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1.3 Z“HBETAEL
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er Flex, FiHE e Fl eg S04 —IRIFBIDUANHTIRTC e3, €4, 5, €6, ITHF €3, ea Fl es AL —IRTT
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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
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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

BT PHG $RBLHI A AL PCG. GMRES 582 4h, JH ik ] DL AR ek SR A e itk 75
i, HET PHG SCHEIAMEBRE#SH PETSc. Trilinos« HYPRE. MUMPS. SuperLU_Dist. SPC Al
LASPack 7. {EIZAT configure N HJLAFHE i HIMPLEMEVEAR 42 1 (00 BEIN o5 SEHS AL SO L ERIAL
BAE) o HPRE R o HARAL PR A i vk s i AR e ko, Bl AR IS AT R PP I e i AT 1B I “~solver” fi7
5E o LASPack & —/MRATHRILS:, 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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¥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 8 A
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
M, 1 KR Dirichlet I, <0 #£/~8 Neumann iU 5%, 2 &7~ BDRY_USER1, 3 7~ BDRY_USER2, 0 &
IRX AN E. “element type” W4T AN FRICINANILZEAY, 0 IR DIAGONAL, 1 IR FACE, 2 FIK
EDGE, PHG "3t w2574 505 FH 3 (MIXED) Al 4 (OPPOSITE) 7. “element neighbours” %5 iH
T ICPUAN BRI A0S, -1 RonIA i, PHG 20 ALBERT i N SCHEHR 25 H 4R & 56 &R
B AT HHT A S S B

curved boundaries /& PHG HI—MJ&, Ak SOl g, AR h— 450 n il n A A
K. BAAXPEEIYANA < BRIFRERER, I8 2.y 2 Bk, BIMA A X 7.

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

BRI TREN Cx,y,2) = 0, M (P(z,y,2), Q(z,y,2), Qz,y,2)) WHK (z,y,2) HEMHE -
FIARRR (B WS SCAESE) test/sphere.dat). A ST FEVFAE A R 181505 JE AT, (H3"5 AN
AE4 I o

WP AL “element type” T, W PHG SRR ME L A WA IR C—
PSR, I HAHNAE o oA PUAN TIPS, DA DRAT] 4 WA A2 — o0 A AL S92 BT B2 SR (R AR 7P
%At

TR A S A A “element boundaries” T, W) PHG 44 2 F i ()25 4 % 4 UNDEFINED.

KT ALBERT Hy A SCHAS X TEANE BIESE [11].

2.8.2 Medit #&3%

Medit [3] #&— DRI IR AL B AT, — L85 2R i) A% B S E R, B Tetgen [13], Gmsh [5]
&, AT DU Medit A5 CHTRIRS SCIF o 5T Medit #&2UHIAHT91E2E Medit 1T

PHG "] LA A\ Medit mesh format #% U1 MHE, (HI1E AN Vertices. Tetrahedra. Hexahedra.
Triangles fll Quadrilaterals %{#li, 2B & %¥i. PHG ZERE A ST I RS 2 B 1Ko n SR
NS HNTHAA IR B, PHG A SRR NTHAR B ICHAR R 5 ANER 6 AN PU T A5 0 I DR A A% 1)
PrtE. PHG RN SCAEH ) Triangles Fl Quadrilaterals ZREFY A i A% H i St i fr) 1 S 2k
Mo BOANEOL T, PHG K Medit SCPFARISRAY 1 #2460 09 DIRICHLET, R 2 Heily NEUMANN, HoR1Y
¥4} UNDEFINED. W BN, FH P W LLARE — N eREOKRK Medit SO IR ARS8 BV 0 PHG 11114
FRR, F 283, .

WAL Netgen [12] AR MA& 1115, 7T AR EIA utils/netgen2medit 4 Netgen [f] .geo B
neutral %X SCAHAR ) Medit #%20, RG-S AZ] PHG 1, BAAHPESE A MR DGR,

Medit [f] mesh SCAERE A, BANHIGH 5 NG, 7T 4 MU MBI g S, PHG
555 MWER 7 I8 5 IR AT SIMPLEX Z5H4(1) region_mark B 5IHY, Jf HAE WA I N A B 1%
R ARG, B PR AT LUEE AT region_mark PR KA & FLIC T AR K 1 X 3

PHG #2417 AMHIA utils/tetgen2medit, ‘TIBAT tetgen, SRR H AR AG A4 Medit
F X (tetgen 1] “-g” HEINA KT .mesh SCAFALF-G /b T 10 55 2.
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2.8.3 hFR%EA

PHG $24t Tofhil 7247 DIRICHLET NEUMANN. BDRY_USER1. BDRY_USER2 F/l UNDEFINED., 7§ A
WAS SCARIN , PHG 5 WA SO R R 8 1A SR T e 3 g FIR TiAp R 22—, 7RI phgImport Z HI, H
JA ] LU A phgImportSetBdryMapFunc A H IR & — AN SR A s 5, 1 N4 s «

static int
bc_map(int bectype)

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

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

J

BRI be_map & PHG IBRINIA SR 40 i 5, Forh 240 betype i AN SCEFH I 22,
FREOR MHE A AR ) PHG AR, -1 FRoRABVE SR S0 2,

B T 3R — AU SR W R Bk A T AT A, AT DUFIE I “~bemap_file filename”
fig 8 — AN FR IS, SR RAT RS Y, FRE — NSO R B E L B — A PHG
HI e, B ZSHEEL <tab> FaTF. 38— FIA & — AN EEEEH A« BRITIEEEL, RoniiN
SR ARG, 5 AR, BUES AU “Dirichlet”. “Neumann”. “BDRY_USER1” .
“BDRY_USER2” Fll “Undefined” Z—, K/NSIA[, LIRFHNH] PHG I KA, 50 1A 20T
DA IS EH “x ARFF, RORMICHBIETCTT o Blln, ikl SRR AT

*:0 Dirichlet
3 Dirichlet
1:2 Neumann

B Undefined

TR AT < 0 ISETUMEA 3 #:34 Dirichlet, 287 1 1 2 # ¥4 Neumann, > 5 fI288
e Undefined o 1 Fr ST B4 SUA b B 5 7€ (2R B — 4 #04 Undefined o AU SO ] LA
H5F 4 5INUEH, PRBETEE 5 1 1 N A8t 20 . W #2)7H H phgImportSetBdryMapFunc 15
FE T AN FRI R, W) PHG K 2B 1L “~bemap_file” Jrf M AR A A 15t
P — R “.bemap” WONT R4

3N Medit A, I HH P BAL HED -bemap_file I, PHG 2 Hahk A 5 A X
PR AR “ oemap” HISCHE, W FRAZSCAFAEAE W) B SN 0 SRRSO . H AT
A 1E T +auto_bemap K25 1E PHG H 5is N iU AL A

3N ALBERTA #% U MASH% NI, PHG 20080 R 28R S 45 s FOR SO, 17 A2 L% T 2k
ALBERTA HJiU 5 Ry PHG (R34 2R
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ALBERTA 154288 | PHG 45261
<0 NEUMANN
1 DIRICHLET
2 BDRY_USER1
3 BDRY_USER2
He UNDEFINED

BeAh, PR LU iy 44T IE T —-default_bdry_type, oA T T e 8L phgImport Z R A R
41 phgImportSetDefaultBdryType, KI5 & BRINIA TR 24— AN [ Y2K AL 4 UNDEFINED Y,
SR AE P RS PN U D AR T AR B, 5 DG 3 R SR IR 45 A BRI S
2.8.4 FEHnR
FH o] L FH e 5 phgSetPeriodicity BeE B AL, 4 8 BA T ) 55 AR bR i) AN—ZU), wT LA
FH R phgSetPeriodicDirections BOE AT 0] o 388 pR Hi DA 25T A i HH pR 2 phglmport SN
Z I
PHG SR W13 5 b F) A 2 i 1) 9 LA AR 0k F 93 T ) 2 /0 40 = 25T R T (1R
FIHTAR AR T BE 2 AN AL 1% 451 RN AT AT 0T R s =4 )«
2.8.5 $RIEMI
h T 5 (R T A D SR R B A, wtils H P ERAE T mirror.c R/, EXTRIR
FEARE 22 1) 7 ) EREATBEAR DL, M0 Bt A2 Jo S ip o PR SR K A A8 TR R
mirror [options] input_mesh output_mesh directions
P input_mesh Fl output_mesh 7347 7€ fi AN FNH H WA SO 44, directions /& —ANH xS g7 f
‘2 R SR E BRI T 1 .
mirror cube.dat out.mesh xyzx
RIRMINS vy~ zv 2 7 TR Gl RS IR NS PR IR 16 ) o mirror SCRF R IIJLANIE
i (\TBAH “mirror -help user” I NiEIN):
-refine_depth ##%
BEAR TS RS HEA T8 € AU — B0
-tolerance ¥ %4k
I FIWT AR R 2 A ASE (SN 1e-6)o
-symmetry_plane {min|max}
FE BB AR FRI, min FoR HIARBRME SN (SR E)» max R HIAAKRAE B K T o

-dir file X%
MF& I SCAE R N IR ) (A E R B A 7 T AS [ AR A3l I A ) o SCAFFR NOZ AL & 9 A
L RIRG =7 &, =AM sEA— IR, (HAmgM k.

-output_format {medit|albert}

froe A% 2, SRS 0 Medit #2

-vtk file XA
TR E AR VIK S
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-opendx_file j[ﬂ#é%

2 i dE € PRI OpenDX A
2.9 EFRER

PHG 48 7 i R A0 FLOAT, BRIAE N C [ double. fEIZ{T configure I A LUM]
--enable-long_double AU FLOAT 453 4 long double.

MR AR T T FLOAT SRR HCE s8N, BAZAT T PHG & SR, X487 (1) 4 FRil ik
¥ libm ' double BRELA (M FRESCAH KRE15E], 41 Sqrt, Sin, Log %5. & MPI @AY, MWixfliH
PHG_MPI_FLOAT YEAAHR ) MPT #5284, A4 M MPI_DOUBLE, XXAYAJ EALLRUEACHIE FH T AR
AP FLOAT (W HE 28, 40 INT, PHG 324 7AHMN. Y MPT #5284, 41 PHG_MPI_INT).

1] phgPrintf 5 E 1 FLOAT BUAR RN, AFEHA double it , it

FLOAT a;
DOF *u;

T2 FLOAT KM Y format " HRIHHIAFT AN UL HC N i H 45 SRAS

1f: 1686 Al x86_64 - 55 I, long double SEPr AT 80 A/ (XL double 14y 34 {1k
HIKERE) . £EH e 24 b, W1 SGI Origin 3800, long double nJ LLIAH 128 ALkSRE (4 32 £+t
HPRE L), AHs S ml e AR H AR 18
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Vavay
=5
3.1 Poisson A&

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

{Au —f 20

(3.1)

u=g x € 0N

3.1.1 FiIEF

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

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

~

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

u_h = phgDofNew(g, DOF_DEFAULT, 1, "u_h", DoflInterpolation);
phgDofSetDataByValue(u_h, 0.0);

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

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

while (TRUE) { /% BEIEIR */
phgBalanceGrid(g, 1.2, -1); /x RETMAELE 555 */

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

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

}

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

phgFinalize(); /* 1Ed PHG x/

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

21
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3.1.2 FERZ&MHAIEA

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

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

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

¥ 1.0 EmE AC,D);

Fou ey AR mE| B(D;

continue;

}

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

e

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

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

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

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

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

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

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

-1);
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J

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

HOE-VE/ap: LRI I






FMNE BHEMNKR

.....

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

4.1 BHHEZR

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

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

typedef struct DOF_TYPE_ {

const char *name;

} DOF_TYPE;

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

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

SHORT nbas;

BYTE order;

CHAR continuity;
SHORT dim;

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

/* %
/*
/*
/*
/*

/*
/*
/*
/*
/*

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

/*
/*
/*
/*

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

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

A BB */

DA +/

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

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

0 R B A X A — AR e, H T2

{E’ ?/% 5.2,

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

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

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

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

g, AN R A RS ECh

A HAERICH ) B B AL D

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

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

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

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

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

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

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

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

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

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

4.1.1  FAMISEIZH M A HEE R

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

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

b dot  H XS, e HAIATT,

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

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

& 4.1 HERPRBETEHERERT

parent_data i

L E NG

parent_datal[?]

[np_vert] [dof->dim]

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

parent_datal[4 + 4]

[np_edge] [dof->dim]

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

parent_datal[10 + ¢]

[np_face] [dof->dim]

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

parent_data[14]

[np_elem] [dof->dim]

ST A AR

* 4.2 WERKPTFRTAHERREET

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

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

children_datal[3]

[np_edge] [dof->dim]

BRI 2 K A el AR

children_datal[4]

[np_edge] [dof->dim]

BRI 3 K i 8 el AR

children_datal[5]

[np_face] [dof->dim]

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

children_datal[6]

[np_face] [dof->dim]

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

children_datal[7]

[np_face] [dof->dim]

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

children_datal[8]

[np_face] [dof->dim]

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

children_datal[9]

[np_face] [dof->dim]

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

children_datal[10]

[np_elem] [dof->dim]

W ZTE 0 Mootk BN Bl EE

children_datal[11]

[np_elem] [dof->dim]

BTG 1 Mook BN B d e

27

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

V0]

V[2]
parent_data[15]

children_data[12]

4.1 PYrHfAR I g1k

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

4.1.2  ZHMIEE)HH WA HEE R AL

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4.4 EHEFEBHEXNRYE

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

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

DofVertexData(dof, TH,&AKH%5)

DofEdgeData(dof, iA#)AH%5)

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

DofElementData(dof, ETAMST)

DofData(dof)
PEML A3,

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

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

DOF *dof;
FLOAT sum, *data;

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

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

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

DOF_ANALYTIC,
4.5.1 HBEDBEHEER

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

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

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

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

GRID *g;
DOF *u;

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

J

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

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

4.6 JUWMEEHEMNR

A geom.c I T —ANEEER A HEXS S, A H PRI BT R 2 T B0 L8 L A
AR FITIH A VAR HAA, FIui AR, HARRIEAARR Jacobian. geom.c FHRAL T —4 4
N phgGeomXxxxxx KPR LA/ I HIRIRIPUZ L ) LI B, ZF A7,
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A PRI i B SR RE PR BB R B SESE IRy . PHG S T — R AV HUE AR 73 R
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,
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#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 .
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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
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52 EEAB KL FRENET 35
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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
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£ 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.
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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) }
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[ static FLOAT *get_grad_lambda(SIMPLEX *