
. HHil PHG SCRFMAMBARES A PETSc. Trilinos. HYPRE. MUMPS. SuperLU_Dist. SPC Fll LAS-
Pack %5, {Ei817 configure N F LLARE 5 HIMRLEARIE A1 11 (0 SN 5 B A ST L RN B AR ) o
JP R e oh BARAE WA s o R P o, B AR IS AT R PP I Eh iy AT 100 “ ~default_solver” fit
5E o LASPack & —/MRATMRES, AR MPI RS LA

2.1.5 Tcl/Tk. VTK

PHG $2ft55 Tel/Tk MAIEF M H . AT Tel/Tk BADGE, RGP L% Tel/Tk
SAHM ) FF R AEE o WIER contigure Joik H AT AN Tel/Tk, WIFT L4 & Y 1L (-—with-tcl-*
Al --with-tk-*) KI5 E e,

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

2.1.6 BLAS #1 LAPACK [E

LB AEAY, i PETSe, HYPRE il SuperLU Dist %575 % ] ] BLAS 5 LAPACK J%, H
PETSc #1 HYPRE % LAPACK Al BLAS, ifi SuperLU_Dist N Y 753 BLAS. %75 4E PHG
AN P X e, AT 1062505 | FHAH R] 1) BLAS F1 LAPACK.

1Z1T configure W14 A T PETSc, W] PHG 4 H3hM PETSc H1 3K 5% BLAS Al LAPACK
(M 8, B P AN ZE v 247 E R € BLAS Al LAPACK J# (40 545 % S imi o] B H4S)

WA e ke 3l PETSe, W I LLEIS configure MIIEIIKIRE BLAS 8(/fl LAPACK
JE. F& 25352 BLAS/LAPACK )1

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

(vE: WTULH --with-lapack [AHf5 BLAS Fil LAPACK %, {HAMNZH --with-blas K8 LA-
PACK J%).

BT e EUA F PETSe JF HA P %3 #8  BLAS/LAPACK JER, configure ikl H 33
HIE 2 1) BLAS/LAPACK o WUERKE], W st GFEH]) RBIRE . WERIAR], WL 4%
CEEPESY

WA A Fedora Linux Jf H#¥A HE 541G BLAS/LAPACK FER}, W] L% FE %% 1apack-devel
H1 blas-devel 4,

[l =

2.2 ik

SERUG A RS H AT

gmake install
gmake install-doc

oK PHG [IERELSCAE (W Ie—SEAOCSf) 23883 ——prefix JEIRE M Hax, Kb e — 44
Yt %d% PHG [T M manual.pdf (752 CCT H 3 TEX)o
PHG 23 [ T BESCA A H S S5 R T -

bin/phg

bin/phg_tcl

1ib/libphg.a

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

| share/doc/phg/examples/*

H:rh share/doc/phg/manual.pdf /& PHG [F)F-/l, share/doc/phg/examples 140 7 —LEfe /3 5451 Al
Makefileo

2.3 #l{E RPM &

PHG Y505 kAt n] DL H R HI/E RPM . $I/E RPM Wi, O TR OC R, PHG H
FIMILE AR, ©FF VIK. ParMETIS. Zoltan %545, flfth ] RPM BN 3, Rk
ftp://169.226.92.111/pub/RPMS
AbRAE T IX 8 RPM 15,
o PHG JEISESCIFE4 N phg-x. x . x—xxxxxxxx . tar.bz2, N4 :

[rpmbuild --nodeps -ta phg-x.x.X-XXXXXXXX.tar.bz2 }
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14 BoE R, BE. IR AR

¥R PHG YRS,

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

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

H1T PHG HO T R Ge b 238 iVE 2 g, DI AR ity — BBl 0l 1 HUd & T 23 fE g
PEERINLE Ee WERA R RPM WAE I ENLAS 2%, WG SEAE S LehlL g b SFr e st 2 T 2
P, YmiEfT4 A: rpmbuild --nodeps -—-rebuild phg-x.X.X.STrcC.rpim.

PHG ] RPM LI ERINZ3E 4420 /usr/local. H1T PHG [f] RPM £ % relocatable [, AJ LA
T2 AN 8 JL e e B R4, - rpm --prefix=/usr -ivh phg-x.x.x.1i386.rpmo

2.4 EFZH
examples H g &L B SCRE 5L (simplest.c. poisson.c. maxwell.c 55). W Ih4miF

SR AERCENTI AT AT SO, FTLGEAT SN RINA PHG 4% P8 5 B8l (84T AT EA] “~help a11”
I B E AT SRR I A 24T IE ) o

2.5 Tecl/Tk #0

WA DIRIME] Tel/Tk 1 VTK, “gnake all” iy 2K dw it 4L 2T phg_tcl, Ea— M EM
Tel/Tk RS, AR T VTK Al PHG 1 (#4)) DifE. phg.tcl j&— phg_tcl JHIASEHY, ©5K
BT AR B R A, HE T
[/prefix/share/phg/phg.tcl [P A& A ] ]
(% “/prefix” Bl PHC 22354 1%) . Hip “ M4 j&—/ ALBERTA 3 Medit # 2 1# #%
Ao Fiah, ATLLUE I Shell JHIAS /prefix/bin/phg KIZFT1% St H

2.6 SKH#ER phgdoc

PHG $2fft—4c i 35 B iy 2 phgdoc H T & 1f PHG pREUP) A )2 %% . phgdoc J&—Mij #1 [ Shell
JEAS, CARYE A AT SEAE PHG 1Sk SO P8 ZAH I I bR B sl 2 A RR I Bom ke 9t

% phgdoc phgImport

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

% phgdoc phgDofCurl

#define phgDofCurl(src, dest, newtype, name) \
phgDofCurl_(src, dest, newtype, name, __FILE

LINE__)

e

2.7 HAPEFSmFSHEE
1B FH P R SO 44 0 mycode. ¢, HUFETE Makefile TN Fi—47:
[include El 5k /Makefile.inc }

SRIGHAT “ gmake mycode” iy 4, {H ] A B AT $AT A mycodeo M “ B 37 J& U Makefile. inc
FRAEM H 3%, LU PHG WiEAS H 3%, W] L2 “/prefix/share/phg”.
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H PRI YmF . BEFE ] 2% /prefix/share/doc/phg/examples/Makefile. HH “/prefix” X,
#* PHG ) Z3Ep1e.

2.8 Mg HIER

PHG 1L b4 % phgTmport W LU Pl UM RS SCHh @ ARTAR RS . HAT, PHG R BET AR
T AT RIAR IR o AT S PHG B SCRF I RS SOAERS 30 0 T IE R, Al DUE R L #y
PHG Pt AR A PHG 1, XFEHAEEAR W R, — 28500 R 21— Shell A
RESEIL o

2.8.1 ALBERT #&3%

iXJ& ALBERT 1.0 I#JEA Mk SCAA% X, ALBERT FRZ 4 macro triangulationse ALBERT FHi3L.
HENBI R 9 & read_macro() Fl write_macro() . HICAFZMWIT -

DIM: B NP ELE 2
DIM_OF_WORLD: % 8] e 5%
number of vertices: TR & 4% (nv)
number of elements: ¥ T4 (ne)

vertex coordinates:
TR & 04 4R
TR 14 AR

TR & nv-1 4247

element vertices:
¥ UO0TR &5
HUATRE ST

¥ Tne-1T0,5 % 5

element boundaries:
20 REA
¥R RER

element type:
FAOKA
HAIER

element neighbours:
F L0 AR JEE T
B ARE LT

¥ Tne-149 4R &£ 7T

curved boundaries:
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i ' N 4K
W FAZ; x BARRF; y AR E,; z AR KRE

PHG 3R “RAE ) ARG 47 F <2 10 4457 55T 3. “vertex coordinates” EEATALE =4
TG TS 2y ys 2 28R, “element vertices” FVEEATAL S DUANEEREL, 45 H SR oI DU
T A 1495 (M0 JFUR). “element boundaries” WRRATELE VUANHEEL, 25 HiAH Y B 70 DY AN 1 1) 32 5t
KM, 1 KR Dirichlet 5%, 2 %78 Neumann U5, 0 RRXILN . “element type” NiF4: 4
ANFICHINAEET, 0 %78 DIAGONAL, 1 7R FACE, 2 ¥/K EDGE, PHG "8 in P47 3 5l 3
(MIXED) Al 4 (OPPOSITE) %/, “element neighbours” 44 HIAEANFAICIYANAL IR A0S 5, -1 FoR
S, PHG Z00% ALBERT $i A S 45 H IR0 8 OC &R F AT B8 A e A5 B

curved boundaries ;& PHG M)/ J&, FI>koe SO b, s th— 25 n Al n A
K. FAAKXPOEVIAN < BITFRERER, 1138 o,y 2 BIeRE, RIS A A S F et

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

BRI TN Cx,y,2) =0, 1M (P(z,y,2), Qx,y,2), Qz,y,2)) WNK (x,y,2) $Z3 i L
1A (S8 MRS SCAESE] test/sphere.dat). SISO ARVFAE A X Z B9 5 I #47, (H 54
AEAA I

RN AP A E “element type” T, W) PHG SRR HIH VL BB AR HICTRE—
ORI, I HAHNAS b o PUAN T BT, DA CRATT U6 RS 3 A2 20 i A B2 P S SR (R AH 2 1
%A

WREGASA P A “element boundaries” l, M) PHG ¥ A AW A2 % & 5 UNDEFINED,

KT ALBERT A SCAHAS X ITEANE SIS S E [11].

2.8.2 Medit &3k

Medit [3] /&AM PIE WoR 5 A BB A:, — 285 it A% A S LR PE, U Tetgen [13], Gmsh [5]
&, AT DU Medit # 2CHTRIRSE SCfF o 0T Medit 42U 1T1EZE Medit 1T

PHG "] LL'F A Medit mesh format ¥ U1 MH, (HI1E AN Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals #(#ff, ZWSH & 4. PHG RN SCAF b 1) Wk 2 WA i) o i 5%
NP N A SR e G, PHG A S REAN /S THAR B IR h 5 ANEl 6 AN DY TR 570 I DR I % 1)
. PHG R4S ) Triangles H Quadrilaterals JEAUSIAE W6 il Fi i iy 2K
Mo BOATHOL T, PHG #§ Medit SCHFH SRR 1 #4405 DIRICHLET, S84 2 $446y NEUMANN, HAxtY
¥ 49l UNDEFINED. I, FH P AT LA E — AN BRBORIG Medit SO I SRSB4 PHG 18
R, ZF 283, .

W RAE A Netgen [12] AR IEE, 7 LAFIH A utils/netgen2medit ¥ Netgen [ .geo X,
neutral ¥ X LA Medit 4%, RG2S PHG H, BARRNEE S E A B 0 H BE R

2.8.3 AR%ER

PHG $24t i fhiZ 72K DIRICHLET. NEUMANN. BDRY_USER1. BDRY_USER2 F1 UNDEFINED. {FS§ A
DR SCAEI, PHG K PAS SO 8 e I SR T e 4 IR TR R 2 —, 7E A H phglmport Z WY, H
J1AT LA phgImportSetBdryMapFunc A H AR E — ML SR R 4, 3 Fro

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

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

BIFTRIE be_map & PHG [RBRINIL S0 R 50, Forh 2480 betype M A\ SCEEH I S5,
PRBCR [PME AR I PHG AR, -1 FoRIEVEEUCR AN SR 1

N ALBERTA #% 201 A A% U, PHG 20§ FH P 48 a2 (1010 R 4 s 40, T A2 ELREAE T
K ALBERTA [1)il S840 PHG 14 5281

ALBERTA 151288 | PHG 45261
<0 NEUMANN
1 DIRICHLET
2 BDRY_USER1
3 BDRY_USER2
He UNDEFINED

A, H TP AT IE D —~default_bdry_type, B 7E T H B2 phgImport 2 Hi i FH FH bR
% phgImportSetDefaultBdryType, RKIFEENINLFRAL, A RIk% I 1284k UNDEFINED I, 1
KA P A% PSS DU Sy P TR AR B, A5 )L S AR ol o BRI 2R A

2.9 FmEA

PHG s FH V7 s 2R A, FLOAT, BRAE O C Y double. {EIZAT configure 1] LA
--enable-long_double UK FLOAT $57E A long doubles

F PR FAE B T FLOAT BB B s By, NWAZAEH PHG & XIM%, X L6721 4 Fril it
¥4 Libm ' double BRELA M FRESCH RS2, U1 Sqrt, Sin, Log %5. fE MPL i@fFE 1, MixfliH
PHG_MPI_FLOAT YEAAHRN ) MPT #5288, A2 4 M MPI_DOUBLE, XXA¥ n] DAL UFACHIE F T AN [A]
AN FLOAT (W JLe 2R, 1 INT, PHG tH3R4E T AN 1) MPT 245285, 41 PHG_MPI_INT).

1 H phgPrintf & pREH I FLOAT BUAR RIS, LA double Hirth, f9%:

FLOAT a;
DOF *u;
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)Y FLOAT KM Y format H (WA FFASUCHC I 4 th 45 AT

7t 1686 Fl x86_64 “I"f5 I, long double SEfx KA 80 f/ k5L (LK double £ HZ) 3-4 fi it
HIREEE) o AEHE 48P 4 |, 0 SGI Origin 3800, long double W] LLIAF 128 frk5fE (£ 32 frtik
HREE) AR08 S v RE AR R AR R 1S



E=F EFLH

3.1 Poisson A&

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

(3.1)

—Au=f x2€Q
u=g x € 0N

3.1.1 FIEF

At g MGG . DOF X% u_h Ml £ _h 73 5l AFBCEUE AN A it R 450, 28218 DOF _DEFAULT (K
INEGL T 24 DOF_P2, B} 2 [fi Lagrange JG, W {EiaATHE PN Id Ay 24T IE I -default_dof_type BIiE
RHEEM), grad_u H T IHET AR EUEARTIBEE o error H TRAFIRZE R8T, RN DOF_PO (43
FHE)

GRID *g;

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

phglnit (&argc, &argv); /* #4648 PHG */
g = phgNewGrid(-1); /* QIR Z */
phgImport(g, "cube.dat", FALSE); /% 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) { /* BERYEIR x/
phgBalanceGrid(g, 1.2, -1); /x AT MAELE 5E5h «/
solver = phgSolverCreate(SOLVER_DEFAULT, u_h, NULL); /* 4 ERRER x/
build_linear_system(solver, u_h, f_h); /* TR&KMEFAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /* REEZRMEFFELE */
phgSolverDestroy (&solver) ; /x EARRMRIESR */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /x it B ZAaMFAE *
estimate_error(u_h, f_h, grad_u, error);/* it HiZEZ48TT */

phgDofFree (&grad_u) ; /* EANBALBAR L (NBE &) */
if CGHALESMH) break; * FIBTR T4 RiHH +/
mark_refine(est, ...); /* ARAE IR Z 3T FARE@ILE T +/
phgRefineMarkedElements(g) ; /% A& R R il */

}

phgFreeGrid(&g) ; /x EAY AR 2 %/

phgFinalize(); /* & PHG */

B 3 XS u_h A 240 DofInterpolation, ‘B3 A% 4N AL SIS BB u_h it
ATHEAE, B £_h IFEUITR A 2L func_£ O XTI, M error INATTH T 24 DofNoAction,
FORAKS B B ST AR B B B A A EE, FUR N & T REAH Y. A7t 25 0] o grad_u HHPRIAL
phgDofGradient @&, &EJAH H5EEE 5 L RIBE . phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
B —ALL uh ARAETERIMELAE N S, AR ##E458 SOLVER_DEFAULT (3KIAA PCG, H L

19
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HAATIED “~default_solver” KIR T HILEMILAY). BN phgSolverCreate H— NS4k
KHVEAE R IR B XS, X8 [ X SRR EA PR 5l 0, 1, 55,

3.1.2 FERZ&MHAIEA

PA%L build_linear_system() JERGERPE i FE4L, N S HT WIS (T A S ocHE Tl ), v AR
TR TN BEHE RO AT i E00, AR 5 R N L Pk 2R e vh 2 o X A SR G 1) 3 J77 38 3 % ForAl1Elements
KHEAT o BB M FEALI REERE N AL, J), Al B, I,J=0,...,M —1, M NHRME
AN MRS R T

N = u_h->type->nbas; [ FTUI RGN E +/
ForAllElements(g, e) { /x SHETHATIE R */
for (i = 0; i < N; i++) {
I = phgSolverMapE2L(solver, 0, e, i);
type = phgDofGetElementBoundaryType(u_h, e, i);
if (type & DIRICHLET) {
¥ 1.0 EwF ACT,D);
Fou t9A AR mF) B(D;

continue;

}

for (j = 0; j < N; j++) {
J = ptholverMapEQL(solver, 0, e, j);
‘i‘l’ﬁ—/gradapi-gradgoj FEMmE| AT,D);

e

}
it /fSOi FEmE BI);

}

Hr, gin o AREFRIC e TR K2 . phgSolverMapE2L (solver, 0, e, i) U1 solver 1 H H)E
K50 (R u_h) fEH.I0 e FREE ¢ NARINEAA T FEAH 1 )54 5, phgDofGetElementBoundaryType
IR PR S R R /grad @i -grad ¢; 15504 F PR %L phgQuadGradBasDotGradBas 5€)¥. /fgpz
(53 ] PR 2 phgQuadDofTimesBas SE . 27 H] /grad @i - grad p; XT i j [RRFRYERCD o
i e
3.1.3 RERTTHIHE

PRAL estimate_error ) VBTG EIIRZESRR T, IHAFIA{E DOF X4 error 1. iXHK
MR ZESR R T4

g = he|Aun + fullde+ Do hylleradun - ngllE
feF(e),fCa

Horf he HHTT e WHEAR, F(e) N e WIS, hy N f KIEAE, ny Wi f PLLER R, [] £
R Bk . BT EA AR

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, */
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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; i1 < NFace; i++) {
if (e->bound_typeli] & (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 A, B A H PR 2L phgQuadFaceJump TF5 grad uy, MHIBEE, FFA7#EAE DOF X% jump
W, $:45 A PR 2L phgDofDivergence VI grad wy, MIHUE (BF Awy,), P BR%L phgDof AXPY i H 5
f_h AR Aup + fro AR IE IS PR 2L phgGeomGetDiameter il phgGeomGetFaceDiameter 47
AT I EARA EAE. % DofFaceData(jump, e->faces[il) 43t jump FXIN T-HLIT e 1]
ﬁgi 4\ﬁﬂEQ§Qy§ﬂﬁﬁt, ﬁﬁifﬂﬁfﬁ DofElementData(error, e->index) mﬂz%tﬂ error q“X¢E§ﬂ:ﬁ@jﬁ e
(s ahs o







FMNE BHEMNKR

.....

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

4.1 BHHEZR

], ATk AL BT e

o ARAE RS A, B LTE S

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

typedef struct DOF_TYPE_ {
/* BB R BEAAELR «/
const char *xname ; /* Q W ERA G L ARG E +/
FLOAT *points; /* BREALE (ZOAFF) */
BYTE xorders; /% BB L S RAKREL */
struct DOF_TYPE_ xgrad_type; /x BFEALE AR EER */
/* HEIGAT */
DOF _INTERP_FUNC InterpC2F; /x AL A2 2m P A& AHE F 2L */
DOF _INTERP_FUNC InterpF2C; /% 0 A AE B AR N A& IEIE F 5L */
DOF_INIT_FUNC InitFunc; /x R EEL (ID,) */
DOF_BASIS_FUNC BasFuncs; /* %J—J—’;ﬁ */
DOF_BASIS_GRAD BasGrads; /x AEBEAHE +/
BOOLEAN invariant; /% }EL44iﬂa 53 AHMIKT K «/
BOOLEAN free_after_use; /x AT EHEZ G HER */
SHORT id; /% é]daﬂiééﬂﬁz%é% */
SHORT nbas; /x —ANBF G B AN */
BYTE order; /% ORI R 5 % MAKREL */
CHAR continuity; /* HTRTU IS ELL M */
SHORT dim; /% AFBELL «/
SHORT np_vert; /% BEATRE E# B R EASL *+/
SHORT np_edge; /* FEAI L0 A B */
SHORT np_face; /* BASE L6 g AN +/
SHORT np_elem; /x ARG B AN */
} DOF_TYPE;
O B LR BUE AT I FE— 455, T sR 2 JE R Eb BE SR TE Gauss TR R AL IFT R £R
{E’ ?/% 5.2,

name 45 Hi H H1EESE R 1) 44 R ol iR 45 6L o
TP SE SRR EURBERE K A e BRI B3R B B AL L 1K

grad_type é/Eu\Hj iZ E Hﬂgﬁ

BE L curl 55 H XS B, fEHGE n B Lagrange 7ol H HEEZRM Y, grad_type #E L n—1

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

t, AL R E B R ECY

A HAERICH ) B B AL D

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

23
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nbas 45— MHAICH BB (iR ) MG T (4.1) HIME.

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

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

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

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

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

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

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

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

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

4.1.1  FAMISEIZH M A HEE R

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

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

b dot  H XS, e HAIATT,

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

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

& 4.1 HERPRBETEHERERT

parent_data i

L E NG

parent_datal[?]

[np_vert] [dof->dim]

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

parent_datal[4 + 4]

[np_edge] [dof->dim]

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

parent_datal[10 + ¢]

[np_face] [dof->dim]

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

parent_data[14]

[np_elem] [dof->dim]

ST A AR

* 4.2 WERKPTFRTAHERREET

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

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

children_datal[3]

[np_edge] [dof->dim]

BRI 2 K A el AR

children_datal[4]

[np_edge] [dof->dim]

BRI 3 K i 8 el AR

children_datal[5]

[np_face] [dof->dim]

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

children_datal[6]

[np_face] [dof->dim]

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

children_datal[7]

[np_face] [dof->dim]

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

children_datal[8]

[np_face] [dof->dim]

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

children_datal[9]

[np_face] [dof->dim]

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

children_datal[10]

[np_elem] [dof->dim]

W ZTE 0 Mootk BN Bl EE

children_datal[11]

[np_elem] [dof->dim]

BTG 1 Mook BN B d e

25

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

V0]

V[2]
parent_data[15]

children_data[12]

4.1 PYrHfAR I g1k

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

4.1.2  ZHMIEE)HH WA HEE R AL

A ERT P O InterpF2C 48 7] RS ALAL I 6 B B EEX S THR(E IR 2L MNNS50S
InterpC2F —Hf, (HSERIERAE IEUFAH I o iR EE NI, A0 PIFS T B BB children_data, PLJK

parent_data 4. FHICIEZEMT 4 NS L 5 4500 AN AR OB SR AL, PR D711 55 parent _data



26 FWE HHENR

BT HIT 43 ARG 1 el BEAE

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

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

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

4.1.3 MWRESRK

H R b B e B LW UE A BB R 2Y) InitFunc AR s AR VHECFR 2 1 B B A,
BIPKE— AN pR BB 248 A B oo 28 (], H% 28R4 DOF_INIT_FUNC, HARTE T
void InitFunc(DOF *dof, SIMPLEX *e, GTYPE type, int index,

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

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

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

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

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

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

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

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

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

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

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

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

4.1.4 HEH

H A A ) BasFuncs T ot 845 & B O AR AR AT B I HB 4y B4 il i B, e 28 A )
DOF_BASIS_FUNC, #1ZS%l F:

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

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

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

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

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

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

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

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

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

data $R A7k A HEEAR RS20 D, B ESE T A B GAE 2 /T 7 A T B B R
B (BB BB S A RN g):

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

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

REAHERE RO JE T H 3 AR 2 10 Bt BER . 5 RN T 2 A 7 S (K T s 3 800
B ENTEEAAAEAEA RIS T Orfr— 2 B i B SR 73 % R s 3 A A B AR
CAT A G T ESAF I MR ARAGIN PHG 2 B AT T V4. #d)H, — AT Mg
1 ER P (A T AT LU T ) B

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

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

4.4 EHEFEBHEXNRYE

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

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

DofVertexData(dof, TH,&AKH%5)

DofEdgeData(dof, iA#)AH%5)

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

DofElementData(dof, ETAMST)

DofData(dof)
PEML A3,

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

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

DOF *dof;
FLOAT sum, *data;

n = DofGetDataCount (dof) ; /* ARG AR ) %/
data = DofGetData(dof); /* AR¥ G b E AR «/
sum = 0.0;
for (i = 0; 1 < n; i++, data++) {
if (!DofIsOwner(x, i))
continue;
sum += (*data) * (xdata);
+
#if USE_MPI
if (g->nprocs > 1) { /x FTRAERE & RFa */
FLOAT tmp;
tmp = sum;
MPI_Allreduce(&tmp, &sum, 1, PHG_MPI_FLOAT, MPI_SUM, g->comm);
}
#endif
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4.5 KRB HELEE
PHG $&4E T PI/NERER B B BER T, RG34 &7 3 i 2R DOF_CONSTANT FfEAT R B 28

DOF_ANALYTIC,
4.5.1 HBEDBEHEER

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

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

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

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

GRID *g;
DOF *u;

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

J

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

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

4.6 JUWMEEHEMNR

A geom.c I T —ANEEER A HEXS S, A H PRI BT R 2 T B0 L8 L A
AR FITIH A VAR HAA, FIui AR, HARRIEAARR Jacobian. geom.c FHRAL T —4 4
N phgGeomXxxxxx KPR LA/ I HIRIRIPUZ L ) LI B, ZF A7,
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A PRI i B SR RE PR BB R B SESE IRy . PHG S T — R AV HUE AR 73 R
o GERME D, IXESBUr s EUY R Gauss BUEUERNT7iE. [1] [10] [2] [6] [14]

5.1 EAHIEEH

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

typedef struct QUAD_ {
const char *name;

int dim;

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

} QUAD;
SRR R G Ui ] -

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

e npoints: & SIS T HIR D A HL

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

o weights: & BRI s IIALE

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

PHG "E X T — AR —4E (ZBO B 1, 48 (=B Bl rm=4e (Ui 201,
EAIAR 44 4 QUAD_[1231D_Pn, KM/ Legendre-Gauss BUAR /A0 [10], 2@ gEf o A 20UE
I — 4 Legendm&Jacobi*Eﬁ}é§iﬁﬂ§fi?&§%%ﬂ*@ﬁ%ﬁ@o b T e X7, AP RLE g e
KR RIA L A filtn, —4E 3 B Radau 73 2 2URT LGN R sE X

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

1,

3,

2F

QUAD_1D_Radau_pts,

QUAD_1D_Radau_wts,

31
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=il
g
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

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

5.2 ERURESHEMEST

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

(FLARDTR)

5.1 Cache HLHIHH LK

5.2.1 HiELEH

AT S cache HUH], FRATTBEVE T PIAN N B4 E 45 44 QUAD_CACHE Il QUAD_CACHE_LIST Hl T
T AT BT B PR Bk B {l s [N /E DOF_TYPE FiI QUAD ¥ 45 M rh VOB T AH N [ B 52 151
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QUAD_CACHE 4k 45 iy 52 LK -

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

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

SHORT n;
} QUAD_CACHE_LIST;

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

void *xcache_basfunc;

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

BOOLEAN invariant;

HH, cache_basfunc. cache_basgrad. cache_gradient fll cache_curl J&45 7] QUAD_CACHE_LIST Xf
BRI T SA7SE R SRR BORR . O T HLOARARD | SERR BB OG- RIRARKRD © JERR
O SERIME invariant 28504 TRUE W Wi I HH LSRRI e 0 AE B WA 0 B2 —HF D X
D4 G AR N o S EOH R A7 P A

£ QUAD X B HE AR dd, AR EAT P RIRES

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

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

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

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

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

—

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

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

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

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

phg

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

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

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

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

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

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

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

get_cache ﬂ‘]ﬁﬁiﬁﬂi,

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

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

fi

if clist_ptr is NULL; then
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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 22 r

#4364 clist_ptr;
fi

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

fi

if clist->caches[quad->id] &=& NULL; then
#1464% clist->caches[quad->id];

fi

return cache = clist->caches[quad->id];
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Pax/a gAY

BINE %%&*?%‘J&ﬁéﬁ/v\ﬁ'ﬁlﬁ

I

6.1 PHG B SITIRIN

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

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

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

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

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

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

6.2 FIHATHRRBREEESR

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

6.3 EELEAPEFIE=ZTREHNBSITSH

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

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

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

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

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

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

6.4 BREEXZEIR

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

ARG, P E € SOEWUL A phglnit Z HTREAT .

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

6.5 TEREFFPIREE LR SITIRTIAE

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

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



FtE KMERERIED

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

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

71 KHENES

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

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

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

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

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

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

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

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

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

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

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

KPR RIS E A5,

7.3 FESRSHENEE

PHG IS DAl 25 2 B0 ] Ld ik A Y. (1) iy AT IR DR e, At m] LI AR vh i
H phgOptionsSetXXXX BRECR BT o —AMEEZS AN, HOCSEI T S HORAAAEARILDS D, B
Ji P IX L6 S BT A OAN 23 2 B A2 o DRI, W] DAAE QI AR VA2 2 W0 B0 AH DR 1 S 50
[FJ I 454 {1 phgOptionsPush Fl phgOptionsPop KARAE VK SHUFUR G, M G 5w Hes i
SIEAT .

flhn, AR B MR TS AT T RS, R R ORI IS B — 2P Hypre
BoomerAMG &4

MAT =*A;

SOLVER *pc;

phgOptionsPush() ;

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

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

LIRS B E AR AT DA O

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




FNE BRY. mE5%EE

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

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

8.1 BREY

PHG [T (MAP) 38— [ EAEHERE IR 70 A, LA R BEa R 5 B i BEZ 8] RO R OR R
8.1.1 B SARREY

i BRSNS ] TR AN 5 1 BER GAH SCHR R ) f o "B B R E 1) 1) 42 Ry KN B R R R
/o BIEETHT L MAP [ BR KN R
{ MAP *phgMapCreateSimpleMap(GRID *g, INT m, INT M); J

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

8.1.2 HHEMS

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

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

8.1.3 MEHRS

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

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

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

fe it R BOHDOR ok 8 9 5, A i:
phgMapE2L H— M FICH 1) RS 575 2 o 1K) = 8 4 5
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phgMapD2L FH—™ F B EEXT G 1K) 1 bR BE G 5 S WSS o () SR 4 '
phgMapL2V G MR g 5 15 2 1 s 1) 2 4 5
phgMapL2G I MR g 515 2 'E 4R 0] i 4w 5

7t MAP B 454 1, nlocal Ji b 4y ) s (R AR A0 SR/ o 6 Tad o B i BEX g (g, 47 1
A (7 IA%) B R E G 2T ) A ORI, PO AT L [ A e R T AT
eI T B AR E . MAP Z5F T 1) localsize MO TAL T AMMIATA H HEE, SHEA
JE T AR ICER . AR, localsize > nlocale WS HI A IX LA & T A Hh ¥ 70 25 40 B Joy 3 1n) 2
i, Y5 WA nlocal Fll localsize-1 Z [0, ‘A4 g5 TR AFAES4L L2Gmap H, 141K
[} localsize —nlocalo I, fRB—NICH MR IR ST h 0, WIE 4R 1) 55 8

i+ ng WH i <nlocal (AHLITER)
L2Gmap[i —nlocall MR i > nlocal (HEAHIITE)

o ng o JE T AR /N4 R ) g

TET LR 1, localsize = nlocal, WU HHATEMEAE TAHMI TR

WAL B AR ICIRI, LR g S RN SR ) S T A R
8.1.4 BRETHYIHER

PRI %I phgMapDestroy W 8— MWL, BEBOLHT v FH BRI

AN S 2 A R R, b T R E S AR, R T AN R,
PR 5 V8 — DB AR I IS I PO 00 82— NERORT S HEREEk ) 51HHZm
SPINE, FEo ) TS AN 3 . 8 phgMapDestroy I, 41 FEMLS )5 | HEOR T 0, IASS: 1 5%%
Wb, mUE TS HTEER 1o UGS N S T 0 A S . b, REANHERE
B ) TR AT SR, Ras F B0 LTS L i R pheMapDestroy.

8.2 [E
8.2.1 M[EMEIRSHEK
ol
{ VEC *phgMapCreateVec(MAP *map, int nvec) ; J

Horb nvec 1R 7€ [ HI4EEL
EE{EE¢

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESAER

—A A, BE AT A A AE RGeS 11 R 2L phgVecAddEntry il phgVecAddEntries DA
A5 4 JRi G 5 11 BRI 2K phgVecAddGlobalEntry il phgVecAddGlobalEntries AwinmEIcE, el blE
R A1 data Fl offp_data i« SEN M EICEMIRIES, Ni%iHH phgVecAssemble PR
HOo] ) B FEAT 2 2



8.3 % 43

W E RS, ] % phgVecAddXXXXXX HBE I — A Wi AR ALl S oo s, W SR AR ) —
MOAABEM M EIRMICE, WL phgVecDisassemble X [n) ST HIZE, PHG H, it K%k
phgMapCreateVec Hll phgVecCreate @I ] i) FEERI AL CLAHALR, PRIHAE 0] FVS I TR A 20 E A
phgVecDisassemble ¥ H E1%¢,

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

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

8.2.3 HHESMEERMEIELE

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

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

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

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

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

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

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

8.3.2 “JciEME” 5EfE

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

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

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

8.3.3 S IR%E[E

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

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

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

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

8.3.4 4EMEAYLA%E

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

PHG FHRER AT Hs A At T 2N o KRR 1 2 2 1 Rt v AN J T A Ml IR AT A a2 028 Im B AH N R R
[FJ ISR HE B TC 3R (R 91 5 BEAT Ge vk B f g 5 @ T AMAN I TG 3R] cmap ()R 10 4 5, 2
YU 7E 0 | cmap->nlocal-1 Z[il. A& TAHAFI TR U EAIE cmap AT RS S, WAL %
i, YT AE cmap->nlocal 2 cmap->localsize-1 Z IR, A5 )T 43 B — AN B4 S S 1) g
Y7 JUHI7E cmap->localsize #| localsize-1 Z[f], P MAT FJJ% I3 localsize %5 T A 1E cmap



84 %M. mMEEZH 45

FAT GRS AR G (G S TEHAE 0 ) cmap->localsize-1 2 [A)) LUK AT JL /& A I F A Hh
I HBIAICE (G5 I HETE cnap->localsize F localsize - 1 Z[H]) ZHl, AR localsize >
cmap->localsize. WSS IML, FFE Rl — N KA LoGmap K ORAE AN T A1 (1 51 () 42 Jm) i
%, ﬁ‘:F‘EI/‘]Hﬁ cmap->localsize — cmap->nlocal /l\%ﬁ%'% cmap->L2Gmap Ef:‘%é*ﬁf—c

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

8.4 %EfE. mMETHE

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

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

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

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

PHG MEEARHIEAE V54 L R Bl

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

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

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

B}

MisR A PHG TE. BHE5

Al BB

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

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

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

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

A2 E=E.2BT

il

Dim > Y, 5T 3

NVert > NI TSR, T 4

NEdge > —AMRITPRILE, SFT 6

NFace > —NEITHEL, T 4

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

A3 FEE R

CHAR > AT ST AR R

BYTE S Y1 i R R Py i

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

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

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

Pow > 15 FLOAT ULECHY pow BR%L

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

Log > 5 FLOAT ULHLH log PRAZL

49
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Exp > 5j FLOAT UCICHY exp %L

Sin > 15 FLOAT ULPET sin pR%L

Asin > 15 FLOAT ULCIY asin PR

Cos > 5 FLOAT ULFCHT cos BREL

Acos > 5 FLOAT ULHCHT acos PAZL

Tan > 5 FLOAT JCFLIY) tan %L

Atan > 55 FLOAT ULHCIY) atan PR%K

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

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

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

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

SIMPLEX > HICK 4 (struct)

GRID > PRI S (struct)

DOF > HHEHE (DOF) X4 (struct)

DOF_TYPE > HHERNE (struct)

QUAD > AL (struct)

SOLVER > SRAEEXNT S (struct)

OEM_SOLVER > AMEBSRAR B 16 5 (struct)

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

A.3.1 BHEXAPFERORBEEAOXE

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

A3.2 MEXRIBHREZRR

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



A4 Ban
DOF _DEFAULT

DOF_PO
DOF_P1
DOF_P2
DOF_P3

DOF_P4

DOF_DGO
DOF_DGn
DOF_ND1
DOF_HFEB1
DOF_HFEB2
DOF_HBn
DOF_HCn

A4 FAHAK

QUAD_1D_P1
QUAD_1D_P2
QUAD_1D_P3
QUAD_1D_P4
QUAD_1D_P5
QUAD_1D_P6
QUAD_1D_P7
QUAD_1D_P8
QUAD_1D_P9
QUAD_1D_P10
QUAD_1D_P11

QUAD_2D_P1
QUAD_2D_P2
QUAD_2D_P3
QUAD_2D_P4
QUAD_2D_P5
QUAD_2D_P6
QUAD_2D_P7
QUAD_2D_P8
QUAD_2D_P9
QUAD_2D_P10

v v Vv Vv V

v VvV VvV Vv Vv Vv V

v vV VvV VvV VvV VvV VvV VvV VvV Vv V

vV VvV VvV VvV VvV VvV VvV Vv Vv V

51

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

0 B Lagrange JG, 70 4, S0 A HHE

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

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

ATIEIN “~default_dof_type” (4%

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

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

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

n i DG JG, 0 <n <15

2k Pk Nédélec 7T (B HIT)

1 Bir#% ¥.JC (= DOF_HC1)

2 B 570 (= DOF_HC2)

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

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

1 BRI —4E Gauss B0 A3 (1 45)

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

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

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

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

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

1 BYRSE 4 Gauss B340 (1 41)

2 MrREE 4k Gauss B A3 (3 /)

3 MrREEE 4k Gauss B A3 (6 £)

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

5 BrRERE 4k Gauss B A3 (7 /)

6 BREE 4k Gauss B30 (12 14)

7 MR 4k Gauss B A3 (15 A1)

8 PRI 4k Gauss B A3 (16 A)

9 MrREEE 4k Gauss B 43 (19 1)

I

10 MRS —4E Gauss A (25 £1)



52 Mt% A PHG % 8. B 5%

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

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

A.5  BREF. EEFNEERE

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

MAT > FEFEXS S (WbidT IR4A 17 ) o

MV_FUNC > “TRHE R R ) e R R K R A

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

GUEEEE T2 B R B .

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

void phgMapDestroy(MAP *xmap_ptr)
CEE S S

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

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

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

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

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

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

JRI8] map R4S h index MTCEMA RGN .



A5 WY, BB 03

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

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

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

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

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

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

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

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

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

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

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

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

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

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

NN nrows x ncols NMEMEICE, T8I g5

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

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

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

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

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

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

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

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

A e s (A JRESR ) . which $i5 WIS N3] ) &S 73



A5 Mgt ERAERE 95

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

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

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

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

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

THEL R L2 B, G ARAREE result RN EHR M AA LSS R IM L . which $8WITHS ) SIS
Sy IIBL, WER which < 0 WIERWITFE A 0 B IAL, MU result AR FRE e 4R W) 122 ofr
XK JENZANT vec->nvec, HITIRAF vec—>nvec N &M, BEGRIME TR E /08 (EEE—A
SRR which < 0) 1 HE,

FLOAT phgVecNorml (VEC *src)
THEL R ) L1 8. 240 XA phgVecNorm2.
FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
THR SR BN . S307% X IF] phgVecNorm2,
FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)

A ME x Ay BN, 23 which_x. which_y fil result 45 phgVecNorm2 H1AH[F].

A.6 fREEER
AAih H PHG PrsC Ry, eI T #R %L phgSolverCreates

SOLVER_PETSC > PETSc fiftidids

SOLVER_SPC > SPC itk

SOLVER_SUPERLU > SuperLU fi#ikE%s

SOLVER_HYPRE > HYPRE fi#ikds

SOLVER_LASPACK > LASPack fifti2:8s ({327 8147)

SOLVER_PCG > PHG ) PCG fi#ikds

SOLVER_GMRES > PHG ) GMRES fi#ik2

SOLVER_AMS > PHG [f] AMS (Auxiliary space Maxwell Solver) fifti%#%
SOLVER_DEFAULT > BRIAMFEDS, Fonil PHG EHEMEA
phgSolverList > ZEA Y PHG A iRisas, #&Canr .

extern OEM_SOLVER #*phgSolverList[];
phgSolverNames & %EAFIH PHG A MREAS AR, B0l 52— nuLL, HAg=a
extern const char *phgSolverNames[];

PC_PROC > PHG ) PCG Ml GMRES fi#ik s s tF 70, Bk T
[VEC * (*PC_PROC) (SOLVER *M, VEC *b, VEC #x_1, VEC **u);

PRI AL RS, JEREEE R *u 3R [A]

AT WiEK. B, #BiIRAERESRH L

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

WILHA PHG (J MPI. #2455 ) o W{E A LS PHG BREGITRH . arge Al argv W02 HL5K
AT S HU L
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void phgFinalize(void)
B PHG. AR RE P45 ACHT I o
int phgSetVerbosity(int verbosity)
FEd PHG P M5 B . 0 CERIMED) s ANt s
void phgPause(void)
PHERRFE, 24 gk s, T TRt
int phgPrintf (char *fmt, ...)
B A5 R [7 printf AL, (HEAERERE 0 HFOlEAEH] .
void phgInfo(int verbose_level, char *fmt, ...)

o E R, NSRRI . BRS 3L verbose_level #b, k435 printf ZL. %A A Y
M P -log_file ¥EHifRE T HE I A M A5 B

void phgWarning(char *fmt, ...)
WRESEE. A printt.
void phgError(int code, char *fmt, ...)
WORHEREE . WR code 1= 0 M /RAE BUG H IEREFPHAT .
void phgAbort(int code)
SR IEREPIAT, code RAEFPIR[HIRY .
double phgGetTime(double tarray[])

SREUES ] o tarray & —NMKEA/NT 3 1 double BUELAL, ™ tarray !'= NULL B, tarray[0] iR
[ 18], tarray (1] R IFRSE 0], tarray [2] SR [5G EITA], DARD O 547 . R EORIBME N 2 TS
el I TR Y S R A

A8 HNEFEIE

void *phgAlloc(size_t size)

2T malloc O, (HANSR A AE FI AU b 1R P AT
void *phgCalloc(size_t nmemb, size_t size)

T calloc (), (HUIR NAF HTE RIS I ERE P 4RAT
void *phgRealloc(void *ptr, size_t size)

24T realloc O, fHATRNAF HIE RN 1B P AT -
void phgFree(void *ptr)

4T free(), {H'E fuif ptr == NULL.
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A9 HEEZIT

double phgPerfGetMflops(GRID *g, double *aggregate,
double *since_last_call)
ARG FTTE PR (Mfops) (7 B EBAF A PAPI [32FF). aggregate iR [ MFEFPIT 4k,
ATRY AT T B, since_last_call IR [BI M _F ¥R FH % o4 £ (ﬁg 1 zkﬁﬁfﬁH@iﬁﬁk%ﬁf???ﬁﬁfﬂ1f)
FPUATE R . BREURIMMESE T *since_last_call. X B GETHPEREZ g—>comm rh A ERR )
PEREZ AN

size_t phgMemoryUsage(GRID *g, size_t *peak)

REIFEFF A N AE (RSS) T8, W2k peak AR 445, WIFE *peak iR [HIFEFf HL
RId K AF R (LURF S IR0 A7 A FHEA T RAF I S5 o

WA g == NULL, WIR[FIRGZABERE I N AEAE SO0, S Z MBRIA g o BrAT 3ERS A B K A7 AL
T Ot
size_t phgMemoryPeakReset(size_t value)

¥ PHG IR K AT ECE h value, R [BIEK N AE TR B2 T IAAR

size_t phgMemoryPeakRestore(size_t value)

¥ PHG NI B K NAETHECE IR Y value TR, IRIAILE 2 i d K N AETTHET)
R
A.10 #WEITIEIN

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

VM — AR B R A AT . name 25 HUE AT (R4 < 5. help %6 T A1

{5 Bo var 4—> BOOLEAN Y (4 e aliffiay) AR (W hhhl, %A WYY FALSE, @247+

BEZIEIN, PHG # € MEHSAE N TRUE.

void phgOptionsRegisterInt(const char *name, const char *help,
VEN—AN T E

TH A8 2

INT *var)

S AATIEI . name 25 LI (AT “=7 F)o help 45 H K TIZIEIH)
HOE R . var A—A INT B (4 JRaliffas) A MHhl, Mdr AT P EIZEDN, PHG BHAHMN
éiiﬁﬂi%ﬁé% *var.

void phgOptionsRegisterFloat(const char *name, const char *help,

FLOAT *var)
M R S Ay 24T IE D . name 25 HUEINAFR (AT “=” ). help 45 Hi K TixIE I
PR INME B o var A—7 FLOAT Y (&R ElER) A mpibl, Yo 417

EA%IEIN, PHG A0
NS HAHR S *var.

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

char **var)
MR B S 24T IE D . name 25 HUEINAFR (A7 “=” *5). help 45 H K TiZiE I

I B S var —A char * B (2RulEfZy) AR AL, 2 AT A S XL, PHG KAl



A 10 W AATHRI %9

RS EAEIRG *+var, PHG 47T 320 BE WAFBOIF 7 ST AR IRETS 1T RE P AN RE B AT R
o

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

VEME AN A S E AT I . name 45 HHIEIRAFR (A “=7 5). help 4 HH G TXILIN
I IS e var —A char * B (2RulEhZy) AR AL, 2 AT A S XL, PHG KAl
WIS HAIRG: *+var, PHG N SCHEA 74T H 328570 B A A BRIF S0 50 WA ER IR, T R ANBE
ITRETRE
void phgOptionsRegisterKeyword(const char *name, const char *help,
const char *xkeys, int *var)

T — A S8 7 S H fr 2 ATIL T name 45 BT FR (AT “=” *5). help %5 HI G T %I
W15 E o keys & NLL NULL 45 RIS Fa et 4], 51 iz mifir Vi) 24 var 44> int
A (A )REkip ) Dbl ZA RN keys BRG] (M 0 TFLR), Mo AT S ZIEm
i, PHG ¥AHNAZ K var HIH.

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

FEM— N HE R EL func AR S HN Ay ATIEDT, func D9 HATWI T4 1 (1 e 2L
int func(const char *name, const char *string)

Horp name JIETNA, string AIETUR M FTERFE IS E WERBORPIAR 0 E& RS ZE AT i iR
(WAEES ) .

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

ZPREOTEAN R SCHT I 2380, 1 o — 2l e AT DA A, R AE Ay AT IE T A
5 B . category FHFar 4TI 702K,

void phgOptionsPreset(const char *string)
BRI L5 SR, AT phgInit ZHTYHH] . F140m] LAH]

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

Kb PETSc BRI AR SR FITAAT 143 9 B CG Fl block Jacobis

void phgOptionsShowCmdline (void)

FI PR A AT
void phgOptionsShowUsed(void)

G T I fr AT IR IR E (RIS BAE fr 4T TR AR TR 12 H 1 .
void phgOptionsHelp(void)

HI T A i AT I T AT D 3 B A5 L
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BOOLEAN phgOptionsSetOptions(const char *str)
MRAE str 4 H R TR E A1 R AR R A
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
K LT op_name JITAT N IKAZ FEAE 4 value, op_name WAUE —MESHUNIEINA, A F - 5L

A=
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)

FHEIN op_name FTX W AR A E A value, op_name AZJE — iy BRI S HHIEDIL, AN E -
Fo
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)

FHEIN op_name FTXT Y (AR FEAE B A value, op_name UE — Ny SERI S EHIEIIA, g -
Fo
BOOLEAN phgOptionsSetKeyword(const char *op_name, const char *value)

FHIETN op_name BT XS MW AR EALE N value, op_name WAJIE—Nilf KEEFASE LY, ANF
=
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

PHILET op_name XNV [1AF H(H B M value, op_name WA e — iy 47 R SHINIEIZ, A
P) Fj—'o
BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

KT op_name FTXT WA TAH B R value, op_name DAJ0JE— AN U4 SHUWIETA, AN
P %o
BOOLEAN phgOptionsGetNoArg(const char *op_name)

IR [AIGET op_name FTAf A (A HEAE, op_name WAZIUE NS EIHIELIIA, AE - B '+ 5.
INT phgOptionsGetInt(const char *op_name)

MRIEI op_name TSN AL FEAH, op_name WAZIJE ANy BRI SH LI, AN = .
FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZETN op_name FTXS N AR FAE, op_name AZNE /M K SHINEINL , AE -0 5,
const char *phgOptionsGetKeyword(const char *op_name)

IR [H[IETH op_name JTAf N F{JAZHAE, op_name WAZHJE — Mt R P SHINIEII4, A E - o
const char *phgOptionsGetString(const char *op_name)

IR[AIZETN op_name TN AR EAH, op_name W ZUE— AN AT EESHIEINL, A& = 5,
const char *phgOptionsGetFilename(const char *op_name)

IR [A[ETH op_name Jhf MK AZ #{H, op_name WAZIUE M SUIFZ SHIMIE DA, A E - 5,
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void phgOptionsPush(void)
TRAF T A e TR 24 i .
void phgOptionsPop(void)
WA _F— ¥k phgOptionsPush A7 LI o

A.11 MIEEIR

GRID *phgNewGrid(int flags)

BUELHT I RS 0T %, IR [F B RS BOFE R . £lags & —SShREGAL, JH T4 0124 M A% D038 I
T HEE B I LT %, A dEan R L8R VERT_FLAG: %F UK T 34T 4% 5 ; EDGE_FLAG: % RiA%
HHEATYM S s FACE_FLAG: X WA E4T4% S s ELEM_FLAG: X}k BTG T4M 5 s GEOM_FLAG: HZhit
SEJURTR: (T /AR B51 L B8 Jacobian %), 2 A.17 1) phgGeom* Fi%L. I IN flags = -1.

void phgFreeGrid(GRID **gptr)

RETRIRE T B (S H S Z AHSRIR T REXS B2 )
void phgCheckConformity(GRID *g)

R s R e, TR A

void phgMarkElements(int strategy, DOF *error, FLOAT a, DOF *osc, FLOAT b, int depth,
FLOAT p, int coarsen_strategy, DOF *coarsen_error, FLOAT c,
int coarsen_depth, FLOAT cp, FLOAT tol)

Fric A& AL FIHLAL o strategy A 20HIZ %00 MARK_MAX, MARK_GERS, MARK_MNS, MARK_EQDIST,
MARK_ALL, MARK_NONE, MARK_DEFAULT, 437/ Max, GERS, MNS Fl equidistribution, J& [l =/>—4
S 3O o AR e, — AN &t PHG dEFE, ERIAJE MARK_GERS. coarsen_strategy WA ZEN
MARK_MAX, MARK_GERS, MARK_EQDIST, MARK_ALL, MARK_NONE, MARK_DEFAULT, i JAAH [, error /&1 KH5
WA E B HEX S, osc RHIIE data oscillation H HEXI S, coarsen_error J&H KAric fHALT
HHHEX % a s error IS, b 4t osc IS, ¢ & coarsen_error IS4, HLZH & & k1 2L,
I H/ANTF4TF 1. depth LAK coarsen_depth 737l R R M4 FUHAL IR EL, ST 00 p LK cp
FORWIETEEL, LY, Lev JEB0, NI UK T25T 1. tol RoRHIIRZE, tolerance, XN # MARK_EQDIST
2,

AR ZE il S R ) 2

(1) =AH B BABERIN A NULL, error A LU B H HEEXNTS, stk B A Mz, (H
RAEERE [N A TR EIEE . osc HESKAR EAHARRIT], coarsen_error HERAA %L
PRUPET, X T osc BAM coarsen_error #EUUAH I H i E ST JE DOF_P0. XT4{L, MARK_MAX LA
MARK_EQDIST, error (H#df A0 FAE 1A -, S U ] DOF_Po. iy EVE R M2 i e il b a1k Lg%
P, HEES A — Bl

(2) fEHETFE A OXF A B RIS bRl SR B K o BRIAT AE W osc ANAE NULL, e
WAt ], Qg NULL B AR S
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(3) %t error, Fric SEms s j& MARK_ALL B{#¥ MARK_NONE, W LAH NULL, 75 WA e,
coarsen_error, biic SIS AR fE MARK_ALL B{# MARK_NONE, 1] LAk NULL, 75 WLEAS SR VFI

(4) J T X ERD 05, S ANRZE T H X SR B T BRSE, teor e Le J55,
MR AE (1) B 02 JE B p IXT7 5 |LP(u)|Pe

(5) difb iy i H 200 B B EEXS 52 error BLJL osc, KRR coarsen_error.,

Frid ¥ e — LSBT R

(1) TRREUZSEAT A bR, AR5 BT R I bRad .

(2) X 41k, osc Ak NULL HImHE, w400 i¥ 50 5 MARK_MAX DL J& MARK_GERS [FJINfig,
*F osc KA RFERI NG . % MARK_GERS M &, osc {F error Wit fIFERE L4 XKoo dnic i T8 1M i A2
MARK_GERS SW&: U1K error MIKUEAFHUET [, W SENEA5EA) T MARK_MNS; 21 AL 50 /& MARK_MAX, U
%T osc BT A MARK_MAX ZEIE. U1 osc & NULL, HHEXT error #1F. osc R nIEN.

(3) %[44k, MARK_EQDIST, W osc A& NULL, i H—FEM SR

(4) X effb, i FENE A MARK_ALL, WAHA0AR1C 58 5 LU EAGR AR L ¥ B3, AT AL .

(5) ML coarsen_error, U1 A FHAL NG A J& MARK_ALL B MARK_NONE, coarsen_error
ANBEN NULL.

(6) 1 TR AL () SIS S MARK_ALL, 2 U FRC A 404k ) 4 s 78 7

(7) W AN AL SRS AN 2 MARK_ALL, J HURLAG IR SIS AN & MARK_NONE |, MU — & & BSR4k, BT
coarsen_error ANAEA NULL, Ft AU SRAHE S AERL AL AR IE, FLAL I SEmE — 2 %2 & MARK_NONE.

(8) 4N SR TEME % MARK_DEFAULT, 1XNSm& HI7E4n 4k LLACHH AL b, BRIA IR S J& MARK_GERS, HI7E
AL bR IC B I, RRAL RF B, W SRAMECRAL 1T, AN ZERAAL SR IS %% 4 MARK _DEFAULT,
4 #5 0] AAEISAT B I P IE IR B0 2 B LR 2 5, 1T -default_strategy EFf.

(9) W FIESAE P AR IC BRI EL, WSS IR AL, LR VR bR D T A%, (R BT AL
DLACARA IR A s R0 AT T AR SEmg , A iR 80 TRl B 25 A AR 2 A A VR 4L

NG AR L M ECF R IR . W R, MO RIRE s Bk zE TN LP 65 ne RoniR
Ze A, BATH 0. Romwd 220 Bl EEX SARFEIEAE, A 0. = (ne)P, 0. ARG N 4040112 25 H
FEXTG, AW A R 22 3 XS, HEEIX . a, b, ¢, tol, H AL OIS HAHIA. [FIN 295
n ARz, HEAXWT:

n=()_ )"

ecM

HHRZETF 280100, Iei p = 2:

O =2 = 2| Aun+ fullsc+ D hylllsradun -ng]l3
fEF(e),fCOQ

AT SR
(1) Maximum strategy: 433 a € (0, 1), SEHUITA AL LR AE I I e S ThRC:

Ne > a max(ng) < 0. > a® max(0y)
(2) Equidistribution strategy: W& N Ay Mg M B CH R E, FATMRBGRZEAE T Foc 7 .

tol
(kzl\:/[ 772)1/17 = Nl/”ne <tol & e < Ni/p
c

K TIPS, BATSIEFE a € (0,1), X2 T IAERITHIT e BEATFRC:
tol tol?

- p_—_
ne>aN1/p<:>Ge> N
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(3) GERS: Guaranteed error reduction strategy. BN A C M, a € (0,1), Wi &, fxid

A T HIG,
anz(1—a)p2n2®2962(1—a)p29k

ecA keM ecA keM
(4) MNS strategy: 2R{EL GERS, FUEARCHIRZE T2/ e LY, A2 EMIF GERS, a (R
WA, 534k, XAFRIC )T B ZFRC Data oscillation, B osc, FIFFZLH 2 GERS, HZTE error
PRACHIFERS E, RBEORIBARIC I 748 A, 1320074 B, i AC B.

FHAG IR SRS : 2058 0, Rk IRZE, A n] RE il B 1 O - Lei i TAE.
(1) Maximum strategy: 5S4 c € (0,1), FRid AW 2 TR TT e

e+t < ¢ max(ng) & O < ” maz(0)

(2) Equidistribution strategy: 4324 ¢ € (0,1), FRicifi 2 T HIZEK I HLIT e

l tol?
<~ 06 < CPT

to
Ne + Ns,e < Cﬁf@@' =

3) GERS: Guaranteed error reduction strategy. 453 ¢ € (0,1), ¥rid e KES B FIWHIC, B C M, fif

S+l <Y ey <Y b

ecB keM ecB keM

—~

-
4l

void phgMarkRefine(int strategy, DOF *error, FLOAT a, DOF *osc, FLOAT b, int depth,
FLOAT p, FLOAT tol)

F AT BB 8L i AT AL S phgMarkElements 584 —FE, HJ& M SKbRiC i aofs . SR A A4
gL, HEAAE XA REL. error 5 osc ANBEIFII 4 NULL.

void phgMarkCoarsen(int coarsen_strategy, DOF *coarsen_error, FLOAT c, int depth,
FLOAT cp, FLOAT tol)

JIT A IS 8L S AT AL S phgMarkElements 584 —FE, FU& M SRbRCHAL AT, W A A5
FAL, AR XA R 2L. coarsen_error LA I &R AN fE /& NULL.

void phgRefineMarkedElements(GRID *g)

ALK T E BT T mark KT 0 (7 B0 2L mark K. PHG 2 BEIXILE
FRICHEAT B AL DAOREF RS IO P E o ZALSEROE BT RS Hh B B HY mark BSA IRI(E55T
Jos W A BT AR R R 1% R T AR AL R IR K
void phgRefineAllElements(GRID *g, int level)

e P 7 el 1evel Ik (BI— SRR INE, A1 TR A 7 H0H) mark BEA level, 2R
S — Ik phgRefineMarkedElements)o.

void phgCoarsenMarkedElements (GRID *g)

FHAG R RS R E T8 M7 T mark (4% 0 2 SRVFRCRIL RSO 5, B A7
LR 2 AV —mark K. PHG CRUERIAL)S, OB 5 o0 T ISR RS S DR 1Y) I HLAE
A& mark (K RS BB PE LR I TS TR 2 10 00, BUALTEROE, B R it 5 0 mark
Jo8 3 PR 55 3 i RS Pt B 6 R RO 25 2% S CABRELA FR TR



64 3% A PHG T &. @5 %

void phgPartitionGrid(GRID *g)

AT 15240 R S0P H, A EL R, R EC PHG BT, JR B o
1%} phgBalanceGrid.

void phgRedistributeGrid(GRID *g)
FEOY PR s ST WK AT T B LU B A (R BT . R ECh PHG WEREI, P R Y 1%
I phgBalanceGrid,

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

FF5 M 11f_threshold I submesh_threshold i#&7-MA% 1% H 5504 2 1if_threshold
HF B A T R 1, R AP A DR 1 KT 505 A I 570 A%, submesh_threshold
FTH0 7 MR S, AE 451 A% IR FRe B H AN D TZA8 (O RFIRZIE , 2 submesh_threshold
AN R AT PHG WEIBRIAME) . %R0k 0 FoRpikg A, dE 0 Foxt Mg g7 1 =R
7. weights Al power 45 Hi 1~ A& K /0 I I FRJCALEE. (HX weights 1 power {X7J7), 24 weights JA NULL
8¢ power 4 0 IR PTAT HLITHIB R A SE .

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

PR R [P RS g 55— AN BT A ™ AR BT WS, O I R 25 2 A 1) I A T et DA S T 5 2
MR IA BT A AS 5o B4 cuts KSR g->nedge, ‘& 3% M4 ¥ Jay 0 Gt 5 P4 I 25 1 b i 5 B 40
A A E, BUE/ADNT5T 0 SR T4 T 1 SRR 5% A A8 5, 5 WERIRAS R T A SR g 5 0/
(AT s 34 Joy Gt 5 R IR TV A (R ARG 57 B o W] LA BRI 4 phgDof Transfer AL WA WS )443 H th A2

e H ATz R SR N T 5 R4 0 e 2 BT — A, JF BN BT0 1% A8 Rl B 06 200085 /2
USRS A [, AN SV P AR BT MRS AT BT dit . Ak, iz B LB AU
IFVERR, Rk n] s A
FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

AR ML S, IR [BIFR T e A AL T 1l S0 i v s by Sl a 380 i T b ) R TR ) R
BT s KM (Tl 5 By th8aR22) .

ForAllElements(g, e)

FFX6S WA Hh BIeA T 7 B EA 38 3 1R 2% 3R AT IR e oslm R ZE A v T S, R
TEIAH e $R1A AT T HI0, fEIALTRIN e #2E A NULL,

GlobalVertex(g, index)

A S A index [MITT S 4R 5%4 5 .
GlobalEdge(g, index)

A S index LM RS .
GlobalFace(g, index)

A S index (T 4 R0
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GlobalElement (g, index)
A 54 index MIFICHIA RS .

A12 A

void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

i TN ORI, SNSRI SR T S PHG 1 ST (R 3 R 2o 1% R 0N % I AT
phgImport L HI I, P (134 F ML 5 e bk BN JS 22 (1) phgImport PAEGEAEH]. func JEH
AR BRI B E SR

int func(int bctype)

ZRHOR A S N IL SR betype AN PHG 25287 (40 DIRICHLET. NEUMANN %%), JR[A] -1
FORARENE AL ML TR Z R be_map ZHTLLAHRE, Fon il BRA KL A 4 bR
. BF 283,

BTYPE phgImportSetDefaultBdryType (BTYPE type)

BE BRINIL S %R BN % T LE phgImport Z B H A, st g HIER AL AN i L1
phgImport PREGENER . type 4 HBIERIAL AR, BRI K 2 i I ERNIA TR, type 5
L 0 254/ T UNDEFINED. B 2.8.3.

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

MR E NS R . g 2 WA TRED, ‘© e M phgNewGrid HrEIEEN; filename s /44
WS distr & TRUE, WITE MRS G 32 RIS Hb 4735 40 8 7 WA o0 A 2 e A it R b 25 (W SRANTE
BZZHIHUIER, 21 TRUE).

H i PHG SCRFI MRS SCERS A : ALBERTA #42UR1 Medit #4520,

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

K T ARSI A ALBERTA [ Rk SCARE o IR 57 A% L2 241 W ks, 1R B H 1L
Bt 0 A%

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

B 24850 MR F o MEDIT (http://www.ann. jussieu.fr/~frey/logiciels/medit.html) k&,
T R T RS L 2T RS, IR AT R S 0 S T R

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

B LL VIK vtkUnstructuredGrid MUk 25 e SCF, PUEH e 3ET VIK mrfiik
B AFN ParaView ( http://www.paraview.org/)s MayaVi ( http://mayavi.sourceforge.net/) 554k
SO O 3k legacy VTK fileo W REZSHUHR & S 1) A HIEXT G, LA NULL S5, RALN
DOF_PO (73 7 Hi4) 1 B LR BAEN cell data fivth, MIEIRBEH bR MAEA point data i
t, A ER A A R AY T ) BasFuncs pRECK U FLMAR TURAL HOME . RS Hh 45 H S04
AEYTE, 2R BN LY A veko RBOR M SO (TP RELLE) BISCE 4 . e H
AN S RF 2880 % 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% L IBM Data Explorer [ native file format #% U H 21 $8 & 344, MEH OpenDX S8k 1
( http://www.opendx.org/) BEAT AT AALAREE . kS 5ds e B i W) H BHBEXS %, DA NULL 50, 1
RSHPE RIS AAETY R, R AN By @4 . ax. BEOR[HEH SO O T R EG)
(R SCAE 4 o 1R B0 TN SR 281l DOF_ANALYTIC (1 HiBEXS 5o

A.13 BEHEEIE

SpecialDofType (type)
TP —A B B 2R A 2 55k 257 (DOF_CONSTANT BY, DOF_ANALYTIC) )% .
DofTypeDim (type)
SR A RT3 type M A HHJERTIN B
Dof TypeName (type)
SRELE B BERAL 4R . type N H BRI 4.
DofTypeOrder (type)
SR B R 2 TN 4. type i H HIEERAIN 4.
DofNoData
HT- DOF 1] userfunc it , FanGI B b B G A g EdE g2 X

DofNoAction

M7 DOF ] userfunc fi i, KA B AR BT BSIRAE . $E{E 58402

DofInterpolation

T DOF 1] userfunc i, &ML R B3hxs B d N St T 4iE
DofDim(dof)

BRI E SRR (%5 T dof->dim x dof->type->dim).
DofData(dof)

RAIAHN B i B A e an b, dof S B HEEXT S . MRAE B B R I HED) 7 e SE BRI T
DofVertexData(dof, 0).

DofVertexData(dof, index)
IR R F- 25 5 T i B AR A g otk dof S H HHEXT S, index A TS A ISR 5
DofEdgeData(dof, index)

JR[BIRE R T8 52 1 R R R AL a ok, dof D H EHFEXY S, index AU A IS5 o


http://www.opendx.org/

Al13 HHEYHE

DofFaceData(dof, index)

3 [RD0S T 45 R TR B R dR i, dof D4 F HIBEXS B, index NI A 5

DofElementData(dof, index)

67

3 [HD0S T 45 5 B TT IR ] H B PR Ah b, dot b E HHEEXT R, index A HALITHIA IS o

DofGetVertexDataCount (dof)

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

A By A% TP T A R R
DofGetFaceDataCount (dof)

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

R Ay B PTG (1) B A
DofGetDataCount (dof)

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

IR [E] 4 Jay WA A BT A T B e R
DofGetEdgeDataCountGlobal (dof)

AR A4 Ry WA BT AT I B i BE R R
DofGetFaceDataCountGlobal (dof)

AR [l Jey WA TR BT A T B e BRSO (R

DofGetElementDataCountGlobal (dof)

AR [ 4 R W A% R B BT (1) B R IR

DofGetDataCountGlobal (dof)

AR [71] 4 Jrg A% mR ) e R PR

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

DOF_USER_FUNC userfunc)

BIEEHT H XS . g IS type b H HEIEAY (DOF_TYPE); dim Ay H HEX S I04ESL
(AL E dim NEH); name A H HET R INAFR; userfunc 7525 1% H B EXT SAH DI FH P 6
4 (B2KA0%5 DOF_USER_FUNC), HF451% H HEXTZIR(E, userfunc i AHURF#K{E DofNoAction
o DofInterpolation, FJE KRNANS H N G HEAT AR #RME, S5 # 38R 24 R 4l Ak SR AL e

BEAT A B
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void phgDofFree(DOF **dof)
R A X5
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)
BEE 5 I BN AT RIBCHI T  BR8 ZeR B0 T 451% H 1 BN SRR AE
void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)
BEE L H1EEXR GANORIR I 2 T B O ARAR IR 7 B i BRI T4 1% B X e
BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)
BT u->DB_mask fE, MECR[FIEN u->DB_mask JAH M.
void phgDofDump(DOF *dof)
ITEDE H BN R A A 3 TR .
void phgDofSetDataByValue(DOF *dof, FLOAT value)
B B oS BN AR HI A N 18 value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])

¥ B A R B YA 7 . array_of_values "1{U:% DofDim(dof) N4, LR E{E)
I AN BN N o

void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)
K B O B R YA th vo MIBHJSE I n] 22 S 5 th A, W22 S50 1 BoRss+

DofDim(dof) .
void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)

IR E R EON Bl BN Il . 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)

THE A XN RAESR E e R FR AL B . dof N EHEX S e HHIT; lambda A H AL
br: values MHMHIZEMTIC, HITAFUE M A B BEAE, R B AZ ORAIE D b DX K /N o 3% [
Zzh X btk
FLOAT *phgDofEvalGradient (DOF *dof, SIMPLEX *e, const FLOAT lambdal],

const FLOAT *gradbas, FLOAT *values)

5 phgDofEval AL, AT B H B G R BEAE 45 s gradbas N, B A
RITZE BT T S pR AT B (R, W1 2R gradbas A FR%EN I phgDofEvalGradient Y AN H &M
AT TSI R BB (B . gradbas SR GIN T2 T J7 U0 G — LETU AR K 6 R B0k BE A 1K 715
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FLOAT *phgDofEvalDivergence(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
5j phgDofEval MBI, HIFH 1 HH BN G B (R 45 8 SR . 40 gradbas MM A STEH 5K
b phgDofEvalGradient Hhsg e —FE,

FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)
Lj phgDofEval 2L, (HHE A B X R 1) Curl 445 5E MME. B30 gradbas N EE1ET S
PR % phgDofEvalGradient H5E4—Ff,

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

BN H XS, BT src B . name 25 HHT B HEEXT G 1% K newtype 25 HHT H
HHBEXT IR, %S RO NULL W78 F i X R IR IS T src->type->grad_type.

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

QI A S, BT src MIMUE . nane 24 U1 A 10 448K, V1% DofDin(sre)
WAL 3 AL newtype 431 HISERTRIOATY, 250 REC) NULL 4747 1 X5
RAET sre->type->grad_type.

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

BN H XS, 45T sre 1 Curle name 25 HVHT B ST R 4 FR . 12 DofDim(src)
WAIAE 3 A5 E. newtype 25 HUBT H HHIEXT R II2EAL, 20 BRI NULL WIER7SHT H H X 41

KIAET src->type->grad_typeo

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

S A HEN S ZRBCF AR A B ERA, B, U ER AR = Lagrange Jo
(1 B B R IEIR S — DN 2RH R —F Lagrange JGl) H HHEEX % o newtype 45 HUHT H HHEEX S 1136
B, ZSH R NULL WIS B X R RIS T sre->type.

DofIsOwner (u, index)
R4 58 1 1 b B AR5 R T PR T

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

T C:= « op(h) op(B) + BC (FH4T BLAS () GEMM e, I op RRHBEHARE),

Y cptr AT NULL I, TR ¢ IRAELE «cptr P, JFH ¢ RS «cprr [ZRAYAHIA].

1 cptr 55T NULL W, THE4ER ¢ & — AN 28808 B->type ) DOF X4 (M ZIK B
HAETFRED) o

1% PRELE SR DofDim(B) = N x K 2 DofDim(C) = M x No transa F transb A PL437HL MAT_OP_N
(ANEEE) M MAT_OP_T (&), Aol FIFEREYER SO R & AL &5t

! blka < 0 INRIR A iliRE, B 25K DofDim(A) = M x Ko

2 blka > 0 I, IR A & —DIP PR R, X APCK/N N blka x blka. BUIEK M=K, blka
L% M, JFH DofDim(A) = M x blka. —FH TS DL blka = 1, BEI) A RIR— M x M [FX FA%E
K, DofDim(A) =M, A "5 BT R A B R AT 3R
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F A.1 phgDofMM HEYEEFGHEHRIZE X R

transa B | transb HUH KRR S s 5
MAT OP_N MAT OP_N Cvy = o Ak Bxy + (3 Cun
MAT_OP_T MAT_OP_N Cvy = o Ay Bry + 0 Cun
MAT_OP_N MAT_OP_T Cvy = o Ak By + B Cny
MAT_OP_T MAT_OP_.T | Cuy = o Ay Bix + B Cuy

A ATLIH NULL, 7~ A N HALTFE, ISR M =Ko 24 o =0 IF B AT LLK NULL. 24 3 =0 I ¢ Af
PLA NULL, BERS, pRECKR R[N B RS, JLRALY B (2RI, 4E50h M x N
e PR TS T PR AL phgDof AXPY 1 phgDof AXPBY [KII)HE .

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

Wiy = a* x +y.a==0MEATHFEME a == 1 NENTHHEMRN, a == -1 NEHT
AR

DOF *phgDofAXPBY (FLOAT a, DOF #*x, FLOAT b, DOF **y)
WHy :=axx+bx*yoa==08b==0NHYTHHERLFE.
DOF *phgDofAFXPBY (FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {}47 y := a * £(x) + b * y. K%
£ IS in O x RBUH, HAEEEE T < YEEG Ml 28 out hy y REUE, HY4EESE T v 04E
ﬁc

DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) {|%f y := a * f(x) + b * y. 15 phgDof AFXPBY
IR AE T IX R B £ hniE R 8L, el ERITE x R0 E o R BCESR x F y HATAHIA
i
DOF *phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

114 y := alphaxA*x + betaxy, #139F BLAS FFiJ¥ DGEMV. 34 A == NULL HJZR/R A K HA7
M, *4 DofDim(A) == 1 WEIN A NbrEFLLHAIFE, 24 DofDim(A) == DofDim(x) I/~ A NXTFA
B, 124 DofDim(A) == DofDim(x)? W&~ A Al

FLOAT phgDofNormL2Vec (DOF *x)

T A HEEXS S & 2 ek, BIFTA B T 7 FI I 7 .
FLOAT phgDofNormL1Vec(DOF *x)

THEL A BN R ) 5 1 Yus, BT A B 2 A
FLOAT phgDofNormInftyVec(DOF *x)

VHE B B S I R TC ST, BT ) H R 1) ds KA
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FLOAT phgDofNormL1(DOF *u)
T B EEXS BTN N A BRTC R LY A
FLOAT phgDofNormL2(DOF *u)
TS B RO G TR I A R TG BR B L2 A
FLOAT phgDofNormH1 (DOF *u)
THEL A RO SR Y AT BRTCRRE ) HY B (BT .
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
R[] dof 7EHLIG e FFRLICINGR SN index M HIFEAE H BHEEXS S 14 5 .
BTYPE phgDofGetBoundaryType (DOF #u, INT index)
FRE A H AR I A, index J& H AR & A IS0 5 o
BTYPE phgDofGetElementBoundaryType (DOF *u, SIMPLEX *e, int index)
SR HEAR R IIA A, index A& [ S AL RIS
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
SR AR R AARAL B, index A H H AR B[ LGN G0 5

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

T2 B EERAL, A4S Lagrange 76 DG JG%%, WUE BRI, WOy X B g
KAIP) InitFunc, &% 4.1.3.

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

AL A% 2N RS (AR s 5, 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 A R PR RS PR R R K, 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)

XA B XS w fEHRTG e TS bas_index AR BREL, A1 SRAH N B 1F 0 Fibr & b A
7 u->DB_mask "IN, WHZRECAMATATAL S, sMBOREIE D FALSE (ML % H #) mat Fl rhs). 17
W, M func 45 H ITAAE A AR TR G S T R R BO AT 0 I, 985S mat 1 rhs JR[HI1S5 AR T,
PR EIR [FI{E A TRUE.

T @ &K bas_index, n FK/RFRICEREI ML (n = u->type->nbas), ¢; R j ML
e, wy RN ABE, 0< 5 <no
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X Dirichlet i1 5 54 AL PR H B G B 12 B3¢,
BRI TR u->type->points 1= NULL, LRI ABRE [ LA AL A2 R KA, LS T7RE s

u; = func(x)
Horr o g B BB AR .

WA u->type->points == NULL, JILF 7l L2 $ogmig, W

n—1

Z(/ gpj-widV)uj:/func~g0idV
1% 1%

=0

Hob v Ror A HERTERITLS (05 B ) 3 GLE W) I (A H ) 30 (ot H HE).
Y u->dim > 1, BFTRE A u->din A, BT TR REGE —FE0), Bl mat KA
JORM 0 ANREL A R AR Y8 75 2 1K e RAGIAT o rhs IRl u->dim A0
S proj fa L S4B 73, H A BEECA DOF_PROJ_NONE (A #¢3%) Fl DOF_PROJ_CROSS,
HrhEE N BEHAE u->type->dim % 3 == 0 [WIFHL, H TP Maxwell 7T FEU A& uxn = g xn.

NEIGHBOUR_DATA *phgGetNeighbourData(DOF *dof)

WIUEALAT JE B o 1% 08 BOE Y B 34 B R AR S 1 B S, R SR 7 e — N
JJ NEIGHBOUR_DATA [HI&5 ) o pRBGR [MME A % 45 R (M R &L

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

TR AT 5 R0 e s (4R o A SR ACH AT fa, W BT BB 1) 1 B RO A R AH N A, 75 00
FREMHE M) nd FPAFAEAR S5 B AR N A & neighbour FREMIANAEE (%% ), type $i5 5 [ A7
(T pi s 20 THEC I A E), index 41558 T AU THEH TINS5 (&1L A8 Ja T 4 5 Y,
Y type A ELEMENT I, index M fA¥FHL 0).

void phgReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)
B I R A 08 Jo B (1) s 45 4
A.14 HERS
KA PHG BB P BB A TE RN, EA TR 5 22BN 72
QUAD *phgQuadGetQuadiD(int order)
REIFFE TR E KGR (I 1 —4E (e k) KA
QUAD *phgQuadGetQuad2D(int order)
REIFFE TR E KGR (I g (=) KA
QUAD *phgQuadGetQuad3D(int order)

R iR E R R (2 HaRT) 1 =48 (DU fa) SR .
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FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)
R AN X L, HoA S R userfunc ERSY T quad MIFTH B AL, dim &
PR S, —
ZBRHCKE R T — MR cache ML, 4 2 AT [ —AN B ELE R — S o b R — A4
3 RACE R T DL R R ST . N H R : phgQuadFuncDotBas.
FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad)

R —NEES G R, s | RS w R T quad BT ARG R

ZRREUN A cache BL, 4 S ST RN B HHEEX G A8 R — AN e Rl — ARG I ARy i A
AT L S vH S (W1 R 21 phgQuadDofDotBas). 734b, 4 u->type->invariant A TRUE EiE
LA R E S w AR (S2F £ 1) . NH/RHIZFE phgQuadDofDotBas.

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

IR A=A FAS X ik, JCrP S B 2R u->type [R5 0 NEREER T quad NPT
A3 AL I .

ZBREUN A cache L, 4 AR AN Al R AL 3 pR HAE [/ — AN oo b ) — AR 1
AR 23 sAELIN ] DL S E A T H 5 (191 40 R 4 phgQuadDofDotBas). 77, 4 u->type->invariant J
TRUE ‘B30 0] DU R u AERE (B F 8 HE). NHRHIZF phgQuadBasABas.

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

Rl ARG X R, o B AR u->type MIEE n ALK TR E AR T quad
T AT AR S5 sAL AR

Ihge e H17%Y phgQuadGetBasisValues 5L, N H7"#1ZF phgQuadGradBasAGradBas.

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

R —ANERS G X bk, Horp B & 3 R u->type [R5 0 ANIERREL) curl ERGr T quad
() P RA S RAL BB
Thfe S 2 phgQuadGetBasisValues Bl W 7R#IZ %6 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 R4l 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 FAHBXNE u 28 o NMRITIERES B HENZR v 15 n AN H5E R £ N
EHTE e LHIBY . order 281114 X F] phgQuadDofDotDof. [ HIEXI%: v ANfE N DOF_CONSTANT A1
DOF_ANALYTIC K%Y,

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

LR userfunc 55 H AR u 5 o NMEEREUNR (W) BRAEHRIT e LIS order &
H¥) & X JF] phgQuadDofDotDof o
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FLOAT phgQuadGradBasDotGradBas (SIMPLEX *e, DOF *u, int n, DOF *v, int m,
int order)

WHEBENS w5 HENS v R R EEL LN AERIC e BRI e n Al m 535
S u A v RSS9 T o order ZEUHI% X[ phgQuadDofDotDof. H HEXIS u Al v A fig
A DOF_CONSTANT #1 DOF_ANALYTIC 287,

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

WHEEHBHENS v 5 HBEEXNS v 0 REER A curl MARERTT ¢ LA n il m 4351
S u A v RIS A4S o order Z2EU1I% X phgQuadDofDotDof. H HEXS u Al v Afig
A DOF_CONSTANT #1 DOF_ANALYTIC 27,

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

WA BN S v 5 H NG v KRR T PUERTC e LI n 45 H v IR PR £
5 VAR res 4858 I X HaR [FI 22 pi X Huhk (XY w 2 ) 2 pR BN T3 45 RE M 5 {H) o order
ZH1% X IF] phgQuadDofDotDof. HHIfEXTS v ANfiE A DOF_CONSTANT F/l DOF_ANALYTIC K7,

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

RN SR o SHENSR v 15 o DNRiBIE R B WARE R IT e EIIRSY, BESK v ALK
Bt R R4, X &5 phgQuadDofTimesBas AN Z Abs

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

WEABHE o FEES B HE v 15 0 DNMEREIIBENBERIC e BRI
DOF *phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

TSR E BN S o 1 () BhE, % HTEREEMN . e B & —AN8 B HEEXT
5 BN —AME, R(EENE w fEixii ERBRE) L2 BT 280 proj $RE WA w BEATH
#%: DOF_PROJ_NONE /<% 5¢ . DOF_PROJ_DOT &7 by [ B2 3% m) 34T A AL DOF_PROJ_CROSS &
75 BRI ) FEREAT AN (3L3FE) o order AN A KB L.
DOF #*phgQuadFaceJumpN(DOF *u, DOF_PROJ proj, const char *name, int order, DOF *g)

TSR E AN S u (1 (IH)) BEE, ThAgJeAL phgQuadFaceJump, X 7L T /5 & MLrt S A 8
ke, AvHEIL . phgQuadFaceJumpN 5 Neumann A Bk, H HEEX S g WA u 1E
Neumann S IMNE M FE . MM 2505 Y phgQuadFace Jump Al A .

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

WHEIRCH EEHBEE u 'S v FEREUSIRIBY . proj 8 u ZEMAMNER LRI 7, AT
DOF_PROJ_NONE. DOF_PR0OJ_DOT B{ DOF_PROJ_CROSS. order 8N IEE .
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FLOAT phgQuadFaceDofDotDof (SIMPLEX *e, int face, DOF *u, DOF_PROJ proj, DOF *v,
int order)

WEieem FAHEE v 5 v SR, proj e v M 7, W HL DOF_PROJ_NONE.
DOF_PROJ_DOT &Y% DOF_PROJ_CROSS. order f§ &R H5E .

FLOAT phgQuadDofNormP (SIMPLEX *e, DOF *u, int order, int p)
WS [ |ulP, order fHERITHEE

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

T BB u 28 o DR EIER R AR AGERE A GO B ML v 05 m DR AR T 5
Tt e BIRS. 4 A A NULL RKonHON AT RS, JEEiZ R 25 IR T phgQuadGradBasDotGradBas. A
NAEZE RSN, DofDim(A) WAANAET 1 (KR B LLHLALFE) BY DofDim(u) * Dim (74 FFE) BL
DofDim(u) * Dim M-Iy ORI, Jo AR OO i AR A it
FLOAT phgQuadBasABas(SIMPLEX *e, DOF *u, int n, DOF %A, DOF *v, int m, int order)

T E B w 5 o DR B REGERE A RORA W v 05 m MERBAEFIT e EHIBU. 2 A
i NULL oA B AR, M 12 pR 25055 7] T~ PR 45 phgQuadBasDotBas. A N AEFRET I, DofDim(A)
WAIEET 1 (R Bl LU ) 81 DofDim(u) (R/RATAIFE) 8l DofDim(w) V77 GRZRIGFED, J&
PR 0 i AR It o

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

WH BB w3 o NMERETER SHE A BRI B AL v 955 m DN IER U TEREAE R IT e
ARG o X A B2 e S AE R ) [F] PR 2L phgQuadGradBasAGradBas.
FLOAT phgQuadDofAGradBas (SIMPLEX *e, DOF *u, DOF *A, DOF *v, int m, int order)

T E R u AR S RERE A (TR F B v (K58 o IR SRR B N BESRIG e IR
o Kt A [RIZ5E B 4K PR A ] 6 %% phgQuadBasABas, X HL 35K DofDim(u) 25T DofDim(v) * Dim.

A.15  IERRIERR
H AT AL ML 3 1 SRR 1, AR T S BN T L .
INT phgSolverMapD2L(SOLVER *solver, int dof_no, int index)
RIF solver HJZ dof _no AN H X G IH index AN A HISEAELANE AR GE =y & I i B 2

1

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

IZ[A] solver H1%f dof_no N H HEEXNZAEHTT e LIS index N H HEAELME RS MR H
B ST o

int phgSolverInitialize(int *argc, char ***argv)

(P EEIR )
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int phgSolverFinalize(void)
(B )
SOLVER *phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

BN S o oem_solver ¥5 & ff):#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 JTIR) A RG1EA2, DL NULL 45 . 3R B0 ik dext % 184t .

int phgSolverDestroy(SOLVER **solver)
T E AR R B, RIS T BE U
int phgSolverAddMatrixEntry (SOLVER *solver, INT row, INT col, FLOAT value)
¥ value i R INFN Ltk I R REGHEFE Alrow] [coll i, HH row Al col )R H HH SN 5 o

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

¥ value fH ZINBNLME T FEH REUEFE Alrow] [co1]l b, A row Al col A& F M EHi T .

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

¥ values ] nrows x ncols N REMH RN BILME T FEA ZEFEFES, rows Fl cols 24175
2t R BOE FEAT FBN R B S .

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

Jﬁ‘values quﬁﬁ nrows X ncols 4\§§§ﬁﬁ§%2ﬁﬂf”%ﬁﬁfjfﬁ%ﬁi%%iﬁﬂg&?q“, rows fll cols A%l
o B ABUEFERAT RS 4 R 1) R w5

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value fH B MBILETE T FEAE index MATIHIN, index Al HHAES 5 o
int phgSolverAddGlobalRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value {H B MNEILEE RS index MATHIN, index N4 Ja A E i T o

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

¥ values ) n AME R IRV R A 00, 04 indices 25 HIX A uiiy I JRi s B b
o

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

¥ values I n AME B INBNZL M TR A I, $04] indices 25 HIIX 64 v IR K] 4 &) 0] 2 2
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int phgSolverAssemble (SOLVER *solver)

AN RS H PR 58 I 0 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Fl phgSolverAddRHSEntries PRHLIITHFH i, T CATE SR AR A1 1 FH 1% R H0ok 5 i
AN ARG ARE . e B AL IR A2 phgSolverSolve 2 A BN B R e Bkt R GEH
%2

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

R ZeME ARSI AR B I A i TUZA T IS i A A it A% X (CSR) da th 2UH € S o matrix_fn 25
ARG SO 44, matrix_£n 25 VARSI Y SCAF 4% o matrix_fn B matrix_fn W] DURZIRE
R AN AN SO o % pR B H T AN SCR AT U 2 M E R &

MAT *phgSolverGetMat (SOLVER *solver)

ARBUFEAS T RBOERE . %R EUR A solver->mat, K solver->mat 5| 1.
SOLVER *phgSolverMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)

QI —ANEL mat N REGEFERIMES TR mat (051 HIVHEON 1.

int phgSolverVecSolve(SOLVER *solver, BOOLEAN destroy, VEC *x)

SRARNE T REAL, x IR REA HIM# o 1% e80T Egh e — e R # U phgSolverSolve 251 H o

int phgSolverSolve (SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

RIFLNETT RS PTARSHL (N w TTUR) 43 HORFIEZIER, LU NULL 8590, EATEA I S HIan k.
B H I AL et RGEIR o 1 BORFNR AR P AN ORISR Y2 Y phgSolverCreate HHH—35, 4153
destroy == TRUE [FI15, JUJSRMESEHR Jm 7 BIVEA S5 28 B0 B MA g ZULIORE TR Ao 12 PR KGR [ e 206 AX
RE (RIBUE < 0 Fom KA K AERR) o

void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)

BB AR E AR AR G B EARE . A5 U 12 BRI 5 i 44770 8L 1 B KA BORs R 5

void phgSolverSetTol (SOLVER *solver, FLOAT user_tol)

BEE R E MR SIS L RE . 37 R 12 R SOV L i 247 1 B PR IRA R L IR R

void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)
BEEMHESI B solver MITIAAT T o 17T LU L 1% R £4R £ PC_PROC pc_func SEBLR IR T
5AF o 4 pe_func A NULL I, BRIA U phgSolverVecSolve (pc_solver, FALSE, *u) Kfift Mu = b,

I w k], Hrp M OFEFER pe_solver & Y.
E ZREOR B TSR T H TN PCGY GMRES UL PETSc fBVE2847 %%, PCG fl GMRES

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

ffH] Jacobi Jiik, KE Ax=b, F 45 RORAEAE x FRI IR VEC X5 AT B 7 LR HZ e E 2 /iy
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void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)
(T3 HYPRE 2.0.0 BiLL_ AR & X HYPRE AMS TAE T A, Rl Ag HEBE.
void phgSolverHypreAMSSetConstantPoisson(SOLVER *solver, FLOAT alpha, FLOAT beta)

[i] phgSolverHypreAMSSetPoisson, HT o Ml B ¥ A HE I TE

A.16 FHEERFHERETE

A16.1 BE

EIGEN_SMALLEST o I8 /N n AR FIRRE [7) 5
EIGEN_LARGEST o &K n MR AIRRE 7] &
EIGEN_CLOSEST > & &% tau I n MNEFAEAE AL ) &

A.16.2 IMERYFAEERRILRE

phgEigenSolverARPACK > PARPACK FFE{EMREAS
phgEigenSolverJDBSYM > JDBSYM HFE{HfiEVESS
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) FFEAH MRS
phgEigenSolverSLEPc > SLEPC 4G f#IE: %%
phgEigenSolverTrilinos > Trilinos/Anasazi FFF{E ML

A.16.3 EOERH

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

T R M Az = ABx 1) n ML /AL 5. which W] LLHX EIGEN_SMALLEST (#/)h
FFAEAE) . EIGEN_LARGEST (5 KHFE{E) F! EIGEN_CLOSEST (HHEiT tau MMAFAEMEH). nit MR[HIEARIR
K, WAEZ K w, ... A4l DOF MR MEAL, AR E 4L DoF XSRS A I B
(1) DOF %% —3, TANEA S n A DOF W5, 3R [BI1F 3] PIRFAE ) &

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

VST SCRFIEE R Ax = ABx 1 n ANRFAEEFVRFE ) & o FRAE 1) IS *evecs IR[F] (Wit
A *evecs == NULL, W& ECK A3 — D EXNS). R4S phgDofEigenSolve H11IX]
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void phgGeomInit(GRID *g)
Fha e LTSt (AR -

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

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)
R [A] 4 7 B EL O AR BRIFT Jacobian.

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

FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
IRAIEE HW AR, face AT

FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face)
IR B8 5 [ ALY &, face MTHIMIRICA ST .

FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
IR PIHR AE [ ALANE ) i, face M THIHIHICN S o

const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IRl iR IRARKR (2,7, 2) FEHTG e T LALFR,

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