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F—F HEKIET
1.1 [EAmME

PHG AbH PRSI Gt — 4 4 =R = 4EDU A B R RS . H RSBl T =4 DY 1f 4%
1%, — HERINE DL AR RSB

1.2 BuxAImS. 8. @RS

FEANPUTHIAR A TTH, DUANTH S 9405 4 04 14 24 3, ANELD SR 0 (BETHA 0-1). 1 (1
T 0-2) 2 (BETAL 0-3) 3 (BETAL 1-2) 4 (BETAL 1-3) A1 5 (BFTA 2-3). UANTZ>
M= R 0,1, 2,3, HAH i FEAELE TN @ AT . IXLe 5 3 FR A T« SRR 5T N g

1.3 Z“HBETAEL

PHG R4 Wb S0 R MRS, R “TA” 3% . M — AT, 452 10—
i1, KNI, 0 5 5 2 MR AT S K36 50—, W 11 k. — A edit
T R AT L 1 TR A2 T AT 1 RN b 2 0 T T

QBT
L T
=g
-Tﬁﬁ 0
1.1 PYTHAAR SR IG =A didk
PHG H R4 EVER T [2, 7,9, 1] ondifbi ks T B IENA PR ok /48 ALBERTA

(1] TS, B ETTHIR T — R 2R, SRR 0 (BT TR 0-1 13L) MDAl . HIda ks,
BTSRRI fid 5 o] LLEH FH P e, e BLil PHG B 3™

ITAMb e, A HITTI 0 BT HRITHRA 7 HIT 0, M S RITIi 1 BT HRICHR N 1T
1, RTINS 5 MISE BRI S ST I IO S 5 AR LA ST « O T SCRMEE IR A% 414k, PHG
i 5 FpEa e, 23 FR A O (opposite)s M (mixed)~ D (diagonal, X}, F ALBERTA [f] type 0) F
(face, X% T ALBERTA [ type 1) 1 E (edge, XN F- ALBERTA [ type 2). X 5 #4114k
PR 1.2 Pros.

1.4 BXMIgLE

VU i A P A 2 3o S B2 SIS — 2 B e A i, TS ARG B (0 O & . S 4ii
JEAE I P AR, 20 0 S A T B0 BITAT M3 e A BT RS S22 o PHG DRAIE 24 1 RS
JEZBEA R, B 1.3 P =B RITa T A O ] (=R DU TR T O R
5 Y =M ITHIR), AERXABIT R, WIS — N EIT e, FFEAIL— XA BB T
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1.5 A& 2R A 3

er Flex, FiHE er Fl eg S04 —IRIFBIDUANHTIRTC e3, €4, 5, €6, mIGHF €3, ea Fl es KA —IRTT
EPFRIC er, es, e, €10, e11 M e12, HEMIEH e, €7, es, €9, €10, e11 F e1n FI o

el0|el2

e9 |ell

e7 | e8 eb

K 1.3 2 AR (10— SR S5 A, 20 3Ry B 2 i A% (1 7 s

JASCH, UCE] RS I O R HH T SR TT R R, AR AR T,

1.5 SHRNERME

N p AT AT, PHG RS HI5 K p AT FAG . PHG (I8 515 5T 5T
A7, BIRRE R R OISR S MR p DTN T4, BTN T WK o AR, iR
1% 2 URE R (0 — SO 00 1 p A 70, RERR A5 1 R b i SOCRTE T ITAT R 2E (B2 5
J6)e B 14 R 1.3 PRSI AP TG (p = 2) BT AT RS R, s AT
M*ﬁ@é\nf?ﬁﬁ €7, €3 *ﬂ €9> %:/\¥M$§@/§ﬂ‘f‘?$ﬂ: €6, €10, €11 *ﬂ €120 ﬂf%’aa ENEFWEP,
W L TC ELANAR ], AR BT T e R o XM R 4 R B 7 (S A 2 IR (R gEA T 3k g, SR
AT et

elOfel2

&9 ell

e7 | e8

submesh 0 submesh 1 subtree 0 subtree 1

L4 AT 2R R RS IR R 4

1.6 BRIAHRS. KR SHERES

PHG LR %, AT 3. T 370 [ R, A7 = ORI 0% 7%, 4 3IF b e
PG AHOG BRI R BTG G S SN BT L I ST R OGS A 5 SRR T
G S SRR, SO RAE SR TR G5 T4 R S MR B A R A o 1 B T



4 - ARILF

GaT #BAN 0 TFUR . B, T SR IC R 578 0 — 3 Z IR, AHh4s 5 7E 0 — (nvert — 1) Z[H] (nvert 4
TR TS, 4295 7E 0 - (nvert_global — 1) X [A] (nvert_global A4 Jmy A& H 110 540

M= NHTTHE AN, BTk E T AT T A RN A HO AR 4 SR G o BT TS (RBP4
AT ) B — TR G S

TR PUF AL, EAE P TIFIAAM N 408 . DIFIA$R SR ICI Ay — 70
IR R AR, TR R R R TR g ARG B AN THS B BT TR )i . PHG T2 € 40 35 4
Me3ds b4 )Ry G B/ IR TR R D) 1 4K AR A B eI TA TR G, 110 53— 4 DT RTA RN PR 4 il 2314 2]
BAH (42)5) ST o

P TCH A 5 AT, PR AR DI A R T, AT
AZFAL TG A5 G AL TR Y A TR P 2% BT DD Ja 7 AR R T, B T AR AL S P AL I Tl . PHG
25 AL UL IR W A THE R o4 S Gt S50/ R T R 11 9 A D70 T 0% 7 A2 B 00 I THT R 4 5, 1T 93 4b
PRAN DI THRUET RBE 23 BB (R 4 5 o

XTI S, PHG "AYE AL S AT BN A R g 5 a4 12 bR TH R ) -7 B e 48 S B ITI)
G, MRS — BT RORT 9 o

1.7 —&Es

T2 PHG Hh&s B —L8w &, e 1w XAEL X phg.h o

Dim fRE A MYEEL, —4Emt 2 3.

NVert. NEdge il NFace )l {UK—ANEITH Tl JATTEIE H o X = 4EDU R4 801 =
NVert = 4, NEdge = 6, NFace = 4,

1.8 Bk MIgxREFELEH
1.8.1 SIMPLEX %544
PHG & BT (5 4544 & SIMPLEX, LA 2 R JLAS 2 5

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;

M, children[0] F children[1] 7 A4& M PN THJT; neighbours [i] $57 [ 2 4 /NI _F 120 fa 5
JC, AR @ KyILFHIN neighbours [ N ZE4REr, MR ¢ LRISESEALEAM, W neighbours [i] &
1) FR) o 73R PO RS T 08 Jo O R KNk (Pl FH P B AN 0 DKL) s AH R, bound _type [4] 45 HHIHT
(AR, e R — 28 (% 7 20 4 : INTERTOR (N #1H)~ DIRICHLET (Dirichlet 1 %¢fl) - NEUMANN
(Neumann 14 ¥1fl) - BDRY_USERL (JIJ /7282 1 44 517) . BDRY_USER2 (JH /7282 2 34 F1fi) . UNDEFINED



1.8 BT R WA R A E5 A o

(RFEE R A FEI) A1 REMOTE (488 A8 H e WUk Th i S I, JRB 5~ A% (1) Y L 541D s parent
RN AW IG, MM IO parent K25 FREN. PHG SOVF—ANH R & £ AM5&, 11 DIRICHLET Al
INTERIOR, XAEAEREATAY FRIC TSI v LAAE Il E s e i AR A,

verts[]. edges[]. faces[] Hl index & Ui 73 AI{RAF T AL 34 TR R ICIA ISR 5, BATT 4
JR 9w 5 ] LLAr i % GlobalVertex. GlobalEdge. GlobalFace fll GlobalElement 3kf5F, 4, &
B g JAR I AT R (4R ER (GRID *), e AFRI]— A FICIFRER, W e->verts[0] 43 HHIG e HEE 0
AT A S5, 1Ml GlobalVertex(g, e->verts[0]) W45 HIZTI N 4 Mg (6 T4
WIS A G 5 5 4 SR g 5 A FE) o

mark Ji b3 FH A B &N oS bR A A BOHAL ) T, mark > 0 RONEERE X ICAL
mark {X, mark < 0 £/ OV %P iR Z M —nark K.

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

typedef struct GRID_ {
FLOAT 1if; /x RBERFHEF */
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; /* #AZF */
int nprocs; /* BARLL (FRAEL) */
#if USE_MPI
MPI_Comm g->comm; /* MPI #4132 x/
#endif
} GRID;

X LR — N verts LMK nxxxx. nxxxx_global H 1.
verts B HIT-IRAE 7 WA DT A7 TOL UK 3t R 7R ARAR , 42 T0L R IR AS b 23 5 I A7 T80 9, ik
g HMIRETREL, e A HICHRER, W e BISE ¢ DTN 2\ yy 2 ABFRIM A4 :
g->verts[e->verts[i]] [0]
g->verts[e->verts[i]] [1]

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



nleaf 4317 PR A& A0 ICHE RIS HT RS 1M1 5 e 8

nvert_global. nedge_global. nface_global fl nelem_global 7%l 45 H i 4% Ja WA A% H 1 T A
B L BRI TTE. AR, nelem_global 25T AT 1~ WA H I nleaf {H Ao XL 7E T 1E
Ferhog 4 —#E.

nvert. nedge. nface fl nelem M AN & A4—48, CA 1 45 T T8 L 14 A BT K o RAS
Mo 50 1o X FARD AR RIS, S AT 50055 T ROT R B TUSE SOAH SO e R
M0 A A% nvert 55 T PR AT, nedge nface Al nelem [KIE I RIS ) 7341 7 A
Ko XL LA G5 ], A7 ) Y] 7ok Ul WX L R R G o (BRI IR RS B — N BT
eor FFHLAL— AT BN AT 5TC eq AT eq, REIZ P A FATCHE FSEIR) WOAK Rl 20 S AT R A%, 1190 0 4
e, TR 1 eor W 15, BIFPIE SO AL A 5, 5755 WINEBCHACRIL R 4
Jgi S, AT AR g T2 BN, AL S AT IS . T 0 HFIC eo AT ey FIK, eo 1=
SAAAAHY (42)R)) 9524 0(0)s 1(1) 2(2), er MI=SRUIAH (22)5) 9524 1(1). 2(2). 3(4), Kk
nedge HIMEN 4. T4 1 HETT eo M ex FIHG, eo HI=Z5IL A (42)R) 954 0(0)~ 1(1)~ 2(2), ea
=4I A (42)7) 5N 0(0)« 3(3)~ 4(4), I nedge FIHA 5. A KA HICHI T H T[] {25
TN RIESE 1.6 TPV

(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, FHRICHIAING SRR, SRS S, 5 WA RS

XHL, RE AR e A 30 T ARG S K H R T A R S i S
% R AR I .

1.8.3 types_xxxx #¢H

GRID ZH A4 A DY e types_vert. types_edge. types_face i types_elem, AR YR
J nvert. nedge. nface fl nelem KIEZH, 43745 H i1 WK b B TH A 320 THUMI PR T )30 S g 7k
XL RS SIMPLEX A1) bound type B — AR &AL, I H 2 bound _type B b ks
ARG (— T I PR SR G A T T AL 5 T T e s O T FAR RS R A “ 57 A8 5 (R 4
R M) 5 RS WRYS T bound_type H41).

% T bound_type "HFHHIFRGEAIAN, types_xxxx FALIBA — MR A OWNER [IN7, F7m 24071 M
B N JE e AT 0], — DTG RERIIN & T2 A 7 kg, X887 R i MR e e
)@, Ei% 7MWK L types_vert [i] 1) OWNER £7°4 1, ZEH AR 1 WIA% I owNER A7 358 0, Hidr 4 &
NIV R A L 5

Y types_vert[i]l == 0 (FLJ¥H I8 ] B UNREFERENCED £7n) I, FRTifA ¢ NET 4011
RS 7 5.6, BIZIR B B 1T RS P S AR50, e A g 5 o 0 A3 g



1.8 BT R WA R A E5 A 7

W, a0, 6B R A ] (BE B IUE) AN, Nz s v s Tk, 48 23 sSkRn,
% 24 owNER JE kIR . .

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

XFFa . AT G T, UNREFERENCED AT AH A i 75 S






FZE RS, BRE. HIFEERXHER

PHG #4L5H e — 28k (94 1, 4945 PETSc. HYPRE. Trilinos. MUMPS. SuperLU_Dist-
SPC. LASPack. PARPACK. LOBPCG. SLEPC. Tcl/Tk. VTK. Zoltan. ParMETIS (5 METIS) %%.
FARIX LIRS T IR, AR AP /a3 PHG JU 23U BT LMETF A PHG B4 ThAg. an Al ]
Linux #/E RS, WAL Z23EM AL ftp://159.226.92.111/pub/RPMS AbfRAt)—4% RPM 11, PHG
FERC B AT DA E SR A X 88 RPM A3, 2235 R A T AN 68 F AR AT 258

2.1 BEESHmF
76 PHG YRS T0E H sk HAT

./configure
gmake

it PHG )% libphg.a. £, 4iiF PHG B4R GNU make, FIAREH 4. PHG [
BL'E ZHAEIEAT configure WIH I MBI AR Bf5 ¢, 1817 “. /configure --help” W] LAfHE47 K
configure (7% B A= .

configure A FH R PR AR 1 AT (i — £

cc fRE C gnikds (BRIAH mpicc)
CFLAGS fRE C gmifikin
CPP fa5E C FAbPE S

CPPFLAGS fRiE C/C++ THALFILET (41 “~I/opt/include”)
LDFLAGS  fREHEFELDI
LIBS 6 8 Bl A8 16 2

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

FC {8 € Fortran (90) i

FCFLAGS  #8% Fortran (90) 4wk I

F77 155 Fortran 77 JiFas

FFLAGS Y852 Fortran 77 Zmideik I

LR, Fortran 4 1% as S EE A T AEAE ] — 48361 Fortran (ISR (A1 PARPACK . MUMPS
%) Wi %€ Fortran BRHU iy 44 KN M BEFLIN T 5 220 5 Fortran A KM (configure 2XRHIXELIAI
A [ BT T

configure M EEIETAT (5 PHG AR, XEIIMIA w56, BAETSEme
“./configure --help” [FI%iTH):

--prefix=H K % fRE PHG &2 H3 (BRINA /usr/local)
--enable-debug Ja AR AR CBRIAE)

--disable-debug SRR b oA

--enable-fpetrap PRI TE SO VFIN T R il R R R D R (gjiﬁ\fﬁ)
--disable-fpetrap AR Il R R I D) e

--enable-tcl Ja H Tel BIAEE D (BRIAE)

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 & %
-—enable-mpi
-—disable-mpi
--with-mpi-libdir=FH &%
--with-mpi-incdir=H &%
--with-mpi-lib=/%
-—enable-mpiio
--disable-mpiio
--enable-metis
--disable-metis
--with-metis-lib=/4&
--with-metis-incdir=FH & %
--enable-parmetis
--disable-parmetis
——With—parmetis—lib=ﬁ?
--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

BB B, BE. RBIF KUK

AR Tl AR D

fHE tclConfig.sh A4 (T Tel FLE)
f7E Tel FESCAFPTAE ) H 5%

FE Tel kO PR H 3%

JEH Tk AE: D (BRIAMA)

A Tk AR D

/€ tkConfig.sh /14 (T Tk ALE)
FiE Tk FESCHRPRAE H 5%

fq 8 Tk SKSCAFFTER H 3%

JEH VTK #H (BRAE)

2 VIK #2110

B cmake F2/7 (T VTK HLHE)
/€ VTK FESCAF (e r) H sk

&€ VTK KRR H 5%

Ja Hl MPI i1 B %18 (ERIAE)

AXH MPI 3 B4

FR3E MPI FE O 1%

¢ MPT k{642

f55E MPI J# (U -1mpich)

JH MPI-2 1/0 &%k

5 MPI-2 1/0 eAEL (BRIME)

Ja H METIS (HT-P#s 1 5r, BRIAME)
#F METIS

f&%E METIS JE

7€ METIS SkSCHBRAE B 5%

Ja H ParMETIS (H T Wk E 5155, BRIAME)
2 ParMETIS

g5 ParMETIS J§

{872 ParMETIS Sk 3CHFFTEN H 3%
Ja H Zoltan 4 H1 (FHT- A& 73, BRINE)
2 Zoltan M

Zoltan kCAFPTTER H 5%

Zoltan B SCAFFTAE R H 3%

Ja Rfdvkds i o (BRAME)

AR LA 1

Ja M SPC fi#ikas (BRIMA)

251 SPC fifid: o

Ja FH PETSc fiftikds (BRAE)

251 PETSc filtik:as

J3H HYPRE fi#ik8% (BRIAE)

%] HYPRE f#ikas



2.1

BLE 5 % iF

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

--enable-trilinos
--disable-trilinos
--with-trilinos-dir=H X %
--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§}?2§
--enable-bzip2
--disable-bzip2
--with-bzip2=F2 5 %
--with-blas=/4%
--with-lapack=/%
--with-£77-1ibs[=/£]
—-with-fc-libs [=/]
--enable-long-double

2.1.1 C/C+H+ #WiF:[F MPI
PHG %A CiESYE, HETA VIK Fl Trilinos #2112 C++ 1. Fb i AT HIX L 1]

(FIik

» R C ikl aT L T . PHG Jd MPI W B IS SCBUFAT . WEREAT MPI 324,

ek PHG [ AT .

AR AT MPT R Gefe it 1 XA 1 4

PHG [1J configure JHIAKIIN C Fl C++ miFZs AL SEH A mpicc. mpiCCy mpicxx S5 4.
MWIEIZAT configure I AFREATLMT T MPT 1244,

i,

HYPRE %3¢ H3% (BRINMEN /usr/local/hypre)
HYPRE & (BRIAME N -1HYPRE, B IET455E BLAS

1 LAPACK J%)
Jo A Trilinos #: H

ZEH] Trilinos #2101 (ERIAME)

25 Trilinos 22%¢ Hag, M-Sk S0PF 2%
Trilinos k304 H 2%

Trilinos & 34 H %

Jii F Trilinos Anasazi Ff{E{E R4S

ZEH] Trilinos Anasazi FrAE{EMHERS (BRIAME)

JA ] SuperLU Dist fiftvkat (BRIAH)

A5 H SuperLU Dist fi#ti:a%

¥5 % SuperLu JFE

155E SuperLu Sk PFTAERT H 2K

Ja F LASPack (H347T) ffikas (BRIAE)

A% LASPack (HAT) filiLes

Ji H PAPT #: 11

A5 PAPT £:11

/€ PAPI (% %1%, BRNK -1papi)

FRIE PAPI K30 H s 44

JiH gzip SCHF CRFEEN gz ST, BRIME)
25 gzip Ml IRAESCHE

gzip MEITF 4 (BRIAK gzip)

Ja H bzip2 SCHF (CFFEA cbz2 KA, BRIAE)
25 bzip2 fiff H 4 SR

bzip2 FEIF 4 (BRIAK bzip2)

45t BLAS ¢

45 LAPACK J%

Fortran 77 Jig (440§ “= &7 It PHG H )AL I)
Fortran JE (440& “= & N H PHG HZhALM)

AT DU ARG 2T R 5 (BRI F BURG V7 i 5

11

H g

P,

RS MPL RGUE I T I E ARG e ds i, T RUTIPRMEAR & cc M oxx Kfdsg e et
I configure XK El HAT I K MPL S0 PEAEAR B, WERRIG WG 2] --with-mpi-1ibdir
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F --with-mpi-incdir TEIGAy llFi e MPT PEFNSK SO R g4, BLAH] --with-mpi-1ib IR E MPI
S,

CC=gcc CXX=g++ ./configure \
--with-mpi-libdir=/opt/mpi/lib \
—--with-mpi-incdir=/opt/mpi/include \
--with-mpi-1ib="-1pmpich -lmpich -lpmpich -lmpich -lpthread -1rt"

2.1.2 METIS/ParMETIS %01

WHRITJT T METIS/ParMETIS SZF, £ H configure il £ T AH M (1K) Sk SCLEREE, WIAEIZ1TFE
IR LU %I “-partitioner metis” Kfg i H METIS/ParMETIS #E47 /4% K1 43 8% &1 7

2.1.3 Zoltan #O

WHRIFH T METIS/ParMETIS 325, JfH configure il 3 7 AN 1) SCAERIEE, W{EZ4THE
JP IS AT LU IET “~partitioner zoltan” K5 E M H Zoltan FRALM— Lo ByEIE T MRS K1) 43 B EE Rl 47
FHIET “-zoltan_method J-i%” SKIRE Zoltan [FMIME 43 5yk, Hodh “ Fik " nf IEL: “rcb” (recursive
coordinate bisection, BRIAME). “rib” (recursive inertial bisection). “hsfc” (Hilbert space filling curve)
F “hypergraph” (hyper graph, 2!,
2.1.4 FRESREO

BT PHG SR N A% S PCGL GMRES 882 8k, JH P ad w] LU HI S ER a8 R R R et 7 1
. HHil PHG SCRFMAMBA#ES A PETSc. Trilinos. HYPRE. MUMPS. SuperLU_Dist. SPC Fl LAS-
Pack %5, fEI817 configure N FJ LLARE 5 HIMRLEAAIE AL 11 (0 I 5 S A STE L R B AR ) o
JP R e rh BARAE WA s s i R P ok, SR RIS AT R PPN (h iy 4TI I “ ~default _solver” fi7
5o LASPack & —MRATARILS, WAL MPI RS LA,

2.1.5 Tcl/Tk. VTK

PHG $2ft5 Tel/Tk MAIEF M0 AT Tel/Tk WADIGE, RGP LM L% Tel/Tk
SAAN ) FF B o WIER contigure JEik H BTN Tel/Tk, WIFT L8 L& 4 IE I (-—with-tcl-*
Al -—with-tk-*) KI5 E e 1.

PHG [#) VTK #0 H BT /&SZg M), &35k VTK 4.5.0-2 LA FJRA. 1817 configure NIl H H T
g?ﬁ% cmake f‘i‘z’?ﬂ’ﬂﬁ%?)ﬁﬁfUT o

2.1.6 BLAS #1 LAPACK [E

—SBHN R4, i1 PETSe, HYPRE F SuperLU_Dist %575 %% 1% BLAS 8 LAPACK %, Hh
PETSc #1 HYPRE % LAPACK Al BLAS, ifi SuperLU_Dist N Y 7543 BLAS. %754 PHG
AN FH X e 4, AT 1062505 | FHAH R] 1) BLAS F1 LAPACK.

1217 configure W14 A T PETSc, W] PHG 4 H3M PETSc H1 3K 5% BLAS Al LAPACK
(M &, B P AN AE v 247 E 3R € BLAS Al LAPACK J# (40 545 % S imi o] B 4 )

WHR A 25008 | PETSe, WA P ol LB configure HIIEIIUKEE BLAS /Al LAPACK
J. F& 25352 BLAS/LAPACK P 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: WL --with-lapack [AH[$5& BLAS Fl LAPACK %, {HAMN %A --with-blas KI8T LA-
PACK J%).

BT e EUE F PETSe JF HA P #1368 2 BLAS/LAPACK JEN, configure ikl H 3l
HIE X 1) BLAS/LAPACK o WUERIKE], W st GFEH]) RBIRE . WERIAD], WL 4%
CECESY

WRATH Fedora Linux JF H#¥A HEA1EM BLAS/LAPACK FER), 7 L% FE 424 1apack-devel
H1 blas-devel 4,

[l =

2.2 ik

SERG e RS H bR AT

gmake install
gmake install-doc

238 PHG HIPEFISL SO (S IE— SR 30P) 22k ®) —-prefix MEIHRE M H %, P s —4cm4
it %2 PHG [T M manual.pdf (752 CCT H3C TEX).
PHG %% )i I 2T H S G5k

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-/ll, share/doc/phg/examples A0 7 —LEfe 3 5451 Fil
Makefileo

2.3 #l{E RPM &

PHG Y505 kAt n] DL 2 R HI/E RPM . HI/E RPM Wi, O TR, PHG H
FIMILE A, BFF VIK. ParMETIS. Zoltan %545, flf th ] RPM BN 3, Rk
ftp://169.226.92.111/pub/RPMS
AR T IX L RPM 11,
o PHG IS SCAE4 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 FIYERS 4,

/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, DRI AR ity — b 0l 1 HUd & T e 4
PEERINLE e WERAT R RPM WAEIENLAS 2%, WG SEAE S LehL g b pr e st 2 T 2
P, ik 2 A: rpmbuild --nodeps —-rebuild phg-x.X.X.STrc.rpim.

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

2.4 EFZH
examples ERG R I SR T S o K ] (simplest.c. poisson.c. maxwell.c 5‘%)0 5 2 1

SR AERCENT AT AT SCIE, FTLGEEAT SN RINA PHG 4% P68 75 B8l (24T AT EAH] “~help 211”
I B E AT SRR I A 24T IE ) o

2.5 Tecl/Tk #0

WER DRI 2] Tel/Tk Al VTK, “gmake all” #2454 it 42 FE )T phg_tel, B2 N
Tel/Tk R A, A ER T VTK Al PHG 1 (#4)) YifE. phg.tcl j&— phg_tcl JHIASEHY, &5
LT — AR SR B B S, VAR
[/prefix/share/phg/phg.tcl [P A& A ] ]
(B “/prefix” Bk PHG &3 4564%) . Horp “P& 4”7 22— ALBERTA 5§ Medit %X 1P #%
KA. Si4bh, RTBAE I Shell A /prefix/bin/phg KIBATi% T

2.6 SKH#ER phgdoc

PHG $2fft—4c i 185 Bh iy 2 phgdoc M T &1H PHG pREUP) Y )2 %% . phgdoc J&—Mij #L [ Shell
A, CARYE A AT SEAE PHG 1Sk SCPFrb 8 2 I I bR Bl sl 2 A FR 9T B 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 HAPEFmFSHEE
B FH P R SO 44 0 mycode. ¢, HUFETE Makefile TN Fi—47:
[include El 5k /Makefile.inc }

SR HAT “ gmake mycode” iy 4, (i AT 4 PR A B AT HAT SCAF mycodes JLrf “ B K7 J& 3 Makefile. inc
JRAEM B 3%, BT L2 PHG YRS H 5%, ] L2 “/prefix/share/phg” .
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H P REF 09w F . BEFE ] 2% /prefix/share/doc/phg/examples/Makefile. JLH “/prefix” X,
#* PHG W ZHEH1E.

2.8 MIEIHIER

PHG L b4 % phgTmport W LU FiE UM RS SCHh @ ARTAR IS . HAT, PHG R BET AR
T AT RIAR IR o AT S PHG BTSRRI RS SOPERS 30 0 T E R, Al DUE R
PHG P Aok B A PHG 1, XFEAHAEEAR W R, — 28500 R 21— Shell A
RESEIL -

2.8.1 ALBERT #&3%

iXJ& ALBERT 1.0 (I#JUE Mk SC4% X, ALBERT FRZ 4 macro triangulationse ALBERT HHi3L.
B R ) 2 read_macro() Fl write_macro() o HLICAF&EIUTF

DIM: SRS 9] R 0 e K
DIM_OF_WORLD: % 8] e 5%
number of vertices: TR & 4% (nv)
number of elements: ¥ T4 (ne)

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

TR & nv-1 447

element vertices:
¥ U0TR & %5
HOATRE ST

¥ Tne-1T0 .5 % 5

element boundaries:
L0 FEA
¥R RER

element type:
FAOKAE
#AIER

element neighbours:
H 0 AR JEE T
UL VR e

¥ Tne-144 4R &£ 7T

curved boundaries:
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i AN 2K
W FAE; x RARRF; y AR E,; z AR KRF

PHG 3R “RAE ) ARG 47 F <2 18) 2457 Y955 3. “vertex coordinates” EEATALS =4
FEEL BTSN 2 ys 2 26K “element vertices” AEFATHLE IUANIERL, 45 H T PYAS
TR HI% 5 (M 0 FF4R). “element boundaries” FVREATALE DY/ NHEHL, 25 HAH I T DU AN T R i 5t
KM, 1 FIR Dirichlet 5, 2 K78 Neumann 5, 0 R/RXILN . “element type” MiF4: 4
AT, 0 7R DIAGONAL, 1 %7K FACE, 2 %7~ EDGE, PHG T8 hiifki gy AN 287 23 55 3
(MIXED) Al 4 (OPPOSITE) #7N. “element neighbours” 45 HIEEANFAICIYANAL K B ICHM 5, -1 FoR
W FH, PHG 2% ALBERT % A ST 45 HIGAR J& DG &R H AT 08T AR A OG5 1E

curved boundaries J& PHG H— &, Hlkow i 5, FE th— M85 n fl n 414K
K MAAXPAEVYNH < BITFREREK, A8 o,y 2 BIsRE, R4 A S+t

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

BRI TN Cx,y,2) =0, 1Ml (P(z,y,2), Qx,y,2), Qz,y,2)) WA (x,y,2) $Z3hi L
IAE bR (S8 MRS SCAESE] test/sphere.dat). S A SCHH AR VFAE A X Z B9 |5 I #4T, (H 54
AEA I

RN AP A E “element type” Hi, W) PHG AR & K H VL BB AR HICTRE—
TR, I HARRAS S5 o e PUAN TS IR, DA PR AT i A 35 42— 53 il A0 S8 925 B SR R AR 252k
%A

WREGA AP A “element boundaries” T, M PHG ¥ A A A2 % & 4 UNDEFINED,

KT ALBERT Fi A\ A& HEAGE RIESE [1].

2.8.2 Medit &3k

Medit [3] &A% o 5 A B A, — L85 9k 1 IS B B A2 A, W Tetgen [13], Gmsh [5]
&, AL Medit A% 20 BRSSO 5T Medit #5X0 41155 S F Medit 1T

PHG 7] LL3 A Medit mesh format #=C1MH%, {HIL152 N Vertices. Tetrahedra. Hexahedra.
Triangles Ml Quadrilaterals (4, ZW&ILEEHE . PHG ZERETA ST I RIAS 2 B r . s
ANPIKE S THAA S TCH G, PHG B 3PRREAN SR SR ICHAR A 5 A8 6 AN PY IR ST IR RF R R 1)
PETE. PHG HREEHASCAE ) Triangles 1 Quadrilaterals UK (A% i AL )ik A2k
Ao BRAEOLT, PHG K Medit ST 2E7Y 1 4404 DIRICHLET, K%Y 2 40l NEUMANN, H 1y
#:3 k) UNDEFINED. WAZERF, HI/ 0l LAFE & — AN Medit SCHEHR L SR PHG (134
FK, 26 283, .

WRAE H Netgen [12] AR IS, 7] AFIH A utils/netgen2medit ¥ Netgen [ .geo X,
neutral 4 XL Medit #530, ARG 2 AZ] PHG ', HARREESE BIAK B H IE B

2.8.3 ARER

PHG #2244t T fhiZ 7247 DIRICHLET. NEUMANN. BDRY_USER1. BDRY_USER2 F11 UNDEFINED. {FS§ A
DR SCAEIN, PHG K PAS SO e i SR e 4y IR TR 2 —, #E A H phglmport Z I, H
J1 AT LA phgImportSetBdryMapFunc A H AR E — ML SR R 4, L 1 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(... ... )

HBIFTRIE be_map & PHG [BRINIL S0 R 50, Forh 2480 betype M AN SCEFH I 25,
PRBCR [PME AR IR PHG AR, -1 FoRIEVEEUR A0 S8 A,

5\ ALBERTA #3145 I, PHG 20 ] 8 2 1) SR 4 ek 45, i e HE% N
K ALBERTA il SR A4 PHG 14 FR 281

ALBERTA 151288 | PHG 5261
<0 NEUMANN
1 DIRICHLET
2 BDRY_USER1
3 BDRY_USER2
He UNDEFINED

A, FH TP 24T IE D —~default_bdry_type, 5 7E A FH B %L phgImport 2 AT H H p&
47 phgImportSetDefaultBdryType, RKIFEENINL FRAL, A Rk% 112844 UNDEFINED I, w1
FAZIAILE P A% PSS DU A Y TR AL B, A5 W)L SRS AR e ok BRN T SR A

2.9 FLEA

PHG i FH 77 s 3R A4 FLoAT, BRAE O C 1Y double. {EIZAT configure 1] LU
--enable-long_double UK FLOAT #57E A long doubles

F PR FAE B T FLOAT 8B M= s By, NWAZAEH PHG & XIH%, X L6572 10 4 Bl it
¥4 Libm ' double BRELA M H T RESCH KRS 2], W1 Sqrt, Sin, Log %5. fE MPLI@fE 1, MixfliH]
PHG_MPI_FLOAT YEAAHR ) MPT #4588, A2 4% M MPI_DOUBLE, XA¥ n] EALRUEACHIE F T AN A
AN FLOAT (W JLe 28, fn INT, PHG tH3R4E T AN 1) MPT 245285, 41 PHG_MPI_INT).

1 H phgPrintf & pREHH FLOAT BUAR I, LN double Hirth, f9%:

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

7t 1686 Fl x86_64 “I"f5 I, long double SKfx HAT 80 £ K5 AL (LK double £ HZ) 3-4 it
HIRERE) o #EHE 48P 4 |, 1 SGI Origin 3800, long double HJ LLIAF 128 Ak (£ 32 frtidk
HIREIE) (RIS v RE AR R AR R 1S



E=F EFLH

3.1 Poisson A&

examples/simplest.c A& PHG "R 8114 HE N A R o HFE 726l &K T ik Dirichlet 1
HZAE Poisson J7FE:

(3.1)

—Au=f x2€Q
u=g x € 0N

3.1.1 FIEF

i g NGRS DOF X% u_h Ml £ _h 73 5l A BCEUE RN A i R 450, 28218 DOF_DEFAULT (8K
NGO T 24 DOF_P2, B} 2 [fi Lagrange JG, W {EIaATHE PN Id Ay 24TIE I -default_dof_type BIE
RHERM), grad_u H T IHE AR EAEARIBEE o error H TRAFIRZE RN T, RN DOF_PO (43
FHE)

GRID *g;

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

phglnit (&argc, &argv); /* #4640 PHG */
g = phgNewGrid(-1); /* QIERAEST 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) { /* BENYEIR x/
phgBalanceGrid(g, 1.2, -1); /x AT AL E 55Hh «/
solver = phgSolverCreate (SOLVER_DEFAULT, u_h, NULL); /% Q%3 */
build_linear_system(solver, u_h, f_h); /* TR&KMEFAZL */
phgSolverSolve(solver, TRUE, u_h, NULL); /* REEZRMEFFELE */
phgSolverDestroy (&solver) ; /x EARRMMIESR */
grad_u = phgDofGradient(u_h, NULL, NULL, NULL); /* it HZEMASE *
estimate_error(u_h, f_h, grad_u, error);/* it HiZ£Z487T */

phgDofFree (&grad_u) ; /* EANBALBAR L (RBE &) */
if CGHALESMH) break; * BT R T4 RiHH +/
mark_refine(est, ...); /* ARIEIR ZF8 T T AREBILE T +/
phgRefineMarkedElements(g) ; /% P& BRI amit */

}

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

phgFinalize(); /* & PHG */

O B XS u_h A S5 Dof Interpolation, B FF 1 MR AL BOHIALIN H XS u_n 2
ATHEME, A £ _h IR e 2L func_f O XSILEATIRE, 11612 error WY T 24U DofNoAction,
FORAN B H X ST B ) AE G E AR BE, JUE b e FFREAH Y. () A7 2% (7]« grad_u H pR %Y
phgDofGradient I, A 55 )5 7 RIBE . phgSolverCreate (SOLVER_DEFAULT, u_h, NULL)
I — AL uh AR ERIELAS N S, TR ##E48 SOLVER_DEFAULT (34 PCG, H AT

19
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HAATIED “~default_solver” KIR T HIL'EMILAS). BN phgSolverCreate H— NS4k
RYVEAE N ARFNR ) H HEERTSL, X2 [ RN AL PR Gn 50 0, 1, 5655,

3.1.2 FER&MHAIEA

PA%I build_linear_system() JERGERPEJFEAL, N S HT WIS (T A S oCHE Tl ), v SRR
TUH TG BEAE R RAT 3 3T, AR5 K BN e PR e b 2 o 0 A% rh BTG [ 8 1 % ForAl1Elements
KHEAT o BBEL M FEALI REERE N AL, J), Al B, I,J=0,...,M —1, M HRIME
AN MRS R T

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

continue;

}

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

e

}
i /fsoi A 2| B,

}

Hr, gin o ARERIT e TR K2 . phgSolverMapE2L (solver, 0, e, i) i1 solver [ H H)E
K50 (B u_h) fEHI0 e FREE ¢ NARINEA T FEAH 1 )55% % , phgDofGetElementBoundaryType
IR PR S R R A /grad @i -grad ¢; 1550 F PR %L phgQuadGradBasDotGradBas 58 /fgpz
58 F i % phgQuadDofTimesBas 58/ F2/7 1) H /grad i - grad g B i j HORFREENRA 1T
Hi.
3.1.3 RERETTHIHE

BIE estimate_error O WHAENRIC EHIRZES /R T, HAFHELE DOF X% error 1. IXHLK
MR ERR R TN

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

Horf he HHTT e WHEAR, F(e) N e WIS, hy NI f KIEAE, np il f PLLER R, [ £
R Bk . BT EAUS 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) ;

IR, 5G4 phgQuadFaceJump THEL grad wy, Ik, HAFMEE DOF X% jump
W, 5 U FH R 2L phgDofDivergence V14 grad wy, MHUE (BN Auy), 5 H pA%L phgDofAXPY 4 H 5
f_h AR Aup + fro AR HRIE T PR 2L phgGeomGetDiameter ! phgGeomGetFaceDiameter 47
A ER T EASMRI HAT. 22 H DofFaceData(jump, e->faces[i]) Z3HH jump "X T-HLJT e 1)
ﬁgi 4\ﬁﬂEQ§Qy§ﬂﬁﬁt, ﬁﬁifﬂﬁfﬁ DofElementData(error, e->index) mU%%tH error q“X¢E§ﬂ:ﬁ@jﬁ e
(s ahs bl o







.....

W T 3 AT IRJCRR A

FMNE BHEMNR

72 [H] &Tﬁﬁ?ﬁﬁ% ALIEEH,E\E \fﬁfﬂﬁLEﬁiﬁﬁ Wﬁﬂﬂﬁﬁ@
(AR AR BHA%. ¥ Jacobian) %%,

const char
FLOAT
BYTE

/% RERARAT */
DOF_INTERP_FUNC
DOF_INTERP_FUNC
DOF_INIT_FUNC

DOF_BASIS_FUNC
DOF_BASIS_GRAD

BOOLEAN
BOOLEAN
SHORT
SHORT
BYTE
CHAR
SHORT

SHORT
SHORT
SHORT
SHORT
} DOF_TYPE;

struct DOF_TYPE_

typedef struct DOF_TYPE_ {

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

InterpC2F;
InterpF2C;
InitFunc;
BasFuncs;
BasGrads;

invariant;
free_after_use;
id;

nbas;

order;
continuity;
dim;

np_vert;
np_edge;
np_face;
np_elem;

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*

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

/*
/*
/*
/*

o AR BAEER +/
B XA 0 L ARR A +/
AlEAE (ESEMR) +/
BT BRI SR KREL *+/
HEALN AR RE +/

AR 155 4 A AL A %/
2 P 4% B AL W A& FE1E B 5L *+/
BHEK (L) +/

KBS +/

EEEHE »/

%uﬁﬁ 5% AWK K */
FE A HEK */

3] ﬂﬂ/ﬁ%ﬂ%% */

—ANETLF G H BN +/

ARBIA R FH S TR */

AR R F e & s */

BB AR */

BATRE Lo i BB S *+/
HBEA L aaENK «/
HANE Lo g B EALK «/
HNRTTF B BRI */

P RE R BUH A XA FE—

H, ZF 5.2.

name 45 HH [ HHBE R () A4 PRl IR A S o
grad_type %1% HHEHR

Miger, W T2

PRES L R BB AR AE Gauss B3 RUAR I R 2

TP SE AR BEE K A e BRI T- B3 ZE e BB L L ik

B curl 55 HHEXNG. G, ERIE n B Lagrange 7o) A AR, grad_type #iE X n—1
B discontinuous Galerkin JGIF B B &2,

np_vert. np_edge np_face Ml np_elem 7} 5ll45 i LAETI A L 14

t, AL R E bR ECY

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

23

A HAERICH ) B B AL D

(4.1)
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nbas 43— MAITCH A HE (AR D) KNG T (4.1) HIME.

invariant UiH] A SR REER R BOZ 5 5 i TRTC R, RVEATE SAERTA fooh 2+
] (4 Lagrange 7t), = ZH TW/POTEE S order 45 H 3L bR B0 5 v 22 T B (W AR %04 orders
AR FRER WA 2 g oA S R B 2 T s, BN np_vert +np_edge +np_face +
np_elem), HTIEFEEAINEIE; dim 25 LKA LEEL, 140, %) Lagrange JG dim = 1, TfAAR H
JG dim = Dimo

K points MF4T T L 10 AT A R AR RO R, 0 0 4 1 4k, 2 iR 3 4
FLOAAPRR IR . points R E NV 1%

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

o, %4 TUUB Lagrange 76, AN B 1A, R4 EA=A B, A B =AE
HIE, R STTHR AT 1A EHE, points BUALIK P 2241 T -

static FLOAT points = {
L., /¥ MEQHEALE */
.75,.25, .5,.5, .25,.75, /x L HEALE */
.5,.25,.25, .25,.5,.25, .25,.25,.5, /x MAWEALE */
.25,.25,.25,.25 /x R B EALE */
};

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

YA HHERRE N phgDofNew PRSI I, PHG NS —NERMIG S, RAFAE i
o, G S B S A BB A SRR BE I O . id == -1 KON E R

PHG W& AR IEAEAE T B B RORATAE — AN S T 80— AN B X R, 1%
XTSI B 2R 5 T v Eeasion b 1, 0B BRI, 126 S TS I B
JERAR S HIVHEON a2 1, 2 —A B BRI S IV, o IR BIIT A 51 HZE AL H
FEXF S ORI, LN W free_after_use [FMEA TRUE [, PHG SFH0% H 2R A name
H1 points I iy IR I AFE DL B 1 R FE SR BRAC 5 BT v IR A7 B

continuity %5t H HIBERAL IR A7 BRIC R B E L W] 1, < 0 RoRRBUE RN, 0 FoR
MR T C0 1 FonmBUE T O, WIS

4.1.1  FHMIEE)LH W46 E R AL

H R R 53 InterpC2F 45 1) MM SR A I 6k B H B %) G b4 T 34 1) e 8, Hepe 11 2880 0k
DOF_INTERP_FUNC, HAKWIF:

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

Forbr dot BN S, e AALIATT,

4 parent_data L 15 ANMEEF, RIS ICH I B RS, X EAANTN . 1. HAA
R B R A A . R, X EERR R AR 4.1 PG, KD dof->dim N H
JEXRT G YR, ZF 4.2, Wi EA RN Z, 2 np_edge > 1 B¢ np_face > 1 W, a5 HE 41 i
J7 2 AR T A1 2 Jmy et 5 1) U ) N ZRURORH S R 2 o [ 4.1 72 TR 5t 1 4 5 7

—ANETCANA G P AN T DY 5 ST RTS8 G, AV, 2040 children_data
AL 12 ANMEREE, 23 FE XL P, X R RS AR 4.2 than i, B 40 A VR RN IA
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& 4.1 HERPRBTEHERERET

parent_data i

L E NG

a7

parent_datal[?]

[np_vert] [dof->dim]

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

parent_datal[4 + 4]

[np_edge] [dof->dim]

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

parent_datal[10 + ¢]

[np_face] [dof->dim]

Ha B HAHEM, i =0,1,2,3,4

parent_data[14]

[np_elem] [dof->dim]

ST A AR

*® 4.2 WERKPTFRTEHERREET

children_data il LAC 35 NN e 2%
children_datal0] [np_vert] [dof->dim] | Hriiis5 L B b AR

children_datal[1] [np_edge] [dof->dim] | I atFIZ T A O K4 s b B el RS AR
children_datal[2] [np_edge] [dof->dim] | FrIGSFIZTI AL 1 A 1 18 b A

children_datal[3]

[np_edge] [dof->dim]

BRI 2 K i A el AR

children_datal[4]

[np_edge] [dof->dim]

BRI 3 K 8 el AR

children_datal[5]

[np_face] [dof->dim]

B RIEE TN 0, 3 MR I 1% [ S A{E

children_datal[6]

[np_face] [dof->dim]

WIS 1, 3 K BCHA T _EF0 e

children_datal[7]

[np_face] [dof->dim]

BRI T AT 0, 2 K BH T _E F0 e e

children_datal[8]

[np_face] [dof->dim]

BRI TR 1, 2 K B TR _E F0 1 e e

children_datal[9]

[np_face] [dof->dim]

BRI T AR 2, 3 K4 BCHA THI_E F8 1 RE R

children_datal[10]

[np_elem] [dof->dim]

BTG 0 ootk BN B dEE

children_datal[11]

[np_elem] [dof->dim]

(A WP b =RE 4

25

7R PAEL InterpC2F MAESTWLR AT I, JPRHG{E A RIHAE children_data $7 /A f{)iX LY

Huhik At

V0]

V[2]
parent_data[15]

children_data[12]

4.1 PYTHAR I g1k

e X BHI O SR A . AR F RS E G, (XS AR AN
BRGS0 HR B o 1R SR 1) LRSI AR /N o
PHG &4 7 — AN FH A 2 41 76 15 pA 20 phgDof InterpC2FGeneric RJ F TATA [F Hi 5 2R i)
InterC2F Ji bt , (HHANEREEZE T4 e B i 2R A BT (4 {1 PR 2

20 P 4% 21 ¥ 0 A R 1B R 4K

A ERF P O InterpF2C 45 7] RS ALAL I X6 B 1 EEX S THR(E R 2L NS5 S
InterpC2F —#f, (HSERIERAE IEIFAH o i BREE IS, A0 PIRS I A B BE(E HH children_data, PLJK

4.1.2

parent_data 140, FHRICILEEMN 4 DT 5 45020 PIAN T AR B $R AL, pREH 57115 parent _data
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HANE T RT3 PIAN TSR T ) .

PHG &4 7 — AN FH 40 2K 6 18 B 20 phgDof InterpF2CGeneric nJ H FATAn H & 2R i)
InterpF2C B U1, (HHMERET M 22 T4 e H 2R A B vt R4l {1 o 2

e T oA mas, FRIch R A — AR, 15— AN R, A R
e->children[] #H%M45T NULL. 34— AN FHICAEILE IR IN, 5 S0 545 20 1) 3 R .
XUGHAE AR %, HAT PHG BT SKBLVEAN], M2 %K InterpF2c XX PG DLEAT R RALHE, B4
— A TFHIT R FIRE I LA children_datall & T 5 4b— AT HIcEdE, RAMEEILE
T-BORV A BT el -

FYIH, RS TTA o0 AT HITT N e Ml ero WIER oo H1 ey NI HRER, W InterpFac
TS AR ITINIA 04 TH 2/3 FIFLIC H HFERIME, EA150 A0 Y. parent_data HWEE 4 (34 0) 5
12 (M0 2)« 28 13 (11 3) FIZH 14 (F.JT) I, parent_data "W 'EINAI children_data "1 HTA i i
i Y O S s, AT TR Wi eo N RER, ULEH eg ANTEAHE, W InterpF2c
BRobRIA 04 T 2/3 AT A HEERMESS, EEVHEACHR TR T 04 14 1/2 FI 1 AL B B A,
39X W parent_data HIZE 0 (TS 0)s 55 5 (34 1) 55 6 (34 2) FIZH 11 (M0 1) BT, FFHAREMEH
children_data "TXJ& T eq MINLE H HEEMH (38 1. 28 5. 55 7 MIEH 10 Til)o KU, W12k o N7F4R
Bf, W] InterpF2c FRIUHSHIA 0. 1H 2/3 AT H HEEMMESL, EFHEVFACHITH AL 1, 2 3/4 Fl
[0 Ab1 E AR, 43 BI% Y. parent_data 2 1 (T8 1)« 28 7 (34 3). 2 8 (34 4) FIZH 10 (11 0) T,
I HABEAEH children_data HEE 2. 5% 6. 5% 8 G 11 JUI{H.

4.1.3 MWR{ESERHK

H B b B e (LM WG A BB R £0) InitFunc AR s AR VHECFR 2 10 B B A,
RIPKs— AN eR BB 248 A B oo 28 (8], He2 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 fisE EUH S B S, VERTEX oIl A tHE, EDGE FK7<i4 A I, FACE 7Rl H
HH %, ELEMENT K R 500 H HE . S0 index 45 TN I8 THIAE G %05, 24 type & ELEMENT
I index {EH#% ZW& . InitFunc THAIREA AN B HEE, HRE RIBAESE dotvalues 710 ZZ N
X iR SRR, Zgenh X i R P HAE, KA dof->dim x Np_XXXX, e g X A
(IAF T ) FLOAT [np_xxxx] [dof->dim] (xxxx #R¥H type MIAIFIME > AR vert. edge. face B
elem). V&, X Lagrange I SLpR %Y, 24 type &y EDGE B FACE Jf H. np_xxxx > 1 I}, InitFunc 77 ZAR
I 1 T 10 T A PR 4 S i Y R I (R A7 TBOW >, ) mp_xxxx ZHEHE (B4 dof->dim M) B
AT 2 B A, DAORUEAH S0 57 ) gl 1) — 2k

24 userfunc. user_func_lambda Al funcvalues 7; 7l NN RETREN A — N $R%EF, &
A28 H T 550 R B ) R B R AT B A 2 B BB R 22 P X M, =AM EF 2 A — AN RS R
lo userfunc $510—ANKT =, y, z MRRE, HAL DALY DOF_USER_FUNC, HAKMIT:

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

1M userfunc_lambda JFE[A]—NRKFH OSSR S, 410287 DOF_USER_FUNC_LAMBDA, .44k
.

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

P BB T 18 2 AR AR AR I B B, F5TT DofDim(dof) AN, YHEFEH values TS A IR X 1
(DOF_USER_FUNC_LAMBDA "11f] bno Z: %4 HAH BV AV (1 o) ¥ 255 R 0w 5 )

2 funcvalues ANAEZIRENIN, B4R A-A TSETHRLAF 0 BRBUR I D2 ph X o BBINF K 5 i 2R
T points H AR AREFREN, HF HAME R B AL S A AL B ) BB € - funcvalues
AL FE R TS 1 B ICAN T np_xxxx MBI AEUE, 30T DofDim(dof) x np_xxxx M4,
XL EARYE points HH A HE A T o

—UBELPR KL, 4N hierarchical basis ZRFERRAL, 7ETHEIL . TER B BN, 5240 BUCLER B
ARTRY I EH B o 9 ISR B e R P B2 R PR A TOR AR 1) 1 P AR, TS B e I
BRI = AT AU = 41K 1) F B FEAEL. 8 T BRI, PHG R E/E I InitFunc &
SELE /MR IC N PR AL IR LR B = 4E U7 AT« PR, ZEVHS — AN E 1 B B R, 72 3L by
g M) H B Lt B oe e, WULEEG I H .. WS pdofvalues N REN, FRIIT KYE
AL E AL H B EAE T A dof->data HHAHE]. WS pdofvalues HAETFRER, WIERW] dof->data
B AT, T2\ pdofvalues T A (1) Mtk 3543 T 75 AR AEA B AL IR I HH (. pdofvalues
AT 15 ANMREE, Zr R R 4 NIRRT, 6 451 4 ANECRIR A B R, 3% L5 InterpC2F B
) parent_data S (ZF 4.1.1). HHl, pdofvalues '= NULL [P O0AH T30 i {E bR £
th (ﬁl] phgDofInterpC2FGeneric. phgDofInterpF2CGeneric),.

XF A B AT R G AL B4, W1 Lagrange J¢, DG JG4%, HoH B EE M 1E5F w2 AH Y sAL 1)
PREE . XTIXRIE R EL PHG 24t T — il B R 21 phgDofInitFuncPoint fE N H HH R
InitFunce.

WA —ANZ5E, W DOF_TYPE 1) points H4l HAE 484, W InitFunc 7E1HH user_func ¥
user_func_lambda I ™A% 4% points FUZH T AT K8 H - PHG H(1)—25p8 44, U1 phgDof Copy,
5 SEIR IS ARG X — 2 R LS BB (W0 cache FRITH IR HUHE)

vE: X3t InitFunc AT 485 %2988 BasFuncs 8 A R0 e91E. sbit, 24%%)/2 % BasFuncs &
B 694 4 R £ F user_func 3 user_func_lambda Z/EH 7Tk, B 4 /5 £ 468H BasFuncs
At HA PR TR SAE, X & —ANEA G TR PHG 4918 8 3618530 phgDofInterpC2FGeneric.

4.1.4 EEH

H 2R A A 5 BasFuncs DT vH L4 € Ty AR AR B 1K) 3840 B 4 3 bR B, e 2l
DOF_BASIS_FUNC, ¥ 1Z5ll K.

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

P no0 Al not Jy Ja ik bR i 5 Y ] (KO ISR Te R T s 3 MR B e EE RIS 9 5, A 0 T
4), R no0 F not - 1 Z[AIMPTAHEEKEL, WAR not <= 0 MFIK not = dof->type->nbas.
lambda[Dim + 11 A HLARER. ZeRHER Ml Zeb X ik, T 055 i i 3 B sl 4 i 4k bk 2
MIME, %22 X BasFuncs $2fit, i Hﬁ%jﬁ%xﬁ@ BRI BasFuncs I 2% P X A R I 58 2 88T
R, M X bl & k% . BasFuncs $LiR[H] dof->type->dim * (nol - no0) MH, %
FLOAT[] [dof->type->dim] FIFHEF
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4.1.5 EEREHE
H 2R 51 BasGrads 75T v 545 5 T/ O AR AR B AL #4435l 4 35 bR B 0 1 F O AR bk [ 6 2
i, 4% 11254 DOF_BASIS_GRAD, #1530 4

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

HZ AN Y BasFuncs KM, pRECR [MMEL M EUE LS 2 BasFuncs FALI Dim + 1 £, AFRENIT 4
FLOAT[] [dof->type->dim] [Dim + 1],
4.1.6 TEXHBBHERE

JE LA RS, RS AN () 2R A, I SERUAH N i C R 2, T LA S
lagrange.c ' Lagrange JGHJE X, B{ geom.c WJUTHEME Lo B, M2 2
(FIeR%, AR AT AR, BAES pk nuLL Bim),

4.2 BHEMNREIEEN
I EH SE G A A () R ZE RO T

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

A HEEX G AR AN RE X ARG . — NP Bl A T 5 e AR ORIE R H b B
X5, PR AR (ndnte . Mk FIM) . 2 ABIEORTZLE F B S, i AR, 2 A3l
FEBITAT 5 FHORIR A XS 5

dim SR BAET HE H OSBRI AER . — > I H R BRI I (1 e SRS T R R 4R A
N B 48 2 B (dim x type->dim, Wil id % DofDim #35).

data fig 1A f7filk B i BERUE IO Gt X, BRI BESE T A i B R AR 271 RO T AT B A
B (BB H S 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 R A7 JE T A 3 PR R 10 Bt BER . %5 RN 1 2 A 7 WS (K T L 32 800
B ENTEEAAAEAEA FIBERE IF Orfr— 2 B i B S IR 73 % U s 3 A A B i AR
CAT A G T ESLAF I, MR ARG PHG 2 A AT T V4. #b)H, — AT Mg h
1 ER L (A TR AT LU T ) B s

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

B HH T G B s S5 A A AT LU S T T SR AREL S 1oy AR s i, —A> dim =1
1] n B Lagrange JGHT A I 1 oA B FIER & 2 — dim = Dim 1 n—1 B discontinuous Galerkin JG, %J'&
(PIAeFs S UG P 43 21 ' 1) Laplacian, —A> dim = 1 [l n—2 By DG JG. i1, X2 PER 50 (DOF_ND1)
AT B (BREE S BURE S curl 55) 33 BRI 4EELT 0 B Lagrange 7 (73 )1 #%0) . PHG #2417
— 4 1) HEEXN R ECHE F AR, DTS M RTN HF R, 25 A13.

4.4 EHEFEBHEXNREE

H T RIS AP AE— N, 6 4.2, PHG 32408212 FH U5 i B B % 40
CATIRIAEE B i k. FH AT DO B i R E AT B, 4R
DofVertexData(dof, TR,&AKH%5)
DofEdgeData(dof, X&) AH%5)
DofFaceData(dof, W #)AH%5)
DofElementData(dof, %L AMY T )
DofData(dof)
ML A3,

VTR I, AP PR IR b, 032 T B T R AR G 5 A6 1 P oS @ ANEAE Y,
EATRZRIY bR & UNREFERENCED, >4 FLAE0 H H1 BGRB8 T I P I, WAZIE BBk X 2 0. w]
DL FH R L phgDofGetBoundaryType =114 phgDofGetElementBoundaryType RIRE T HH B 2R AR A

F4h, A B R ERRERINAAAE T 2 A7 A% b, A7 I T 2R K OWNER ARk SRk S )
Al —A> B 1 BEAEAN ] 5 PR P B R AL B . PHG $2fft— AN DofIsOwner, &iR[R] A L) OWNER ARk

7
B, TN BRSSPI B AP T A
INT i, n; ]
GRID *g;
DOF *dof;

FLOAT sum, *data;
n = DofGetDataCount (dof) ; /* ARG AR ) %/
data = DofGetData(dof); /* AR¥ G b EIAEH A «/
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) { /* T RRIE) B KA */
FLOAT tmp;
tmp = sum;
MPI_Allreduce(&tmp, &sum, 1, PHG_MPI_FLOAT, MPI_SUM, g->comm);
}

#endif
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4.5 $FHRBHELEE
PHG $&4E T P/NERER B R, RFGH &7 3 i 28 DOF_CONSTANT FfEAT L B Hh S

DOF_ANALYTIC,
4.5.1 HBERBEHEER

R G IR AT H A EUE R H B R A B, R T AR E ST AN R OREUE N TR
= (1,2,3) MHEBEENS:

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 280 phgDofSetDataByValuesV K45 i w284 [ H X G A AH -

GRID *g;
DOF *u;

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

J

PHG foVFH &M 3 HEXN S S 5HER s, v LLlIE W% DofData. dof->data fiiEl 45 H %
Vil e B . 6T 88 [ B 6%, phgDofEval () ZIES % e Fl 1lambda. HHj, PHG A SLVEN)
I H N RTINS
4.5.2 fRAEIEHREER

TS S AT AR . AT s X BT LS5 3 ik AR A Y
PR OCHR (userfunc [ 5), HAT LA —ANE T HLOAABR Y B A KK (userfunc_lambda A bY),
H userfunc BT LA i bR £k phgDofNew Iz, Wn] LU ef 2 phgDofSetFunction W, 1M
userfunc_lambda JI| H fE1f H B& %1 phgDofSetLambdaFunction W iE. H HJE X GAER @ A i 1
M5 2 AHOCE ) userfunc B userfunc_lambda FRETSH|. PHG RVF#ENTEL H i BN % 2 SEER >
izfE, ARGl i phgDotEval SKRAE, (HA RVEXS AT, WMAREMCY pR %L phgDof AXPY
)y S

4.6 JUMEEHEMNR

XA geom.c LT —AMERR H HHEERTS, Oh H PR AT BT B & B — 28 L i,
ARG ITIHI P IAR VAR HA2, PIuARR . HAREOAFR Jacobian. geom.c HEEME T —4144
M phgGeomXxxxxx [1)BR AL FH = I H KSR UK L LT 5, S A7,



FHE HERS

A BRI b i B SRR pR B LR S B ESE IRy . PHG 3240 T — R A HUE AR 73 R
o GEIMED, IXSBUr BRI Gauss BUEERY T7iE. [1] [10] [2] [6] [14]

5.1 EARHIEEH

BUEFR >tz TS (K5 70 ST AR 00 s A e B R R F A 2 o % AN [RDRS B2 SR AR A 20, BRI
HREA PN . 24T ALBERTA [11] H1{) QUAD 45K, PHG e SC—ANEERIE, Kah e iR
AABEAEL R, BATFRZEHI AN T BRI . FLpsE Sk

typedef struct QUAD_ {
const char *name;

int dim;

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

} QUAD;
AR LN ARVIEE

.......

e name: & AR TR, W LAHIH T A O €, =4EM DU RS LR vl A 444 € <3D P42
o dim: & XBUr FHEE, 1 ARREBL LR, 2 AR =MTE EIRRSr, 3 ARSI IR RS
e order: i XTI HL.

e npoints: i SIS T B KA E

e points: JE LT IR AL ICH A H LA R,

e weights: & AR R

o id: EXBIF Tk, SRR, YMEN -1, 18 5.2 TP RATSARETRANK 4.

PHG HE X T —4AEEM—4E (LB Blyrr, 48 (A8 By A =48 (Y Bor,
EAIAR 44 4 QUAD_[1231D_Pn, KM/ Legendre-Gauss B0 A0 [10], 2@ gEf 7 A 20UE
I — 4 Legendm&Jacobi*Eﬁ}é§ftﬂ§fi?&§%%ﬂ*@ﬁ§ﬁgo b T e X7, AP RLE g e
RIIFRI A Flan, —4E 3 B i) Radau 7822 AT BALGTT & 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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-1
g
#define QUAD_1D_Radau3 (&QUAD_1D_Radau3_)

PHG MHUER O —A order 41, H T4 2K RS L (20U 40 . Wil
A PHG (M4 R EII L) H shife B0 R BE, WS HONUCh S8, B A0 1w Ui
QUAD_DEFAULT ({245 -1) LA AUIHY T He b

5.2 ERURESHEMEST

TS ORI A2 DL T RBEAT I, 5 FL it 2 S 13 oy 25 J2 L A0AE — Se A R B
I3 i I [T — IR HL, W1 Lagrange BFEpR AL, EAIMEST AR i ERMEAERTA HoTrh 2
—FE o D TS AE B AR o U S R LR AR e B R R B A, FATIAE PHG et T
— Tl cache HLHIRARHRIX 7] 8L, “ERF 41T 0 B A v S (035 o K b FURR P A DR A A LU P A2
A DA, XL GAE DL B AR HAC AR B d1 SR X R Bk 45 h, T2 11— B
JERB E d BEXS R, W&l 5.1 Fizs. XAl cache ML ZE IR, M REFH ARG EE
PR FBEAR 7382 L eR BCEI AT, i AN 6 S ] R A7 I B SRR ] C 28 v 50 10 6% o 50 S LB JEE [
HUE R 12 11 R A0 E S AT A7 X rP IR 5 2 5 R K, Q0 SRS R U P A S P 78 e B B

e ol BOBR I
(FLARDTR)

5.1 Cache HLHIHH L

5.2.1 HFELEW

AT S cache HUH], FRATTBEVE T PIAN N B2 45 44 QUAD_CACHE Il QUAD_CACHE_LIST Hl T
A48 24T BT 1 5L bR B R BB B s[RI A /E DOF_TYPE 1 QUAD ¥ 45 Kb v B 1 AH S 1)l 2 I
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QUAD_CACHE 4k 4t iy 52 LK -

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

AR AR AR S A ) B AR s, YRR e FR MG BT NI A G . FRER data
8 M AT HAR M RATFIX
QUAD_CACHE_LIST i 45+ 52 X hy
typedef struct {
QUAD_CACHE **caches;

SHORT n;
} QUAD_CACHE_LIST;

ZHAR A2 e E T DA R 5.1 P cache Y. n ACFR M BEAE %Y QUAD_CACHE f K HUHE .
DOF_TYPE Z5 ) s I T 4 R —LL i 53 It .

void *xcache_basfunc;

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

BOOLEAN invariant;

H:H, cache_basfunc. cache_basgrad. cache_gradient fll cache_curl J&45 W] QUAD_CACHE_LIST X
ZIRHRE, 73BT AT SE s SRR BORR . O T HLOARARD  SERR BB OG- RIRARKRD © LR
HOWESERIE invariant AR5y TRUE I Wi F HH LSRR )2 e (e B3 WA 00 B2 —HF D X
D4 50 AR N o EOH A P

£ QUAD X ZHE AR dd, 1A EAT T RIIRES :

o id = -1 I, RUPZRIBI MR L, A7 DXh BATAHOCE I, 5 28 S A7 Xh A i >k o

o id > -1 W, KIZISHIFN > T5 B AN B o] REATAE T A7 X (Bt AW, ZBAF %3
Y5 [¥) QUAD_CACHE X %A 22 47X (R} QUAD_CACHE_LIST X1 %) L E N id.
5.2.2 WEREO
AT A B L T R S A I . X e 125 AE P PHG vhsE IR 23 R 5
N B S
get_cache PRAUR[H]— T ALK QUAD_CACHE 4514

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

HINZHChFR M) QUAD_CACHE_LIST X %M — R4 clist_ptr F1 QUAD X % MR quad. %R
R [B]-—AM45 7] QUAD_CACHE X R [M45Er . WA ¥ quad CUAF/E T QUAD_CACHE_LIST X% 1, ik
5] ({5 £ 46 7] QUAD_CACHE_LIST %% " )5/ QUAD_CACHE %1% ¥4, MIZF QUAD_CACHE_LIST
MG RCFTI A ], T A6 1% quad BB X W) QUAD_CACHE X4, i/ BLi¥) QUAD_CACHE %
%11 data ZB K NULL, JR[F1HT4:AC) QUAD_CACHE X} Gtttk
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LR DU R0 get _cache PREGRIUAHN [ QUAD_CACHE %J%:

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

—

% A |
WMANSHECNHTC oo HHIE u, FERBF S n, FIIR quad. ZEREGRIDE HE w £9IC e
EIEE 0 ANMEREFER T quad SRR ATAL I

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

Z 4% X [F] phgQuadGetBasisValues, T IE IR HOCT BOARPRIIHE L o
[ FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad) }
% A |

ZH % X [F] phgQuadGetBasisValues, T I pREOCT MR R ARBRIGBE AL
[ FLOAT *phgQuadGetBasisCurl(SIMPLEX *e, DOF *u, int n, QUAD *quad) }
% A |

ZH% X JF] phgQuadGetBasisValues, V15 & 3E bR B e J .
5.2.3 TAEHLH

PP A BB AR 73 e B ] get_cache £33 —/MiE 17 QUAD_CACHE X B [{f4T. 8341 K pyfh
UL QUAD_CACHE X G 247 I Bt i T I, S Z WIANRT IS, 25 v 5

(1) QUAD_CACHE X4 (1) data fiBl- AN 2% Hix H KAL) invariant A7 TRUE, RIZ A HE
A IR S BT TE K

(2) QUAD_CACHE I data Fi5%F A 4¥1M H. QUAD_CACHE ZZA7HIMENILF 25T e LI,

P AT T AR 2 R B H R R AFAE— ™ QUAD %04 quad_list o ANFEIFISAFEAE (Uit e £k
(RAEL 5 eR OB B2 MBI S5) () QUAD_CACHE X R HH 73 7l OR AF AEAN[F] ] QUAD_CACHE_LIST H'o X -J°[F]
—ANHJG, £31 QUAD_CACHE_LIST W] LAZZAF 2 R AR 73 KA E s (R RESAE M) — A 50 R AEAN ]
FIC EEHE. B 5.2 45 T M. (KT “3DP17 AR 3 4E 1 B RSy, HE IR

2/ QUAD FRAF AL ZE A7 I, QUAD->id fRER'EFE quad_1ist DA AHIK QUAD_CACHE_LIST
(FIA7E o IXFFE QUAD_CACHE_LIST H'#r#k 75 %:f¥) QUAD_CACHE X{ &), mJ ULk, HEAHIL
QUAD->id SEAT. {HIEIZMIETT B2 QUAD_CACHE_LIST /™4 “233”, Wil 5.2 i, X cache
SERIBU LT AN EARR Y, BIEA BRICTE S, BT A AN RIS e B8 R AR 43 R A BRI, DRIt
XL cache JIT 7 FH I PO A7 25 18] 0] LU ZABE AN T, B 2 T LA L

get_cache [WHEARFIL,

procedure get_cache(clist_ptr, quad)
if (quad RAKZ AF); then

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

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

#1364 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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6.1 PHG I SITIRIRN

PHG L/ 1T LUE R A AT I 2R B2 1817 240 PHG [ 47 IR kil L2 2 X
Ji T Ay il =2

(1) PHG W3 AL
(2) PHG TR =J78AF (0 PETSc) B fit 1k 1
) H PR BT IR IR I

(3
Horr, FUPSRIETONAE ] PHG F2 P42 8 F IR, 1M 25 = 2RIE WU e 3 F P AR

Y P AP A phglnit B, PHG NS arge M argv RGP BI6r 247, F5F 2L iy o
HHTALEE . M\ phgInit BREURIFIN, FTA & T PHG WEN L SEKE M arge A argv KSR .

PHG W3k — R -8 A4k, R L7 o “+£R L7 B Y ADIERIEMm AT
th Z B, S fa— IR AE . PHG BIEIS R S EOG R S EI PR, it G 1)
ARG TAWSHERED, RnE -mTe” MRS A, 8HE - T50E — A0
(RIEII. XF T AT, 44 5 S5 R 2k sl S Re T, #52, WS EE iR v LUS R
ML AHA TS, WITLIE R - L =44 1T SRR AL B S P L S s B
Shell FEFRFAF, WINAZAE AT AT L (BB 515 R X e T sl S HF A K

B ] DL AR A AT L as ke smigh, F P m] LR — 2 0B — AN SO (BRI ) w48
Ja e AT “-options_file A&7 KIMASCAF P HIEIT. PHG fE N SCAF RS NGB I, DL
7o FFURIAT RO BT 285 o« fn AT h RVFHILZ A “-options_file” KEI, PHG & MUEA ]
HE P S8 A AN S TS A (R TR AT AL B . “~options_file” MEMIH ARVFIRE, RIFEIEDISC
PE AT A “-options_file” fli AJLBIMIEIC M, PHG 231 I AL B A R e 0 S (I %
R o IR IR EE) o

Ja8h—A> PHG F2IPIF, GRS 410 H P AEE SO < T $h47 U % . options”, W] PHG &
PN FEH B ORI, FH P n] LR R 7 A0k — MR e BRI .

H P REFF Y, W] PLFE phgInit Z HI 1] phgOptionsPreset PRECK & L —LE Tl E (KL, X4t
WIS A5 T A JL B AT H AL B

6.2 FIHATHRRBREEESR

PHG 24t T K& ar AT TGS S48, AT H AL SO b —— A I
BATATAT—A PHG F2/FHF, #nT LA “-help” ZEIUF| H & FrE& AL BT Ak 1 & 7 Bh 5 B o “~help”
EINESR — AR A AE NS E, W “~help hypre’ /R K Hypre (LI, ‘~help all’ B RFTHIE
I, 1M “~help help’ WIE /N FTA KM,

6.3 EELEAPEFIE=ZTRENBSITSH

P 25 55 =7 AT BT P R I i AT S HUL B “~oem_options” MLIIZT Y. H AT PHG Jif
SCREIER =7, KA PETSc M1 HYPRE (¥ Euclid TR ML TARAER iy SATIET, X T &
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I AT RIS S RSO . B, wT LR I g S e T4y PETSc:

meirun -np 2 poisson -oem_options "-ksp_type cg -pc_type bjacobi" ]
AT LT AR U NS (A S - 5L ) RSB H B IR —oem_options 45 i

WIS, AR5 =T A P R . AN, O TG R AR B, AR 45 58 — 05 AR e

FRERFINZE, A AREsE S8 A s 2T L muE A S e i, 1 R AE i A

phgInit J&, Al LLEIT arge Fl argv[] Vi RIXEES40,

6.4 HBAREEXEIR

PHG #2fft 21 % phgOptionsRegisterXXXX, Bt IN B CHIfT- S 4T R, IX 48 pR £
SR R BRI AN REE S A B IE, s AT R A AT TR 4 A KR TN, PHG 23AH
AE SOZAE =, A2 0N T SR

ARG, HP B ORI phglnit Z HTREAT .

KTH P A g OEBI] LS F 7R FIFET examples/poisson.ce

6.5 TEREFFPIREE L SITIRTIAE

PHG HHVF AL, BIUNRESRAREL . R FI O BB, AR — L2 IS HOR AT, XLt
SHCE AR AR R, PR E AN B HERI RS e AT, PHG BUA R AR 8 X 2645
IR R B 11, DA PR P T DA {3 o ) B ) i AT I TR AR HR B AT T

PHG 42t T 41 phgOptionsGetNoArg, phgOptionsGetInt 45 /R P AR M fir AT 3L I (1) B,
DL bR L phgOptionsSetNoArg, phgOptionsSetInt, phgOptionsSetOptions S PR B A
ATIETRE . IXLE R BRI T FlOs (b B S AR b I AU T B 58 4] DUURVF 2 e ik
FHI TS8O MR R B 1 o A SR i AT IEIHERE 7 BUE RS HIN B 7 1T 25 7.3,
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PHG $2ft—E4 18 O A TRRLEE R4, seprkignd, BEnlLUF A PHG #2451 PCG.
GMRES 25480, Wi H & % 41 PETSc. HYPRE. SuperLU. MUMPS. SPC. LASPack 254}
RS

PHG [ MEffvLas 0t % )y SOLVER, H PRI ek e . SRt REdLf R aniE . REUE
BRI S I o P 35 AN 9GO SOLVER IS A, 1 A 5 T H PHG 2 Ze PR 25 1042 L R
R TE A DA o« DG TBERR 4 IR AT I nT DA S % examples/simplest.co

71 KHENRES

PHG FRfiftidds b A AR Sl At B A S I 02 (K A e S 0 A R R o AR
T ST SRR IS « R R B

JRER A G S AR T RS R B BITAT E R BEAN O T ARH% F BN B R A G 5 10 157
MR G HE T A0 o FEFE L At TR A oR 2K phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Al phgSolverAddRHSEntries $41H FH Jajif H FH EE S5« 76 PR TG vHSEE BONI &
K B BV A i TR, 7T DL FH BRI 2R phgSolverMapE2L K7 {8 Hi #4215 ANEF 72 DOF X % AE AR 2 o
RS At BE R B g S, iR B B T

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

Frb, dof _no 7 DOF XA AR KN B 44k DOF XMRAIEH (W 0 IHaR) S, B, i
BEARF ) E H = DOF X% u. v w KK, W u FESH 0, vIFSH LwlIFS5Hh 2. e A
YT I0. index A u IR HHIEAEHIT e HINGH S (BT u fERIT o KR AL 5 ) o

PHG ZeMEffikash 8 D REOEFE (mat BUR) M N4 (rhs M) PHG 1]
AL 5 NP7 BUF AR 3R P . RS R 545 DR, AF A EAIN R = 0
TFUA I 2 5 4y 1) 8 DU 1) 2 (D AR 3 SN O TTFAR IR 2 5 o — A Il S 20 F 1K) e 0 )
TG I A AEAS TR T BB — A 1) R B 4 e e S R A R R A T . R T B
BUFE TR &0 B RS A . A m IR e 28, PHG it 17— 413 T4 ) i) 4 5 O
B A7 o A BR L, £UFE phgSolverAddGlobalMatrixEntry. phgSolverAddGlobalMatrixEntries.
phgSolverAddGlobalRHSEntry Fl phgSolverAddGlobalRHSEntries, ‘EAIIIE: X 5T R H H
2G5 IR B 58 A ), (HREREAT L B DL S I 73R ] 4 e ) i i 5 o PHG HORERE ) B 152
TR, ZHH I\,

7.2 APRPEORHY
PHG A p, SRAR— A Mk 2R G5 (e 5 by LA R LS5 #

(1) I phgSolverCreate FIEMFILAR NS, Hh TS w MO R AR —41 DOF X%, PHG
PHIX L DOF X 447 M DOF B2k RS ) 1= (7] L ¢ &R .

(2) Y H phgSolverAddMatrixEntry BY phgSolverAddMatrixEntries [MZ&ME R INMAFETTER,
W H phgSolverAddRHSEntry BY, phgSolverAddRHSEntries ¥NIIAT U . PHG MIHIUGEE FE M A7 ity
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10 0, 3K R HCRE B K 0 38 BN BIHT R B w00 Lo oI, O A AR I 0 35 4 s g
P A% R

(3) (WIik) FH phgSolverAssemble 564k AL A %e .

(4) M phgSolverSolve KL N R G, Hrhify 2t 4 DOF X%, AN, Hekh it
IRE AT RIS SEAL N DOF X B 58 VL ET, SKAFHTAL S5 HIARIL LI, SRR e 1 IR [P e 2845 2]
it o

KPR HARILASE A5,

7.3 FESERSHENEE

PHG IS DAl 25 2 B ] Ld ik A Y. (1) iy AT IR DR e, At m] LI AR vh i
H phgOptionsSetXXXX BRECRBIE . — AMEEZS AN, AOCSEI i S HORAAAEARILDS T, B
Jii PR IX L6 S BT AE SOAS 2 52 M B AR . DRI, T LZE QI AR VA2 2 HT B0 AH DR I S 50
)i 454 {1 phgOptionsPush Fl phgOptionsPop KARAE VK SHUFUR G, 8 55w Hes i
S IEAT

filan, R AR B MR TG AT T AR, RS 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() ;

IR S H R E A ] DLAE RS O

phgOptionsSetOptions("-solver_rtol 0. -solver_maxit 1 "
"-hypre_solver boomeramg -hypre_pc none");
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PHG $24t— 41 B 45 BOE S BAF R K 0 A sC i B, DUOREE AT RO AT IR A7 il 1A
FFEo i FFEAERERE ) (K AT TE I WU (MAP) HEAT A 5 B

PHG BErT LU B A7 FROCRRE. A7 IR IT RO I Al X1 s AR, thm] DUAR BEAE G 4% D7y
AT 0 17 AT s e A (R R

8.1 BREY

PHG WL (MAP) iR — > EAERERE A ) 70 A1, LA R Ic RS A R ] R R &R o
8.1.1 & SRS

] BRSNS ] TR AN 5 1 BEX SR SCIR R ) f o B LR E 1) 1) 42 Ry KN B R R R
/o BUEETH L MAP )RR KN R

MAP *phgMapCreateSimpleMap(GRID *g, INT m, INT M);
Horpm g 2R K, o 45 AR P IR

AR m MRS T M, U E SO RO M FR RS Bl At
FEF I BN m (A A &

P IERE A  m ARSE T M N, AW E SC— N E AT S [R]IN AEA 7E r A BE R (1 1 o Xl
WU B E T
8.1.2 HHERE

QU [ Fh RS F) pR K T

MAP *phgMapCreate (DOF *u, ...);
T HZ RSO ] — 2 B AR RO 2, SRR S/ NULL 850K A2 1 MAP XA T
SRR I A RS S B PT AT Bl R S R, R A RO BT B R S B
Bz M, SEASEREF 0 PN T BRI I B BN GERG RN T2 A SR A
SR —ANBEREPT “H0A7, 1 B TR AL 3 BT OWNER ARASHE) o

8.1.3 MEHRS

FATHR A3 Ar K = TR AR R R S TR IR S, T D IuEM TN
0, BoATEEG DN 1, KA. 10RO 5 T LU AR S (i W 0 — w-1),

......

EE LRl EE R N S R

AR SRS e 8 eR R SRS, JURR T AT R A, T U] B e R R R 5 kAR IR — AT
o MBI HIZ A B S SRR, KX B i RN SR UOE R AR S — AL, o R AR+
(K3 5 Bk e AR I R B B G S, RPN SR g 5 (VRS R R e S AR X)) . PHG

St R BOHDOR o 8 9 5, i
phgMapE2L H1— M FICH 1) RS 5 75 2 o 1K) = 8 4 5
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phgMapD2L FH—~ [ H BEXT G b 1) B 3 g 21 W b 1) J i
phgMapL2V G % Rl g 5 15 2 1w 1) 12 4 5
phgMapL2G HHICE KRl d 5 15 26 W2/ 10 S 5

7 MAP AUAi 254, nlocal J i 4 ) it R AR H A3 BROK/IN e X TH3dask B el XS G st o mi s, A7 1
AH (W) B R H S 2 T R A BN, USRS A B L S g R A, P
EAIANE T R A H . MAP S5 Y localsize R TOL TAMM T B R, GFA
BT AR T E . AR, localsize > nlocale WRHTHIH g IX SEAN g T A HE IR 76 25 43 e Jal i )
G5, i JB[EZE nlocal 3| localsize-1 Z (0], ‘EAIIA Mg 5 RAFESA] L2Gmap H, ZEAL K
B} localsize —nlocal. R, fik—"NIGE M RER IR 50 4, WS AR W S50

i+ng WH i <nlocal (AHLITE)
L2Gmap[i — nlocal]l UWIHR i > nlocal (JEAHIITER)
b ng RoR)E T AR BN R R o

TEMRT PR 1, localsize = nlocal, MRS AFEAEAE T AN TGER .

MU A B EEA GRS, H R 5 F R ) g T 2RI
8.1.4 RRETHIIHEX

PR3 phgMapDestroy WS /MWLG, BT v FH B BE U8

55 Rt 87 B G 2 2 [ = QNS 1 5 R B2 I S I 37N £ = € I G871
B PV, — MW GUAEREEES I PEOh 0. 45— AR % (R sk i ) 510
SPINE, HG TS M N . T phgMapDestroy I, A B (5 I THEOR T 0, AL %%
s, i RO e S TR 1. RSN S DR TEECh 0 A SR B BkAk, REANFERE
B ) SRV BN, IRy BB H BT | A I iR B phgMapDestroy.

8.2 [E
8.2.1 M[EMEIRSHK
QI i)
{ VEC *phgMapCreateVec(MAP *map, int nvec) ; J

Forb nvec $R7E [ HI4EEL
EE{EE¢

{ void phgVecDestroy(VEC **vec_ptr) ; }

8.2.2 MEMMESHER

AN AN S, BERT LU A AT S 4 5 12X phgVecAddEntry Il phgVecAddEntries BL K
A H 4 R G5 1 BR R phgVecAddGlobalEntry i phgVecAddGlobalEntries AnmEIcE, Wl blE
FEARAE R S data il offp_data Ji 1. SEHON MG HE MRS, Ni%H phgVecAssemble PR
HOo ) EEHEAT 42



8.3 % 43

B RN, A PR3 phgVecAddXXXXXX Hfg ] —/M R 2B [ SR T2, WA ) —
MNELALEER =R, WA H phgVecDisassemble X} [ it THIZE. PHG 1, 1l R %L
phgMapCreateVec fll phgVecCreate B ) BB IA & T2, DRIEAE ) AN n oo 38 w20 56 1 H
phgVecDisassemble ¥ HHI%E,

) B A1y B B AP E VEC Z5MH data RS, KR4 map->nlocal x nvec. ANET
A o> e, ABAL T A 7 WA ) 8 H T R ) FE TSR AR AT VEC S5 offp_data HUGIHY, X
PeEN (map->localsize — map->nlocal) x nvec. [MIEAIZENS, ANE T AT TR S %S N
FHN (R RERE o

) A5 R AL AN mat, WIAGZ R R AR A P A S, ) mat 34 [n) S MR
AR Y211 mat B CAAETTRE, I H mat->handle_bdry_eqns A TRUE I, [m] 413
PR 25 AE A 2E n) 2 K A# mat->bdry_eqns 5 )5 P (KIU AT R /N G it T RR A, O FH X £
T3 R R A SR ) R AR N T 3R o IX RN TS HEAT A BR T B RN Dirichlet 3 S 444 1Ak
. 3% 8.34.

8.2.3 HHESMEERMEIELE

PRI phgMapLocalDataToDof Hl phgMapDofToLocalData HFAE I AL 2 A ORI B X %
Z RGBT R 2L pthapVecToDofArrays,ﬂlpthapDofArraysToVec WHTFEZ4me5H %
PN G A 2 AL S K

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

rmap 45 HFEFEIOATIRGS . cmap 45 HAEREAG UGS, EATRT BUZ AN (17 211 5 AT A R RN )
AT TR ), BT LUZANIR] R A o
MEES SRR
[ void phgMatDestroy(MAT **mat_ptr); J
WL, PHG MMM ST A A L LU (8% MR B L5 AN R 1T
ARIFEREBEAT Ao T ANRERE, RS S RO T o R SV 1, R AT 451
FIVHECA 0 I A 2 PR SRR R .
8.3.1 RINFEMETTE
PHG $24t N s U T 1 — MR IR 0 J0E:

phgMatAddEntry phgMatAddEntries
phgMatAddGlobalEntry phgMatAddGlobalEntries
phgMatAddGLEntry phgMatAddGLEntries
phgMatAddLGEntry phgMatAddLGEntries

XL PR B i E HOE R N B e € oo B eI DO TR AR BRI AT AN 81 73 A T T )R 2
SE A RS (RN R R RERE I AERMEN 0). A SRR TR A B 0 K v A AL, AT B
T3k bR 2
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phgMatSetEntry phgMatSetEntries
phgMatSetGlobalEntry phgMatSetGlobalEntries
phgMatSetGLEntry phgMatSetGLEntries
phgMatSetLGEntry phgMatSetLGEntries

M R, B — MR AR P FAs Tz, RAR ] — A DR A AR PR TR
M 2AZ0 5% 1 FH phgMatDisassemble Xf HFATHEI%E

PHG ", iliid b % phgMapCreateMat* il phgMatCreatex Il I FEERIA &R A ZER), 7] DLE %
[ PN &R .

8.3.2 “JciEME” 5EfE

PHG SZHF “ TR (matrix-free) JEZIRERE, B HFE B RN A5 B B0 R R Bodh 1)
FFE, e TN SR O pR R 52 AR P 1) B Sfe AR A

MAT *phgMapCreateMatrixFreeMat (MAP *rmap, MAP *cmap, MV_FUNC mv_func,
void *mv_dataO, ...);
MV_FUNC /2 50 il B ) B e A R B R BT, 6 B (an R -
L typedef int (*MV_FUNC) (MAT_OP op, struct MAT_ *A, VEC *x, VEC *y); }
Hoh op ATLABY MAT_OP_N (K43 &) MAT_OP_T (HHFHEHE & 3 &) Al MAT_OP_D (4 %t i) £k 3
LA i ).

AR ZH mv_data0 S5 A ATIESE, EAIWAFAELE VAT FIFREM B0 B mv_data H, o] HIokALi6
S5 MV_FUNC.

8.3.3 S IR%E[E

£ PHG ", S BRAFEGAC — BREFERIK “ TCHIRE” FFE AR B o AR i — LA [ B S AL R Aty
JRR, AE I PR AT A 48 A7k 2 6] . PHG (73 B BAT R iR K

al,lAl,l 01,2A1,2 al,qu,q
A:

ap1Ap1 ap2Ape o apgdpg

Hor, A; j WAEREBY a5 N AREL. HET, PHG ASCRERIFEHIURE B 1E
PHG ) 73r HE FER %N phgMatCreateBlockMatrix, HAASHSEH M Ao 43 HusE R
HI Rl 227 7524 examples/maxwell-complex.co

8.3.4 4ERERYLAZE

— /N R A3 B phgMatAddEntry . phgMatAddEntries. phgMatAddGlobalEntry 25 R B%
Ak 0 oG, A AT 2 phgMatAssemble HEATA%E . — AN FELLEE FKGAS o VF FF ELIZ B 10
HrphpoosR, wNA R SEOCETR SR .

PHG WA AT 4t TE 2o FE R I 2H i A rh AN 8 T A (AT 4 R I 8 n B AH R gE A,
[FJ ISR HE B TC 3R (R 91 5 BEAT Ge vk B F g 5 @ T AMAN I C 3R] cmap ()R 10 4 5, T
JoHEE 0 2] cmap->nlocal-1 Z [l ANJE T AHSI K TR MA EANE coap A %S, WA %
iy, YT e e cmap->nlocal 2| cmap—>localsize-1 Z ), A5 U] 43 P — A0 1R S 3 ) e
Y7 JUFI7E cmap->localsize F| localsize-1 Z[f], L MAT FAJ% 51 localsize %5 T-TH 1E cmap
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PH g S HIFI I EICE (G5 TEHILE 0 2] cmap->localsize-1 X [H)) LUK T HL e i B A A b8
I HBIAICE (G5 B HETE cmap->localsize # localsize - 1 Z[H]) XM, AR localsize >
cmap->localsizeo MUFSRML, Hiffrb th H]l— R L2Gmap R ORAF AN T A H IR 471 1) 42 ) 2
%, ,ﬁ;‘:F‘EI/‘]ﬁﬁ cmap->localsize — cmap->nlocal /l\é’ﬂi%'% cmap->L2Gmap Ef:‘%é*ﬁf—o

H TR BRI SH Dirichlet 4 544 HIALEE, HFEH A — M i /K AU handle_bdry_eqns,
WA EAE A TRUE, WUTERTHE MEREAT 41 BE HT 23 ST 0 A H 13 FAT HEAT AL BE o b 2SR o b T 320
FATHIAR 0 JTRINE TS, IXEEAT L B K RSBSOS Z P T R A, A e R
JP AR X e N T RELLI) LU S AR AT AEFEBE 1) bdry _eqns 02, SR JEH AT 1L FAT I Moo &
BH L AN AEITERE R 0o BRI LU I 245 0 o 20 2B R e SR 1o 5 20 2B iy S 1) o 1)
WFILER, B 8.2.2.

8.4 %EfE. mMETE

PR phgMatAXPBY T Y = aX + BY, XY BIARERE, EA LA R RN 23 A1 (AT« 51
RA o

PREL phgMatVec THH v := aop(A)x + By, =+ y A=, A N, KBS E op TN
MAT_OP_N (op(A) = A). MAT_OP_T (op(A) = trans(A)) Fl MAT_OP_D (op(A4) = diag(A)). 4 op N
MAT_OP_N I, 1Z%PRE 2K x->map 45 A->cmap #H[A], y->map 55 A->rmap AH[F]. 1% op & MAT_OP_T
i, WK x->map 5 A->rmap, y->map 5 A->cmap #H[A.
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FENE FHHE. HFERETE

PHG #f{t5 PARPACK. JDBSYM. LOBPCG. SLEPC. Trilinos/Anasazi fll PRIMME [j4% 11 J{]
TS SURFEAEFIRFAE ) & (ANEA) o PO S RRAE ) S TSR g — 4 1, AT AEas AT R e i) Jl
Iy AT IR FEAT AT — A 1T F R AIE (B K A 25 -

PHG [ JDBSYM % I BE Y FF IR 4G #3147 IDBSYM 25, 037 55 il f/ N9 52 il 9 +4 746 ) JDB-
SYM 27, 1817 configure 4 H AL BT ¥ JDBSYM 2 A 2 AT

PHG MEEARHIEAE H R4 e 2l 1

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

) R E S Ax = ABz (1) n NMRFIEXT (REAEECRAR R REAE [ fE) o 240 A F1 B 45 HE
B, 4 B W TIREIINEROR B = I, BERGEAARYERFIEAL M8 n R BRTHE W RREXT AN $L . which
FEWIHEME n ANEAERY, AT LAHY EIGEN_SMALLEST. EIGEN_LARGEST BY, EIGEN_CLOSEST. tau %! shift
o evals F&IARAZ VM1 BIMRFIEML M ZZ PP X (KE A0 n)o evecs IR RN FIRFIE ) i o nit IR
=] SR o A R R AR (AL D) 7 SO T R AR A28 %) o eRBOR [ D vk 55 H
FFIEXT AN (€ [0,n)).

TEAT BRIV S T S 7 (A2 R 8T 1l B SR 4

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

EHAK S REE ) B AAEAEFR E B B X b, R A A B B NV IZJE HH map B, R
JERGiBUNTAE ! phgMatRemoveBoundaryEntries W 2230 54T F0 %) (Emu#%%@é\jiiﬁﬂ Dirichlet 11 54
PEP= AR REAEXS ) o WS map 20N AT AR SR w, ... S HBHEN S HRSHN& S
phgEigenSolve H5E 4 —Ff.
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Al

=S

D

B}

MisR A PHG TE. BHE5

AR g PREU AR phg B4R N — L8 0 SC L] SR S R K, RS SRR B 1 T RERE,
HA4FBF/NE . Ul phgInit. phgRefineMarkedElements. phgRank 5.

PHG g XIW C RAA KRS A RERI B, 40 GRID. DOF 4%,

JAiB (static) AL RERE /NG F-RE $07 & N RIZMIEL, 10 refine_path() .

PHG @ L% WRNAKEE S REE. R a2 R e, (HEfH phg i1, #
Wl: NVert. DofElementData 5. {HAT I th 4% F K'E - BEFI T K2k, 1 TRUE. NEUMANN, DOF_P1 %%,

A2 FBE.£H

Dim
NVert
NEdge
NFace
phgRank
phgNProcs

v Vv Vv Vv Vv V

A3 FEE R

CHAR

BYTE

SHORT

USHORT

INT

UINT

FLOAT

BOOLEAN
PHG_MPI_FLOAT
PHG_MPI_INT
PHG_MPI_UINT
PHG_MPI_SHORT
PHG_MPI_USHORT
PHG_MPI_CHAR
PHG_MPI_BYTE
Pow

Sqrt

Fabs

Log

vV VvV VvV VvV VvV VvV VvV VvV VvV vV vV V VvV V V VvV VvV VvV V

=
2

Gl

) YERL, 5T 3

—ANRITT TR, T 4

— AT A, 5T 6

— AT AL, T4

AHEFEAE MPI_COMM_WORLD Y HEFE S
MPI_COMM_WORLD P f) %k

R R B

T A
FAS T (/5 2 )

TR AR R (/b 2 F4)
WAL (570 4 FH)
AR (/b 4 )

T i AR

A /R4S B, HU{E TRUE (1) B{ FALSE (0)
FLOAT [ MPI #2574
INT (1) MPT %258

UINT [¥) MPT $df2
SHORT f#) MPI #5257
USHORT [f] MPT ¥4 2574
CHAR [f] MPT %
BYTE [f) MPI #5257

55 FLOAT IEPCIY pow pRI%K
55 FLOAT ULHCHY sqrt AL
L5 FLOAT ULHCHY fabs PREL
55 FLOAT ULRCIY log pRI%K
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Exp
Sin
Asin
Cos
Acos
Tan
Atan
GTYPE

BTYPE

SIMPLEX
GRID

DOF
DOF_TYPE
QUAD
SOLVER
OEM_SOLVER
COORD

v VvV VvV Vv VvV Vv Vv V

v VvV VvV Vv VvV Vv Vv V

MtF* A PHG % &. @5 %

Y5 FLOAT VCHCMY exp BRIEL
Lj FLOAT ULPCHY sin PREK
5} FLOAT VCHCHY) asin pRIEL
L5 FLOAT ULPCIY cos PR%R
L5 FLOAT VLPCHY acos PRIZX
L5 FLOAT ULPCHY tan PR
5 FLOAT VLA atan BREL
enum FMY, % 51f4%: VERTEX. EDGE. FACE. ELEMENT (DIAGONAL). OPPOSITE.
MIXED. UNKNOWN. i 4 AN 0d 73 TR T sek 0 4EJLff & (VERTEX). 15K
1 4EJLf & (EDGE). [Mizk 2 4 )L & (FACE). LAkl =4k JLfi & (ELEMENT).
DIAGONAL. FACE. EDGE. OPPOSITE Al MIXED T3 /R Hocaifb A
frkrids, HRFoR i . EA SR, v HUR{E A DIRICHLET (Dirichlet i
%) NEUMANN (Neumann 2 %%). BDRY_USER1 (725 1). BDRY_USER2 (J1] )73
A 2)., UNDEFINED (A& SiZ ). INTERIOR (IX %P4 #F). REMOTE (£ 1 X 4k St
%), OWNER (#1#57%") 1 UNREFERENCED (0). L', UNDEFINED K /n A5 i R )
11 9¢ . UNREFERENCED R/nhf R pemtv ooy, RIEdEmFHoch. —
ASXF G ] LAR IS4 LA @k, lin— 4532 0] LAREJE T+ Dirichlet 15, Y& T
Neumann 145, [R] S ANF]F W% FT L5 (REMOTE) . —> il 2B ) LA
N T2 A1 A, (H AT E—— AN RO O e AT, AHMVY) OWNER A7 7E
PR 1 R TR 0.

BTYPE [ 7 T JLFI0 440, T B EX G, HS ekl
FLICX S (struct)
PSS % (struct)
HHJE (DOF) X% (struct)
H HERIIT S (struct)
AR E (struct)
SKARZEAT R (struct)
HMERSR SR L IR B (struct)
Dim 4t FLOAT V4G40, HI Tk 2= [a] A b

A3.1 BHERZDFERERKEEOLE
DOF_INTERP_FUNC © flifHeRE#E KM (ZF 4.1.1 Ml 4.1.2)

DOF_INIT_FUNC
DOF_USER_FUNC

>
>

FHEBSE R AR 2R (B R 4.1.3)
iz, y, 2 A BREBER IR (B35 4.1.3)

DOF_USER_FUNC_LAMBDA o ffi HE.CARKRINH s B3 2R (B 4.1.3)
> IR B R B LR (B F 4.1.4)
> VS R O B () R 2R (2 4.1.5)

DOF_BASIS_FUNC
DOF_BASIS_GRAD

A3.2 MEXRBHEZRR

> FEER A R, AR ARBER
> FEER A HEERAY, TSI AN MR ART R AL

DOF_CONSTANT
DOF_ANALYTIC



Ad 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 AKX

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

BN B EIRAY, WIS AT R el ity 4
BRI E (BRIMEN DOF_P2).

0 B Lagrange JG, 70 i 40, %00 A HHE

1 Bt Lagrange JG, 8250 v 8tk sRi g, REASTA—ANH AL

2 B Lagrange JG, 200 v IR I, BT BERILS D HHE

ATIEI “~default_dof_type” (4%

3 B Lagrange JG, 850 v k20, AT AN S — DN H B
SIS F S

4 IEfT Lagrange JG, JEZE50 MR 2 00X, BEANTIR BEASPICH N A B,
S B A=A A

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

n i DG JG, 0 <n <15

2k 1 Nédélec 7 (B HI0)

1 Br#% ¥.JC ( = DOF_HC1)

2 (i LT (= DOF_HC2)

n v H' ¥3)23E (hierarchical basis), 0 < n < 15, K H.vp DOF_HBO % T DOF_DGO

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

1 RS —4E Gauss A0 (1 40

2 BRGRE—4E Gauss #1533\ ( = QUAD_1D_P3)
3 MR —4E Gauss B A3 (2 &)

4 BRE B —4E Gauss BU4> A3 ( = QUAD_1D_P5)
5 BYRE R —4E Gauss B A3 (3 &)

6 P REIE —4E Gauss #1423 (= QUAD_1D_PT7)
7 BYRERE—4E Gauss B A (4 K1)

8 B —4E Gauss 4323\ ( = QUAD_1D_P9)
9 BrREE—4E Gauss B A3 (5 1)

10 MR —4E Gauss B14r A2 (= QUAD_1D_P11)
11 MRS BE—4E Gauss B A (6 1)

1 YRS 4 Gauss B340 (1 47)

2 FrREE 4k Gauss B A3 (3 /)

3 MrRE 4k Gauss B A3 (6 £)

4 Brks B4k Gauss B AL (6 K1)

5 BrREE 4k Gauss B A3 (7 &)

6 FTREE 4k Gauss B A3 (12 51)

7 MRS 4k Gauss B A3 (15 A1)

8 PRI 4k Gauss B A3 (16 A)

9 MrREEE 4k Gauss B 43 (19 A1)

10 BYRS I —4E Gauss R
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QUAD_3D_P1 b 1 PREIE =4 Gauss A (1 45)
QUAD_3D_P2 > 2 Bk =4 Gauss B A (4 )
QUAD_3D_P3 > 3 FrkEE =4k Gauss B A L (8 &)
QUAD_3D_P4 > 4 BREIE =4 Gauss AR (14 1)
QUAD_3D_P5 > 5 Mk =4 Gauss B AR (14 55)
QUAD_3D_P6 > 6 Mk =4k Gauss B AR (24 15)
QUAD_3D_P7 > 7 MRS =4E Gauss B AR (36 14)
QUAD_3D_P8 > 8 Bk =4 Gauss ﬂﬁj\é}ﬁ (46 K1)
QUAD_3D_P9 > 9 B =4 Gauss B ¢ (61 K)

i
=38

/ L\>
s

(=)

—

iy

QUAD_3D_P10 > 10 B =4k Gauss B> A2\ (73 31 81 #)

A.5  BREF. EEFNEERE

MAP > BRI, S SR 1 Al S RE ] R R DR AR
VEC > [AERTR (BRI E) o

MAT > FEFEXS S (WbiAT IR4A 17 ) o

MV_FUNC > TR R 1) RN e R R LRI

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

GUEEEE T2 Bt R R .

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

void phgMapDestroy(MAP *xmap_ptr)
GRS S

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

QU “ AR HFF . mv_func 2 5C AR AR IR R . 26 8.3.2
INT phgMapE2L(MAP #*map, int dof_no, SIMPLEX *e, int index)

Y [E] map HIE dof_no NMHEHEXNZRIEHIC e I index A~ H HHEEFE WL+ (1) 51 g
‘5. dof_no M index M 0 FT4G.

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

JR[E] map HWHS dof_no AN H HEEXTRIMHE index AN H HH AR WUR P 1) R0 5 o
INT phgMapL2V(MAP *map, INT index)

IZ[H] map "R 5N index FICER I R IR En T .
INT phgMapL2G(MAP *map, INT index)

JRIA] map )RS N index MITCEMA RGNS .



A5 WY, BB 03

int phgMapLocalDataToDof (MAP *map, int ndof, DOF **dofs, FLOAT *data)
PR R TR 1) B ) Bt A 45 55 FOAHSCGIERIK) B BEXS B2
int phgMapDofToLocalData(MAP *map, int ndof, DOF **dofs, FLOAT *vec)
P RRHUT] K R B mp i) Al et 4 )
void phgMapVecToDofArrays(MAP *map, VEC *vec, BOOLEAN remove_bdry, DOF *xu,...)

W24 R EAR IR — A B TS, RS E N G 2 vec->nvec
ANRA . ERGE A FER B HEX S . remove_bdry %51 TRUE B R/R vec AW EILAAHE. %
PREL T B TR AEAE T I R

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

4L A RN A B AL s 2n— D 2 YR R B TRILET R R, L E
% L5 phgMapVecToDofArrays Z3fEl.

MAT #*phgMapCreateMat (MAP *rmap, MAP *cmap)
BIEFE M, rmap F cmap 43 25 HAT FIAWILG
MAT *phgMatCreateBlockMatrix(GRID *g, int p, int q, MAT *pmat[], FLOAT *coeff)

B —A p x q HAERE, HiBR (i, ) 25T coeffliq+j]1 xpmat[iq+41,0<i<p, 0<j < qo
s PHG " SUEFER SEILE T matrix-free #5211, &R P 4% MK handle_bdry_eqns fH
4y FALSE, 10T % A1 handle_bdry_eqns {H[F]I ) TRUE ([ % FALSE.

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

void phgMatAddGlobalEntry(MAT mat, INT row, INT col, FLOAT value)
IINFERETT R, ATHNIE )R o e

void phgMatAddLGEntry(MAT mat, INT row, INT col, FLOAT value)
ININFERE TR, R AT S« R B A% S .

void phgMatAddGLEntry (MAT mat, INT row, INT col, FLOAT value)
InFFETTER, A RAEATH S RIS .

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

NN nrows x ncols NMEMEICE, T8I R g5

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

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

N IN nrows x ncols NMEMEICE, M REITH S &R RIS .

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

NN nrows x ncols MEFEICER, AR EATH S JRFHI% .
void phgMatAssemble(MAT *mat)
AR, FEA 8 T A AT AL TT 2 I BAH N HERE .
void phgMatDisassemble (MAT *mat)
R
void phgMatDestroy (MAT **mat_ptr)
CEE S EL
MAT *phgMatRemoveBoundaryEntries (MAT *mat)

PR AR R, s T SRR R P ) BT T S AT L A o FE R R AT AN B R R S
(K18 X B P DB_mask & AAAAE , AR N AN R EEN ST ORI BT B BT R 1
DB_mask 324 0 I i%pR ORI o B 25 AR AN -5 ST A8 1 eh BEAT G IBK

SOLVER *phgMat2Solver (OEM_SOLVER *oem_solver, MAT *mat)
5 PR3 phgSolverMat2Solver 1EHIAHIA .
VEC *phgMapCreateVec(MAP *map, int nvec)
QI &, nvec K[ R AEEL
void phgVecAddEntry(VEC *vec, int which, INT index, FLOAT value)
VRN T (SR S )« which 18 BIVR NS [ B PRAS 45 5
void phgVecAddEntries(VEC *vec, int which, INT n, INT *indices, FLOAT #*values)
NN o AN ETCER, indices 44 HYIXSEIT IR RSN 5 o which F7WISINE] ) & (WA 70
void phgVecAddGlobalEntry(VEC *vec, int which, INT index, FLOAT value)
W ITE (A R4S ) . which F8BIASINE] ) & AN 73 1
void phgVecAddGlobalEntries(VEC *vec, int which, INT n, INT *indices, FLOAT *values)
NI o AN EICER, indices 4 HIXSEITR M4 R 5 . which $7WISINE] ) & (W84S 70
void phgVecAssemble (VEC *vec)
Az, KA E T A TR ORI BN BIAH R L .
void phgVecDisassemble (VEC *vec)
IR )
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void phgVecDestroy(VEC **vec_ptr)

R d 0
VEC #*phgVecAXPBY(FLOAT a, VEC *x, FLOAT b, VEC *xy)

W y:=af+bjo X b == 0 W LVF y == NULL, SERPHEIEIFRE—ASF & y.
VEC #*phgVecCopy(VEC *src, VEC **dest)

) A UL . PR AL AV dest == NULL, JBRISPEGIEIFIR[A—ANF M dest.
MAT *phgMatAXPBY(FLOAT a, MAT *x, FLOAT b, MAT *xy)

AR ZEISH . 28005 Y phgVecAXPBY KL,
VEC #phgMatVec (MAT_OP op, FLOAT alpha, MAT #A, VEC *x, FLOAT beta, VEC **y)

W y .= aAz+ By (5 BLAS H%L DGEMV 24LL). MAT_OP &M IE A &GS, LA MAT_OP_N
(0) MAT_OP_T (1) BY MAT_OP_D (2).

ZERBAOVE A == NULL, %75 A NEAAFE, 24 alpha == 0 I fo¥F x == NULL. 34 beta == 0 Iif
fOVF y == NULL, BEEPEAIEE—AHN % yo BRECH X alpha Fll beta HRFIRME (0, 1, —1) BEAT T4F
TR AL BR Al /D AN D0 BE )T mas B, DR mT DA R 58 /T 22 AL IR RE B 1) s B, 43l

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

*{ op = MAT_OP_D I, XRRELHET A HUXT ALY 15 x 3R
FLOAT phgVecNorm2(VEC *vec, int which, FLOAT #*result)

TSI R L2 B, A1 ARARE result R B I 450 4s A¥Hik o which g W15 ) S frO MR
Sy EEL, WA which < 0 WRBIVFE A2 S 1I8E, I AR result AR 4RERUE 48 10 1 2Z 0
X ACEERZA N T vec—>nvec, HTIRAF vec—>nvec N EIMEL. BEOR[FME A48 E /0 & (B A
Sy EIR which < 0) ) B,

FLOAT phgVecNorml (VEC *src)
AR L1 B, 4% A phgVecNorm2.
FLOAT phgVecNormInfty(VEC *vec, int which, FLOAT *result)
TS SR BN . S407% X IF] phgVecNorm2.
FLOAT phgVecDotVec(VEC *x, int which_x, VEC *y, int which_y, FLOAT *result)

MR x My BN, 340 which_x. which_y fil result Y phgVecNorm2 F4H A .



56

A.6 fEEES

fitx A PHG X &.

A5 PHG PrsCRefidvksas, eI T PR %L phgSolverCreates

SOLVER_PETSC
SOLVER_SPC
SOLVER_SUPERLU
SOLVER_HYPRE
SOLVER_LASPACK
SOLVER_PCG
SOLVER_GMRES
SOLVER_AMS
SOLVER_DEFAULT
phgSolverList

phgSolverNames

PC_PROC

v VvV VvV VvV VvV VvV VvV VvV VvV V

PETSc fifika%

SPC fifik: 4

SuperLU fiftv5 4%

HYPRE fi#i2: 4%

LASPack fifti2ids ({ L HFHAT)

PHG [f] PCG fifikias

PHG f) GMRES fi#ik:#%

PHG #] AMS (Auxiliary space Maxwell Solver) fi#ik#s
BRIMARVESS, Fonik PHG PRfRILRS

ZEA S PHG P A ikds, w1

extern OEM_SOLVER *phgSolverList[];

BRI PHG MIPTATIRIEAR AR, B a2 —> NULL, HAg (T

extern const char *phgSolverNames[];

PHG K] PCG 1 GMRES f#ykas s+ 1, B4R

HE

S

[VEC *x (*PC_PROC) (SOLVER *M, VEC #*b, VEC *x_1, VEC *xu);

PRI RE, FRRE AR *u 3R [A]

AT WiEK. BE. #HiIRAERESHL

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

WG4 PHG (M MPI. fi#4855) . WAOE A LS PHG BREHTH . arge il argv DA200 /& FL5E

A AT S HI L

void phgFinalize(void)
B PHG. UAAERE P4 AT -

int phgSetVerbosity(int verbosity)

Pl PHG M B0 e 0 (BRI Zom 4t .

void phgPause(void)
PHERRFY, 2tk s, TR M.
int phgPrintf(char *fmt, ...)

BoRfE B 7] printf pRE (HRFEDERE 0 FRAEA .

void phgInfo(int verbose_level, char *fmt, ...)

ﬁ%%%’ﬁW%ﬁ?ﬁﬁﬁo@%ﬁvwW%deﬂw%ﬁ%pﬂmfﬁﬁoﬁﬁﬁﬂﬁ%
PR -log_file METIRAE T HASCIFR A S5 .
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void phgWarning(char *fmt, ...)
WoRES(E R #2UA printf,
void phgError(int code, char *fmt, ...)
WOREIRE R WR code 1= 0 MIRIRAE BE B FPHAT .
void phgAbort(int code)
S R P AT, code A FEITIR AT
double phgGetTime(double tarrayl[])

ISREU ] o tarray &2 —MKEEA/NT 3 1Y double AU, X tarray !'= NULL B, tarray[0] iR
[FIFH PN IE) s tarray (1] IRIFVRGEN T, tarray [2] 3R [ L), DURD G 547 o bR ESGR [ A 24 ik
AL, BARR A BA

A8 HEEIE

void *phgAlloc(size_t size)

2T malloc (), (HUIR AF HE RIS I ERE P 4RAT
void *phgCalloc(size_t nmemb, size_t size)

2T calloc (), (HUIR PAF HITE RIS I ERE P 4RAT

void *phgRealloc(void *ptr, size_t size)

T realloc ), {HANA A AF HIRE MO b (B 0T
void phgFree(void *ptr)

AT free(), {H'E LVF ptr == NULL.
A9 TGt

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

ARIPCHATTE s PR (Mflops) (Fy ZHE AR AN PAPT 952FF). aggregate iR [ AR P T 4AA
ITEPUHETFITERE, since_last_call 3R [P B TZRRE (55 1 AT I1E MR TR $0AT)
FPUFTIF I ERE . BREURFE YT *since_last_call. X HLATITERE R g->comm HHTA HEREM
PEREZ A,
size_t phgMemoryUsage(GRID *g, size_t *peak)

R BIFEFF M N AE (RSS) T 198, W2k peak AR 4R4El, WIFE xpeak iR [HIFE/ 4 AL
K1t KA (LURE E IR0 AF KA FHEAT RAF I 4528 o

WA g == NULL, JIR[FIRGZABERE I NAFAE SO0, e Z MBR[A g o BrAT 3ERS A B K A7 A
L.
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size_t phgMemoryPeakReset(size_t value)
¥ PHG IR K N AETHECE Dl value, R [BIEK N AR TEHECTE B2 i IAARL.
size_t phgMemoryPeakRestore(size_t value)

¥ PHG WIS K AT OB W BLE A S value IECRFH, RIIFEMZ BB K WA T ELT)
fE.

A.10 HEITIEIN

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

TR — AN 00 A AT E T . name 25 BT (A “=7 5). help 45 H 6 TAZE I 55
Wif5 B e var A—> BOOLEAN Y (4 JRjEkiffas) A mphhil, %8 |V (EN N FALSE, M2 ATH
TZIETUN, PHG B¢ I{EH K AE A TRUE.

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

M B S B AT name 45 HHIETAFR (ANFF “-7 ). help 44 S TXEIHY
G B o var A—A> INT B (A JREliffas) R HLbE, Yy 24T P S I%E N, PHG FEAHMN I
ZHERL, *var.

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

M — AN S S iy SATIE I . name 45 HHIETNA TR (AT “=” 5). help 45 HI T iZIEIN
MG E . var H—A> FLOAT ¢ (4R Eihas) A= ihil, My AT S xIE I, PHG KA1
N ZHAEIRSS *var.

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

VEMF AN R MU i AT . name 48 HUATALFR (R4 “= ). help 436 T ik
FOHEE e var A char * B (A JRBRIAS) B RHHAE, YA 4T QA LN, PHC KA
RIS RUEIRGG +var, PHG A5 H BI85 00 9 77 ORS00 i Ar BRI, P RN R PR
bo

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

EM— AN SR S E A ATIE D name 45 HHIEINAFK (A1 “=” 5). help 45 H T 1%L
PG R var A char * B (&JREA) R, Yar 247 P EZIE TN, PHG KA
NS HEMRS *var, PHG NS4 55 RIS 0 LW AF IR T AR BRI, P AP ANBE
ITRETCE

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

AW AN O - SN i AT I name 45 HIETAFR (A7 “=” ). help 45 HH G TZE I
I B e keys J&—ANLL NULL 85I A7 4041 el 2zt B AV S 4. var A int
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A (AR ERA) AR hE, ZA RN keys BRG] (M 0 TFUR), Hdr AT A& LI
i, PHG #AHNAZ N var HIMH.

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

FERE— AR E R func ALPEIH S HUN i 2 ATIEDT, func AU R LK) R 4L

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

P name NIETIAL, string LIS FTERAEROZEL, W R s EGR FHE 0 EINR RS HOR AT R R
(WAEESH) -

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

B BT ANGE SOB I Ay A 550, 101108 A AT IR hidl, Sihos 78 iy 44 78 10 (14 745
5 B . category H T ar 4TI 702K,
void phgOptionsPreset(const char *string)

2R BRI L5 S HUME, L AUE phgInit ZHTYHH] . F140AT LA
phgOptionsPreset ("-oem_options ’-ksp_type cg -pc_type bjacobi’")

Kt PETSc MERABEZS RIS AT 140 i CG i block Jacobi.

void phgOptionsShowCmdline (void)
FIHH R AR AT
void phgOptionsShowUsed (void)
FUHPTAT I A AT E () BLAE i 247 IR TR (12 4fE .
void phgOptionsHelp(void)
B 4 I i AT S TS AT (R 75 B A5 6L o
BOOLEAN phgOptionsSetOptions(const char *str)
HRAE st mp g R UE Ts0 5 AR Y A8 (1
BOOLEAN phgOptionsSetNoArg(const char *op_name, BOOLEAN value)
FHIET0 op_name FTXTIY AR A E 4 value, op_name A — /NS EILINL, AN -2 8L
o 2
BOOLEAN phgOptionsSetInt(const char *op_name, INT value)
FHIEIN op_name FTX Y AR T A E A value, op_name e — My RIS HHIEIIL, AN E -
T
BOOLEAN phgOptionsSetFloat(const char *op_name, FLOAT value)

LI op_name ITAT ML T A E A value, op_name WAUE M SER SHUWILEINA, A -



60 % A PHG % &. B 5%

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

H$ 2535 op_name FIXHRLIVEFA Y value, op_name SAURL MK T BHINLIA, A5
P) 7'37—'0
BOOLEAN phgOptionsSetString(const char *op_name, const char *value)

P IEIN op_name FTXT N IR EAE E N value, op_name WA —/ Ny F-AF R SEE N4, AN
P Ej—'o
BOOLEAN phgOptionsSetFilename(const char *op_name, const char *value)

FE I op_name A4 B value, op_name 2 AUZ M4 BHINEINE,
P %o
BOOLEAN phgOptionsGetNoArg(const char *op_name)

IR [FIETH op_name FTXS WA HAN, op_name WZE MBS LIS, AF -2 8+ 5,
INT phgOptionsGetInt(const char *op_name)

IR[AIZETN op_name BTSN AR A, op_name AZN&E—/Mir M SHINEINLY, AT -2 5,
FLOAT phgOptionsGetFloat(const char *op_name)

IR[AIZET op_name AT XN AR FAE, op_name ZJE— M KRS HEINL, ANE -0 5,
const char *phgOptionsGetKeyword(const char *op_name)

IRAIET op_name XN A S, op_name WAt — AN KB F S EINEINA , NE -2 T,
const char *phgOptionsGetString(const char *op_name)

IRAIZET op_name TN AR EAH, op_name Mg — AN AT EE S EIEINL, A& - 5,
const char *phgOptionsGetFilename(const char *op_name)

RMEEI op_name JITXF VK48 HH{H, op_name W AUE—AN LS SEIET 4, A - 5.
void phgOptionsPush(void)

DRAF PITATIE IR 4 HiT fEL
void phgOptionsPop(void)

PE _b—H phgOptionsPush {RA7 I

A1l MR ETE

GRID *phgNewGrid(int flags)

BUELH I MRS 0 5, IR A B RS BOFEEE . £lags L& —SUhRGAL, JH T4 124 W A% D038 I
TR SE I LT %, A G R — 28R VERT_FLAG: % PR T 25361 T4% 5 ; EDGE_FLAG: XJ FA%
HHEATY S s FACE_FLAG: X MA&THINEAT4M S s ELEM_FLAG: XMk BTG T4M 5 ;s GEOM_FLAG: HZhit
S (1 /RFR S ¥E 7). HAR. Jacobian %), 2 A.17 [ phgGeom* pRE. HH I flags = -1,
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void phgFreeGrid(GRID **gptr)

BT (S I Z ARG I EEXS B2
void phgCheckConformity(GRID *g)

R R e, TR

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)

Frac M IR AL ATRAL . strategy 241240 MARK_MAX, MARK_GERS, MARK_MNS, MARK_EQDIST,
MARK_ALL, MARK_NONE, MARK_DEFAULT, 737l /& Max, GERS, MNS Fl equidistribution, J& [ =4>—4"
B MRS, — ANt PHG EFE, BRIV MARK_GERS. coarsen_strategy M USHN
MARK_MAX, MARK_GERS, MARK_EQDIST, MARK_ALL, MARK_NONE, MARK_DEFAULT, & A [F. error /& 4hn
WAL B XS, osc X/nITFE data oscillation H HEXTS, coarsen_error #& M KR ALK
HHEX S a 4 error IS4, b /& osc MISHL, ¢ & coarsen_error IS4, #2271 EL,
HH/NT5T 1. depth LAJK coarsen_depth 73 Bl K - 40 AL AL [P I E, 20K T 0. p LA cp
FORMETES, LY, Lev Yl AN IR T25F 1. tol FRoRMIIRZ, tolerance, {44 MARK_EQDIST
H#,

X R ZE Tl B R I

(1) =A A HEXNSAGEFIR & NULL, error WL Ff A XS, sk Lt A b E, H
AR [N S A A A B osc HEISKRAR EHHIRRIT], coarsen_error HEIKAA FAEL
PRRITT, X T osc LM coarsen_error FEUUAF K A i E2E M JE DOF_PO. XF4{L, MARK_MAX LA
MARK_EQDIST, error WA WA FAE/A L @] DOF_Po. 75 E8yF & M2 L2 i b Bl & %k
P, HBESA o —4y0 Hdk.

(2) fHF T2 A X B SR S hR0 ST MK . BRUAT A ZWHER osc AN NULL, ey
WAE Y, B NULL DU T4 500

(3) X} error, FRic SRS R JE MARK_ALL 5X3# MARK_NONE, A] LAJA NULL, 75 W& R iri; it
coarsen_error, hrict FEM& 41 J& MARK_ALL B{# MARK_NONE, A] LAh NULL, 75 W2 A feiFie .

(4) A TR0, =/NMRZET B XSSO s i T R, ey g L sk,
W ERAT I i A AT Y5 2 ) p R TT s |LP (u)|Po

(5) AL i FH 211 3 B XS 2 error VLM osc, FHALKIFH 2IH/E coarsen_error.

Frid 1 BRI — LSBT R

(1) FRRECZSCAT AL bR, ARG AT bR id .

(2) X4k, osc A&t NULL (IR, W4k () 5n% & MARK_MAX L& MARK_GERS [¥JI5, U
*F osc KHIRIFEF S . % MARK_GERS 1M 5, osc £E error Fnic LA Eo™ K ARc 1) 155 117 ik A2
MARK_GERS Sl&: WIR error MK AR F, WISEIE 54N T MARK_MNS; 41 AL 50 /& MARK_MAX, N
Xt osc H#%AHH] MARK_MAX l&. U1 osc /& NULL, HEX error #1F. osc J& M IEM.

(3) X414k, MARK_EQDIST, W1 osc ANAE NULL, {1 F—FF 1 g .

(4) XT4n4L, iAok MARK_ALL, 4N ALbnic 58 e UG H B Hbric 7B, AT,

(5) FAAAAE coarsen_error, N S FEME AN S MARK_ALL BY MARK_NONE, coarsen_error
ANBESM NULL.
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(6) T FERLAL (1) SIS JE MARK_ALL, 2 kR 404k 1) 4 s 78 6

(7) G RANALTIE SREBE AN i MARK_ALL, Jf HHLAG IR SRAE AN & MARK_NONE |, Wi s BERAHAL, DL
coarsen_error ANHEN NULL, I AURANHERSVERLA IO bR, RHLAG TR SRS — i 22 & MARK_NONE.

(8) WA HEMS I FE MARK_DEFAULT, X ANSEMS HI7E40 A0 DA AAL |, BRIA [ 5Fm /& MARK_GERS, FE
AL IIARIC BT ), (RO TR, W SRS 1S, AN BRI SR M 1B 4 MARK_DEFAULT.
A5 FH 5 0] AAEIZAT () IS P IE ORS00 2 B O /7 2 g, I -default_strategy 1EFf.

(9) W& S FH P bR iC BB, WSS IR A, R bR D T P, (R TR
DLA AR IR A s SRG XA T AR S mg , PP i BRI [R5 A R 2 A A R 4L

NS HARIL S R IR . WA, M ORIRKE s R ZE T HIZ LP 63 ne RoniR
ZE T, BATH 0. Loz Z= M B i X SARAE IS, 4 0. = (ne)P, 0. A RHELX N A1 IR 2 A H
FEXT G, A I AR5 22 H R 5, J R a, b, ¢, tol, HREIE IS EAHE. A 25
n R ZE, THEARWR:

n=(>_ )"

ecM

HHRZE T 286101, Ibi p = 2:

0o =07 =B Dun + fullge+ Y. hyllgradun - ng3
fEF(e),fCQ
AL SRS
(1) Maximum strategy: 257 a € (0, 1), MEHUITA WL LT AEXMEIG e FATARC:

Ne > a max(n) < 0. > a¥ maz(0y)

(2) Equidistribution strategy: & N R Rtg M P IcH R EL, A M 2= R A Boc 3 40

tol

<Z P = NPy, < tol &, < Ni/p

keM

N T IEFPPBI, FATEEFE a € (0,1), XL N IAEX R HIT e BEATFRC:

tOl <:>9 pﬁ
ne>aN1/p e > Q N

(3) GERS: Guaranteed error reduction strategy. JEE/NT4E A C M, a € (0,1), Wi F&E, Frid

A T RIC.
Dzl -af Y e be=(1-a’ ) b

ecA keM ecA keM
(4) MNS strategy: KL GERS, HEAnidHRZE TR MLEm L1, AXNZZEMIF GERS, a 1IE
AR, FAh, EARE T N EERRIC Data oscillation, Bl osc, FIFEZEH & GERS, R&ELE error
PRICIEER b, R BECOR bR G748 A, 15205174 B, b AC B.

FHALH) SENE : Z05E 0, RaskAiRZE, TF AT 2 A O S T AR
(1) Maximum strategy: 5S4 c € (0,1), FRC AW E T I/ e

n? 418 . < max(ny) & 0. < P max(6y)
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(2) Equidistribution strategy: 4524 ¢ € (0,1), bRicidi 2 T RIZEK I HLIT e

tol?

Ne + Ns,e < & 0. < CPW

o
CNl/p

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

DAY ey 0. <Py b

ecB keM ecB keM

—~

-
4l

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

T S L SLIEFTHLH] S phgMarkElements 5S¢4 —FF, FJEARER AL OGO, W SR AR
Ak, A XN error 5 osc AREF]I 24 NULL.

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

FT A IS 8L S AT AL S phgMarkElements 584 —FE, F&HISRbRCHAL AT, W A A A
FAL, AR XA 2L coarsen_error LA I &R A fE /& NULL.

void phgRefineMarkedElements(GRID *g)
ALK R FE 52 BT, PTAT mark KT 0 (7 0 2D mark K. PHG 2 A e

FAICHEAT B AL DAOREF RS IR D P o ZALSEROE BT RS Hh B BN mark BSA RI{E 55T
Jos A I LG R 25 1% OGN IR KR

void phgRefineAllElements(GRID *g, int level)

T3 eI Level X (I —BU RS I, AR TR T A 1 FICH) mark B4 level, 28
Ja W —IK phgRefineMarkedElements).

void phgCoarsenMarkedElements(GRID *g)

FELAG WA 1 )4 2 B TT . 7 BTN mark {H 412570 2 RVFRCHIAL I IR B 5, BI— A7
LR Z VPP —mark K. PHG ORUERIAL S, HOBT K5 50 AR RSE iR RS S DR 1Y) I HLAE
A& mark (K RS DR PE LR A TR N2 1 00, BULSEROE, B RS i1 0 mark
3 PR 55 3 i RS Pt B G R RO 25 2% SR G PR TR
void phgPartitionGrid(GRID *g)

AT s B T RS S R, A B R . X ECh PHG WA, SRR
1% phgBalanceGrid.

void phgRedistributeGrid(GRID *g)

FLIP PR kT WA BEAT I A LA B S 5 BT . e ECh PHG WEREERT, I RPN %
WH phgBalanceGrid,
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int phgBalanceGrid(GRID *g, FLOAT 1if_threshold, INT submesh_threshold,
DOF *weights, FLOAT power)

H 45 (B 1if_threshold /! submesh_threshold %1 P& 1%L H 504 . Ho 1if_threshold
TSI AEA TR 1, R AR EA T A1 K T 4% %A N 7) 4%, submesh_threshold
TR A AEAF 7 90K 80724 e H AN %8 (BOWRFPRZE , 2 submesh_threshold
BN Fos A0 PHG N E HIBRINE) o IZBREURIA] 0 Fom MR AN, dFE 0 R Mg 84T 7 H L
/1. weights Al power 25 H 1 WK 4 I I PR JCALEE (B weights [ power {XJ7), 2 weights A NULL
5 power & 0 IR AT FRIC AL I A S

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

ORI g 5 TS 2 BT BT 0 2 b 79 T A S T 55
RIS I FTAT A 1o B4 cuts KN g->nedge, B34 ML 1Rl g 5 AR VR4S H i 1T 5 k4
A N T2 T 0 ST T 1 45 VR A, N T WA i B e
(RT3 42 R G 5 R I TR AR A2 o 7T LR B 4 phgDof Transfer JRAE PN W A% )43 [ i1

VR H A% R B R i S R A i 22 BT N IR HLARRS 50 A AT i A 20T AL
e E PR RIS RN, ASSOVRRS B A OB RS HEAT oA . IS, e R R R AU I
BFER, SRR A,

FLOAT phgGetBoundaryError (GRID *g, SIMPLEX *e)

LA - RN, IR IFTC e FrAT (7 T sty 2 R0 1R rh 5 FC IR AR 1 g T b (1 22 1) (1
BT s A (AT BRI R ) o
ForAllElements(g, e)

JF5% WA R BT AT M1 B AT D R, TR T BROC E TBel s R e At o e S, R
A e $RIA AR THOG, IALTRIN ¢ #7E 4 NULL.

GlobalVertex(g, index)

YK G 5 index TR A R 45 o
GlobalEdge (g, index)

ARG S index LI A R4S
GlobalFace(g, index)

25 A 54 index [T )4 R g 5
GlobalElement (g, index)

YA SR S index [MFAITINAS g T .
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A12 A

void phgImportSetBdryMapFunc(BDRY_MAP_FUNC func)

T PG SCPEI, BN SCAE D RS PHG 30 SR (W e e ok K. 2% o K008 2% 8 1 £
phgImport ZHITAH, T & )il 538 B 56 4 iR KON )5 2L 1) phgImport MIAGEAEH . func 2 H
Al FEFE R R

[int func(int bctype) }
ZRHOR A S NI S betype AN PHC 25287 (40 DIRICHLET. NEUMANN %%), JR[A] -1
FORARINBARE I I R ET be_map ZHOT DGR, Ko HIERIA 14 A 2 AL 4 by
M. 2% 283,
BTYPE phgImportSetDefaultBdryType (BTYPE type)

P B BRL A, %R BN 1% T AE phgTmport 2 B, T BEE O BRIN I A28 U0 e 22 1)

phgImport PREGEAIEH . type 4 HIBAERINIL TR, sRBUR [PME N 2 AT I ERNIA AR AL, type
BEL 0 ZHrT- UNDEFINED. 55 2.8.30

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

MR NI RS E R - g MRS FRED, &2 pheNewGrid HiGIE N ; filename J& X445
WUER distr 4 TRUE, JUZERIRE NG 32RO AT 30 20 T4 1 S o0 A BT AT ERE b 2 (W 2R AN
HZZHIFUIER, @ TRUE).

HH PHG SCHRFI RS SO XA . ALBERTA KU1 Medit #%2X.

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

Fe T R O ALBERTA (1 RO SRS o A SR AT AR G035 24> 7 WS, ek 25 H i X
B s 0 5T Pk

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

2 HT RS H A MEDIT (http://www.ann. jussieu.fr/"frey/logiciels/medit.html) #z{,
IR TR 05 2 A T RO, iR B H A A 2R 0 5 T AR .

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

A% L VIK vtkUnstructuredGrid HIEU 245 @ S0, DUEHIEIE T VIK T #iie
AU ParaView ( http://www.paraview.org/)~ MayaVi ( http://mayavi.sourceforge.net/) ¢4k
B, SCPEAR AN ZHEH] legacy VTK fileo MIEESHIRE 24 H A0 A tH BN S, LL NULL 4530, AL
DOF_PO (4} %) B H HHBEXN BAER cell data i, HE 2R B B R WAER point data 4
e SR B BRI ) BasFuncs BRECK TSRS TRUAR (1R . W RS H0h 25 K SO 44
ANEYTE, SR BRI LY JES veko pREOR I SO (O T RELLR) SO . e H
BN S Fir 112828 2 DOF_ANALYTIC F H H X % .

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

B W% L IBM Data Explorer ) native file format #4200 H 248 2 CAF, LMEH OpenDX 25544
(http://www.opendx.org/) MAT W ALALALEE . Wk S E R & E 5 IV B HHBEX, BL NULL 453


http://www.ann.jussieu.fr/~frey/logiciels/medit.html
http://www.paraview.org/
http://mayavi.sourceforge.net/
http://www.opendx.org/
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RBHRL B EY R, GRBES AN LY B4 . dx. BRECR B SO On T8 R LUR)
I SCAE 44 o 1% PR H RIS SZRFS 288 04 DOF_ANALYTIC [ H H X%,

A.13 BHEEH®E

SpecialDofType (type)
FF W —A H B 2R A2 TRk 257 (DOF_CONSTANT 5Y, DOF_ANALYTIC) )% .
DofTypeDim (type)
SREE BRI 4E % . vype N H I AN A .
DofTypeName (type)
SR R 4R type M HIEERAN % .
DofTypeOrder (type)
SR E HERA Z A 4. type A H RN S .
DofNoData

HF DOF ) userfunc {51, Rt 5 XTSI AS B S 22 oh X .

DofNoAction

M7 DOF ] userfunc i, KAt B AR IEAT BANIRAE . f0{E 5402

DofInterpolation

M7 DOF ] userfunc B, &R 4L LI B3 B 0 St AT i
DofDim(dof)

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

R [P AS I RS R A ML, dof D H BN S M B H B KRS 7 e S bR AR T

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

R AU YT 45 0 TR E E B A 4 ke, dof 4 I HHEEXTS, index T A A HLS 5 o
DofEdgeData(dof, index)

IR RIS Y T-25 58 A B i R i ah ik, dof D B HHEEXTS, index NI MIA SN .
DofFaceData(dof, index)

TR BDKE R T4 7 TR R 2 iR AL a Mk, dof S H EHFEXY S, index A IHIMA L4 5 o

DofElementData(dof, index)

IR [BIRE R T4 58 BT B R R A bE, dof S H HEEXT S, index A HLICIASHISN 5 o
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DofGetVertexDataCount (dof)

AR [B]5 RA% R BT T o R
DofGetEdgeDataCount (dof)

IR [B R T T A R A
DofGetFaceDataCount (dof)

AR (5] A% R BT A T e RO AR
DofGetElementDataCount (dof)

R [HyRA RTA FRIT (1) A R R
DofGetDataCount (dof)

A EINR R N S REEPE R € pf SS N
DofGetVertexDataCountGlobal (dof)

AR B ey WS o BT A T B e R B
DofGetEdgeDataCountGlobal (dof)

AR (B 4 Jay W R BT A e RE AR A
DofGetFaceDataCountGlobal (dof)

AR (5] 4 Jrg PR TR BT AT T S S L
DofGetElementDataCountGlobal (dof)

R [E 4R A T BT T (1) B R
DofGetDataCountGlobal (dof)

IR [B] 4 SR PR R R R R R

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

BB BB G g NPT S type b H HHFESRAY (DOF_TYPE); dim A I HH X SR 4E 5K
(BAMLE dim NMEHE); name N HHEXN G A userfunc F5E 514 H BT SAH B H F 8
4 (BH2KA4 DOF_USER_FUNC), I T-451% H HEEN RIR(E, userfunc ] LHURFZA{E DofNoAction
8¢ DofInterpolation, HI & KA H HEEX ST H AR #1525 27 24 0 4 Ak BRHA I
AT B B4 E .
void phgDofFree(DOF **dof)

BB H HEXT 4
void phgDofSetFunction(DOF *u, DOF_USER_FUNC func)

BOE L N GAHRIR T B8 Z R ek T 14512 A B SR .
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void phgDofSetLambdaFunction(DOF *u, DOF_USER_FUNC_LAMBDA func)

BEE 5 d1 R GANORIBRIN 2 T B O ARAR IR T B E i BRI 1451 B H R S e
BTYPE phgDofSetDirichletBoundaryMask(DOF *u, BTYPE mask)
BT u->DB_mask [F{H, MR [FIMEN u->DB_mask J5Uf [FIfE.

void phgDofDump(DOF *dof)

FTEN A BN RN 2 TH TP
void phgDofSetDataByValue(DOF *dof, FLOAT value)

e A 1 BN R B VIR A 1R E(E value.
void phgDofSetDataByValues(DOF *dof, const FLOAT array_of_values[])

W X S R VI E b 6 € (H . array_of _values "% DofDim(dof) N, L5 ekA{E
Pan adhe G EPUP AN
void phgDofSetDataByValuesV(DOF *dof, FLOAT vO, ...)

K Bl N S BRI ARt vo MIBH S T A2 S 8 A, AT 8o 1 e 2iisE T
DofDim(dof)

void phgDofSetDataByFunction(DOF *dof, DOF_USER_FUNC userfunc)
FTRTE RO B BN R . 247 DOF_USER_FUNC.
size_t phgDofGetDataCount (DOF *dof)
R [P E H BN GA MBI K E (5% DofGetDataCount YR —Hf).
size_t phgDofGetDataCountGlobal (DOF *dof)
RIAHE € H BB R A R B s A B (5% DofGetDataCountGlobal LJfE—FF),
FLOAT *phgDofEval(DOF *dof, SIMPLEX *e, const FLOAT lambda[], FLOAT *values)

THEE W N RAESRE BT IR E AL B A . dof 4 HHIEXS; e N IT; lambda JyFEEL0AA
bi; values ARG, ARG S A AR, AR RE P % ORAIE G2 b DX AR KN o 3R 1]
e T X bk

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

55 phgDofEval ZALL, fHTIEE H RN G HIHE BEAE 4 3 s - gradbas J&— /M4, 75 H
FRALE R TTR T SE R B BRI, W gradbas N7 RN phgDofEvalGradient WAl H ‘e ifiy
FAT VA R R BRI B S . gradbas 515 | N TN T J7 (8 3k O — S8 T0 A 110 358 bR 200bh P A VT 5

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

Y phgDofEval KM, (HIFE H H XN R IEUEAES E RN{E. 3 gradbas N A STEH] S R
5 phgDofEvalGradient q“;ﬁéé‘*iio
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FLOAT *phgDofEvalCurl(DOF *dof, SIMPLEX *e, const FLOAT lambdal],
const FLOAT *gradbas, FLOAT *values)

5 phgDofEval AL, ARV E BN AU Curl 745 5E R 3L gradbas NNAESTEH S
PR %L phgDofEvalGradient 1584 —FE.

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

BN HEEXNS, B%T src WELE . name 25 HUHT B HEX 24 FR . newtype 25 HHT H
HHEERT RIS, ZZH I, NULL W R8T H X R R4S T sre->type->grad_type.

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

B —ANE A HBEXNTSR, BT sre B . name 45 HUHT H X S A FR. & DofDim(src)
W 3 (5 EL. newtype 43 HUHT I BEXT R ISRAL, %S RECA NULL W78 A H IR S I
HKIET src->type->grad_typeo

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

BN H XS, 45T sre 1Y Curle name 25 HUHT H ST R 4 FR . 172 DofDim(src)
WA 3 A5 2L, newtype 45 HUHT H HHEXT SR, 1223000 R ICA NULL R8T 5 EEXS 411

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

S A BEN S ZRBCH AR A B ESRA, B, U ER AN = Lagrange Jo
(1 E B EER R IEIR S — DN 2RA ) —F Lagrange Jol) H HHEEX % o newtype 45 HUHT B HHAEEX S 1136
B, ZZEA R ECh NULL R B XN R IR ST sre->types

DofIsOwner (u, index)

R K A iR AN T RS BT A

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

P C:= a op(h) op(B) + BC (FH4T BLAS H1[¥) GEMM %, i op RN ERAKE).

Y cptr AT NULL I, THEER ¢ RAFLE *cptr 1, JFH ¢ HZRALE «cptr BISEIAHIA],

24 Cptr %5 NULL I, TFSHE5R ¢ 2 AR 288400 B->type I DOF X% (ML EEK B
HAEEFRE)

ZPRECEL K DofDim(B) = N x K A DofDim(C) = M x N. transa il transb 1] A% 7L MAT_OP_N
(ANEEE) NI MAT_OP_T (% &), Mol R IFEFEYER SO R R R AL g5tk

! blka < 0 M7 A NilRE, B ZE5K DofDim(A) = M x Ko

1 blka > 0 B, F£IR A D HRAREE, X APCK/NR blka x blka. BEETEK M=K, blka
L% M, JFH DofDim(A) = M x blka. —FH TS DLE blka = 1, BEI) A RoR— M x M X FA%E
K, DofDim(A) =M, A "R Z3FE X REFE R0 £ 05

A BN NULL, 7R A N EAATFE, BRIk M =Ko 2 o= 0 I B W/ LAY NULL. 24 3 =0 I} ¢ 7f
DA NULL, BRI, pRECKRIR AN H XS, HRME B (2RI, 4500 v x N,

T ZHREUR TS T B phgDof AXPY A1 phgDof AXPBY [{IThE.
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F A.1 phgDofMM HEYEEFGHEHRIZE X R

transa HU{f | transb HUH R MRS SR s A
MAT OP_N MAT OP_N Cvy = o Ak Bxy + (3 Cun
MAT_OP_T MAT_OP.N | Cuy = o Ay Bky + 0 Cuy
MAT_OP_N MAT OP.T | Cuy = o Awg Byg + 3Cmy
MAT_OP_T MAT_OP_.T | Cuy = o Ay Bix + B Cuy

DOF *phgDofAXPY(FLOAT a, DOF *x, DOF **y)
WHy = a*x+yoa==0MYTTEM a =1 WENTAHEMEM, a == -1 HENHT
H AR
DOF *phgDofAXPBY(FLOAT a, DOF *x, FLOAT b, DOF **y)
W y :=a*x+b*yoa==058b==0KMHYTHHEIRLEEH.
DOF *phgDofAFXPBY (FLOAT a, void (*f)

(FLOAT *in, FLOAT *out), DOF *x, FLOAT b, DOF **y) {145 y := a * £(x) + b * y. K%}
£ HIANSEL in 4 x KA, HAEECE T < 4EEG Sith 24 out O y sRERM, HL4EECSE T v 14k
e

DOF *phgDofAFXPBY1(FLOAT a, FLOAT (xf)

(FLOAT xvalue), DOF *x, FLOAT b, DOF **y) 114y := a * £(x) + b * y. 5 phgDof AFXPBY
IDAE T IX B R KL £ bR s AL, B A IE x IR B e e AR < A1y BATAIR
DOF #*phgDofMatVec (FLOAT alpha, DOF *A, DOF *x, FLOAT beta, DOF **y_ptr)

P4 y := alpha*A*x + betaxy, 24T BLAS 7L/ DGEMV. 4 A == NULL 378 A Jy#fy
M, 4 DofDim(A) == 1 WK™ A NbrE LA, 24 DofDim(A) == DofDim(x) HfZR/R A XA
FE, 114 DofDim(A) == DofDim(x)2 WFE R A MW,

FLOAT phgDofNormL2Vec (DOF *x)

A H XS R 2 Juk, BT B T T f T .
FLOAT phgDofNormL1Vec (DOF *x)

THRE X R a1 JEH, RUITAT B R B ZERHE 2
FLOAT phgDofNormInftyVec(DOF *x)

THAH B EEX S R BI5GB B b B 1 s R4
FLOAT phgDofNormL1(DOF *u)

THEL B RO TR I AT IR TG R B LY A
FLOAT phgDofNormL2(DOF *u)

THEL B RO G TR I AT IR TG RR B L2 A
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FLOAT phgDofNormH1 (DOF *u)
T A BB R PO R AT BROCRR ) B BE (BUY).
INT phgDofMapE2D(DOF *dof, SIMPLEX *e, int index)
IR[A] dof FEHTC e LHATCAGN SN index A H HISEAE Al X S P IS 5
BTYPE phgDofGetBoundaryType (DOF *u, INT index)
ARIA AR RIS, index 42 H AR B A S 5 .
BTYPE phgDofGetElementBoundaryType(DOF *u, SIMPLEX *e, int index)
SR AR I SR, index o FH HI AL IR SR IC A 4 5
FLOAT *phgDofGetElementCoordinates(DOF *u, SIMPLEX *e, int index)
SR AL B AR B, index s H I EEAS IR SR IC A S 5 o

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)

T 282 A H R, 4% Lagrange JG DG J0%%, Wl HBGE RS, w0 Xt |
M) InitFunc, F 4.1.3.

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

PR DO A 280 40 R PR R R K5, T 8 R BESR AP ) InterpC2F Jlit, S 4.1.1,

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

P APk SRS RO R 2, T B B R P Interprac Y, 25 4.1.2

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

X HHEXNS u fERIT e N bas_index ANREAERREL, 40 SHAH AT B 1)L Fbr & h A,
P u->DB_mask "IN, WA MAEATAEE, MRECGR[PIME Y FALSE (LI % 2] mat F1 rhs). 7
W, KR func 25 Y AOILAE S AT BGA S5 R R B AT i I, i85 mat A rhs IR [9145 HIRE
PRHGR [P Y TRUE.

NI ¢ X8 bas_index, n K/RHLICHEREKI ML (n = u->type->nbas), ¢; KR j MIEK
o wy RN EBE, 0< ) <n.

X} Dirichlet 11 54441 Ab BER ) L EAH (L L2 B8 .

HHAE{E K u->type->points !'= NULL, BLINBEEEOE H BHEE(E 2 REUE, LA TR

u; = func(x)

oo o O A BB AR bR .
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WA u->type->points == NULL, WL S 7l L2 $ogmis, W

n—1

Z(/ goj-cpidV)uj/func'goidV
\4 14

=0

Hoph v £oR B HBEFTEM TS (WS BB & G A B (M E B Bt (o0 A HE).
M u->dim > 1B, BT w->din A, HTITH RN REOE —FEK, B mat KA
JURAN n AN ZREL, b R PRI 75 20 28 R AT R o vhs TR [F] u->dim A7 56
S8 proj fa B A SAF B I, B A f8HCA DOF_PROJ_NONE (A#%5%) 1 DOF_PROJ_CROSS,
HrpjE#E A BEHTE u->type->din % 3 == 0 FIfE L, H T4 Maxwell FTFEIA 55 uxn = g xno
NEIGHBOUR_DATA *phgGetNeighbourData(DOF *dof)

VI Ja B o 1% R BB L AL A B AR b i B e, JER SR Al e — N
/3 NEIGHBOUR_DATA &5 o BRER IME A iZ 450 (I FR 4T o

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

TR [FIFE 20 e A R B o A SR AR fa, WHRET B ) B BN S 1A AL, AR
FeEHE 1A na TRAEAEAR EEEE A NAT B . neighbour F5EMBNARSE (H4W ), type 5 5E H HJEALE
(TiRis 3 TEIC H HEE), index Fif € AU THERICHI SR S (B AL TR AR & H e 4 5 T,
Y type 4 ELEMENT It}, index H fL¥FH 0).

void phgReleaseNeighbourData(NEIGHBOUR_DATA **nd_ptr)

R B DR A 48 s Kt (R K 454 o

A.14 HERS
KA PHG BUEAR I P BB A e, e TR 5 ZE R 72
QUAD *phgQuadGetQuadiD(int order)
RPIFF SR ERGE (AR 14k (LB L) KRIA
QUAD *phgQuadGetQuad2D(int order)
RPIFFE R ERGE (2 =4k (ZMmmd) KA.
QUAD *phgQuadGetQuad3D(int order)
RPIFFG R ERGE (2 =4 (W) sSKREA .

FLOAT *phgQuadGetFuncValues(GRID *g, SIMPLEX *e, int dim, DOF_USER_FUNC userfunc,
QUAD *quad)
R —ANER AP X b, ForP 5 B3 userfunc ZEFS> T quad IFTA R S AL HIE, dim J&
AL AR —
ZRRECKH T — MR L) cache HLH, >4 e AT A — AN bR E R —AN e b [R]— N4 1 IR
43 A AT LB S V. W H 2R : phgQuadFuncDotBas.
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FLOAT *phgQuadGetDofValues(SIMPLEX *e, DOF *u, QUAD *quad)

RE ARSI bk, S B NS o TR T quad IIPTA RS SALHIE .

ZREN E cache HLHI, M REAEHE—AS B S GAE A oo AR 7 R AL
ELI AT A3 6 2 V15 (10158 8L phgQuadDotDotBas). Y34k, i u->type->invariant A TRUE &ik
LU BRI u IR (3 F B 1HE). NGBS FE phgQuadDofDotBas.
FLOAT *phgQuadGetBasisValues(SIMPLEX *e, DOF *u, int n, QUAD *quad)

Rl —ANFRS X ik, b B iR u->type AT n NMERETER T quad MITH
B0y AL AR

ZBREN A cache LA, 2 EAEME—A A d1 LI AL A 3 pR HAE [ AN ST rp ] AR 1
(IR 53 s MBI T DLE G 52 U 5 (Wﬂﬁﬂgli& phgQuadDofDotBas). T 4 u->type->invariant A
TRUE ‘&30 ] DU S S5 u IEER B (26 3B 1) NT/R#IZE phgQuadBasABas.
FLOAT *phgQuadGetBasisGradient (SIMPLEX *e, DOF *u, int n, QUAD *quad)

Rl ANFRAS X bR, A B AR u->type MUEH n ANSER SR AR T quad
HIPTA B0 AL 1R

Tife M %5 phgQuadGetBasisValues Ffbl. N H 7"l 5% phgQuadGradBasAGradBas.

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

IR Al —NER LR P X HodE, oS B B u->type MUZE n MNIEREUY curl ZEFB T quad
T L B A E

e M FHi2 Y phgQuadGetBasisValues J3MBl. W H 7”127 phgQuadCurlBasACurlBas.
FLOAT phgQuadDofDotDof (SIMPLEX *e, DOF *u, DOF *v, int order)

IHBEHENS w5 v 3R (W) BIERTT e LRI, order F7ERAXMNEL e/ T
0 555 QUAD_DEFAULT I, 7 HH pREN H ik 6 0k B2 1R AR A X

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

WHHIT e FHBBEXNS u U5 o NRTHERES BHENS v 15 o NRFER A
TG e EMIFY . order 8011 X [F] phgQuadDofDotDof. [ HIEEXf%: v ANfE A DOF_CONSTANT #l
DOF_ANALYTIC 57,

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

T BREL userfunc 5 H HAEA SR u B n NMERET (W) BREFIC e LS. order &
1% X IF] phgQuadDofDotDof

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

WHEBEBENS w5 B HENS v 18RI R BRI N RERTT e BRI n Al m 4351
S u A v RIS A4S o order ZEHI% X phgQuadDofDotDof. H HEXS u Al v Afig
A DOF_CONSTANT F1 DOF_ANALYTIC 257,
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FLOAT phgQuadCurlBasDotCurlBas (SIMPLEX *e, DOF *u, int n, DOF *v,
int m, int order)

WHEBENS o 5HBENS v BRI R EN curl IINFIERIT e LA n Al m 4351
ot u Ml v REAE R 'S o order Z4U1¥) 7% X [F] phgQuadDofDotDof. HHIEXI 4 u il v AfiE
A DOF_CONSTANT #1 DOF_ANALYTIC 257,

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

TR EHENS w5 HHENR v KRR BT e BINR . n g5 v IR 2
5o VR HURAE res 7€ MR M X IR PIZEph X Mtk (34 u Ay ) 5 R AU 11 54 L2 [ 2 {H) » order
S0 IR phgQuadDofDotDof. [ HIER S v ANfE AN DOF_CONSTANT Al DOF_ANALYTIC 87,

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

TN R o SN v 5 0 DN RBIER BN BTERTC ¢ LRI, BEK v 3R
R KRR AL, X /&5 phgQuadDofTimesBas AN[F]Z Abs
FLOAT phgQuadDofDotGradBas(SIMPLEX *e,DOF *u,DOF *v, int m, int order)

WA w BREE S HHE v 1958 m MR BB I A RRAE ST o LIRSS
DOF #*phgQuadFaceJump(DOF *u, DOF_PROJ proj, const char *name, int order)

RIS AHEN S u 1 () Bk, WE T ERREEM T BRI A8 B R
S, A —AME, MR w E T ERBEE R L2 BURT T . S8 proj FRE WX uw BEATH
%: DOF_PROJ_NONE /5N FY . DOF_PROJ_DOT K15 5 [HI S22 ) 5 0E 4T A AL, DOF_PROJ_CROSS
IR AL R EHATAMR (Xe). order AR A B L.
DOF *phgQuadFaceJumpN(DOF #*u, DOF_PROJ proj, const char *name, int order, DOF *g)

AR E A XS u 1 (IHH)) BEiE, ThagdALl phgQuadFaceJump, X IFE T /5 & SLiH SN
ks, ANTFEIL S . phgQuadFaceJumpN V5 Neumann i 5Bk, HHEXN % g WA u 7E
Neumann U A HANEI 5. KIS HEEY phgQuadFaceJump A .

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

VEfREm EEHBE vy v FERBUS IS . proj $85E u LEIAMNE R _ERIHE 73, AT
DOF_PROJ_NONE. DOF_PR0OJ_DOT B{ DOF_PROJ_CR0OSS. order & EM N E.

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

WHEEm EAME v 5 v SRR . proj f8E u M5 )70, THL DOF_PROJ_NONE.
DOF_PROJ_DOT 5, DOF_PROJ_CROSS. order fi§ BRI /M k& .

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

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

T A HE u 28 o DMIEREUGBE LR LR BOERE A SR AL v IS m DN IERR BB E 1 R
Tt e LIRS 4 A A NULL RKonHON AT RS, JEENiZ R 2% R T phgQuadGradBasDotGradBas. A
HAETFREL I, DofDim(A) WA T 1 (RO E A LLHAAIFE) 5L DofDim(u) * Dim (F7%f fIFE) B
DofDim(u) * Dim [F°F-J7 CGRIRTHKE) , J5 PRI 0 i A IR ko
FLOAT phgQuadBasABas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v, int m, int order)

TR E w5 0 MERECR R BIERE A RO E HE v 5 0 MEREAERITT e LR 24 A
) NULL 7R3 BT A B, i 12 pR 25055 7] T~ 2K 4 phgQuadBasDotBas. A AR R, DofDim(A)
WAEET 1 (RN R LLIRALE) 5L DofDim(u) (RRAT M) 8L DofDim(w) M7 GRZARIEFE), &
PR 250 3 AT T I
FLOAT phgQuadCurlBasACurlBas(SIMPLEX *e, DOF *u, int n, DOF *A, DOF *v,int m,

int order)

THE BB u 5 o NMERETER SHE A BRI B AL v 955 m DN ER N TE LR IT e
ARG X A L e S AE R ) [ PR 2L phgQuadGradBasAGradBas.

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

A A HE u B SR A FIRBS A v (58 m DIERBREE N FRAE 0 o LAY
I o R A L 5E S 4B B 4 [F] p8 %% phgQuadBasABas, X HL 325K DofDim(u) 45T DofDim(v) * Dim.

A.15  Zl4fRikes
H AT etk mivkas i 0 2P R, HRPE 75 B SRR o . .

INT phgSolverMapD2L(SOLVER *solver, int dof_no, int index)
R[H] solver % dof_no /N H MR IE index AN H HIEAELNE R G 1m0 A th g

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

iR[A] solver H15f dof_no 4 H MM BAEHIC e LINEE index /> H HIEAELAME RS MRS A
HISE 5 o

int phgSolverInitialize(int *argc, char ***argv)
(W)
int phgSolverFinalize(void)
(PR D)
SOLVER #*phgSolverCreate (OEM_SOLVER *oem_solver, DOF *u, ...)

BV AEAT S o oem_solver ¥57E fifi):#s, W SOLVER_PETSC. SOLVER_SPC. SOLVER_SUPERLU.
SOLVER_HYPRE. SOLVER_LASPACK. SOLVER_PCG. SOLVER_GMRES. SOLVER_AMS B, SOLVER_DEFAULT, 1] 4§
ZH (N u JTIR) A RAN B2, DL NULL 45 0. 3R B0 ik de st % 184t .



76 % A PHG % &. B 5%

int phgSolverDestroy(SOLVER **solver)
TSR AR B, B GE K DR
int phgSolverAddMatrixEntry (SOLVER *solver, INT row, INT col, FLOAT value)
¥ value H 2B T FEAH REFERE Alrow] [col]l b, HH row Hl col Nl H T

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

B value 1 2INBIZM TR ZEERE Alrow] [coll b, P row Fl col A4 Rl &4 5 .

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

¥ values "] nrows x ncols /N REMH R INBI LM T FEAH RETEFE T, rows Fl cols H4l 7l
gt R BOE FE AT FAN I R E Y .

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

4 values "1 nrows x ncols PRI B IMBILNE HFRA REFEFET, rows Fl cols F4l 59
oh R BUE FE AT A 6 42 ) i) S 4w

int phgSolverAddRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value {H R INBNLME T FEAEE index M LGN, index A JR)l H B 9n 5 o
int phgSolverAddGlobalRHSEntry (SOLVER *solver, INT index, FLOAT value)
¥ value 5 ZINFILAE T FE4L5E index NATHEIN, index M4 Jm i Hi S .

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

45 values f1if) n AMIETSUINEIAPE /yRALASHIT, AL indices 4 UNECEEATSIN I 1 24
5.

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

¥ values T n AME R INBN LT A A 5 0, 204 indices 4 HIIXLEA I U1 42 5] 1) 5 G
—% o
int phgSolverAssemble (SOLVER *solver)

MAELeM RS, H T 5E BT 4 phgSolverAddMatrixEntry. phgSolverAddMatrixEntries.
phgSolverAddRHSEntry Fl phgSolverAddRHSEntries PRI F J5, AT LATE SR AA T 4 FH 1% B 20k 58 1k
AV R R A S Tk DR phgSolverSolve 2 AN e R R RS
413%.
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int phgSolverDumpCSR(SOLVER *solver, const char *matrix_fn,
const char *rhs_fn)

R ek R G 1 AR BN B B A i ITUZA T s A A% 5 (CSR) it 23R 2 30 o matrix_fn 47
ARG R SO 44, matrix_fn 45 ORIV Y SCAF A% o matrix_fn B0 matrix_fn W LURZIRE
BN AR AR SCIE o 2% pR 8 AT AN SCRE A SN PR S
MAT #*phgSolverGetMat (SOLVER *solver)

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

QAL mat o RPGEE IS, IFK mat (05 HVHEOM 1.
int phgSolverVecSolve (SOLVER *solver, BOOLEAN destroy, VEC *x)

SRR T REAL, x IR REA R . 12 e 20 B e — e pg g phgSolverSolve 2 .
int phgSolverSolve (SOLVER *solver, BOOLEAN destroy, DOF *u, ...)

SRIGENETTRELL. WA ZH (A uw TTIR) g tHoRANE SR, DL ULl 2530, TR S 115G,
IR IS LM RS TERORFIE SR P AN EORZE ALY phgSolverCreate HfH—H. Ik
destroy == TRUE fJiff, WISKAR5E R V7 BV SR B P RLAT S 00 IR I A7 o 12 bR H0R 1] B 25354
A (RIPIE < 0 FomsRIGH AR ERIR) .

void phgSolverSetMaxIt(SOLVER *solver, INT user_maxit)

BEEAR E ML S BRI B OIEARE . 77 P12 B8 BN iy 4 A7 1 B ) e I AR IR EICRS R A

void phgSolverSetTol (SOLVER *solver, FLOAT user_tol)

BEEARE ML S BUNEACE LI 7 P12 B BN T iy A7 0 B RIS AR S I IR (DR 2R

void phgSolverSetPC(SOLVER *solver, SOLVER *pc_solver, PC_PROC pc_func)

BB MR AR AT S solver TS T o F 7 AT LU L 1Z 8 £0R%r PC_PROC pc_func SEHLE A%
ZAF o 24 pe_func A NULL I}, BRI F phgSolverVecSolve (pc_solver, FALSE, *u) SKfiff Mu = b,

I w kbl Hrp M OAEFER pe_solver & Y.
T RO E TR T H TN PCGY GMRES UL PETSc VA28 %, PCG #1 GMRES

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

] Jacobi Jiik, KME Ax=b, K& RORAFAE x FR K VEC X5 GZA Bl BEAE I AT 1% bR 202 1
Gk phgMapCreateVec G o BREOR [PME A SEPRIEAIREL . max_its R ANEARILEL, reol £R
IAREE 1 R
void phgSolverHypreAMSSetPoisson(SOLVER *solver, DOF *alpha, DOF *beta)

(% HYPRE 2.0.0 B{PA LRRA RS 52 X HYPRE AMS igtE AR A, R Ag JEBE.

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

[i] phgSolverHypreAMSSetPoisson, HT o Ml g ¥ A HEETE
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A.16 $FEERSTEREITE

A.16.1 FE

EIGEN_SMALLEST o TF5/NMA n ANMFIE(ERIRE ) &
EIGEN_LARGEST o 18K n AR FIREE [7) 5
EIGEN_CLOSEST o IR tau 1) n ANFRFAEEFRRE 0] &
A.16.2 SEMFEERESS

phgEigenSolverARPACK > PARPACK HFE{EfRE Y
phgEigenSolverJDBSYM > JDBSYM 4 HE{H il 4%
phgEigenSolverBLOPEX > BLOPEX (LOBPCG) FRE{EARLSS
phgEigenSolverSLEPc > SLEPC FFE{EMRESS
phgEigenSolverTrilinos > Trilinos/Anasazi $f{iE{HfAELRS

A.16.3 EOERH

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

TR SCRFEE R Az = ABx 1) n AMFFE(E /FRHEIA] & which W] LAY EIGEN_SMALLEST (fg/)>
FSAEA) « EIGEN_LARGEST (Bt KHFMEA) ! EIGEN_CLOSEST (FFEiL tau MURFAE(H). nit R MIEACIK
5, WSS w, ... 41 DOF X RIEAL, B AN B DOF W R A S A i B
(1) DOF X % —5, FAEAIEE n 4> DOF X5, IR A4 2 FREAE ) 5

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

TR SRR 0 8 Ax = ABx 1 n ANRFAEELFVRFAE ) 5o Rk ) il T *evecs 1R[] (Wit
AW] *xevecs == NULL, WK HahAIE— N MENS). HARZSEE phgMatEigenSolve H XY
INE-ZA G EIEI

A17 JLMEMHESER

void phgGeomInit(GRID *g)
s A LT Bt (PRI ) -

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

FLOAT phgGeomGetDiameter (GRID *g, SIMPLEX *e)
Y EIE R IHIDNER S

FLOAT *phgGeomGetJacobian(GRID *g, SIMPLEX *e)

IR [P]4E 5 LG O AL BRI Jacobians
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FLOAT phgGeomGetFaceArea(GRID *g, SIMPLEX *e, int face)
IR [P E A, face MR ICA S 5 .
FLOAT phgGeomGetFaceDiameter (GRID *g, SIMPLEX *e, int face)
RIIEEHER, face AHIFIHRITHG T
FLOAT *phgGeomGetFaceNormal (GRID *g, SIMPLEX *e, int face)
R P55 [ ALV &, face AIHIIIERICA T .
FLOAT *phgGeomGetFaceOutNormal (GRID *g, SIMPLEX *e, int face)
IR W E T BT ANE R &, face DA IHIFKI SR TT N 4 5
const FLOAT *phgGeomXYZ2Lambda(GRID *g, SIMPLEX *e, FLOAT x, FLOAT y, FLOAT z)
IR P12 R IRARAR (2,9, 2) FEHTT e TR ARRR.

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

RIEIHTE e FPHEE HOABR I R R AR .
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Asin, 50
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phgBalanceGrid, 63, 64
BDRY_USER1, 4, 16, 17, 50, 50
BDRY_USER2, 4, 16, 17, 50, 50
BOOLEAN, 49, 58
BTYPE, 50, 50

BYTE, 49, 49
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phgCalloc, 57

CHAR, 49, 49
char*phgExportDX, 65
char*phgExportVTK, 65
char*phgOptionsGetFilename, 60
char*phgOptionsGetKeyword, 60
char*phgOptionsGetString, 60
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phgCoarsenMarkedElements, 63
COORD, 50

Cos, 50
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DIAGONAL, 50, 50

Dim, 4, 24, 27-29, 49, 50
DIRICHLET, 4, 5, 16, 17, 50, 50, 65
DOF, 49, 50, 78
DOF_ANALYTIC, 30, 50, 65, 66, 73, 74
DOF_BASIS_FUNC, 27, 50
DOF_BASIS_GRAD, 28, 50
DOF_CONSTANT, 30, 50, 66, 73, 74
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DOF_DEFAULT, 19, 51
DOF_DGO, 51, 51
DOF_DGn, 51
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DOF_HBn, 51
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DOF_HC2, 51

DOF_HCn, 51

DOF_HFEB1, 51
DOF_HFEB2, 51
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DOF_PO, 19, 51, 51, 65
DOF_P1, 49, 51
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DOF_P3, 51
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DOF_PROJ_DOT, 74, 74
DOF_PROJ_NONE, 72, 74, 74
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DOF_USER_FUNC, 26, 50, 67, 68
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phgDof AFXPBY1, 70
phgDofAXPBY, 69, 70
phgDof AXPY, 21, 30, 69, 70
phgDofCopy, 27, 69
phgDofCurl, 69
DofData, 29, 30, 66
DofDim, 27, 28, 66, 68-70, 75
phgDofDirichletBC, 71
phgDofDivergence, 21, 69
phgDofDump, 68
DofEdgeData, 29, 66
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DofElementData, 21, 29, 49, 66
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phgDofEvalCurl, 69
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DofFaceData, 21, 29, 66
phgDofFree, 67
phgDofGetBoundaryType, 29, 71
DofGetDataCount, 67, 68
phgDofGetDataCount, 68
DofGetDataCountGlobal, 67, 68
phgDofGetDataCountGlobal, 68
DofGetEdgeDataCount, 67
DofGetEdgeDataCountGlobal, 67
phgDofGetElementBoundaryType, 20, 29, 71
phgDofGetElementCoordinates, 71
DofGetElementDataCount, 67
DofGetElementDataCountGlobal, 67
DofGetFaceDataCount, 67
DofGetFaceDataCountGlobal, 67
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DofGetVertexDataCountGlobal, 67
phgDofGradient, 19, 69
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phgDofInterpC2FGeneric, 25, 27, 71
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phgDofMapE2D, 71
phgDofMatVec, 70
phgDofMV, ix, 69, 70
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DofNoAction, 19, 66, 67
DofNoData, 66

phgDofNormH1, 71
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phgDofNormL1, 70
phgDofNormL1Vec, 70
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phgDofSetFunction, 30, 67
phgDofSetLambdaFunction, 30, 68
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DofTypeDim, 66
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DofTypeOrder, 66
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EDGE, 26, 50, 50
EDGE_FLAG, 60
EIGEN_CLOSEST, 47, 78, 78
EIGEN_LARGEST, 47, 78, 78
EIGEN_SMALLEST, 47, 78, 78
phgEigenSolve, 47, 78
phgEigenSolverARPACK, 78
phgEigenSolverBLOPEX, 78
phgEigenSolverJDBSYM, 78
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phgEigenSolverTrilinos, 78
ELEM_FLAG, 60
ELEMENT, 26, 50, 50, 72
phgError, 57

Exp, 50
phgExportALBERT, 65
phgExportMedit, 65
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Fabs, 49

FACE, 26, 50, 50

FACE_FLAG, 60
FALSE, 49, 49, 53, 58, 71
phgFinalize, 56

FLOAT, 17, 18, 49, 49, 50, 58
FLOAT*phgGeomXYZ2Lambda, 79
ForAllElements, 20, 64
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GEOM_FLAG, 60
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phgGetTime, 57
GlobalEdge, 5, 64
GlobalElement, 5, 64
GlobalFace, 5, 64
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GRID, 5, 6, 49, 50

GTYPE, 50
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phgImport, 15-17, 65, 65
phgImportSetBdryMapFunc, 16, 65
phgImportSetDefaultBdryType, 17, 65
phgInfo, 56
phglnit, 37, 38, 49, 56, 59

INT, 17, 49, 49, 58
INTERIOR, 4, 5, 50, 50
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phgJacobiSolver, 77

L
Log, 17, 49
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MAP, 41, 42, 52
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phgMapCreateMat, 53
phgMapCreateMatrixFreeMat, 52
phgMapCreateSimpleMap, 52
phgMapCreateVec, 54, 77
phgMapD2L, 42, 52
phgMapDestroy, 42, 52
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phgMapDofToLocalData, 43, 53
phgMapE2L, 41, 52
phgMapL2G, 42, 52
phgMapL2V, 42, 52
phgMapLocalDataToDof, 43, 53
phgMapVecToDofArrays, 43, 53, 53
phgMarkCoarsen, 63
phgMarkElements, 61, 63
phgMarkRefine, 63

MAT, 44, 52

MAT_OP, 55, 55
MAT_OP_D, 44, 45, 55, 55
MAT_OP_N, 44, 45, 55, 55, 69
MAT_OP_T, 44, 45, 55, 55, 69
phgMat2Solver, 54
phgMatAddEntries, 44, 53
phgMatAddEntry, 44, 53
phgMatAddGLEntries, 54
phgMatAddGLEntry, 53
phgMatAddGlobalEntries, 53
phgMatAddGlobalEntry, 44, 53
phgMatAddLGEntries, 54
phgMatAddLGEntry, 53
phgMatAssemble, 44, 54
phgMatAXPBY, 45, 55
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phgMatDestroy, 54
phgMatDisassemble, 44, 54
phgMatEigenSolve, 78, 78
phgMatRemoveBoundaryEntries, 47, 54
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85



86

phgMemoryPeakReset, 58
phgMemoryPeakRestore, 58
phgMemoryUsage, 57
MIXED, 50, 50
MV_FUNC, 44, 52

N

NEdge, 4, 23, 49
NEIGHBOUR_DATA, 72, 72
phgNeighbourData, 72
NEUMANN, 4, 16, 17, 49, 50, 50, 65
phgNewGrid, 60, 65
NFace, 4, 23, 49

phgNProcs, 49
NVert, 4, 23, 49, 49

O

OEM_SOLVER, 50, 56
OPPOSITE, 50, 50
phgOptionsGetFloat, 60
phgOptionsGetInt, 38, 60
phgOptionsGetNoArg, 38, 60
phgOptionsHelp, 59
phgOptionsPop, 40, 60
phgOptionsPreset, 37, 59
phgOptionsPush, 40, 60, 60
phgOptionsRegisterFilename, 58
phgOptionsRegisterFloat, 58
phgOptionsRegisterHandler, 59
phgOptionsRegisterInt, 58
phgOptionsRegisterKeyword, 58
phgOptionsRegisterNoArg, 58
phgOptionsRegisterString, 58
phgOptionsRegisterTitle, 59
phgOptionsSetFilename, 60
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phgOptionsSetInt, 38, 59
phgOptionsSetKeyword, 60
phgOptionsSetNoArg, 38, 59
phgOptionsSetOptions, 38, 59
phgOptionsSetString, 60
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phgOptionsShowUsed, 59
OWNER, 6, 7, 29, 41, 50, 50

P
phgPartitionGrid, 63
phgPause, 56
PC_PRQC, 56, 77
phgPerfGetMflops, 57
PHG_MPI_BYTE, 49
PHG_MPI_CHAR, 49
PHG_MPI_FLOAT, 17, 49
PHG_MPI_INT, 17, 49
PHG_MPI_SHORT, 49
PHG_MPI_UINT, 49
PHG_MPI_USHORT, 49
Pow, 49
phgPrintf, 17, 56
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QUAD, 32-34, 50
QUAD_1D_P1, 51
QUAD_1D_P10, 51
QUAD_1D_P11, 51, 51
QUAD_1D_P2, 51
QUAD_1D_P3, 51, 51
QUAD_1D_P4, 51
QUAD_1D_P5, 51, 51
QUAD_1D_P6, 51
QUAD_1D_P7, 51, 51
QUAD_1D_P8, 51
QUAD_1D_P9, 51, 51
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QUAD_2D_P10, 51
QUAD_2D_P2, 51
QUAD_2D_P3, 51
QUAD_2D_P4, 51
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QUAD_2D_P7, 51
QUAD_2D_P8, 51
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QUAD_3D_P2, 52
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QUAD_3D_P5, 52
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QUAD_3D_P8, 52
QUAD_3D_P9, 52
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QUAD_DEFAULT, 32, 32, 73
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phgQuadBasDotBas, 73, 75
phgQuadCurlBasACurlBas, 73, 75
phgQuadCurlBasDotCurlBas, 7/
phgQuadDofAGradBas, 75
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phgQuadDofNormP, 7/
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phgRedistributeGrid, 63
phgRefineAllElements, 63
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phgReleaseNeighbourData, 72
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SOLVER_DEFAULT, 19, 56, 75
SOLVER_GMRES, 56, 75
SOLVER_HYPRE, 56, 75
SOLVER_LASPACK, 56, 75
SOLVER_PCG, 56, 75
SOLVER_PETSC, 56, 75
SOLVER_SPC, 56, 75
SOLVER_SUPERLU, 56, 75
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phgSolverDumpCSR, 76
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phgSolverHypreAMSSetConstantPoisson, 77
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phgSolverMapD2L, 75
phgSolverMapE2L, 20, 39, 75
phgSolverMat2Solver, 54, 77
phgSolverNames, 56
phgSolverSetMaxIt, 77
phgSolverSetPC, 77
phgSolverSetTol, 77
phgSolverSolve, 40, 76, 77, 77
phgSolverVecSolve, 77, 77
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phgSurfaceCut, 64

T
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UINT, 49, 49
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UNKNOWN, 50, 50
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USHORT, 49, 49
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phgVecAddEntries, 42, 54
phgVecAddEntry, 42, 54
phgVecAddGlobalEntries, 42, 54
phgVecAddGlobalEntry, 42, 54
phgVecAssemble, 42, 54
phgVecAXPBY, 55, 55
phgVecCopy, 55
phgVecDestroy, 55
phgVecDisassemble, 43, 54
phgVecDotVec, 55
phgVecNorml, 55
phgVecNorm2, 59, 55
phgVecNormInfty, 55
VERT_FLAG, 60
VERTEX, 26, 50, 50

W
phgWarning, 57
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