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© FrecFEM i
@ I I
° Mﬂi®7n73 SN 1
CEBrRELIHMTVwREZA

o F— XA
o [itF| &Y
@ FreeFEM O real 7—X D AH I OHERIEE

o HIRERED 1= DHHE
0 BIRERED 1 S5 ADHK

o T D ER ¥ D = A5 E

o HIREZRZEM
o BN EERL THL

O x5 050 — HRESMOMEEZRS

Q Bx0) C++OR V-1 AT
0 AN cin, FE¥EH ST cout, BEHEL 5 —H )T cerr
o FHOEEE

Q ==



RKHONERE

o FreeFEM OV A ZHT 5, T3 %,

o AMRERMDIAIIOVTIZ, BRADPLHLIMEHT 2 TETH S
P, FTRBUEFEBR TR TA 5,
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7 FreeFEM O X%

7.1 3T DI

FTIC FreeFEM DA Y X F— L FBL iR EH 21T o TH 3,

FreeFEM [3HRERIEIC X o THAHEROFES S 21— a Y ETS DDV 7
P27 THD, FELHRTDHS (Hecht [1]),

AV R=FVE—TH5 (ZDrF MATLAB % Python ¥ LTV 3),

SN, a5 IV 5L LTO FreeFEM 23T 2 (R=2 7 V2 RTH RL
DHBRN — Dk BFIR).

FreeFEM O Z ¢ % TERBEREHHY -V 2 EZZAD VD, MHEPICEREREIC
FER BRI AAENTNEH, TS OBMND T 0 s 3 o 2B RS 157
Wb o T\ (EE ﬁfiﬂﬁiﬁid@% NED T T T AGELIRAIRETH %), IR E AL
I, COkI>RT0r53I 0 VEFETHES Z id FreeFEM TH K2, &%
3,

XHEE CHHIBITW S (B XIS CIBETVS), CLAFISRVAIZ, C++DX +
—LZFE>7=ATI (cout, cin DFIFA) ZHFRTHEL 2 ¥ ([2] DMFRITENTE W),

%% FreeFEM & C++ Ttk & TV 3,

<=2 7L Hect[3] XHEHIEDOMRE A C . SFHEMABILX N T Cld M- Tz
Vo UIFOBBE. BAKK ) — FTh2EEH [2] I0HE5<,

~= a2 7 ALSIOMIIRE LT, AAREIEEROF 2 — ) 70 (85 [4], [5] —

VY ZYNELELE). TF R MK - &0 [6](AFEAER Maruzen eBook “Cu;wbé
B H  #i# htt

7 |6 ~FreeFEM DXk, HIRERS
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7.1 DI FEARZ Poisson TERD a7 5 A

curl -0 https://m-katsurada.sakura.ne.jp/program/fem/poisson.edp TAFTZ 3,

// poisson.edp

// BROER HEAMD, WHYBIEDRE

border Gamma(t=0,2*pi) { x=cos(t); y=sin(t); }

/! ZAVEZRZERER (BER%E 50 1I274E)

mesh Th = buildmesh(Gamma(50));

plot(Th,wait=true); // plot(Th,wait=true,ps="Th.eps");

// ARRERZERIZ P1 (R 1 XZHENA) R

real [int] levels =-0.012:0.001:0.012;

fespace Vh(Th,P1);

Vh u,v;

// Poisson HEER -Au=f DA

func f = x*y;

// TR L

solve Poisson(u,v)

= int2d(Th) (dx (u) *dx (v) +dy (u) *dy (v) ) ~int2d (Th) (f*v)
+on (Gamma,u=0) ;

// "It GEERD

plot(u,wait=true);

//plot(u,viso=levels,fill=true,wait=true);

// AL (3 KIT) --- VAT TH»ES

plot(u,dim=3,viso=levels,fill=true,wait=true);

= WEEOMHEL DT, WHO T U5 IV I SEOEERD 2 Z L1300 DIz W\,
B H  #i% htt i FE B8 AT R 5 7 [6] ~FreeFEM D%, HIRY i
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72N T 7o 3 v KR

721 CEiELRAfltwa s

WHTHZ 2L THEZW,

/] D OATRETIRER, /* & »/ THRINEMGER (352 C SHLAL)
ORI ;
PURIEL (+, -, *, /) . KA (=) 72 C OHET

0 3, 0 LU OBEIIE L AT, —J7, HEGHE - REHEEL CORRIZ 0
(false) £721% 1 (true).

ZHESOXED CSih Atk A%, TRY->LATDOY X %2HFL,
BIEPE A L oszik ® C 538 & Flfk,

Tay 2k { v} CEE (0 ML) OXXERATES,

BT (==, '=, <, <=, >, >=). WEEE T (&&, |1, 1), if, if else R X Ol
TR,

7272 L switch 13720,

@ for, while R DD IR LHlH, break (/L— 7 %%k} %), continue (RD#E D IR
L) =&,
7272 L do while {372\,
o KEB R DA
b H 27255

B H  #i# htt i FHAIEL e 5 7 Bl ~FreeFEM O30%, HIREEZER
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722 57— &xHl

0 BHARRTLDD int 52 (C FFED int ITHHY)
FReRTIDD real HH % (C FFED double IZHHY)
0 BRI EET/DD complex 23D % (C FFED complex IZHHY, FHEL - FEHH
double)
B 21X complex a=1+2i; AHNIX 2 KITRZ FLVEAD (1,2)
0 MMHlERTIZDD bool H3H 3 (C FFED bool IZHY). true, false & F 5 {HA
BB, FhEh 1,0 DHIBEEZTRY,
Bl 21X plot (u,wait=true); ¥ plot(u,wait=1); [T,
0 XFHNERTT2DD string B3 5 (C++FFED string 1Y, HAFERA ? ),
o 2 DD string 51, s2 &, (+ HEFEZHWT) s1+s2 THAETZ %,
o string+HfH £ 32 &, BlEZXTHNEHML THhHERT 5,

real a=1.23, b=4.56;

string s;

g= "g=" 4+ g + " b=" + b + " ":
cout << s << endl;

o string % int \ICZEHET % atoi(), string % real ICEHET % atof () H°
H2 (CEEDER),

#i B htt i FHAIEL e % 7 Bl ~FreeFEM X%, HIRES
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7.2.3 BLHIR 10T

1 20theslid. CEERIC (P L) BlTwa,

Bi%l a O i BRIE, alil] ELT77E8ATESD, a(i) L TT7 2
t 233 DMEE?
4 N
real[int] a1(3); // C T double al[3]; ¥ T 23DIZLTV3S
for (int i=0;i<3;i++)

al(i)=i; // allil=i; £ LTHEWL,

real[int] a2
real[int] a3

[0,1,2]; // C T double a[l1={0,1,2}; 23 2DIIPT2
0:2; // Z#4UIP L MATLAB J&

cout << "al=" << al << endl;
cout << "a2=" << a2 << endl;
cout << "a3=" << a3 << endl;

JBED: a1l OEHREFUT at.n TEON S,

% 7 Bl ~FreeFEM D%, HIRES
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7.2.3 BLHIR 20T

2 JTERHNE D Uil 5, 2 JOTHiH a @ (i,]) BERICT 7L AT 3104 ali,)) L5 3.

e N

W

real[int,int] kuku(9,9);
int i,j;
for (i=0; i<kuku.n; i++) {
for (j=0; j<kuku.m; j++) {
kuku(i,j)=(1+1)*(j+1);
cout << setw(3) << kuku(i,j);
}
cout << endl;
}

cout << kuku << endl;

real[int,int] kuku2=[[1,2,3,4,5,6,7,8,9],
[2,4,6,8,10,12,14,16,18],
[3,6,9,12,15,18,21,24,27],
[4,8,12,16,20,24,28,32,36],
[6,10,15,20,25,30,35,40,45],
[6,12,18,24,30,36,42,48,54],
[7,14,21,28,35,42,49,56,63],
[8,16,24,32,40,48,56,64,72],
[9,18,27,36,45,54,63,72,81]1];

cout << kuku2 << endl;

Y/

bt TR AR 7 [0 ~FreeFEM
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7.2.4 FreeFEM @ real 7 — &2 D A 1O ERFEE

o MIBIFELRVE CHIED %g HYDH TR 5,
@ cout.precision(n); £ 5% &, DUNNIGLLNONEUZ n 272 %,
cout.precision(15);
cout << "pi=" << pi << endl;
o WRIEHT 31213 << setw(HIED ¥ F5 (ZAURMELE),
cout << "pi=" << setw(20) << pi << endl;
@ cout.fixed; &35 &., MINEENMNUSEIERX (C FiED % #HY)
172 %,
cout.fixed;
cout << "NA=" << NA << endl;
@ cout.scientific; &35 &, ATERIEK (CHFED %e tHY) I
%%,

cout.scientific;
cout << "pi=" << pi << endl;

@ cout.default; £3d&. UFNTF 74— (CHiEEDYg) IR %,

B H #hi% htt JSFEUERHTRGR 55 7 Bl ~FreeFEM O 30%, AIREREM DA~
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7.2.4 FreeFEM @ real 7— 2D A hhoEXfeE i

// testfloat.edp
real NA = 6.022e+23;
// T7F—=b g Y
cout << "pi=" << pi << ", NA=" << NA << ", pi*NA=" << pi * NA << endl << endl;
// WE% 20 IZHE %20g WZHHY
cout << "pi=" << setw(20) << pi << ", NA=" << setw(20) << NA

<< ", pi*NA=" << setw(20) << pi * NA << endl << endl;
1/ NI R E 15 1ITHEE %20.15g 1R ?
cout.precision(15);
cout << "pi=" << setw(20) << pi << ", NA=" << setw(20) << NA

<< ", pi*NA=" << setw(20) << pi * NA << endl << endl;
/7 BRI % 158 WA
cout.fixed;
cout << "pi=" << pi << ", NA=" << NA << ", pi*NA=" << pi * NA << endl << endl;
// %20.15f 1ZHHY
cout << "pi=" << setw(20) << pi << ", NA=" << setw(20) << NA

<< ", pi*NA=" << setw(20) << pi * NA << endl << endl;
// FEROE %20.15e 12AHY
cout.scientific;
cout << "pi=" << setw(20) << pi << ", NA=" << setw(20) << NA

<< ", pi*Na=" << setw(20) << pi * NA << endl << endl;

// heg TWRIWCRS %.15g ITHHY
cout.default;
cout << "pi=" << pi << ", NA=" << NA << ", pixNa=" << pi * NA << endl;

B H  #i# htt Ji FHEUE A # 7 A ~FreeFEM D3,
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7.3 BIRZERIED 72 D DIKHE

7.3.1 BRERED 70 77 L DR

AREZEO TR I L FoTHHLDHED, HANEEZONS 2
XTT Poisson TR DEFUHEMED 71 775 A2 HIZ L THHT %,

Q THIRDIEFE & HI D =AIE nEl
Q AIRERZEMDER
Q WEAZXRDOVFNATERL THL,

@ solve()
59BN E 5 2 3 L EIRRICZEN R R (592 KD 5),
Q@ problem()
$ER 252 THIEZ R BBz €8T 5, FEMETHER,

Q@ varf, matrix

592 5 2 THEV 1 RAEXZ21ES,

B H  #i# htt S E AT RS 25 7 [B] ~FreeFEM O3k, HIRERMOIMAE~
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7.3.2 HEIDER L HBO =ML 0 EH (2 X0TD%E)

MEZZZ 2B ER L. —ABTEZ T2 e PRBETH 5,

e 2t (AF) HEDZ {13, ZDHAMMRETER TSI TEZE %,
o AR border L FEHIMDERKE L TER SN,

o A/ HIE mesh L FEOMDEHKE LTERSINS,

@ buildmesh() ¥ 5 5 BEEIZ. & border ZMFERTE2IEETZ &
T. border DL HEIEZ = A 2EI LT, meshDT—X%ES,

e mesh D7 —&IF, readmesh(), savemesh() & F 5 BEZH VT
ABNTES (74— METFAF - 77 40),

e mesh BD 7 — &%, plot() ITX D AFULT = %,

o FETERHIR (AT AT R EITY) &, square() ¥ B 5@ BT
mesh 17— X 3EN % (B% [FreeFEM / — bk ),

B H #i% htt S E AT RS 55 7 [B] ~FreeFEM O3k, HIRERMDOAE~
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7.3.2 HHBDEFR L HIBO =AE7E]  border

- MA&KE C £ 55
border C(t=0,2%pi) { x=cos(t); y=sin(t); } j)
-
o AED E¥5. FEDZH 412 Gammal, Gamma2 ¥ EFET 3 ﬁ
int C=1;

border Gammal(t=0,pi) { x=cos(t); y=sin(t); label=C; }
border Gamma2(t=pi,2*pi) { x=cos(t); y=sin(t); label=C; }

- J
/——————Eﬁ%%ﬁwJpqmn®4o®mcLQ£MM%ﬁ%—————\

border C1(t=0,1) { x=t; y=0; label=1; }
border C2(t=0,1) { x=1; y=t; label=2; }
border C3(t=0,1) { x=1-t; y=1; label=3; }
border C4(t=0,1) { x=0; y=1-t; label=4; }

\ J
(label DEFEIZLHEATIZR WV, FET 25HEE 0 LA OEZES, )

B H #hi% htt Ji FH R E AT R 7 [l ~FreeFEM D%, AR
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EorEl X vz (mes

—————— TNENERLTHS (ADATA ) ——————
// Bl

border C(t=0,2%pi) { x=cos(t); y=sin(t); }

mesh Thi=buildmesh(C(50));
plot(Thl,wait=true,ps="Thl.eps");

// il 2

int CO=1;

border Gammal(t=0,pi) { x=cos(t); y=sin(t); label=CO; }
border Gamma2(t=pi,2*pi) { x=cos(t); y=sin(t); label=CO; }
mesh Th2=buildmesh(Gammai (25)+Gamma2(50)) ;
plot(Th2,wait=true,ps="Th2.eps");

// il 3

border C1(t=0,1) { x=t; y=0; label=1; }

border C2(t=0,1) { x=1; y=t; label=2; }

border C3(t=0,1) { x=1-t; y=1; label=3; }

border C4(t=0,1) { x=0; y=1-t; label=4; }

mesh Th3=buildmesh(C1(20)+C2(20)+C3(20)+C4(20));
plot(Th3,wait=true,ps="Th3.eps");

N\ J

B H #hi% htt Ji FHEUIE AT f 7 [ ~FreeFEM D3k, HIRE
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X w ¥ 2 (mesh)
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7.3.2 HHIDEFR & X v ¥ 2 (mesh)

AIRMED Jordan PR TP £ N 7= 2 T HERZ =AIE 0832 2 &
HTE D,

-

sampleMesh.edp ~N

border a(t=0,2*pi){ x=cos(t); y=sin(t);label=1;}

border b(t=0,2*pi){ x=0.3+0.3*cos(t); y=0.3*sin(t);label=2;}
plot(a(50)+b(+30) ,wait=true,ps="border.eps");

mesh ThWithoutHole = buildmesh(a(50)+b(+30));
plot(ThWithoutHole,wait=1,ps="Thwithouthole.eps");
plot(a(50)+b(-30) ,wait=true,ps="borderminus.eps") ;

mesh ThWithHole = buildmesh(a(50)+b(-30));
plot(ThWithHole,wait=1,ps="Thwithhole.eps");

N J

X 4: K26 1oH 3 2HIEE| L 7= border %32%7%

B H #hi% htt Ji F R AT 7 |6 ~FreeFEM @ A
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7.32 HBDER L HIBO=AE7E] X v a2 (mesh)

I mesh 7 — X DIV Z EIT R 2 BEDIRND D LA ND:-

e Th 2 Xy > a2t3 %L %, Th.nt IZF=AFDE (the number of
triangles). Th.nv (ZHiRDEL (the number of vertices), Th.area &
I DHIFE (area) TH 5,

e Th()) X i HFHDHIX (i=0,1,--- ,Th.nv — 1) T, ZDEEEIZ
Th(i).x & Th(/).y TH %, Th(i).label |FZDHIHD F )L (1H
ARSI 0, ZRLVMNIFER DL Zh) 2K,

o Th[il X i HFHD=AF (i=0,1,--- ,Th.nt — 1), Th[I1[]1 X ;&
Ho=MFKo j FEDHIK (j =0,1,2) O2KHRES. £ OHIN
DFEFRZ ThlI [j1.x & Thl1 1.y TH 2., =MAIFOmEEHEIX
Th[i].area TH 5,

o M (x,y) 2B =ALDOFFX Th(x,y) .nuTriangle THLHN 5,

B H #i% htt ISFEUERHTRR 55 7 Bl ~FreeFEM O 30%, AIREEERH
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7.32 HBDER L HIBO=AE7E] X v a2 (mesh)

XD K 5 7535EIC readmesh (), savemesh () FBITH %,

@ FreeFEM ZIWT=AENEIEITV, BONfX vy ¥ a « P& —
ZHED T 0 7S ATHHS % (BRERBOFRZEET 07 F 4
TIT5 %),

@ HBfEO 707 o AT=MEDEIZITV. ZDXvy>a - T—X—%
FreeFEM TH|H7T 3%,

readmesh(), savemesh() CAHNEINZ Ay aT—2DT #—< v
FizoOWTIX, [FreeFEM / — + §6.2 mesh 7 7 £ L OIS % R K,

e Mesh WDZE Th ONEIL.
savemesh(Th, "bunkatsu.msh");
DESWITLTIZ 7 ANV TE S,
e ZDT7 =< v MTDo o> TELNZT 7 A ADBHIUR,
Mesh Th=readmesh("bunkatsu.msh");
DEIICLTHAAD S (HATEAETEIT 2 Z & ATEE),

B H #i% htt S E AT RS 55 7 [B] ~FreeFEM O3k, HIRERMDOAE~
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7.3.3 AIRE=R2ZEMH]

BOCER L THBW mesh M7 —x b BROBHZRITHHE (PL, P2, ..) &
FWT, BRERZEN (ZO#RTIE X DXIIRLED, BOTFR T
V, BEDELETRT I EDNZWV) ZEET S,

fespace MOELRIIBEE R ZR T L ITh b,

BIZIETh 55 mesh BIOEEMNH 5 & =,

[fespace Vh(Th,P1); )

35 ERERZEM v BNERIND,
ZAUISGERMNIIE R T

[Vh u,v; )

ELTE v, v IERTE D, ZOHDMEL ORI ELT,
(BFEFETIE u,v eV, EWVIHEHTF)

(GE THETORET, ZMABERTEIL T, Kol 1 XZHEK (P1ER) L
DA L78Dr o 793, Poisson IO FYERELSS T LD EZE (P1b, P2,
P2Morley,...) DIREICTL D Z 3D B, )

B H #hi% htt JSFHEUERHTRR 55 7 Bl ~FreeFEM D3k, HIRE
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7.3.3 AIRE=R2ZEMH]

o u DHIFRTOMEZEDHHNE ull TERT,
ull.n (w.nTHRL) & Thoov ERLCTH 2,
i ZHHOHiIHTOME (FFEFDNRT v = a(P;)) & ull (1)
o u lXMMZHEATLH D, (x,y) TOMHEIF ulx,y) THLHNS,

B H  #i# htt S E AT RS 25 7 [B] ~FreeFEM O3k, HIRERMOIMAE~
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733 HEREER L THEL

WEWESSERZERT 2 TIROBATH 2, RELTT T3 H 5,
@ solve — HERAZ 52 % L FHICZNZfEL (59 E KD B),
@ problem — FERZ 5 2 CHEZ < B2 ERT 5,
@ varf, matrix — R E 5 2 THEIL 1 KAEXE(ES,

CHETHIH L TRZRD Poisson SR D FUERME Z TTICHAT 2,

(12) ~ AUy = 16y ((6v) € Q)
(1b) uey) = B y) (o) €T)

(19) Yy =amley) (xy)en)

99 u X1 Xy B L. ROFERZIETDDTH 2,

©) )= () + ] (veX),

7z7ZL

3) Xy ={w|w=g onli}, X={v|v=0 onl}.

B H  #i# htt S E AT RS 55 7 [B] ~FreeFEM O3k, HIRERMDOAE~
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7.3.3 55 EER L THL (a) solve ZHIH

Poisson FIEADFEFMEMEZ R > TV - 1" F L poisson.edp Tl (a) %
Az,

solve THFREZER L THL

solve Poisson(u,v)=
int2d (Th) (dx (u) *dx (v) +dy (u) *dy (v) ) ~int2d (Th) (£*v) -int1d (Th,2,3) (g2*v)
+on(1,4,u=gl);

RFYOHETHHETH %,

@ dx(), dy EXZhZFN x, y TOWMDTERT,
EFEDMWIE dxx (), dxy O, dyy ) DX ST F %,

@ int2d(Th) I&. Th OFHEEROES (BES) 2£ 7,

%72 int1d(Th,2,3) IRERD S5, FLH 23 TH 3y (EHFOEL E) D
B (RAES. S0O583ED) 2R,

@ +on(1,4,u=gl) FRADIE., TN 1,4 THBHS (EAED L) T,
u=g ¥\ Dirichlet HREMNEZHT Z 2 2K T (+on(l,u=gl)+on(4,u=gl) ¥
S THEL Z 2 HAHE).

N7 FVEBIB DS A, +on(l,ul=gl,u2=g2) D& 5 EBKOHTEREEL L
bTE 3,

LT, ZoMEQEHEI. (b), (c) DY 575355,
B H #i% htt i FF A e 9 7 B ~FreeFEM D%, HIRES
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7.3.3 FE Xz EFRK L THE< (b) problem %z FH

(b) problem ZHFIHS 2 /TIETIE, RDXS51T742%,

problem THIERZER L THA<

problem Poisson(u,v)=
int2d (Th) (dx (u) *dx (v) +dy (u) *dy (v) ) -int2d (Th) (f*v) -int1d(Th, 2, 3) (g2*v)
+on(1,4,u=gl);

Poisson;

ZORIBOBEE. solve & HATORMIFHIEL SRS S LAY
75, FHREORECIE, [ L0 FE S8 REAAL 20T, A4
TH2d FERP LV DAL D 2 — &id),
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733 #HIEEEFR L THEL (c) vart, matrix ZHIH

- varf, matrix % F|H N

real Tgv=1.0e+30; // tgv L/NXFTHA]
varf a(u,v)=
int2d (Th) (dx (u) *dx (v) +dy (u) *dy (v) )
+on(1,4,u=gl);
matrix A=a(Vh,Vh,tgv=Tgv,solver=CG) ;
varf 1(unused,v)=
int2d (Th) (£*v)+int1d(Th,2,3) (g2%v)
+on(1,4,unused=0);

Vh F;
F[1=1(0,Vh,tgv=Tgv);
ul[l=A"-1%F[];
- J

HHFTLIE, ET LXAER Au=Ff O A f ZHIAHELT, A7 23187552
ETu%fF3. LW THD (FEME. HEHRETHEEL TORVWOTEKT 3),

tgv (terrible great value) 1%, §5.5 N#. 1 XAEX D EIAF] Dirichlet LM DEE
N7 RV, THIOMINE B 3 71K (2) (FreeFEM THRAT)) CTHBAL7: (Tgv = 109),

B H #i% htt JE FHEUIE AT 7 [l ~FreeFEM D3k, HIRY
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733 59 ER L T (d) 7 1 KARRD Y A~ —

# H

FreeFEM F¥% 2 X > 75— 3 >»® §3.3.13 (Hecht [3]) 225
@ solver= 2% LU, CG, Crout, Cholesky, GMRES, sparsesolver, UMFPACK %3f5%E

TE2% (ROID 5 D7 AT X LD, FAEK).

77 # —JL b TlX sparsesolver T, ZAUIMD sparsesolver BEZR X N TWiRiTh
¥ UMFPACK 2 LW, ZRUEMDEREED Y AN —2E Z 7205E1X LU I
ty bEN B,

fTHID X E ) —~DIEIADILET1E. solver ICX DIRE 2, LU DEFEIXIENFR R
A4 F 4> (FBER). Crout DIEEIINFLRH A F 4 . Cholesky DEEIIE
[T 2 A A4 54 >, CG AR (spd) 2BRFTHI. €Dt (GMRES,
sparsesolver, UMFPACK) TIZBffT51,

sparsesolver 1%, XA F I v 7 « )T THEHD Y LN—%ER

@ init=fafER D

false £721Z 0 D & &, fTHINEREK (reconstruct) Ehd. H 5, ks
TWAEDESHh, LS EKED?

0 eps=EHHDOA

RAZEOEF IR HEE T 5.
e <0 DEFAEIX |Ax — b|| < ||, € > 0 DI iMx—w<‘%b”
(t%mf%éﬁhg\MXﬂﬁﬂd®%ﬁme&m#&?)

(BN I XAFBRO 7N TY ZLBEAEZ RV, ALabbhici kb )
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(i /&) FreeFEM OFHERDFE X HITOWVWTOER

FIEROEZFITOVWTOXENFE L K SIS TW W (AR R W
3? ?) DT, R AP 5H2WVA, int2d(Th) O OFEIRAIC “EHEAR 2EL
. XELT—=DPRET L, TT7— - Xvb=ITH DI,

HRZEL ZEDPELOPIZBEENRVD, 00T v 7 0%2E Ll 2 EhYE,
Voo olBARICSEIILTHLI R0 (F D 720

@ int2d(Th) (uxv-uold*v) FL 7 —IT7%% %,
int2d (Th) (u*v)-int2d (Th) (uold*v) ¥ 3% Li@%, —/5T.
int2d (Th) (u*xv+thetaxtau* (dx (u) *dx (v)+dy (u) *dy (v))) (F# 2 DT,
*v DIEREIBAN 2 DDVE TV E ZITHL o T3 (*dx(v) ® *dy(v) 135
ATV EHLWV),

@ int2d(Th) (uxv)-int2d (Th) (uoldxv) (Zi# 5 B3,
int2d(Th) ((u-uold)*v) XL T —IZ 3%, ZHIFY I EZ ZRE D,

@ int2d(Th) (tau*xf*v) % tauxint2d(Th) (fxv) £ T2 7 —ITk 3,
EBTH->TH int2d(Th) ) DAMTIFHZF, +int2d) O H B WiE
-int2d () O I THEEHE 3,

PN DITF 2 X5 LTW3B, +int2d(Th) ) OEEEZ Tk 2
eI,
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BETNTS H — BREZEMOBER RS (1)

AREZMBOIH, BEOFFEEIARHORZICHHAT 2 TETH L, RTBZ I,
B u, HRERM 06 1220 T

= all = ([ [ 1txon) - a(x,y)Fdxdy)l/z

/
~ ~112 ~ 112 ~ 112
la = all = (o= @l + e — 8132 + lluy — 3,17

% H' AR,
FRODE AL Lz &, TNLDMEN LD XS ITIHET 35, BB
ZEETHNTALS (FEPHOE &, RITE—BT’KD S Z 2 ITHEER),

% 1?38,

curl -0 https://m-katsurada.sakura.ne.jp/program/fem/poisson-mixedBC-mk.edp
FreeFem++ poisson-mixedBC-mk.edp

FreeFem++ poisson-mixedBC-mk.edp 2

FreeFem++ poisson-mixedBC-mk.edp 4

FreeFem++ poisson-mixedBC-mk.edp 64

EHEDN%E 20-2™ (m=0,1,---,6) FEIL7- 2 EOMEEELEHET %,

HEOH Hi%E htt S FE S A e [6] ~FreeFEM DXk, A
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BETNT S h — BREZEMOBER RS (2)

ZoFur T n (HARSHBEY2D 2016 FOFRESREDF 2 — U 7L THENX
N7z D) THREOVTW DB, ISR (HOM) u ZRAT, 2ho f, g, h &5
BLTESEDTHSS (< HB MY v ),

Q=(0,1) x (0,1),

Mm={1y)|0<y<1}U{(x,1)|0<x<1}U{(0,y) |0<y <1},
M ={(x,0) |0 <x<1}.

u(x,y) = sin(mx)sin %
Ay

2
f(x,y) =—-Au(x,y) = 5% sin(7x) sin %,

g(x,y) = u(x,y) = sin(nx) sin %7
ou

= _ _Ou —__ Ty Ty _ T
h(x,y) = an (x,0) = _8y (x,0) = 5 sin(mx) cos 31,0~ 2 sin(mx).

B H  #i# htt ISHEUERHTRGR 55 7 Bl ~FreeFEM O 30%, AIREEZER
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BETOS S H — HRERROEE R 2 (3)

10° L2 emor ——

H1 error ——
1071 e 7
102 o T L
10_3 +\ B S

\
104 \\
.
105 \\\
106 \*\
\\
107101 102 107
¥ 5: 134% n=20,40,80,---,1280 7&E| L7z & = DFRZE (Kl n)

(h:=1/n 2 LT) 2 #E1Z O(h?), H #8213 O(h) ¥R ->TWV3 (ZHIHEEHRD» 5D

THRE—HLTW3),
B H  #i# htt
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BETa T L5 — X5 OVERTTIE

f RFEBP 720D T, —O—2DRHBUTDONWT, poisson-mixedBC.edp % ffio Tili%
Blze TNERD ISR L 7 7 ANV B0 T2, (ERIIIHINLTESZTHS S, )

.txt
e error
20 0.00162987 0.102169 ‘\

40 0.000408387 0.0511309
80 0.000102155 0.0255713
160 2.55422e-05 0.0127864
320 6.38579e-06 0.00639328
640 1.59646e-06 0.00319665
\‘1280 3.99118e-07 0.00159833 4}

o error.gp - gnuplot T/ 7 7 %%, A X—=Y - T—XbE2 ﬁ
set logscale

set format y "10°{%L}"

set format x "10~{)L}"

plot [10:2000] "error.txt" using 1:2 with 1lp title "L2 error",\

"error.txt" using 1:3 with 1lp title "H1 error"

set term png

set output "error.png"

replot
\_ J
1, 4-5 fTHPWH, 23 1THRBIOREEZER 5, RED 31TIEA X =Y « F—X{EHD
I J LT gnuplot error.gp & 3AUX. 7T 7Mihh. errror. png HHIK B,
B H #hi% htt ISHEUERHTRR 55 7 Bl ~FreeFEM DXL, A D7
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BETTLT N — /5 OIERAE (5X)

BRAZ (ZDORHHFZED TV EDITTIERVD), RDXH572 =)L - R
7)) 7 b EFEITLUT error.txt ZIEK L7z (77— X 1ERD BEIL),

Ve make-data.sh N

#!/bin/sh
rm -f error2.txt
for i in 1 2 4 8 16 32 64

do
echo ${i}
FreeFem++ poisson-mixedBC-mk.edp ${i} | grep ’"n=’|grep H1 >> error2.txt
done
sed ’s/n=//;s/L2-error=//;s/Hl-error=//’ error2.txt>error.txt )
\
. D

chmod +x make-data.sh
./make-data.sh

/
7=l BEML T % & fERRFIHDFCERDFRD . FROBHBES IR
%, alikziR L. BEMZHEMART 2 L 3HEETHD, TRINETDH S,

B H  #i# htt Ji FHEUE A 5 7 I8l ~FreeFEM O30%, AIREREMFOMAE~
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ZET0 T 7 5 — K5 DIERITE (

FreeFem++ 23R E 2133

curl -0 https://m-katsurada.sakura.ne.jp/ana2026/experiment20260602.tar.gz
tar xzf experiment20260602.tar.gz

cd experiment20260602

make

BR%D 1% 20 x 64 = 1280 (=MJEA 320 /1 i) nElS 5358 DA
FA UKD D02 DT, FEH TR TR,

B H  #i# htt Ji F R AT 5 7 [ ~FreeFEM D%, HREES
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o BABERDEG (D HA T FreeFem / — b+ 15 BAEUER] ).
e gnuplot DFEMIAE L BEZTWVWBDREITE (ZHH>TWVW3), K
ER?


https://m-katsurada.sakura.ne.jp/labo/text/freefem-note/node33.html

A (BEJ) C++DRA MY —2 AT

T TRz K512, FreeFEM O AHE. C++DX B —LAH
HNOKEBEICR BTV S (UTW AR EFRIUTIER WV, FCIKTIUIR
VDT, o

ZZTIE CH++ DA MY — 2 AW IHERED K F 22 2@ FHZ1T 5
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A.1 FEHE A 7 cin, BEH¥EHF] cout, FEHEL 5 —H /] cerr

CH++DY —R + a5 LTRDEIICLTH B BIRET %,

#include <iostream> // C @ <stdio.h> MY T 2 &5 R TH
#include <iomanip> // setprecision() FFITWAEL
using namespace std;// Z5 L7RW\WY std::cin, std::cout, std::cerr & 4%

S, A RO % —F— R B D AT, FEHEH IR (X — 3 F
V) OEEADZFHIL, HHET 5 — {1 b HROBEHADLFH A, IHETD
FERTWS (AHADY X4 L2 M T, $EELET 7 A MSHESDF 2T L b
TE3),

EOBHZRI. CEREBDOIRT I LD printf() BHESIRDHDIT cout << R,
scanf() 251 DIT cin >> YL 25, tHZ 3,

double a, b;

cout << "Hello, world" << endl; // endl ZZ{T \n TH 3,

cout << "Please input two numbers: ";

cin >> a >> b;

cout << "atb=" << a + b <K< ", a-b=" << a - b << ", axb=" << a *x b
<< ", a/b=" << a / b << endl;

# H Ji FH R E AT R 7 [l ~FreeFEM D%, AR
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A2 BiiEoEXIEE

C S#ED printf ) TOERIGE "%4d", "%7.2f", "%20.15e", "%25.15g"
X, C++ THSDEHZXHDHE I Z2HD 5,

o IRDIEEIZ << setw(HTH) TITH. THWERD 7 4 =L FITLwEL
W (BB B 3EEHEET 5),

o FEVINESELD/INES LU OHTEDFEE T << setprecision (i) T
79,

o FEIINEUSETHEE/ INEUSIE R TOH I DIEEIX. << fixed TITD
(C BEED %f 1ITHY)

o FEIVINIUTBTHBIE N TOH 1 DFEEIX. << scientific TIT I,
(C BRED %he 1ITHHY)

° ‘%EJJ/J\%&)%%Z“G? 7 4= MEXTOH I DIEEIF. << defaultfloat T

7
(C §§n D e ITH)

B H  #i# htt
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A2 BiiEoEXIEE

// testfloat.cpp -—— F Y YRRFHE (FERL 7 RS Koo
#include <iostream>

#include <iomanip>

#include <cmath>

using namespace std;

int main(void)

{

double pi, NA;
pi = 4.0 * atan(1.0);
NA = 6.022e+23;

cout
cout
cout

cout
cout

cout
cout

}

<<
<<
<<
<<
<<
<<
<<
<<
<<
<<

setprecision(15); //double iZ 10 i 16 {5572 DT, cout.precision(15); dHA]
fixed;

"T=" << setw(20) << pi << ", NA=" << setw(20) << NA

", T Na=" << setw(20) << pi * NA << endl; // %20.15f tHY

scientific;

"T=" << setw(24) << pi << ", NA=" << setw(24) << NA

", T Na=" << setw(24) << pi * NA << endl; // %24.15e tHY
defaultfloat;

"T=" << setw(20) << pi << ", NA=" << setw(20) << NA

", T Na=" << setw(20) << pi * NA << endl; // %20.15g 4

(FHTLTHD L Ah B0, BV
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