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2.3 XA TZ)DERICH--T

AKIATIVIFHBHIZMHMH, V—A2— ROBLZ{T>THWTHWEYA. £/2, K
FATIVEMALAZZLIZE>TREL ZBEFEFIHAEE T VHEMLZAVERA. &

“10penMP THRAEI N TWBDEREZEBIZOVTI, FlZIE, 1.
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B, KA TV 2N ZEEY = RS DBRIE TR DN IS BB = 75 Y
STPK (Version.???; http://www.gfd-dennou.org/library/davis/stpk) %\ /2] &
KL UTHINEENTH D, /-, 5IHXERE UTRRT 2561, HEEER. 2012.
Fortran 90 $U#fftr =+ 72V (STPK) ¥ =2 7))V L3l U CHTIEENTH 5.

2014 410 A 1 H (EHEA)
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B3E HYIIN—FU—E

3.1 algebra

BATEA 2 TICHY T —F V&,

3.1.1 abst_2d

Hae
2 RILANT DIVORMHEZE GRS N —F .
X
call abst_2d( x, y, dis )
511
x <R(:,:)> in x FRDRT N IVESSY.
y <R(size(x,1),size(x,2))> in y AIRDNRT NIVEST.
dis <R(size(x,1),size(x,2))> inout % CTOHMEXIE.
E&EN
TV NEFERTERI N 2 KTAY bV r = (z,y) OINEZ GRS 5.
=3

3 IRTENRT NIV Z TR T 20 —F .

call abst 3d( %, y, z, dis )
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518
<R(:,:,:)> in x FEIDRT NIV .
<R(size(x,1),size(x,2),size(x,3))> in y AEDNRZT NIV
z <R(size(x,1),size(x,2),size(x,3))> in z FaIDRT NIV
dis <R(size(x,1),size(x,2),size(x,3))> inout % TOHxH.
E&EN
TV NERERTEZRI N 3TN NV r = (z,y,2) DKHMEEZFIHET 5.
=3

3.1.3 dot_prod_2d

BB
2 IRIET WV NERERDEM T TEHEIND 2 e RY NVONEEGHET D)V —
F .
=5y
call dot_prod_2d( x, y, u, v, dot, [undeff] )
511
X <R(:,:)> in X ARED 1 RT NIV,
y <R(size(x,1),size(x,2))> in y ARD 1 X7 NIVES.
u <R(size(x,1),size(x,2))> in x KD 2 XT NIV
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEST.
dot <R(size(x,1),size(x,2))> inout A TONFE{E.
undeff <R> in FRAE FH.
E&EN

2 FEHHD 2 IRTENRY MV a, b 3T )V N EREEA T,
a=(z,y), b= (u,v)
EEHEINZLE, INHDOWNM a - bl
a-b=zu+yv
L85, INHDEBEIN—F VDFIBOMNIGERIZATDEE) THD.
(z,y) — x5, (u,v) = u,v,

a-b — dot.

R MVDIEGN 1 DTERERTHDHE, TORTONBHEIIRERL LS.
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w&
Rz,

3.1.4 dot_prod_3d

5313
TN NEERDEHE TN TERIND 3R MVORREZHET LIV —F .
£
call dot_prod-3d( x, y, z, u, v, w, dot, [undeff] )
518
x <R(:,:,:)> in x fED 1 X7 NVksr.
y <R(size(x,1),size(x,2),size(x,3))> in y AED 1 X7 NIVES.
z <R(size(x,1),size(x,2),size(x,3))> in z HED 1 X7 NVES.
u <R(size(x,1),size(x,2),size(x,3))> in x fED 2 X7 NVksr.
v <R(size(x,1),size(x,2),size(x,3))> in y D 2 X7 NIVEST.
W <R(size(x,1),size(x,2),size(x,3))> in z JED 2 XY NVRKST.
dot <R(size(x,1),size(x,2),size(x,3))> inout KA TONFELE.
undeff <R> in RAE FH.
E&EN
2 FEMED 3 IRITLARY MV a, b BT )V N EER T,
a=(x,y,2), b =(u,v,w)
CREBINZLE, ZNH6DOHNME a - b X
a-b=zu+yv+ zw
ERBDL. INSDEHEN—F Y OFIEDONIGERIIATOEE) THD.
(x’ y’ Z) % X’ y7z7 (u’,L)?w) % u? V7W’
a-b — dot.
N7 NVDERIN 1 DOTERERBTHDGE, TOMTONMMHEIIRERL KD,
=3
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3.1.5 rectangle_int

BERE
1LIRTET — R 2 Il BEBED 217D
=52
result = rectangle int( x, y, bot, top, res [undeff] )
5181
X <R(:)> in TR 22 B,
y <R(size(x))> in MRE 7 B
bot <R> in TE 5 D .
top <R> in R D i
ROME  <R> inout FEHAME.
undeff <R> in AEFEMH.
EHEN
EEDOER x £ TDEHIZDONTOB f(z) OFES :
T2
| swys
z1
=B ED
N1
> 5 (@ = ze-1) (f (2x) = fl2h-1))
k=2
TEHETS. 22T, NI ”d;‘“ Th5.
8%

e undef MHEINTVBHAEINE, TD%E L D OO R FEEIXFHEE L 2.

e bot, top DffilE x THRALNDMH T LIZR T IV, RS % kia#H LT
RLEDED.

e %9 bot < top THRIFTIIIESZEW.

3.1.6 vec_prod_2d

2 RITLT IV MBFERAD KB FIHTEREIND 2 RIeRT MVONEZ EHHE TSI —
F .
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EX
call vec_prod 2d( x, y, u, v, vecx, [undeff] )

518
P <R(:,:)> in X AREID 1 R7 NV
y <R(size(x,1),size(x,2))> in y AEOD 1 X7 NIVES.
u <R(size(x,1),size(x,2))> in x KD 2 NI NIV
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEST.
vec <R(size(x,1),size(x,2))> inout KR TOIFEAE.
undeff <R> in KAEFHAH.

E&E

2 FEEED 2 IRTEARZ MV a, b D57 HI)V N ERER T,
a=(z,y), b= (u,v)
CEEINZLE TNOHDHF a x blE
axb=zxv—yu
BB, INHDEBEIN—F VDOSIBONIGERIZATDOLEE) THS.
(x,y) = xy, (u,v) — u,v,

axb — vec.

NI MVDEIHR 1 DTERERTHLIHE, TORNTONBMEIIRERL RS,
2 oL FH CHARE IR T 2548, TOVHIZERZ T D HADOKRE I KT DA
FHEI NG ZLIZIEET S (intent(inout) A% 1 FHHHL MRV DIZ I D/D).

e
KRz L.

3.1.7 vec_prod_3d

BERE

T 71V R DB TN TERIND 3 RGTERY NVONEZFHET N —F .
=X

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
5181
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X <R(:,:,:)>

y <R(size(x,1),size(x,2),size(x,3))>
z <R(size(x,1),size(x,2),size(x,3))>
u <R(size(x,1),size(x,2),size(x,3))>
v <R(size(x,1),size(x,2),size(x,3))>
W <R(size(x,1),size(x,2),size(x,3))>
vecx <R(size(x,1),size(x,2),size(x,3))>
vecy <R(size(x,1),size(x,2),size(x,3))>
vecz <R(size(x,1),size(x,2),size(x,3))>
undeff <R>

THR
9 BEIAD 3 YR ML a, b 93TV b AT,

a=(z,y,2), b =(u,v,w)

CEBINEE, INS5DOME a x b

a x b= (yw— z2v,zu — zw, TV — YU

in
in
in
in
in
in
inout
inout
inout

in

x AIED 1 X7 NVES.
y HED 1 X7 NIVES.
z JimD 1 R NVES.
x AIFD 2 X7 NVEST.
y HED 2 R NIVEA.
z JimD 2 R NIVES.
ZRTO x F MDA .
ZRTO x FRDHFEE.
HRTO x F RO FEE.
HRAE F1H.

BB INHDEBEN—F VOFIBONIGERIZATOLEE ) THS.

(r,y,2) — x,v7,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

NI MDA N 1 DTERERTH D5, TORTONBEIZRER L R D

B&
RizkL.

3.2 basis

AKIATI7V%MBHTE ETHRELRLZIN—FUDI>H, EOEYVa—IIlEYTIEE

M2 T AR A IR T H B,

REV 2= FHNELRH Y, BUEIRUTORDL I IZEZH5NTWVS.
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a N
type dtime ! BAZAHODHA
integer :: year.d ! VH&
integer :: monthd ! H
integer :: dayd ! H
integer :: hour.d ! K
integer :: mind ! 7
integer :: secd ! ™
end type dtime
o %
3.2.1 c2i_convert
Hae
SR 2 B AW B,
=X
result = c2i_convert( cval )
5%
cval <C(100)> in g B F
ROME  <I> inout I N EHL
EERN
Qv
S
AV
3.2.2 c2r_convert
Hae
XFR % RN AT 5,
=X
result = c2r_convert( cval )
515
cval <C(100)> in WY BT
RYfE  <R> inout ZEHI T
main.tex 2014 £ 10 A 1 H (EH&EHK)
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E&ER
U
8%
A
3.2.3 i2c_convert
BERE
BEOM % RN BT 5,
EX
result = i2c_convert( ival, [forma] )
511
ival <I> in 2 B FEH
forma <C(*)> in B DT .
ROfE  <C> inout ZAH#LX N/ F
E&EN
7L
=
7 U
3.2.4 r2c_convert
B
FHI % TR AT B,
X
result = r2c_convert( rval, [forma] )
511
rval <R> in WY 5 EE.
forma <C(*)> in R DI A
ROME  <C> inout A X N7z XF.
E&ER
A
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(]
L.

3.2.5 rand_make

BAaAREZ AW TREELEZ 28T 5,

call rand make( L, output )

518

L <I> in 19 2 AR +1 OBUE.
output <I> inout HJSIINDELLL.

EERN
RAEGEEE. B 2, IZDWT, Ba,b % HNT,

x, = mod(ax,—1 + b, L)

EWVD LR TREI NS BIN K> THREELEZ EK T2 7NV T) AL THD, Z
ZTC. LIFEBHRTHD, a,b, L, xo (ZDOWTIFEEMENGZENTNEDT, A)b—

F VTl
a=11,b=12

EWSEERA U, F/2, LIEHENLEL T HLEONE +1 OFETRD
5.z lFME—M % EHT D728, Fortran DFLAAAREETH % time () BHE %

AOTHRLNSEZ 2 IEE UTHW S,

B%
2.

3.2.6 counter_day

HREE

FEHMN O THETOHBZE ATV Y NT 5,
N

result = counter_day( stime, etime )
518
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stime <type(dtime)> in A Y MEBOFEAH.
etime <type(dtime)> in AUy M TOFEAH.
RO <I> inout AUV hINLHEK

3.2.7 counter_sec

FItGH»OMR THETOREE DY Y MT 5,

result = counter_sec( stime, etime )

518

stime <type(dtime)> in AV NHBOEH HES R,
etime <type(dtime)> in ATV METOEHHIKES.

ROME  <I> inout HU Y NIN-E

3.2.8 time_zone_convert

REFIZDWT, (EREOIRRE LB S U8 SOHEIRT, XA LYV —VEHEICH

Wa.

call time_zone_convert( factor, itime, ctime )

518
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itime <type(dtime)> in ZHRTOEHH.
ctime <type(dtime)> inout ZEHEDEHH.

o HIZIX, JST 6 UTC 1244 254, factor=-9 £ LT, itime |2 JST T
DWZI% AIIT D &, ctime (2 UTC DIEZIAGE I ND.

3.3 derivation

WA EZGRAESTHAETIN—F VE, REV 21— IWIHMARENT VDI —F
TlE, IARNTOMAFEIZENT, 2 KEEDOHFLEDELZ TS 23T 5, &
B, FHliEDOAR R T 2 EHEHEBOMICE N TIE, 1 IRKEEIZESOELZE L $Z 8 TILL
HzEzd5,

BH, TRTON—FVTHOLNTWE AT —)VRFOERBERATHIEE ., £ED
JERERIZ BT % A — VIR FOBH GIEIZOWTIR, 7731,

3.3.1 curl
5> 4=15
2IRTENRY MV OIEER R T 5.
£
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
E1E=
<R(:)> in HFRE— R
<R(:)> in TR R

<R(size(x),size(y))> in X ARG DRI M.
<R(size(x),size(y))> in y RGN T b,
val <R(size(x),size(y))> inout M.

4 £ < M

undef R in R .

hx <R(size(x),size(y))> in X D AT — VAT

hy <R(size(x),size(y))> in y HIAID AT — VK-

ord L in WAEIRDIEE 2 ANE A D (fHESR).
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EERN
Eb\Liiﬁiﬁé%fg‘Aﬁ ]\)l/ (61, €9, 63) %%OEEE%EBZ*% (561,.%2,.%3) C:a‘o‘b‘é, gﬁﬁ
U7z 2 X2 MVOEE curl 25H8E 95 -
1 8(h2U2) 8(h1u1)

1= .V = _
cur es X U Il P s

ZZT, u=uijej; +uses + uges ThHY. hi,hs, hs Sy gar el T1,22,T3 NS SINCD
AT —IVRTTHD, ZOLE, BIEIILUTOMNIGET D,

hy : hx, hg : hy, curl : val
T NEERDEE., hi =1, hg =1,h3 =1THDDT, HHIZ

ZERTD I IR D,
e

o A7V a3V ord IMHEIBEOE, FAEZNKEIELIA T ayTHY,
.true. : WHEIE, .false. : [FEKNIE

ER5, T7AINME true., DF Y, false 2IHET N, AFDEEZLT

SILLFAZTHD,
_ _ 1 8(h2U2) _ 8(h1u1)
curl = —e3 -V xu= Il 1 Do
o REBRMMERINTVDLAIX, TOMICHIET DEP KT RIZASDTVD

Yt TOMTEUHEETE UTHEAL TOW SR TFRTOFEMEN TN TRE
FHEUTHREINTRING.

3.3.2 curl_3d

3IRITEARYT NS 3 RocimEZEHH T 5.

call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
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518
x <R(:)> in TR — R,
y <R(:)> in TR R
z <R(:)> in G F R = R,
u <R(size(x),size(y),size(z))> in X IZXIRd 2 RT M.
v <R(size(x),size(y),size(z))> in NS STV RIS
W <R(size(x),size(y),size(z))> in 2 W29 B2 M.
zeta  <R(size(x),size(y),size(z))> inout x (ZXInT 5 [AHE.
eta <R(size(x),size(y),size(z))> inout y IZXET B [H[HE.
xi <R(size(x),size(y),size(z))> inout z (ZXET B [A]HE.
undef <R> in AREFEMH.
hx <R(size(x),size(y),size(z))> in x HEOD AT —)VIA A
hy <R(size(x),size(y),size(z))> in y AFED AT — )V
hz <R(size(x),size(y),size(z))> in z HED AT —I)VIKHF.
E&ER
HWIERTDHERENRT M (e, es, e3) & DHFREERE (11, 10, x3) (251 D, JHAL
U7z 3 NI MIVODHGE rot 23R TS -
. . 1 a(h3U3) 8(h2U2)
div=V xu= Il {el { Dirs D23
8(h1u1) 8(h3U3)
T e { 81‘3 B 81'1
O(h O(h
+es (houz) _ O(haw) = Ce1 +mnez +§es
8331 axg
ZZIT, u= uiei + ugses + usges TZF) U\ hl, hg, h3 ti%h%m T1,X2,x3 L:ﬂﬁﬁ@k
BAT—IVKHRFTHD, ZDE X, 51 BIILLTONIn%ET 5,
x1 X, Ty 1y, I3 : Z
up v, U2 VvV, U3 I W,
hiy : hx, hg : hy, hs : hz
¢ : zeta, n : eta, & : xi.
TN NEFERDEE, hy =1,hg =1,hy3 =1 THDDT, HHIZ
N R Our _ Oug Ous 0w
div = €1 {3:132 81'3 } + €2 {81‘3 (91131 } + €3 {61'1 83:2}
REHETHILIZAS,
=3
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o REBMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.3 div

2 IRITENRT NIV FM A BT 5.

call div( x, y, u, v, val, [undef], [hx], [hy] )

518

<R(:)> in TR — AR
<R(:)> in TR TR
<R(size(x),size(y))> in X \ZHIBT N7 M.
<R(size(x),size(y))> in y IR H T L.
val <R(size(x),size(y))> inout F&HK.

undef <R> in R F .

hx <R(size(x),size(y))> in X SFD AT — VAT
hy <R(size(x),size(y))> in y A AT —)VRF-.

4 £ < M

E&EN
HWIZERTLHHEENT M (e, ex) € DB (11, 20) IZHF D, M7 U 2
N7 NVOFEHEL div 51T 5 -

div=V . -u=

1 G(hgul) + 8(h1U2)
hihs o0x1 O0xa

ZZT. u=1ue;+uses THY., hi,hg ITTNTN 21, 20 ITR)IET DA —IVA
FThd, DL E, G TOXIGZEZ T D,

Ty X, X2y, U U UV,

hy : hx, he : hy, div : val.
THINERERDEGE., by =1,hy =1 THDDT, HHIZ

RERTBH I LR B,
s

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3 TIN—Fr—8 21

o REBMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.4 div_.3d
BEBE
3IRITENY NIV DS R E AT B,
=5y
call div3d( x, y, z, u, v, w, val, [undef], [hx], [hy]l, [hz] )
518
x <R(:)> in FHFREH— KRR,
y <R(:)> in TR R
z <R(:)> in G FRE = R,
u <R(size(x),size(y),size(z))> in X IZXIRd B RT M.
v <R(size(x),size(y),size(z))> in y AN T DRI M.
W <R(size(x),size(y),size(z))> in 2 WY BN M.
val <R(size(x),size(y),size(z))> inout FEHK.
undef <R> in AR FRAH.
hx <R(size(x),size(y),size(z))> in x HID A r — VA
hy <R(size(x),size(y),size(z))> in y AD AT — VKT
hz <R(size(x),size(y),size(z))> in z D AT — VAT
E&EN

Eb\C:lﬁﬁﬂ"é%féﬁf\ﬁ ]\}[/ (61, €9, 63) %‘_’%/)EE%%P‘JZ&E% (.7}1,222,.1‘3) C:BU’%, 5&?[.
U7 3 X7 MVOFERK div 25T 5

1 a(hghgul) + 6(h3h1u2) + a(hlhgu;g)

div=V . -u=
v V-u hlhghg (‘)xl 8:62 8563

ZZT, u= uier + uses + uges wCEF) U\ hl,hg,hg li%%%m T1,T2,T3 L:i@‘ﬁﬁﬁ‘
SAT=IVHFTHD, TDOLE, FIEEIATONIEE T D,

Ty X, X2y, X3 : Z

upy v, uU2 Vv, U3 I W,
hi : hx, hg : hy, hs : hz

div : val.
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THN NERERDEGE, hi=1,hg =1, h3 =1THDDT, HHIZ

6u1 6u2 GU3

div=— + — + ——=
v 8$1 8332 8933

ZERTD I LR B,
s

o REHRMEMNEZEINTVDLEIE. TOMIIHIET BMHEPKEFEIZASTHS
Gt TOMT2LHERKTE UTHEHAL TSR RTOFEEN TR TRE
FHE UTREINTERIND.

3.3.5 grad_1d

Hae
2 IROFULZEMEME AW, FEEBROANEHAT 5.
£RX
call grad 1d( x, u, val, [undef], [hx] )
515
x <R(:)> in 25 ] AL,
u <R(size(x))> in x DEHTERINDIE.
val <R(size(x))> inout AHE.
undef <R> in AEFH.
hx <R(size(x))> in x KD Ar — )VEAF.
E&EN

FERE (1) 123513 B 28 ¢ DAL IE
199
hl 8951
TEHIND. ZTIZT, & o BED AT —IVRFTHY, TV NEEDLGE,
hy =1Tdhd. ZDREA%Z BB ¢, BEBIL I N7 E R x; 12U T, 2 K
FED LN ERE FIWTHEHAT % &, U ; (2812480 G; 1k
1 dit1 — ¢ima

TEHEIND. ZIT, h ld 2 BT AT —IVIAT,

G; =

Li41 — Li—1

da; =
v 2
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Thd. ZOLE FIBUIFLLTOXNIEE TS -
T : %X, ¢; :u, h;:hx, G;: val.

72U, ZOEMTIREEOIIE N TERENZ <R L DT, T 1 IRHEE
DAEMEUTEHREINS.

(]

o REBMENERINTVDIHGIE. TOEICHIET DEIPKETRIZASTND
Gt TOMTF2LERKTE UTHEAL TSR RTOFEEN TN TRE
FEEUTHREINTEIND.

3.3.6 grad 2d

11
2 IO EM % T, (EEEOMAL 2 OTARANR Y7 MV EEET 5.
=X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
5%
X <R(:)> in B8 — 7 W] R AL,
y <R(:)> in S 2 ] R AL,
u <R(size(x),size(y))> in Bl %z FHE T D2
valx  <R(size(x),size(y))> inout x AHRODAENT N,
valy <R(size(x),size(y))> inout y HAODARFNRZ hb.
undef <R> in R E FR 1.
hx <R(size(x),size(y))> in x HEOD AT —)VIAF
hy <R(size(x),size(y))> in y FAOD A — VKA.
EER

HIERY DV (e, e2) TEEI N MM (a1, 22) 1B 2 LB u £FHT S -

e Ou ey Ou
d= - — 42—
gra hl 6x1 + h2 8172

ZDOEE, BT TOMNIGE T 5,

1 1 X, X3y, uw:u hy:hx, hy: hy,
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T IV NERERDEGE., hi=1,hg =1 THDDT, HEHIZ
ou

u
grad=e;— + eg—

8%1 (9:172
ZEHETD LR D,

(]

o REBMMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTOFRMM? T R TERE
B UTREINTEIND.

3.3.7 grad 3d

Hre
2 IRDOFULZE L ZE W T, LEEOMANL 3 IRGTTAB N MV EEHET 5.
£X
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
X <R(:)> in B — 7S [h] e
y <R(:)> in B 2] A,
z <R(:)> in o = 7o [ R A
<R(size(x),size(y),size(z))> in Ll 23R4 % 28
valx <R(size(x),size(y),size(z))> inout x FRDAHNZT K.
valy <R(size(x),size(y),size(z))> inout y HMDAENRT L.
valz  <R(size(x),size(y),size(z))> inout z AFRDAHNZT Kb,
undef <R> in HAE FRAH.
hx <R(size(x),size(y),size(z))> in x HID A — )VAF-
hy <R(size(x),size(y),size(z))> in y DA —)VIRF-.
hz <R(size(x),size(y),size(z))> in z FHED AT —)VIA A
E&EN

%E/\y ]\)l/ (61, €9, 63> ’Ci%i‘ﬂé@é&ﬁé (xl,xg,xg) C:BH%E;&U %g‘l‘%j—é .

rad= G0 €2 0u | es Ou
& N h1 81‘1 h2 81‘2 h3 8903

ZDOEE, BT TOMNIGE T 5,

1 1 X, X3y, X3 : 2z, w:u hy:hx, ho :hy, hs: hz
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1 Ou a1 1 Ou al 1 Ou a1
: X, —o— — z
h1 8371 v ’ hg 8%2 vaLy, h3 8%3 v
THIVNERERDEGE. hy =1 THDDT, HHIZ
rad = e a— + e Ou +e u
B e T % 0r, " o

AT LI D,
(]

o REHRMEMNEHEINTVDLEIE, TOMIIHIET BEMVKEFEIZADTNS
Bt TOMTEUERT L UTHHAL TSI FRTOFRIEDN T N TRE
FHE U TREINTRERIND.

3.3.8 grad4_1d

BEBE
4 RDOFLZEDEBEZ AN TEEEABOLAR % EHHET 5.
EX
call grad4 1d( x, u, val, [undef], [hx] )
511
x <R(:)> in 75 ] R AL,
u <R(size(x))> in X DE P TERINDEHL.
val <R(size(x))> inout &JFEME.
undef <R> in AEFH.
hx <R(size(x))> in x HID A — )VAF
E&E

FERE (21) 12351 22580 ¢ DALIE

1 0
hl 61’1

TEHIND. ZIZT, hid o BEDOAT—IVHRFTHY, TV NEREDGA,
hi=1Td5. ;@’j@a%%ﬁﬁ& KL i, B X NV B PR 2y 12 LT, 2 YOk
FEDHULZE T % FIWCE T 2 &, B 2 128124/ G; X

1 [2¢i41 —dic1 Giv2 — dia
hl‘ 3 d:IZZ' 12dl’i

G, =
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THEIND. 22T, b 12 1B AT —IVAF,

Li4+1 — Li—1

2
Thd. ZOLE, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G;: val.

P72 U, ZOEMTIEAFIROMIC BV TRBAN R 2B DT, WHEETIE 1, 2 )
KR D E SRR I 1B,

(]

o REBMMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTOFRMM? T R TERE
B UTREINTEIND.

3.3.9 grad4._2d

Hae
4 RO % FAWT, AR OMAL 2 ROt AR MLV EEET 5.
=R
call grad4 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
515
b4 <R(:)> in o — 75 [H] A
y <R(:)> in o8 2 ] R A
u <R(size(x),size(y))> in A% 3R DA
valx <R(size(x),size(y))> inout x HFODAKNRZ ~b.
valy <R(size(x),size(y))> inout y AMODHENT M.
undef <R> in HRAE FH.
hx <R(size(x),size(y))> in x DA — VAT
hy <R(size(x),size(y))> in y MDA — VAT
EERN

HIERY DV (e, e2) TEEI N MM (a1, 22) 1B 2 LB u £FFT S -

e1 Ou ey Ou
d= 21— 4 2
gra h1 8.%‘1 + hg 81’2

ZDLE, I TONIGZE T 5,

1 X, X3y, u:u hy:hx, hs: hy,
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1 Ou a1 1 Ou al
—_— X —_— .
]’Ll 81'1 v ’ hQ an vaty
T I NERERDIGE, hi=1,hs =1 THDDT, HEHIZ
rad = e %%—e %
& N 18:1:1 26952

AT LR D,
"E

o REHRMEMNEHEINTVELEIE, TOMIIHIET DEMPKEFRIZASTNS
Gt TOMTF2LEETE UTHEAL TSR RTOFEEN TN TRE
BHLEUTHREINTRIND.

3.3.10 grad4 _3d

BERE
4 RDOHFNEDELLE FWT, LEEBOMNL 3 T AAN Y7 MV EFHHET 5.
EX
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy]l, [hz]
)
518
X <R(:)> in B — 7S [ AL,
y <R(:)> in o 7S [ .
z <R(:)> in B = 7S] B,
u <R(size(x),size(y),size(z))> in Bl % BHR T 2 2%
valx  <R(size(x),size(y),size(z))> inout x SMDAHNZT K.
valy <R(size(x),size(y),size(z))> inout y AMODEENZ M.
valz <R(size(x),size(y),size(z))> inout z HMDAENT N,
undef <R> in RREFAA.
hx <R(size(x),size(y),size(z))> in x HEOD AT —)VA A
hy <R(size(x),size(y),size(z))> in y D AT — VKT
hz <R(size(x),size(y),size(z))> in z HED AT — VIR
E&ER

%Eﬁf\ﬁ ]\}1/ (61, €9, 63) ’Cﬁ%’%i‘ﬂéfﬁ?%ﬁ (131,1‘2,563) CZEBUég‘Eﬁu %%1‘%?%) :

rad = €1 0w €2 0u e Ou
& - h1 8:61 hg 8332 h3 a:L'3
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ZOLE GBI TNONIGE T S,

1 X, X3y, T3 :2, w:u hy:hx, he :hy, hs: hz

1 Ou 1 ou 1 Ou
h—la—xl : valx, h—Qa—ZEz : valy, h—ga—gjg : valz
TANNEERDE A, by =1 THDDT, HHIZ
ou ou ou

d=e— — —
gra 618371 + €2 6:@ + 6381‘3

ZERTD I LR B,
"E

o REBMNERINTVDIHGIE. TOEICHIET DEPETRIZASTND
L. TOMT2UEE T UTHAL TSI FRTTOFRM? T R TERE
B UTHREINTEIND.

3.3.11 laplacian_1d

Hae
2 IROFULFENELLE T, (FEERD 1 RCBIES 7507 V38T 5.
R
call laplacian 1d( x, u, val, [undef] )
5181
x <R(:)> in 75 ] JRE L.
u <R(size(x))> in X DEETEHREINDIEH.
val <R(size(x))> inout 2 PEAJEIHE.
undef <R> in R E FAH.
E&E
JERE (1) 2B DL u D 2 B 25HHT 5 -
laplacian Ou
ian = —
P &c%

Z DBIBC % BEB R ug, BERAL S N7 ALE AR 2y (2K U T, 2 DR D HULZAE 7R
PEzHWTEHET S &, N 2 ICBT27 777V G, &
Uiyl + ui—1 — 2u;

da?

(2

TEtEING. 20L&, FIBUIIUATONIGZE T 5 :

Gi =

T : %X, u; :u, G; : oval.
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(]

o REBMMERINTVDHEIEX., TOMEICHIET DEPEFRIZASTND
Yt TOMTEUHEETE UTHEAL TOW SR RTOFHEMEN TN TRE
FHEUTHREINTRING.

3.3.12 laplacian_2d

BérE
2 IRDOHULZE % FIOT, [TRERD 2 TS S 7oV 7 V% T 5.
=52
call laplacian 2d( x, y, u, val, [undef] )
511
<R(:)> in 75 [ AR A — %7
<R(:)> in 7S [H A — g7
u <R(size(x),size(y))> in X,y DERTEREINDEH.
val <R(size(x),size(y))> inout 2 FEAJALE.
undef <R> in AREFEMH.
E&ER
JERE (21, 22) (BT DL u D 2 EMD 257 TS ¢
laplacian = @ @
P N 8x% 856%
= ORI B, g, WL 3 7 GRS oy, 1 LT, 2 UORBIED bt
D2 FHWCHEHET S &, BEHUS 2, 2; I2BTFE VA AV Gij I
Uil + Uim1j — 2U55 Uil + U1 — 2u
G =
" dx% + dx?
TEEING. 20L&, 5IUIEMTONIGE T 5 :
r 0 X, Ty, Uy :u G oval
5%

o KERENEHRINTOZHAIE, TOMIIET 2 HAMFHUZ A>T NS
B, ZTOKTRIEKT X UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,
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3.3.13 laplacian_3d

BEBE
2 RO %2 T, (EBERD 3 IRTEES TV T Ve itid s,
=5y
call laplacian 3d( x, y, z, u, val, [undef] )
518
x <R(:)> in 75 U] R AEE 2R — %
y <R(:)> in 22 ] JRE RSB — Bk 47
z <R(:)> in 72 [E] R AR 2R — %
u <R(size(x),size(y),size(z))> in X, v,z DERMTERIND L.
val <R(size(x),size(y),size(z))> inout 2 FEAJELAH.
undef <R> in AREFMH.
E&EN

PERRE (21, w0, 23) W BT DL u D 2 B ZEHHT 5 -
ox? Oz 0%

Z DB % BERUAS R wi i, BERRAL X V7L BT 24, 2, 2 (2K U T, 2 KB D
/E\%ﬁi&@i%ﬁﬁb\fiﬁﬁﬁ'&é t, %ﬁjﬁi&“ﬁ“ Ly Xj, T C:EBH% 7 705 Ty Gi,j,k =8

laplacian =

dz%

G Witk i1k~ 2Ui k| Wig+1k + Uij—1k — 2Uijk
Zvj7k - d 2 + d 2 +

TEHRING. ZOL X, GBI TONIGE TS ¢

Tt X, xj Ly, Tk oz, Uk uw, G o val.

(]

o REBMMERINTVDHAIEX. TOMEICHIET DEPEFRIZASTND
Yt TOMTEUHEETE UTHEAL TOW SR TFRTOFHEMEN TN TRE
FHEUTHREINTRINSG.

3.3.14 z_ 2 zeta

T 71V D FERE R SR E 5 A X 69 2 terrain following FERER (BAF, terrain &)
IEEEEEE RO L. YA R E T L R,
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EX
result=z_2 zeta( z, zf, zt )

518
z <R> in MR HI R [m].
zf <R> in MRHE A (m].
zt <R> in i B [m).
KU <R> inout terrain R [m].

E&EN

terrain SRR RS ¢ 1T A1)V D RBREHEAE 2 % FIVWT

Ztop [z - Zsfc(xa y)]
Ztop — Zsfc(x7 Y, Z)

C(z,y,2) =

TEHZEINTWND.

3.3.15 =zast 2 w_2d

terrain following JERER (BAF, terrain &) TERINDIHD 1 HEREIZHNT,
TV SRR TER I NDINEEE % terrain following FEFER TEHZ I N HE
GRIZEHT B, 72720, 2 TIREBERDOEBRIZITHDRN, H< ET terrain R
DI TR B T DT )V MERERAHE % terrain RKDICEWMT DDA TH D, &
IW—F V& terrain R FREICERZINAT AL NEZERBEERNSD % terrain &
BERDICERTIIL—FUTHD L

call zast 2w2d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

TEBINTVIRTIEEE EHINTVBEIARNY MNUEDDRERERNRIL > T WD I L ITEE
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x <R(:)> in T 7V N RE R

y <R(:)> in T AV N REE R

zeta  <R(size(x),size(y))> in terrain RO 1 &
BT LHESE [m).

zf <R(size(x),size(y))> in SR TH = [m].

zt <R(size(x),size(y))> in B b= & [m].

<R(size(x),size(y))> in zeta (29 2 WP EGE [m/s].
<R(size(x),size(y))> in zeta [ ZXF 69 % FEALJEGE [m/s].
<R(size(x),size(y))> in zeta (2RI % 80 1E HGE [m/s].
wh <R(size(x),size(y))> inout ZEHELOIEEE [m/s].
undef R in HRAE FH.
EERN
AV —=F VZKERANZNET )V SRR DA REL TS, SHRINRTRE,
terrain R T EIZBWT, 7 A MNEERTEZRINTWSHEP, FEib, ShE)E
W% (u,v,w) & U, terrain RIZH T2 EEREREE (£ T5. ZDLE, THIV M
ERDINEE KT % terrain RENEEE KT WAZLHRT D ITIXEA R D & 5 22k

AZEHND : .
W = o [w + J31u + J32v]
QL2 = % —1_ Zsfe(T,Y)
8< Ztop 7
C aZsfc(xa y) C azsfc(-ray)
= -1)—= =(—-1) ———==.
T ( Ztop > Ox o Ztop 0 Y
Z 2T, terrain RSRE R ¢ 1%
C($ y Z) = Ztop [Z - Zsfc(-%',y)]

Ztop — Zsfc(x7 Y, Z)

LEFEIND, ZIT. 2,y,2 1 ET ANV NEER, 2i0p, 2sfe (ETNTNT )V B JE
FEDERIE M E &k L, MIRMEEEZRT, ZOLIEBEOTOITIAIETD
SIEULLL T ORI E T 5 ¢

(u,v,w) : (u,v,w),

((x,y) : zeta(size(x),size(y)), (z,y) : (x,y),

Zope(w,y)) @ zf(size(x),size(y)), 2p @ zt(size(x),size(y))

B%E

o EFRADEHIINFX?TSI

o KERENEHRINTOZHAIE, TOMIIET 2 HAMFHUZ A>T NS
B, ZTOKTRIEKT X UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,
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3.3.16 zast 2. w_3d

HeE

terrain following FEfER (LR, terrain R) TEREINDGHD 1 GEFITH VT,
TV NERERTER I NDINEEE % terrain following FEIER TEHR I NS HE
JROEIZZEH S 2, 72720, I TIREBERDOERIIITOEN, HL< ET terrain R
DT RIZBEIT 2T 7V NEREREGE % terrain SRR ICEBTE2DATH D, &K
I—F V& terrain R FREICEZINAT AL NEZERBEERND % terrain &

BEMDICERTZIL—FTHB 2

=

call zast 2w 3d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

518

X <R(size(zeta,1))> in
y <R(size(zeta,2))> in
zeta <R(:,:,:)> in
zf <R(size(zeta,l),size(zeta,2))> in
zt <R(size(zeta,1),size(zeta,2))> in

<R(size(zeta,l) ,size(zeta,2),size(zeta,3))> in
<R(size(zeta,1) ,size(zeta,2),size(zeta,3))> in
<R(size(zeta,l),size(zeta,2),size(zeta,3))> in

wh <R(size(zeta,l) ,size(zeta,2),size(zeta,3))> inout

undef R in

EERN

T HV N R JRE A,

T 71V R TR,
terrain RDEEFEE [m
HSR T S [m).

B B A (m].

zeta (2RIt g 2 BRPE L2
zeta (2RIt d 2 FE Ak 2
zeta (2B % $R1E AL
2% DR 1E EGE [m/s]
HRAE FH.

AN —F VIZHESHENINET IV S EELRDAZ L L TV, SHEILE P E,

terrain R TR EIZEWT, 7 AN MNEFRTERZIN TS HP, FEi, SHEE
HE (u,v,w) & U, terrain RICHIF D EEEEE (LT ZDLE, FHINNE
EERDOBEJEE ) % terrain RENEEGEL S W ICEHT D IZIEAFD & 5 228
AZHWS :

W = L [w + J31u + Jggv] ,

G1/2
a2 = % —1_ Zsfe(,y)
8C Ztop 7
J31 = ( C B 1> azsfc($ay)7 J32 = (g _ 1) azsfc(may).
Ztop ox Ztop oy

Z 2T, terrain RENEHELE C 1

Ztop [Z - Zsfc(xa y)]
Ztop — Zsfc(x7 Y, Z)

C(z,y,2) =

RLEBINTVIRTIEEE EHINTVBEIARNY MNUBEDDRERERNRIL > TWE I L ITEE
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LEBEIND, ZIT. 2,y,2 1 ET ANV NERR, 2i0p, 2sfe (ETNTNT 1)V b JE
FROSNE A M€ ik b, MREREEZRT, ZOLIEBEOTOITIAIIETD
FIEUFLL T OXIEE 5 -

(u,v,w) : (u,v,w),
((z,y,2) : zeta(size(x),size(y),size(zeta,3)), (z,y) : (x,y)

Zspe(x,y)) + zf(size(x),size(y)), zp @ zt(size(x),size(y))

(]

o EHROEHIIN TSR,

o KERENEHRINTOZHAIE, TOMIET S HEAMFHUZ A TS
B, ZOKTRIEKT L UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,

3.4 ellip_slv

MRS AR ZHETDIEY 2 —)b, BE, 2, 3 RIET 7V NEERIZB TS —
i 2 BRI SR RO REEICE B EL—F V2 R—-F LTS,
BE, KEYV2-NVTHAINTVSFELE - #HELIZOWTIE, 5.1 3,

3.4.1 Ellip_GauSei_2d

HI AT A FINViE GRRAEE) 2 HWT, 2 IRTEORHBIIEFRIR 2 BSR4
FREAZHETD. AN—F VIINHHSICEEORERTEZ EL LA TLEHEA
FTEHIENABETHD. TDLDRHEZTILEEIEA TS 3 V5% inner_bound
ERETDHI L.

call Ellip GauSei_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [b], [c], [d], [el, [f], &
& [undef], [inner_ bound], [init_flag], [1n] )

5150
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X
y

rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag
1In

EERN

<R(:)>

<R(:)>
<R(size(x),size(y))>
<R>

<C(4)>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R>

<I(size(x),size(y))>

<L>
<I>

in

in

n

in

in

out

in

n

n

in

n

n

in

n

n

in

n

R — PERE.

G TR R,

R FREROTREIHE (k)
RAGEDOIRSGAM: (k) .
4 LDOERGM % 525 (ki)
BTV VRO,
BERTOM (k) .
T7AIN N FTRTYO.
R (k) .
FTIANDN : TART 1.
&2 (k)

FI7AID T RTEO.
RE 3 (k) .
TI7AIN TR L.
I 4 (k)

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
R 6 (k) .
T7AIN N FTRTYO.
N REIS DA (F238) .
T4 YO,

RS S B A (fh8%) .
T AN TRTEYDO.
InEE o T Ed 20 (#
RAGEE (k).

)

P4

RODRMEZ p & Uce &, UFDRMA GEXZFHET D,

82
(l(l’, y)ai;g—i_b(xv y)

0%
0xdy

0%y
+C(.%', y) aigﬂ_'—d(x? y)

ZOLE GIBIFBTNONIGE T S,

a

a,

r X, y:y, p:

b:b, c:c d:

oy

ox

rho,

d, e:

BH, BRI, BRSO FE RIS RS,

9y

+dx405§+f@zw¢me):fﬂmy)

: psi.

e, f :f.

e
o FEFIRGIE p B LU, fIRGHRBEHETATIIOVWTY DL RETD L, 77
FASRERNZEHET DI YT 5,
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o SR T ARTIZIOWT, feE¥ReiETD L, fMATY VAREXZERT
WY 95,
o AMHMHHITARTIZONT, p2E¥RERETDE., NVARILY HEAZFE
TEHILIZHYT 5,
o KN —F VOUHSMIE, KIED 1 AT v THitR TOMN R DR KA FMH
UFRIZB e ZJICHBEZKTTIEDIRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T2 V), 2 0 AlimsER (v, 3 AR M

LD 3HEOBTETCRETDIENTES, 2T, Jlor7yavili
bound_opt i E L THIHX, TOMTHERAZMHTE I LN TED (EEH

Blix, BIBOMEZTOELONHNLN, BHIEOEGEIE, BER % BRI
mhé77/axwmabTMﬁ®m@ﬁ%*Mé EbAA, JRERTIX
ZODMEIFERE L TERINZW), ZO5[#iE 4 XFOXFMTHY, Th
TNDIEFIEX 5.1 ED &S BRIEE LT3,

o BIALMIFHMIIHETE DN, AMBERASMZREL GG, TOBRFIIEE
g 2 KOOSR E [ — DR ZMOMEZFHE L TENRITNIER SR,
B2, o AT R 2 RIESR & 5D Th AL, boundary D1,3 X
FHIZ 3 TRITINEESZR N, TOEIIIINTHRWGEIZIE, =7 —%
B ARRIZ > T,

o BEIREELEN H HItiD%EE, bound_opt TREINDMEDSH, BER EIZIF
T 2EAEFE S O 2L T, EEHOEEIET O % EHEEH T OMM
L UT. HHmOLE I

oY
oz

EWOBREZMETH DG, f,g DEIZHYT D, DY, ZOA TV avic
BWT, EBIZV—F U TRIFE A EDOBRSIDBFEHI BN LIZR D,

o R DIIZE I DBRLMDOBRIEMIL, BEESR (1), FETR (3), HEB
H(2) DIEFEL72>TWWS. DF Y, bound(1:2)="12" LHEINTWDHH,
MAICET S0 =1,7 = LIXEEER (1) THAEINDS (2 TREINDH
HIER L D ELENE VD).

o RN HHRRADKBEOMEEEKT a, b, ¢, d, e, £ THDIH, ZDHEZEM
TBHE, HEBOMDTHAETIHRDIBEBULTANT LICHEI N, TOfEg N
TYRIZHREIND (ThDL, fMART7Y VABRROHELRD), Zhud, &
EHEOMMEREFETEOICHRET DL, HAREAPRERIZZY, ZOHIET
WHITREHERADETII RS ZRE72ODEETH 5,

BoF Y, bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IIF
EXNTWBHEDZ &,

o _

f7 ay
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o Rt FiFERDREIIEMZI L CHBLETEHEE T ZLIIWETH Y,

ZEIMG F RN E PR TRV A TEEIRIEITEETH 5.

518 undef IZWERFEIRIZ R E HIL 2 GG EIC, REBKTORREIIRHLTE
Z BN 1H.

514 inner_bound (FHEFMEFIZOWT Y O THRVME, /- NHREFHIBIN U
T10 EWOENG 2 6D, A=Y —ZZ D58 EZRET D I LT, NEbHEEK
AERDOILDOB U2 REHRBEZGATEHRTHIIENTES. BEANIZED &
DBBHRTED LD Bz G- ZBMNIDOWVWTIE, 5.1 22

S init_flag IF518 psi Z WAL DIZHIHHET 2 M E S DT 5 T TH
Y, true. QXX ML EITS. T AN BME true. &2 D, T, &
FIZ psi DAAN D B FREISE DHIZHLL L T, KEEHR T 5 R
BRBDZENOLEEIHD T T THD. 12720, IWEDGHH DFEEFH
A NDIGEREINE DGO D> TWBIRENS A UiBR U/ IREDINE %
KDDL Vo ZREMRIGEIZUD, false. IXEIZAWIED DAL,

FIEL In BINHHIESRAT eps DIEICERZR <, In BIKEZBVEA L6,
HIFNISHE T U, KER TR T OIRE DD %2 KT .

Ellip_Jacobi_2d

Y aEEWT, 2 IRGTOBHBIFERIR 2 BRI HER %5584 5. OpenMP
2 & B AFNBRA A HE. A —F VIENEEISI AT R DR EHZEEZ2 L& THE
HILZENTARETHD. TDEORHEZITIGEIIA TV 3 V518 inner bound

ERETDHI L.
=X
call Ellip_Jacobi_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [b], [c], [d], [el, [f], &
& [undef], [inner_ bound], [init_flag], [1n] )
511
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X
y

rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag
1In

EERN

<R(:)>

<R(:)>
<R(size(x),size(y))>
<R>

<C(4)>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R>

<I(size(x),size(y))>

<L>
<I>

in

in

n

in

in

out

in

n

n

in

n

n

in

n

n

in

n

R — PERE.

G TR R,

R FREROTREIHE (k)
RAGEDOIRSGAM: (k) .
4 LDOERGM % 525 (ki)
BTV VRO,
BERTOM (k) .
T7AIN N FTRTYO.
R (k) .
FTIANDN : TART 1.
&2 (k)

FI7AID T RTEO.
RE 3 (k) .
TI7AIN TR L.
I 4 (k)

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
R 6 (k) .
T7AIN N FTRTYO.
N REIS DA (F238) .
T4 YO,

RS S B A (fh8%) .
T AN TRTEYDO.
InEE o T Ed 20 (#
RAGEE (k).

)

P4

RODRMEZ p & Uce &, UFDRMA GEXZFHET D,

82
(l(l’, y)ai;g—i_b(xv y)

0%
0xdy

0%y
+C(.%', y) aigﬂ_'—d(x? y)

ZOLE GIBIFBTNONIGE T S,

a

a,

r X, y:y, p:

b:b, c:c d:

oy

ox

rho,

d, e:

BH, BRI, BRSO FE RIS RS,

9y

+dx405§+f@zw¢me):fﬂmy)

: psi.

e, f :f.

e
o FEFIRGIE p B LU, fIRGHRBEHETATIIOVWTY DL RETD L, 77
FASRERNZEHET DI YT 5,
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o SR T ARTIZIOWT, feE¥ReiETD L, fMATY VAREXZERT
WY 95,
o AMHMHHITARTIZONT, p2E¥RERETDE., NVARILY HEAZFE
TEHILIZHYT 5,
o KN —F VOUHSMIE, KIED 1 AT v THitR TOMN R DR KA FMH
UFRIZB e ZJICHBEZKTTIEDIRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T2 V), 2 0 AlimsER (v, 3 AR M

LD 3HEOBTETCRETDIENTES, 2T, Jlor7yavili
bound_opt i E L THIHX, TOMTHERAZMHTE I LN TED (EEH

Blix, BIBOMEZTOELONHNLN, BHIEOEGEIE, BER % BRI
mhé77/axwmabTMﬁ®m@ﬁ%*Mé EbAA, JRERTIX
ZODMEIFERE L TERINZW), ZO5[#iE 4 XFOXFMTHY, Th
TNDIEFIEX 5.1 ED &S BRIEE LT3,

o BIALMIFHMIIHETE DN, AMBERASMZREL GG, TOBRFIIEE
g 2 KOOSR E [ — DR ZMOMEZFHE L TENRITNIER SR,
B2, o AT R 2 RIESR & 5D Th AL, boundary D1,3 X
FHIZ 3 TRITINEESZR N, TOEIIIINTHRWGEIZIE, =7 —%
B ARRIZ > T,

o BEIREELEN H HItiD%EE, bound_opt TREINDMEDSH, BER EIZIF
T 2EAEFE ™ O 2L T, EEHOEE1IET O % EHEEH T O
L UT. HHmOLE I

oY
oz

EWOBREZMETH DG, f,g DEIZHYT D, DY, ZOA TV avic
BWT, EBIZV—F U TRIFE A EDOBRSIDBFEHI BN LIZR D,

o R DIIZE I DBRLMDOBRIEMIL, BEESR (1), FETR (3), HEB
H(2) DIEFEL72>TWWS. DF Y, bound(1:2)="12" LHEINTWDHH,
MAICET S0 =1,7 = LIXEEER (1) THAEINDS (2 TREINDH
HIER L D ELENE VD).

o RN HHRRADKBEOMEEEKT a, b, ¢, d, e, £ THDIH, ZDHEZEM
TBHE, HEBOMDTHAETIHRDIBEBULTANT LICHEI N, TOfEg N
TYRIZHREIND (ThDL, fMART7Y VABRROHELRD), Zhud, &
EHEOMMEREFETEOICHRET DL, HAREAPRERIZZY, ZOHIET
WHITREHERADETII RS ZRE72ODEETH 5,

MoF ), bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IIF
EXNTWBHEDZ &,

o _

f7 ay
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o Rt FiFERDREIIEMZI L CHBLETEHEE T ZLIIWETH Y,

ZEIMG F RN E PR TRV A TEEIRIEITEETH 5.

5120 undef IFWNEBFIKICKRERIB L GULAIC, REZRTOREIIN LTS
ZHNB M.

512 inner_bound IXEEFE FIZOWT Y O TRUVME, /- NEAREZHIBIIH L
T10 EWOERERZONE. 2—F—ZZ D5 EHRET D Z LT, NERMEER
AERDOILDOB U2 REHRBEZGATEHRTHIIENTES. BEANIZED &
IRBRTED IS BEE G ZDMNIDONTIE, 5.1 22,

S init_flag IF518 psi Z WAL DIZHIHHET 2 M E S DT 5 T TH
Y, true. QXX ML EITS. T AN BME true. &2 D, T, &
HINZ psi DA D DREEIEDFIFEL L TN, KEFHHE T 5 mIE D
BABBDIENLEEHD T ST THD. 12720, WEDIGNH L FEETH
INBIGERERIZINE DGR DN TOBIRENS D UER U -IREDINE %
KDDL Vo ZREMRIGEIZUD, (false. IFEIZBWIEI A&V,

G188 1n 1 FPCRHIE SN eps DEIZERA S, In FIKEZHVFEZI L5,
T T U, KEER TR TOIRED R %ZIKT .

Ellip_GauSei_3d

H)AY A FIVE (BIREDE) Z2HWT, 3 RcOBMHBIIEF IR 2 BEIERID
HERXRZ2EET D, ANV —F VIFWNEEBIEEO R EHZHEE 2 GOLGETEHHEA
FTRIEWNARETHD. TDLOBRHEZITOIEGEIFA T 2 V5[4 inner_bound

ERETDHI L.
=X
call Ellip GauSei_3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [b], [c], [d1, [el, [£f1, [gl, &
& [undef], [inner bound], [init flag], [1n] )
5%
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<R(:)> in

<R(:)> in

z <R(:)> in

rho <R(size(x),size(y),size(z))> in

eps <R> in

boundary <C(8)> in
psi <R(size(x),size(y),size(z))> inout

bound_opt <R(size(x),size(y),size(z2))> in

xa <R(size(x),size(y),size(z))> in

ya <R(size(x),size(y),size(z))> in

za <R(size(x),size(y),size(2))> in

a <R(size(x),size(y),size(z))> in

b <R(size(x),size(y),size(z))> in

c <R(size(x),size(y),size(z))> in

d <R(size(x),size(y),size(z))> in

e <R(size(x),size(y),size(z))> in

f <R(size(x),size(y),size(z2))> in

g <R(size(x),size(y),size(z))> in

undef <R> in

inner bound <I(size(x),size(y),size(z))> in

init_flag <L> in

1n <I> in

EHEN
KODARMERZ L U &, UTORMD HEAZEHET 5,
0% 0% 0%
X(.%',y7 Z)w + Y<x7yvz)87y2 + Z(‘Taya 2)@ + a(a;,y,z)

9y

0?1
0xdy

TR — PERE.
GF R R
TR = R

FEF R GFERDTREIE (F858)
RAGEDOPRSGA: (k) .
SHDERGFME 525 (i)
RV VRO
GiftcofE (k) .
FIHID g RTEO.
R 1 (k) .
FI7AIN  TRCT 1
RE 2 (k)
FTI7ANDN : TRT 1.
¥ 3 (k) .
F7AIN  TARC 1.
R4 (1&ak)

FI7AIN  TRC 1
I 5 (k)
FTI7ANE I RTCEO.
¥ 6 (k) .
FTI7ANVDN : TART 1.
¥ 7 (BR) .
T7AIN N FTRTYO.
¥ 8 (#&ik) .
FTI7ANE I RTCEO.
¥ 9 (k) .
FTI7ANN FRTEA,
RE 10 (f&k)
T7AINN T RTYO.
WNERBEI D (F23k)
T4 ¥a.

N B SO AR (8% .
FTI7ANDN TRTEYDO.
I &L O TS 50 (k)
RAGEE (k).

0%
020z

0%
0y0z

+ b(z,y, 2) + c(z,y, 2)

0 0
+ﬂ&%@+d%%d§j+ﬂ%%@w+M%%@¢@WJ%=M%%@~

ox

0z
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ZOLE GBI TNONIGE T S,

(]

o IEFRVEGIE p B LU, g IFFHBEHIANTIIONWTERLRETD L, 77
FAFBRAZFHETL I LITHYT S,

o HHHEMKTNRNTIZDONWT, g2 ¥OLFET DL, MRT YV ARREFET
52 YT 5,

o AT NTIZONT, p2¥BERET DL, NVAKRLY A EFHH
T5ILITHYT S,

o KI—F VOPKREMZ, KED 1 AT v THi#E T DM FEZE O B KRAEHBRE
DRI SICHAZKR T T2 EICEELTEY, A 7Y 3 Vi $eps
X T DRAEDHEZHET D,

o KI—F VT, 6 HOERSKM%

1 : BEREmEES (T ) 7 VED 2 0 FliEER (A v Va3 RIS

LV 3O F THRETDIEMNTES, Z2T, JloATYa Vil
bound_opt % i%E U CTHIHE., TOMETHEAZ@EITLZ N TESD (EHEN
DEGEIE. BIBOMETDEDPHCON, HEHIEOEEIE, BR 2 B AR
Hd 777 ADMEE UTHBOEMEIHI NS, bAA, AMERTIE
COMEIFHEELTERBINGN), ZO8IIE 4 XFOXEMTHY, Fh
ZTNDIEFIXK 5.1 HD & S 55tz LTWwWd,

o BIRGMIZAMICERETE SN, MBI REMt 2% E UGS, TOBERIZE
Hed o RO D BE R Al — DB OME % 3% E U TENR T IUEE SR,
B ZIAX, o B AT AR B R & IR L 2 D THNIE, boundary D 1, 3 X
FHIZ Y THRINERSBY, TOEIIZINTHARVEAIZIE, =7—%
W HRRIZ R > T WD,

o EFMEE A H DS, bound_opt THREINDED S B, B EIIF
TETBEHESE ™ OMEZBIU T, BEROEEI%T Ofl % EHE & 5T Ol
L UT, HHImOEE I,

oy oy oy
or fs ETy =9, 9.
EWVWOERZMTH %G, f,g, hDEIZHYTD, 2ED, ZOATVay
IZBEWT, FEIDV—F Y TRIFL A L OBEFIDFHH I RN 2 LR 5,
e N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EINTVBEDZ L,

h
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BiR OB ) 2 BIR S OBNEN %, BEsiR (1), AR (3), AmbE
F(2) DIEFE L 72>TWWd. DF Y, bound(1:2)=12" LFHEINTVDHH,
MAICET SR i=1,7 = 1IZEEER (1) THREINDS (2 TREINDH
HIER & D ELENE W ZD).

R AREAD LB DOMEEZ KT xa, ya, za, a, b, c, d, e, f, gTH
LM, ZOEEEKT D L. mEEOMAHEE IR REUTTART 11T
XN, TOMITTARTEOICHREINDS (TaDLL, fMAT7TY VARADFHE
E83%), ZhiE, BEBOMAEEFETCEICRET D &, AREADIFR
RIZBRY, ZOHETUHIRESLEROETIE RSB -ZODDHEETHD,
RS HREANDBREIIZEMZL L TV RIGETEHET DI Z L IFARETH Y.,
ZE NG T DV E MR TR WG A TEEIRIERE T H 5.

5% undef IFWHMHBICRE R 2 FOHE 0, RERETOIREIIHLUTE
ZHbND1HE.

5#% inner_bound IXBEFUEFIZOWTE O TRME, F/2NERRE BN L
T10 LWHENRGZA5NE. 2= =X D5 EZET D 2 LT, ERHEE
CERDOEOM U REREEZ S A TEHETLIENTEDS. BEIIZED &
DBBRTEDI D BEZ G ZDMMIDNTIE, 5.1 22,

S8 init_flag IF518 psi 2 WAL DIHIHET 2N E S DT 5 I TH
Y, true. QL X, ML EITS. T7AINDME true. &R D, T, &
AN psi DD BFEEISE DEHZHEB U T AL, KEFHE T 5 [IE A
BRBDIEMNOLEHBEHAD T Z T THD. 72720, WEDLNH DFEETFH
XINDLGEREIZIGEDLG N OMN > TODIREN S D UER U IREDIRNE %
KDDL NS ZRENRIGEITUD, false. IFEIXZR WD AL,

S 1n IFINAHE S eps DIHIZERA <, In BIRKEZBEVEA L5, &
HINZH T U, RIER TR TOIRE DI 2 KT .

Ellip_Jacobi_3d

YavikE T, 3OTOEMEIERIR 2 BRI S HEX%Z5HHE 4 5. OpenMP
2 & B AFIRA A HE. A —F VIENEEISI AL R DR E RS Z2 LG ETHE
HITDIENABETHD. TDEOBHEZTOLEIXA 7Y 2 V5[4 inner bound

ERETDHIL.
£
call Ellip_Jacobi_3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [bl, [cl, [dl, [el, [fl, [gl, &
& [undef], [inner bound], [init flag], [1n] )
main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ~¥~=a7Jb

3 TIN—Fr—8 44

FEF AR ADOBHIE (k)
RATEDINFZA: ($ad)
8 MBI EME5 25 (1id) .

ERBE SRR (%)

JSEZ R THIHES 20 (i)

515
<R(:)> in AT RS — PEEE.
<R(:)> in G F R AR
z <R(:)> in GF R =R
rho <R(size(x),size(y),size(z))> in
eps <R> in
boundary <C(8)> in
psi <R(size(x),size(y),size(z))> inout K7V VAERDME.
bound_opt <R(size(x),size(y),size(z2))> in R CofE (k) .
FI7ANVE FARTED.
xa <R(size(x),size(y),size(2))> in 1 (k) .
F7AINN I ART 1.
ya <R(size(x),size(y),size(z))> in RE 2 (k) .
FIANE  TART L
za <R(size(x),size(y),size(z))> in R 3 (k) .
FIANVE  FART L
a <R(size(x),size(y),size(z))> in B4 (183k) .
T7HNE  FTRT L.
b <R(size(x),size(y),size(z2))> in RE 5 (k) .
TI7HNE g RTED,
c <R(size(x),size(y),size(z))> in R 6 (k) .
FIANVE : TART L
d <R(size(x),size(y),size(z))> in RE T (k) .
T4V FRTED.
e <R(size(x),size(y),size(z))> in R 8 (&) .
TI7HNE s gRTED,
f <R(size(x),size(y),size(z))> in B9 () .
F7 AN g RTED.
g <R(size(x),size(y),size(z))> in BEC10 (1Badk) .
T AN s FRTED.
undef <R> in NI D (#238) .
F7 AN o,
inner bound <I(size(x),size(y),size(z))> in
F7AN N g RTED.
init_flag <L> in
1n <I> in SAGEIEL (B2ik).
EER
main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3 TIN—Fr—8 45

RODRMEZ p & Uice &, UFDRMA GEXZFHET D,

0% 0% 0% 0% 0% 0?1
X(,y,2) 55 +Y (2,9, z)—ayz +2(,y,2) 55 +alz,y, Z)aa:ay + b(z, y, Z)ayaz +e(z,y,2) 5o
oY oY oY _
+d(x7y7 2)% + 6(.%, Y, Z)aiy + f(:177y7 Z)a + g(xa Y, Z)w(xa y,Z) - p(xa Y, Z)'

ZDLE, I TONIGZE T 5,

(]

o FJEFUHRHIIE p B& U, g EFHEEHRITARTIIOVWTEOLHETDE, 77
FAHMRNEZFHETLIZ L ITHYT 5,

o FHBEMIKTRNTIZONWT, g2 ¥ eHETDE, MATY VARAEZEAET
52 EIZHNT 5,

o HAMETANTIZONT, pa O e&HETDIE, NVAFIVY HRERNEFHE
L5 LIZHYT S,

o AN —F VOIS L, KIED 1 AT v TRk TOM 875 0 I Al A Rl
URIZBR- /e FIEHEZKRTT2EDIZZELTBY, A7V a v eps
X DREDHEEZHET D,

o AK)N—F VTl 6 MOEERZM%

1 EEEESR (T V2 VR, 2 - Al (O~ 2mR), 3 AR

EWVD 3THEOBMTETHRETDIILNTED, ZIT, oA 7ya v
bound_opt ZiXE L THIFIX, TOMETHEAZEEITE I LATED (EEN
DA BIBOMETDEDNHCON, BHmEOE X, B 2 ER 5
WD 77 ADME UTHIBOEMEHING, ©bAA, AMERTIE
ZOMHEIFEREL TERINAN), ZO5[8IF 4 XFOXFEMTHY., Th
THONEFIXK 5.1 5D &S 2xfinxk LTW\5,

o BIRFMIIBMICRETE LM, FAMERARM 2R E LG, TORFIIEE
g 2 SO DOBERE [F— DR ZMOMEZFHE U TENRITNIER SR,
Bl A, o BT R BER % RS L 5D THNIE, boundary D 1, 3 X
FHIF Y TRINERSR, TOEDITINTHAREVWEEIZE, =7 —%
B ARRIZR > TS,
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o BEStANEE Ui A H i D555, bound_opt TRREINDMED S B, Bt LITIE
1T BEHIESR 0 D% B LT, BEEROEEIET Ol % EEEE T O
& UT, HHImDLHEIX,
o _ o w

%Zfa 872] 9, 82

EWVWSBIREMTHDHGE. f,9.h DEIHYL T2, DFD, ZOATVay
WZBEWT, EBRIIV—F U TIRIFE A EDRFIDNMERH I NRZNZ LIRS,

o BIRDIBIZE T 2ERLMOERIAN L, FESTR (1), AR (3), Bl
(2 DIFEFELZR>TWS. DF VD, bound(1:2)="12’> LFHEINTVIHE,
MG i =17 =11EEERR (1) THEINDS (2 TREINDSH
HS & D ERENE VD).

o R HEADKREDIEE KT xa, ya, za, a, b, c, d, e, f, g TH
M. ZOMEEAEAKT D L. HERBOMDEHE IR REUZTRT 1IZHRE
TN, TOMIZTRTEDICEREIND (TRDLL, fMATY Y ARADFR
ERD), TN EEREOMAHEETEITEOIIRET S &, AEADFR
RIZRY, ZOHETHUHEIAREARADETIERLS R ZODHBETH 2,

o (RN FHRERDBEIFZEMZENL TV BIGETHLHETEZ I LIZTWETHY,
22 R T VPR B T AW A CE A EILTRETH 5.

o 54 undef IFWHTHIKIZKRE R Z ELLEIT, REBHTOREIINLTE
ZHbNb1E.

e 5# inner_bound IFEEHMEFIZOVWTY I THRUVME, F/2HHREZIITL
T10 LWHOENER NG, 21—V =L Z DA ZRET S Z & T, NI
EREOEDOH U REHE B2 5ATEHRTLIIENTEL. BERMIZED &
DBRBMATED LD % 5 R 2DV TIE, 5.1 25|,

o FI% init_flag 55 psi 2 RHNICEDIZHIULT 20 E S 1D T 57 TH
D, .true. O X, WHMLEFTS. T 7 AN DME true. RS, ZHiE, &
I psi DA D BFEELISE DHHIZHEB U T AL, KEGHE T 5 [IEH A
BBDZILMOEBULAD T 7 THd. 72720, WEDE»H HREFH
XNDIGERIISEDIGRDP > TODIREN S UER U IREDINE %
KDDLV LREHZRIGEIZUD, (false. IFBIEZBRNIED DLW,

o G 1n IFUURHIESM: eps DEIZERAL, In FIKEZVEZ LD, 18
HIRIZHE T U, KEM TR TORED A %K T .

3.5 ffts

FFT (@ 7 — V) T8 2T 2 ) —F V& FFT FREOFEMICIOVTIE, 77 21,

i F N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EXNTWBHEDZ &,
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3.5.1 c2r_ffttp_1d
Bee
LIRTCFEHRT—R D FFT $E#%247,
=52
call c2r_ffttp_1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X DIEHEL.
a <CP(nx/2)> in BB T — &
b <R(nx)> inout FEHEMBLT — K.
prim c(1) in FNBE (i),
200 =RET D, x? =R,
prim fact  I(5) in KRB (k).
omega fix  CP(nx/2,nx/2) in 2,3,5,7 AANDZNELTD
[mER T8 (k) ,
omegan fix CP(nx/2,nx/2) in 2 [rEfT5] (k).
E&ER
NEDOTF—2%&E2FE K x(k), k=0,--- ,N-1%2%22 (NIIEH., ZO7—
2 DR T — ) TIEEH () 1
1 N—-1
() =+ z(k)e ™ N, 1=0,---N—1
k=0
TEHIND, MEHIL
N-1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEHIND, TN% Temperton DT I T AL %2 AT FFT WHT 3, FEHK
T—4 D FFT HROFMIIDOVTIE, 77 2,
=E3
o Hlfiprim IFT — XM N 2R NEAETL2EDTHY, ZOAT¥avin x
GERT—ANTOEE T -V TEAHUIIZE I ND DT, BARDHERT —
VIEWAEITD ZLI85, HMEETRE T8N N = 2035574 x e &
ToHEZIT, FFT W 2175, 58 prim fact (32D & T DRKEBIEHD
BeiEETD. 2F,
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prim_fact(1:5)=(/a,b,c,d,e/)
EVIHIBERD.

o 58 omegan fix 17— 4% nx IZBF 5 FFT CTHEMT 2 [mixfT4] 7 2488
5. 5l# omega_fix &7 — X EM 2,3,5,7 MDD RERE (1 DD D % HliC
TBE, e MTNUIH722) ITHINT B EERTTH]. TS DITFIEEHIL—F
rotate_calc T 2 LMW TX 5.

o RIV—F YV DMABEN S, WBUKS N/2 1XBH a(1) OERED TN L R
(= SANCYANAN

3.5.2 ffttp_1d

BeRE
1 ROtER BT — 455 FFT 2175,
=X
call ffttp-1d( nx, a, b, csign, [prim], [prim_fact], [omega fix], [omegan fix]
)
518
nx <I> in T — X DfFEEL.
a <CP(nx)> in ERERBE BT — 4.
b <CP(nx)> inout EHEMEHBT—X.
csign Cc(1) in TEM 2 RE
p =R i) =,
prim c(1) in RN HE (iR),
0’ =RT D, Tx’ =LA,
prim fact I(5) in FRRBH (Bid),
omega fix  CP(nx,nx) in 2,3,5,7 ANDZEREBTD
[E§R17 5 (i),
omegan_fix CP(nx,nx) in T (ah),
EHELN

NHOT—R %€ DEER 2(k), k=0,--- N—-1%2FZX3, ZOT—XDHEH T —
D T2 () &
1 N-1
a( —2’”N 1=0,---N—1
k:O

“TIEHEAT 5 OO M AR R AT R T T B R,
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TEHRIND, WEHI

N-1

27T’LN :O7N_1

=0

TEHEIND, ZN%E Temperton D7 I)VTY AL % FAWT FFT UWHET 5,

B%

o B¥prim IZT7— XN 2 ZNENETL2EDTHY, ZOATVavinx
GEET AN TOEE T —) TEHIIZRI I ND DT, HRDHHE T —
VIAMETS LIl D, HMEEITAIE. T—2BHN = 2930570 x e &
ToHfR%EAT, FFT 2175, 518 prim_fact X2 D& TORKBIEED
BERETD. DFV),

prim_fact(1:5)=(/a,b,c,d,e/)
LWVIXIHLERD.

o F1# omegan fix &7 — X # nx (2B D FFT THHT 2 EEE75] ™ 258
5. 5l# omega_fix &7 — X EM 2,3,5,7 IMINDRERE (1 DD D % HliC
TBHE, e MTNUIH22) ITHINT B EERTTH]. S DITFIEEHIL—F
rotate_calc T{TD 2L MWTX 5.

3.5.3 ffttp_2d

BEEE
2 WITEF T — 2 M5 FFT 21595,

=X
call ffttp_2d( nx, ny, a, b, csign, [prim], [prim_fact], [omega fix],
[omegan fix] )

5%

"8l HEAT 51 OO M R R AT Bk T T B IR,
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nx <I> in 1 IRT — R DfEE.
ny <I> in 2 IRT — R DfEEL.
a <CP(nx,ny)> in BERBET T — 4.
b <CP(nx,ny)> inout EHEBEHBLT —X.
csign c(1) in T2 E
po =R i =,
prim c(1) in KRB e (i),
0’ =RT D, Cx =L,
prim fact  I(5) in KRB (k)

omega fix  CP(nx,nx) in 2,3,5,7 AN D RN T D
[HHRfT 5 (F2ah).
omegan fix CP(nx,nx) in A7) (&),

EERN

BE

(N,M)fdDF7—2 %€ >8EFE K x(k,1), k=0,--- , N—-1,1=0,--- M—-1%FZ
%, ZOT—XDERT —V TIEEH 2(m,n) Ik
M-1[N-1
—Qﬂ'im —27ril£
[Z x(k,l)e N]e M, m=0,---,N-1,n=0,--- ,M—1
k=0

M-1TN-1 km In
i(k,1) = [ x(m,n)e2mN] ™M, k=0,--- ,N—1,01=0,---,M—1

TEHEIND, ZTH% Temperton D7)V T) ALEZHWNT FFT W 5,

o éliﬂzprim T —2 BN 22 NBLHT2EDTHY, ZOX T avin x

Aci%“-—&z‘)i‘%@i F7—) IABEIZ[ I NS DT, BARDEEER 7 —

U ITEBETD ZEILRD, NRETZE T—XBMNN = 293057 x e F

ToaEZIT, FFT M@’Eﬁ‘5o Sl prim_fact (XD & TDRRNBIEHD
BEfRETD. DFY),

prim_fact(1:5)=(/a,b,c,d,e/)
EVIHIGERD.

o 7# omegan fix IFT7—Z ¥ nx 12H 132 FFT CTHMHT 2 EfETH ° 246E
95, 5l# omega_fix &7 — XM 2,3,5,7 LM DRNE (1 2D DS % HliC
TdE, e MTNIH-2) ITHIGT B EETTH. NS DITFNIFEHL—F
rotate_calc T 2 LMW TX 5.

Ol HEAT 51 OO M AR R AT R T T B R,
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3.5.4 prim _calc

Bee
FEEDOEBMEIZOWT, 2,3,5,7 DEKE IR EFTD.
=X
call prim calc( n, factor, resid )
513k
n <I> in SRS D IEEEEE.
factor <I(4)> inout 2,3,5,7 D& ZNEFEE.
resid <I> inout  2,3,5,7 LAAND RN EK.
EHEN
LR D IEEEEUE n Y

n = 2°3b5°7% x ¢

Tho7Ga, LOREHIIUTDOE D BRIGE 4D,

n —n, (a,b,c,d) — factor(1:4), e — resid

e
KRz L.

3.5.5 r2c_ffttp_1d

BEEE
1 RTTFEHRT =225 FFT 217,

=X
call r2c_ffttp_1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)

511
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nx <I> in T — 2 DK
a <R(nx)> in FRAE MR T — 4.
b <CP(nx/2)> inout EERBLEWET —4.
prim c(1) in B E (k).
20’ =RET D, Tx = RU B,
prim fact  I(5) in KRB (k) .

omega fix  CP(nx/2,nx/2) in 2,3,5,7 AANDZNEL T D
EfsAT5] (k).
omegan fix CP(nx/2,nx/2) in 2 [rEEfTE] (k).
EHEN
NEDT—2%&2EDF M x(k), k=0,--- N-1%2F25 (NIXMEE), ZDF7—
K DR 7 — 1) TIEAHL (1) 1%
1 N-1
a( —27”N 1=0,---N—1
N =

o

TEHIND, WEHI

gk
z(k) = z(k)e™N, k=0,---N-—1

TEHIND, TN% Temperton DT I T AL %ZHANT FFT WHT 3, FEHK
T =20 FFT RO OV TIE, 77 2,

(]

o B ¥ prim IZT — XN 2 EZNENETL2EDTHY, ZOATVavinx
BET—ENTOEE 77— TEABUIICEIIND DT, HRDHEER T —
DIZEWELTD ZLIlB D, BREGFAIR. T—HBP N = 203579 x e &
fRZEAT, FFT 2175, 518 prim_fact 1ZZ 0D & IORRBIHEHD
BefiEdd. D%V,

prim_fact(1:5)=(/a,b,c,d,e/)

EVIHIHERD.

o ¥ omegan_fix 17— &M nx 2B IS FFT THHT 2 l4E175] 10 % 552
95, 5l# omega fix IE7T — X EH 2,3,5,7 LA DRIKEL (1 DD DfiH % HiliZ
FTdL, e MTNIH2) IZHIET D EERTH. N6 DITFIEEHIL—F >~
rotate_calc TITD 2 &N TE 5.

o EMT—RD T —) TEMIIEMED T — ZBIEBFTD T — Z D432 E
MINTVWDZEIER, £/, A—F v Ok, EEBBRS N/2 1k
b(1) OEMITHEM I ND,

LOE]HEATH1 D FEN R ARSI AT SR T 7 B 1.
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3.5.6 rotate_calc

HaE
T— A8 nx OREEITHIZ GRS 5,
X
call rotate_calc( nx, csign, prim fact, omega, omegan )
515
nx <I> in T — X DAL
csign c(1) in IE A E
v =R, vi0 =i,
prim fact I(5) in FRRBE (Bid),
omega CP(prim_fact(5) ,prim fact(5)) inout 2,3,5,7 BAMADRKETOD
[EHR1T51,
omegan CP(nx,nx) inout & [E[HEATS,
EERN
N fE# DT — 2 O 7 — ) TABUZ A D [FHRAT5] W 1 &
Wp = et kIN 5 —01,-.. N-1, k=0,1,---,N—1
TEHRIND, ELHIIES, ULHIIESTERINDS. £/, 2,3,5,7 DUADRK
o TOMRTFINE ERIZHNT,
N = o
EUEZTTHD.
e

o 5 prim fact I&
prim fact = (/a,b,c,d,e/)

L9dL, T—E M nx I
nx =2%3b5°7%

EWHERBTHRAINT VWD ZLEZ2RLTNS.

3.6 file_operate

IO V—F V& BEMGLTWE 774NV T =Y MILTFDELEY THD.
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e AN MNAFY T4,
e mgdsst 7 —X.
o TXANNT LT —A.

e gtoold 74—V hF—4.

3.6.1 auto_read_file

2RI, 3IRTCEBUBAED A )3 "NAF V) T 74NN T —R 2iiAHT read _file
DHBLIV—F > (CReSS k).

call auto_read_file( file_name, d2n, d3n, d2val, d3val,
ad2val, ad3val, nx, ny, nz, d2var,

d3var, [specnz], [intvnz] )

5%
file name <C(x)> in AT 7 7 A IV,
d2n <I> in AR 2 IRGTETDE.
d3n <I> in AR 3 IRTLEE DK
d2val <C(x)> in AR 2 IGTEABDNER (12ih).
d3val <C(%)> in FAIAL 3 IRTCEBDIEE (#2ih).
ad2val <C(*)> in FEAIAL 2 LB DIERE (£2ih).
ad3val <C(*)> in FEAIAL 3 LA DIETE (4ih).
nx <I> in x I DEEE.
ny <I> in y S DEEZRHL
nz <I> in z FiDEZEE.
d2var <R(nx,ny,d2n)> inout 2 RITT—X.
d3var <R(nx,ny,nz,d3n)> inout 3 IRILT—X.
specnz <I> in z iMDH 2D 1 & (k).
intvnz <I(2)> in z JIAD H 25 He g (k).
EHEN
call read file ZH.
|

e ANA MNAFVF =AM 2 3 2 3IWILEVINEEZT 1 771 IV
TWAE258 7714 NVIZHWLND.
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e d2val, d3val, ad2val, ad3val I ZZNTNFHAALEHRZRT T Z 7 ThH
V.2, 3,2, 3 DIEEFIZ 4, 3, 4, 5 ADOEBDPHMI N TV D5H,

d2val = ’0001’, d3val = ’000’, ad2val = ’0000’, ad3val =
710000’

&RY, ZO%GE, RO 2T T —ED 4 FH, RED 3T 4D 1%
HOAFHENDDT,d2n = 1, d3n = 1 TigAADIE I,

e specnz WXEINTWDEH, 3 LT — 4 Id nz D H T, specnz HHD
T =R DA IND.

e intvnz BWHEINTWVWDIHE, 3 LT —XiE nz DOHF T, intvnz(1) 25
intvnz(2) HHE THEMINDS.

3.6.2 line_number_counter

TXAMNITIAT—ATHRININT WL 7 71T IVOITE%EHETS.

result = line_number_counter( file_name )

518K

file name <C(*)> in TREHAETDZ 771V 4.
RV AE <I> inout 17

3.6.3 read file grads

grads DAY NO—)V 7 7 LIV SIREDER % HAAGIN—F V.

call read file grads( fname, val name, dim_len, intvz, intvt, val )

518
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fname <C(*)> in FAHETIY N O—=IVT 7 A IV4.
val_name <C(*)> in B4,

dim_len <I(4)> in BARTED BRI (fhak) .

intvz <> in EEAROHEAETERR () |
intve  <1(2)>  in BEESAOHAHTEERKE (B .
val <R(ZiR)>  inout FEAH U EDFEAN X 115 B HL.

o x, vy, z, t DJEMEEIEKMNZDIEET dim len(1:4) DIHTHEMI NG,

e intvz, intvt FitAHTEE, HHEFHETHY , 2THANTEHAEIL intvz(1)=1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt Ti%E LRITIIIE SR\,

o GrA T OB
R(dim_len(1),dim_len(2),intvz(1) :intvz(2),intvt (1) :intvt (2))

THHELTEZRS.

3.6.4 request_axis_grads

BEEE
grads DY MO =)V 7 7 A IH> & & 28 [H] FERSH O JESAE 2 BUE 5 IV —F .
£X
call request,axis,grads( fname, axis_name, x, y )
511
fname <C(*¥)> in FAHT Y v Na—=IVT 7 ANV,
axis_name <C(x)> in fE9 54 E1 (k) .
X <R(:)> inout HWfS9 DD REEEME (&id) .
y <R(:)> inout pdef D& I DHHDFEEMHE (k) .
E&ER
Bizz L
B&

e x, 7, z DENTNDME%E KD DGEIL xdef, ydef, zdef DTNETN%E
axis_name [ZfRA T AU L.
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e x(:) LUTHIEZEEZ %L TOEIMNBUZERZ request dim grads THHR
BAEHEF LU TENRITIIER S 20,

e GrADS DY hE—ILT7 7 AIIEIFB/NT A—=ZDHIZ pdef £W\H /3875
A—=BMWBHDZ7D, TONTA—REGHEAWD L EDOA TV ay. ZOHA,
P 5 7] D BBl T — S ANFI L x 12 AW, ML T — 2 A5y I AB.

3.6.5 request_dim _grads

grads DY h A=)V T 7 A IVINLEBDZEFIRTTDO BRI = WG T DI —F .

call request_dim grads( fname, dim_len )

518K

fname <C(*)> in AT aOY M=V T 71 IV,
dim_len <I(4)> inout HIRITCOEEK (HBid) .

EER
Bz L.
&%

o x, vy, z, t DJEMEEIEKMNZDIEFE T dim len(1:4) DIHTHEMIND.

3.6.6 request_vardim_grads

Hae
grads DAY A=)V T 7 A IVINOEREOERDEE [ MO BERBZTEFT 5 ) —
F .

N
call request_vardim_grads( fname, var_name, nz )

51¥

fname <C(x)> in FAHTIAY NO—ILT 7 A4,

var_name <C(*)> in EBEEEZEZEELUZOWER DL H].
nz <I> inout HUS9 % EEEZL
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EER
Rz L.

w&
Rz,

3.6.7 read_file

Féae
AV I NT 2R AWRDNAF V) T 7AW E 2T — R &Gt g —F .
X
call read file( file name, nx, ny, rec.num, var, [offset] )
5%
file name <C(*)> in AT T 714,
nx <I> in o — EL LK
ny <I> in o T BEREAAL
rec_num <I> in nxxny DanAHTT—XDOL 32— RES (Bih)
var <R(nx,ny)> inout AT T—X.
offset <I> in A7y~ (k).
EHEL
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’0ld’)
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
=E3

o offset WREINZGE, TDREINZET x 4 byte 47, % HARIK
9. & UT, offset = 10 DA, 40 byte T DLEIFHARIEI NG, 2D
FRENIN/ZHE, recnum [FEHIND.

3.6.8 read_file 3d

HEBE
AV I RNT 7R ARARDNNALF ) T 74D E 3R T—REHAETIN—F .
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23

call read file 3d( file_name, nx, ny, nz, rec_num, var, offset )

518

file name <C(x)> in AT 7 7 1V,
nx <I> in o — BRI
ny <I> in 9 ERELAIE
nz <I> in = R AE
recnum  <I> i AL EMAT S F— 20l 1— KES (i) |
var <R(nx,ny,nz)> inout meAHTT—X.
offset <I> in F7xw b ().
EHEL
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’o0ld’)
read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
wE

o offset MWHE INZGE, TDREINZET x 4 byte 43, FiH% i ARIE
T Hle UT, offset = 10 DA, 40 byte 43 DL GARIEINDG. 20D
FBENINSZGE, recnun IXEHIND.

3.6.9 read file gtool3

gtoold TERD 7 — &R % HAALIN—F V.

call read file gtool3( file name, nx, ny, nz, tstr, tstep, tnum, var )

518
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file_name <C(*)> in n;u&ﬂj'@" 77 AN,
nx <I> in oS — ELE WAL
ny <I> in o5 BRI
nz <I> in oS = SRS
tstr <I> in a;J}ﬁA&Déﬂ%ﬂ (fik).
tstep <I> in AT T IR b (k).
tnum <I> in A IA D IR ($23R).
var <R(nx,ny,nz,tnum)> inout meAHTT—X.

EHEL

KRz L
3

e tstr, tstep, tnum DEERIX, 1 DDF—& 7 71 VT tmax [H5 DL T —
AN I N TN D5 H,

tstr + tstep * (tnum - 1) <= tmax

LWV BB X NNUE L. T 2T, tstr = 1 85, MR AL F
NBEZLIIRD. %5%@50)%%%%’@&?]5%??17 v TIFEERAR .

3.6.10 read file_gtool3_header_c

gtool3 EADAY =T =2 D>H, XFHADT -4 & @A TIL—F V.

call read file gtool3_header_c( file name, header, var )

518

file name <C(*)> in AT 7 71NV,
header <C(x) (:)> in W A —D 4RI
var <C(16) (size(header))> inout header (XL d 5T —4.
E&HEN
FRIZ L
wE

o Ny X —DFFRE
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
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CHEIUARTE 25, 72720, Fortran D FHIFETH D unit, size IZDOWVT
X, uni, siz EANTEH I L.

3.6.11 read file gtool3_header_i

gtool3 ERDANY A —FT =8 D>, BEFADT— & 2inAHTIV—F .

call read file gtool3_ header_i( file name, header, var )

518

file_ name <C(x*)> in AT T 71 IVA.
header <C(*) (:)> in N B — DA
var <I(size(header))> inout header (ZMILT DT —4.
E&EN
=
®E

o N\ A —DHHRL,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
CFHRIUAIRTE X5, 7272U, Fortran D FHFETH D unit, size IZDWVT
&, uni, siz EANTEH I L.

3.6.12 read file_gtool3_header_r

gtoold FEARDAY X —F—=ZD> L, EHEADT— X &2 HAHTI—F .

call read file gtool3 header r( file name, header, var )

518

file name <C(x*)> in AT T 7 AN,
header <C() (:)> in AN A —D .
var <R(size(header))> inout header (MG T DT —4X.
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EEX

Rz L.

(]

3.6.13

o N\ X —DHFRE
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
ERIUAFTE 25, 72721, Fortran D P#IFETH S unit, size IZDWVT
&, uni, siz EANTEHI L.

read_file_text

TXANNT LARADT —Z 2 HARALIN—F V.

call read file text( file name, nx, ny, var, [skip], [formal )

518K

EFEN

filename <C(*)> in a9 7 7 A4

nx <I> in HIEL.

ny <I> in 1T

var <C(nx,ny)> inout @AHTT—4.

skip <I> in SRR AR T ITEL

forma <C(*)> in FEtAIAL 7 A —<w N (iR).

AV, AR—ARYY DT F A ST =2 %2iHAAE. nx X LATICKHII N TS
T — A DFIE, ny IFFCTEN S HAID T, 72721, skip BHEIN TV DA,
skip T TFRARIEL THAKD S .

(]

3.6.14

Hee

o 77 A KNTI, StAMIXUEE skip T DITHEINT VD,

read_mgdsst

[EIT MGDSST 7 — & % GtAL 720 DI —F VAL DB TIER < RERD A
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K.
X
call read_file( fname, var )
E1E=
fname <C(*)> in AT T 7 AN,
var <R(1440,720)> inout sst 7—X.
E&E

K22 U, (MGDSST 7—& D7 #—< Y MIDWTIE,
http://near-goosl. jodc.go. jp/rdmdb/format/JMA/mgdsst.txt

L
ZH.)

(]

o WHRFFZFD/NINEDHMIROF GG (R 0 °, #&E —89.875 °) IZAY, i
FIE—BRIFHA S, F o BRIIA S I T T — MM I N TH LI NS,

o RIEHMEIX 999.0, KT — & 1F 888.0 L WS ETHKIMNI ND.

3.6.15 write_file

BERE
ZALVIRNTIZRAERDNALF ) T 7AIVZ 2T — R E2ESHTIL—F .
=X
call write_file( file name, nx, ny, recnum, var, [mode] )
518
file name <C(*)> in FAHT T 7 AN,
nx <I> in oS — BRI
ny <I> in RIS
rec_num <I> in nxxny AT T4 DL 1— RES.
var <R(nx,ny)> inout #HmAHTT—X.
mode <C(*)> in T7AIVDESHLA TV 3V,
EHEN
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1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

B%

e mode | Fortran DEIH U status= IIHREINDEZ KA.

3.6.16 write_file_3d

BAVIRNTIRAERDNAF VT 7 A 3R T — A2 HSHTIL—F V.

call write file 3d( file name, nx, ny, nz, rec.num, var, [mode] )

5150

file name <C(*)> in AT 7 71NV,
nx <I> in AL YEL
ny <I> in RIS
nz <I> in B =R
rec_num <I> in AU ZBTE2T—2DL 3I— RFEE.
var <R(nx,ny,nz)> inout mAHTT—X.
mode <C(*x)> in T7ANVOEEIH LA T a v,
E&ER
1 open (unit=11, file=file_name, access=’direct’, recl=4*nx*ny, tatus=mode)
2 write(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
5%

e mode | Fortran MEXH U status= IZEREINSMEZ A,
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3.7 Map_Function

P BT S B - T —F U

3.7.1 l2radi

HUERERTH ED B2 2 OB ETOEREZ TN HDMEE, RENLEHETD.

result=112radi( lonl, latl, lon2, lat2 )

518

lon0  <R> in i 1 OFE [rad].
lat0 <R> in 1 OFEE [rad].
lon0  <R> in i 2 OFE [rad].
lat0  <R> in & 2 OFFEE [rad].
RUME <R> in 2 KHEOFERE [m].

EHEN
Hd 2 ROREE, BRENZTNTI (d1, M), (d2, o) THEALNTVD L X, TOM
DR EOREE L 13
L = Rarccos [sin ¢g sin ¢ + cos ¢ cos ¢1 cos (A2 — A1)]

THz2OLN5. RIFHEROEZETH 5.
INS5DORITONT, EBDOFIBUILL RO & 5 2GR L 5 5.

latl,lonl = ¢1, A1, lat2,lon2 = ¢, Ag.

(T

o EERADIEHIL 5.2 2.

3.7.2 rt2ll

HERERE EDH B HEE, REEFRE UMEBERE B R 2L &, TOMBERTE
INDROMELREZFHETD.
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=5
call rt211( r, theta, lonO, latO, lon, lat )

515
r <R> in ARPEEREROERE S FIFEEE [m).
theta <R> in MAEEECROEAMASGAIME [rad].
lon0 <R> in MEELREMTORE [rad].
lat0 <R> in MUEEERE A TOME [rad).
lon <R> in MREEELRFTORE [rad).
lat <R> in MRFERDRATORME [rad].

EER

BDIE, I (¢, o) REUSNY UAMEEIESR (r,0) 8825, ZOL ¥, MFEEE
0)){—\?\ (7"0, (90) Ciﬁﬁﬁ'@'éﬁ&;, ﬁg (¢x, )\x) Li

. . To . o . ™ ™
= arcsin |sin ¢g cos — -+ cos ¢g sin — sin 6 ] —— <Oy < =
o %o 7 ®o 7 ol 5 <t <3,
. cosfy .
Az = Ao £ arcsin [j: 0 gin ro]
COS @y

T%é.:C@QOH@ﬁ@—g<9y<gE§<HMQM®K%E%3%MM%
CRAEERD. £ RIEHROLETH D,
CREDORIZONT, EEDIEE FD & > BSHIRE 2 5.

r,theta =19, 0y, lat0,lon0 = ¢g, A\g, lat,lon = ¢, A,.
wE

o EHRADIFIAIL 5.2 214,

o EFH I NDMERLRIXEIZ G I OV THEMTITAR L, BRI Lo R0 iHEE &
UCEHIND. £/, EMMAHIANZOWNTIE, B2 EROBEE & U~k
WL SOAETEREIN, MUBEEDFE % @5, BRO T LD fih
e:¢%t@5¢5ui%3%1mé.

3.8 math_const

B EESE. BUERTORDEIIZGEZA6NTNSD.

PAFIX parameter BHEDDWTWARWEEKRTHS.
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AN ENE- T
pi <R> | 3.14159265 Fo %
img | <CP> | (0.0,1.0) i B

I 7 | i | LR D Rk |
romega2 | <CP(0:1,0:1)> | save | 7 —4& 2 @O FFT A[E§E{7%]
(IEZ#H)
romega3 | <CP(0:2,0:2)> | save | 7 —4& 3 @O FFT A[E§E{7%]
(IEZ#H)
romegab | <CP(0:4,0:4)> | save | 7 —4& 5 @O FFT A[E§E{75]
(IEZ#H)
romega7 | <CP(0:6,0:6)> | save | 7 —4& 7 @O FFT A[E§E{7%]
(IEZ#H)
jomega2 | <CP(0:1,0:1)> | save | 7—4X& 2 O FFT H[RIE{T5
(W2 HH)
jomega3 | <CP(0:2,0:2)> | save | 7—X& 3 O FFT H[EIE{T5
(WL H )
iomegab | <CP(0:4,0:4)> | save | 7—4X& 5 @O FFT H[EIE{T5
(W2 HH)
iomega7 | <CP(0:6,0:6)> | save | 7—X& 7 @ FFT H[RIE{T51
(2L HH)

3.8.1 rotate_array

T—A#$ 2,3,5,7 DERITH] % FHHET 5,

call rotate_array( )

2 U. math_const IZBWTHEINTWV D UEEL omega2, omega3, omegab, omega7
MWEFIND.

&R
3.5.6 DEBENICBWVWT, N =2,3,5,7 CHELTWS.
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3.9 matrix_calc

B T AR, A ARBOTRE RO KM, BAME - FEAENRT MVERREHOLV—F VH %

I—F ¥ DFFEMBZEE IR DOWTIE, 77 2.

3.9.1 Gau_Sei

HaE
HDAFA TIEIZ & 25 1 IRAGRADOREETIN—F .
=X
call GauSei( a, b, eps, x )
518
b <R(:)> inout N7 MVOEG (HiR).
a <R(size(b),size(b))> inout {74 (#&ih).
eps <R> in ”X;ﬁ%ﬁ#L (/ Jdi)
x <R(size(b))> inout RKOZWART MV (iR).
EEN
379 aij, N7 bbb & U7z &,
aija:j = bl
EWS R E /2 TRIINY Ml 2RDD. 2D L, 518 E OXFISBILRIK
aij : a(i,j), =z; @ x(j), b : b(i)
ThHd. HUAYA TVEIC K BEHEGTIEOFHMIX??2E.
e

o B eps IXAHII D K BRIHORIN AL R L, ZOMOBKED eps BUFIZ

Bol & SIIRKEFREKTI5.

3.9.2 Jacobi_algebra

YVIVKIZE DT 1 IRGBEADREZITIN—F .
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X
call Jacobi_algebra( a, b, eps, x )
513
b <R(:)> inout N7 MLVOEG (iR).
a <R(size(b),size(b))> inout 174l ($&if).
eps <R> i WUREMEE ().
x <R(size(b))> inout RO ML (HR).
E&ER
ﬁﬁﬂ Aij, R ]\)l/ bi Lk %,
aijmj = bl
EWVWDBREMZTRIMANZ Ml 2RKDD. 2D L E, 518 L DX SRR IE
a;j + a(i,j), x; : x(3), b : b(i)
Thd. VICEIZKLDEEGEDOFHEMIXI?SIA
5%

o 514 eps IFHRBHNDKERTE DN TRAEZ KL, ZDHEDEHEKED eps BATIZ
Bolkb JIIREHEZKTT5.

3.9.3 Jacobi_eigen

HEE
Y IR E O TEREOENFMTAIDOREHIEEZ KD DIV —F .

23

call Jacobi_eigen( a, lambda, [eps] )

518

a <R(:,:)> in [ il % koD B 1751 (Baik).
lambda <R(size(a,1))> inout [EAMHE ($&h).
eps <R> in A DR G (B3h).

P4

EER
ﬁﬂ Qg , R ]\)l/xi kL& %,

al-jxj = )\SL’l
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VWO BEREMZTRABN ZRDD. 22T, N ORI ORTEEDH D, ZD
L X, B EE ox SRR

a;j : a(i,j), A : lambda(k)

Thd. k ZBHOMEAMZ Z ZTlE lambda(k) & U7z, Y IECEIZ KB EREGED
X2 2 S

B%

o eps |IKMEFHREDOIAHERMETH Y, 1 [HOKEFH AT T O GRAE D K
KAEDS eps A RIZAR /28 SILEHHEZK T T 5.

3.9.4 LU_devs

BB
ARy T4 T DE LU fEZ2TOIN—F .
X
call LU._devs( a, b, x, itermax )
51
b <R(:)> inout N7 MVOES (iR).
a <R(size(b),size(b))> inout 174 (£&ik).
x <R(size(b))> inout RKDOZWARZ RL (HR).
itermax <I> in RAG R D [E.
E&ER
ﬁﬂ Qg , N7 N bi bl bf:t%,
aijmj = bl
EWVDBIRENZTRANY Moy Z23RDD. 2D E, 51HE ONISERIK
a;j + a(i,j), x; : x(3), by : b(i)
Thd. MR IZ?7I2E.
B&

Rz L.
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3.9.5 SOR_Gau_Sei

SOR ZFHWTHY AT A TIEIZ & BN 1 IRAEBADOKRBEEIT SO IN—F .

call SOR Gau Sei( a, b, eps, accel, x )

518K

b <R(:)> inout N7 MVOEG ($iR).
a <R(size(b),size(b))> inout 175 (k).

eps <R> in IR S (F23R).
accel <R> in SOR DALELREL (123d).
X <R(size(b))> inout KD ML (k).

THR
Tl ag, "7 MV ELEEE,

aijaz; = b;
EWDBERE 2T RIMANY Moy 2kdd. ZD L X, 518 L OXISRERIE
aij = a(i,3), z; : x(3), b b(i)
THd. SOR DX AN AT A TIEIZ & BEHEGIEDOFMILX??SIR.
e

o 51# eps IZFBSN D KERTE DX FRAEZ KL, ZDEDRKIHED eps BAFIC
Bol & SIIKEFAEKTT5.

o BUF b, AEMREIL 2 RS LA MIELEHENTE R, AV—F > T,
2 U EDENHREIN/ZGE, TT—LBDEDIZLTVD.

3.9.6 SOR_Jacobi_algebra

SOR # HHWT Y IVEIZ L B8N 1 IREBEROREEZITHN—F .

call SOR_Jacobi_algebra( a, b, eps, accel, x )
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518
b <R(:)> inout N7 MVORS (k).
a <R(size(b),size(b))> inout f74 (f&k).
eps <R> in IR EAE (12d).
accel <R> in SOR DAELREL (123h).
x <R(size(b))> inout KDZNORZ ML (k).
EFEN
1741 Qij, NI BMb & U-E X,
aijznj = bz
EWSBIRENG 2T RN Ml 2RDD. 2D L, 51EE OXISBILRIK
aij : a(i,j), =z @ x(j), b : b(i)
Tdhd. SOR DXV IVEIZLDEIRAEDFHMII?T?SR.
(]

o 51£X eps IZFBHI D KERTE DX FRAEZ KL, ZDIEDRKIHED eps BATIC
Bol & SIINEFRAEZKTT5.

o Bk, IEAREIE 2 REFHIZ U BT NIXLEFRENTE RV, AV—F VTIF,
2 LEDENREI NG, TT7 =R ELDIZLTNS.

3.9.7 determ_2d

2 RITHNDATHI A% KT

result = determ_2d( a )

a <I,R(2,2)> in &EHETZ4741.

Eak
2 WIEATHI A DIFFIR | A| &

Thd.
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w&
Rz,

3.9.8 eigenvalue_power

PaE
NEFREZHCTTHORKEEHE L € OEAEMEICHIGT SEAENT MLzkd D
N—F .
=X
call eigenvalue_power( a, eps, lambda, 1v )
518
1v <R(:)> inout [EANZ RV (TRR).
a <R(size(lv),size(1lv))> inout [EAMEZ KD DITH (k).
eps <R> in AL DI H IS (£23R).
lambda <R> inout [EAHE (k).
EERN
ﬁﬁﬂ Aij, N7 ]\)l/ T; el L/?LT_(‘_’. %,
CLZ']'.’E]' = )\$Z
EWVWSERE TR 2RDDH. 2T, N OfEIE (iR LU TWBE5E 2R
T, ) 178D TTELED D DT, TD DB DA K L R DEEMEICTINT S, Z
D& X, BIEE O IGE R
a;j : a(i,j), A : lambda, x; : 1lv(i)
Thd. NERERIZLDFHEGEOFEMII?T?TE2 S ]
e
R L.
3.9.9 gausss
PRE
HAERY T4 VT DEHNIADBEEEERITIINV—F V.
=3

call gausss( a, b, x )
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515
b <R(:)> inout N7 MLDEG (id).
a <R(size(b),size(b))> inout 774 (#&ik).
x <R(size(b))> inout ROV ML (HR).
EERN
'??ﬁ” [ N7 M bi Lz %,
aija:j = bi
EVWDBERE 2T RIMANY b 2KkdDD. 2D L X, 518 L OXISRERIE
a;ij + a(i,j), x; : x(3), by : b(i)
THd. HUADMHKROFHMREETTEE?? 21
e

Bz L.

3.9.10 Householder

BB
NG ARV =2 (22 2R 2 HWT, EREEATHE AN & ROV T5HI
#9 5.
=R
call invertmat( a, b, [p], [sym.opt] )
518
a <R(:,:)> in ERDZE n IRIEFH{TS.
b <R(size(a,1),size(a,2))> inout MHEHNDNY L VX)L TI74.
p <R(size(a,1),size(a,2))> inout ZHUIHNZERITH (id).
sym_opt <L> in KFTHIME D W ($ih).
EERN

ERDFEFTH A % BELRITH PIZEDNT ARV —EIZE>T, ANyt r~)L7
115 B \Z & % -
PAP! = B.
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ZIT, AV R YARLSIRNE B (F) SAGFIORE KRS £ TE R TRV -

ai1 412 - Gipn—1 Qlp
a1 a2 -+ A2p—1 Q2p
0 aszx azgz -+ asn
0 ot Apn—1 Qnpn

Ths.
BE

o sym opt [FZMT Z175] a BRFMTHIDL A, true. THET D &, GHHENK
AR AD. ZDL X BKINDITH b IZ=ZFHNATIIIR>TND.

o p IINT AKRINA —EWIZHNZERITHEFTHNTS. 72720, 2OA TV =
VERET DL, ERITAIHICHEIREZTS OTA URRHNELS 2 5.

3.9.11 invert_mat

5231
R IE G175 D155 % KT .
£
call invert.mat( a )
518
a <I,R(:,:)> in R B 1751,
b <I,R(size(a,1),size(a,1))> inout a DH{T4].
E&HEN
HADFEEEE AT 2 5HET 5. sEMlZAREHE HIEIX773 1.
=3

FERATH] (ESTHRL TH EV) OFFFIREET.

call invertmat( a, b, c )
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518

a <R(:,:)> in m x n 1731,

b <R(size(a,2),size(a,1))> in n x m1741.

¢ <R(size(a,1),size(a,1))> inout &5N5BIEFHIT4.
E&EN

m x n 475 A & n x m {8l B OKKRD% aij, bij T2 L, N5 OFTHIRUE m X

AB=C : Zaikbkj = Cij-.
k=1

TNTH, 5L OXIGIFEAT -

aij ¢+ a(i,j), by : b(i,3), ¢y ¢ c(i,])

3.9.13 QR _method

BEBE
QR 47 (27 ) 2 HVWT, EEREEAITHOREAEE 2EAE NI MLV EEHA
95.
X
call invertmat( a, lam, [pl, [eps]l, [sym_opt] )
E1E=
a <R(:,:)> in fEREDHE n IRIEFH{TH.
lam <R(size(a,1))> inout fEoNDEAME (ih).
p <R(size(a,1),size(a,2))> inout [EHRZ ML (id).
eps <R> in QR TEIZE T D PRHE.
T 7 ) M& 1075,
sym_opt <L> in KFMTHIDE D D (123R).
E&EN

ERDFEITH] A ZEZTH Q & =MA1T5 RISHIEL -

A=QR,
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Bond =AFHONAEINLEAEZHETS. 208 X, BHENRY NV
175 Q DRFNIMBE XN T WS, 175 A DEEMZ A\, Ao, -, A\ T B &L
(M| > [Ao] > -0 > A
EWVIOETELND. 2O E n3fTHADT VI THD. DL E, BHIZHN

BRI Q M HEREANRY N
qq, q27"'qn
LD, INHIFEBDI—F BT 28518 L T, BLRD & 5 xR
RoTW5,
A :oa(i,j), A ¢ lam(i), ¢q; : p(l:n,i).
=23
o AIN—FVTEINDEAENRY MIVEEEEIZZENETN lan(i) & p(1:m,i)
EWVOMIGERIZH D, DF D, FIEHEODE i OIS DEAENRT MU p
D 2 RTTHODE i R IR T 5.
o KN—FVTE QR EZFEHALTWS 720, EAMHENBINX N TS ES] DO
FEREDLHVIZY, FAMEOHIMEZKELS R>TWVS.

e sym opt (FEHG B1T5 a BWAIMTH DG, true. THET D &, FHREE
CIRE AT

3.9.14 schumit_norm

Hre
RO MVOMZE Y 23y MOERALEEZHWTERERNY MVRIZE#T
BLIN—F .
X
call schumit_norm( u, v )
515
u <R(:,:)> in FHETDEINT MIVRA.
v <R(size(u,1),size(u,2))> inout IFHERLRZ N,
E&EN

ERONY MVFR {u}; & EOICRPHNI B ERER N MVR (v} ICEBT 5 7
HDY Iy NOERLEE

{v'}; i
{'U}j = e {’Ul}j = {u}g - Z ({u}] v {v}e
(v, o

VT DN—F 2T, FAEIHREL TOBEAIFRA RN & IZEE.
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Thd.
et

3.9.15 trans_mat

ERIETTHIOMRE 2 KT .

call transmat( a )

a <I,R(:,:)> inout HEEIZUL V.
E&ER
1151 A DEEETAX A;; THD.
=5

e 5L inout BHEA DN T VD DT, JIBOFMRIFILBE I N/METEING.

3.10 max min

BeH DEKAE, BAMEZIRERET SV —F V.

3.10.1 max _val 1d

BEBE

1 RITHL I DI RAE & F DEPKEAN I N T VWD ESERBE S 2GS D,
X

call max_val_1d( var, mamn, mamv, [undef] )
511
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var <R(:)> in 1 YRt DERRRLH.
mamn  <I> inout WAMHEIMEMINT VD EERS.

mamv <R> inout var O AMHE .
undef <R> in AREFME (k) .
EEN
Bz 1 ZEHMOESIDIEZ LK 5, mAKEPERD > 7256, b BRESOD
EONEHEDRRIND,
%

o REFZMEMVEZINTWVDGAEIX, TORSIZ L RV,

3.10.2 max_val_2d

BénE
2 RICHELH D i KAl & Z DIEVEAN I N TV D FEER S 2GS D,
=X
call max_val_2d( var, mamn, mamv, [undef] )
51
var <R(:,:)> in 2 IRITCD RS
mamnx <I> inout FEHINDOERAMEIZEEN T D5 1 I EFERS.
mamny <I> inout FCFANDBRRMIZEE YT L5 2 By ERES.
mamv  <R> inout var OIXA[E .
undef <R> in KEFME (k) .
E&ER
A 1 FENOEAOMZ LR T 5, RAEPERD > 756, REERERFESD
FHWEDWEIND,
8%

o REBRMMERINTWVDGAEIX. TORSZ L RV,

3.10.3 max_val_3d

HeE
3 RIGHLH D KA & T DAED RGN X N TV D RS EREF S 2GS 2,
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EX
call max_val_3d( var, mamn, mamv, [undef] )
518
var <R(:)> in 3 IRTT DR .
mamnx <I> inout AN DERKMEIZEES T D 1 By ERES.
mamny <I> inout ACHNDERAMEIZEEY T D 2 Bli|EEES.
mamnz <I> inout FCHIANDRKIEIZEEMS T S 3 Ny ERES.
mamv <R> inout var OEKMHE .
undef <R> in REFRME (BR) .
EEN
Bz 1 ZEHMOESIDMEZ KT 5, mAKEPERD > 72856, b BRESD
FHONEDBWEIND,
=3

o REBRMMEHEINTWVDGAEIX. TORSZ L 2V,

3.10.4 min_val 1d

B
1 RICEEH) D /Ml & Z DIED AN X N TV D EF EER = 2 IET 5,
£
call min val_1d( var, mamn, mamv, [undef] )
511
var <R(:)> in 1 IRIT DR,
mamn  <I> inout ‘H/MEDIKHINTNDEEERS.
mamv  <R> inout var MEH/IME .
undef <R> in REEM (k) .
E&E
B 1 ZEHNOHAOMEZ LIRS 5, R/MEPWERD > 7256, RO EEFESD
FHNEDBEIND,
B&

o REFRMEMVEZRINTWVDGAEIX. TORESZ L RV,
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3.10.5 min_val_2d

BERE
2 RIChLH D /M & 7 DIED AN X N TSRS EEZF S 2GS S,
=52
call min val 2d( var, mamn, mamv, [undef] )
511
var <R(:,:)> in 2 IR DEEZR AL H.
mamnx <I> inout FEEFIANDT/MEIZEEYS T D5 1 A EERS.
mamny <I> inout FCAINDBRIMEIZEE M T 558 2 iV EHRES.
mamv  <R> inout var O#/MHE .
undef <R> in REZM (Bd) .
EEN
A 1 FENOEAOMZ LR T 5, R/MEPERD > 756, REEREREFESD
FHONEDMPEIND,
B&

o REFRMEMVEZRINTWVDGAEIX. TOESZ L 2V,

3.10.6 min_val_3d

BEEE

3 IRTCHELH D i/ IME & Z DIEVKEAN I N T WD FEER S 2 G T D,
=X

call min_val_3d( var, mamn, mamv, [undef] )
511

var <R(:)> in 3 IRTGDERFRHELS.

mamnx <I> inout ACHINDEB/IMEIZEE ST 55 1 ils EEEKS.
mamny <I> inout BLAIADB/IMEIZEE Y 9 D5 2 Y EEFT.
mamnz <I> inout ACHINDE/IMEIZEE ST 55 3 ild EEEFS.

mamv  <R> inout var Ofx/MHE .
undef <R> in REEME (k) .
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E&E
Bz 1 BEMSESIDMEZ KT 5, AMENERD > 7256, kb BREF SO
FONEHDIRIND,

B%

o RERMEMVEZINTWVDGAEIX. TORESZ L RV,

3.11 phys_const

WEE 2R R, WIBREIC B I 2 R E L TOERD &S I125 25, HMIFHERHER
(2008) & v 12,

AR LR IR BN
Me <R> | 5.9736e24 HiBkDHE & [ke]
g <R> 9.81 WEROEHEE SN | [m?/s]
omega | <R> 7.29¢-5 HuER D iR A [1/s]
radius | <R> 6.378¢6 HER DFGPPE [m]
kB <R> | 1.380658¢-23 IV < Ve [J/K]

3.12 poly_function

ERLHAZHETIN—F U ZZTEBEINDELLEIAN—F VX, 51O
IZJ6 U T interface H 5 INTWBH DT, BFEEDS % 5 X WXFREE T, fKEDF#
EHZNIERECHAUZMSRE2ZKT. £/, 2ZTHOOLNTWSZHEADHRETHE
KXOFEHIZ??72IE.

3.12.1 chebyshev

0—nRDOF YT I7LIERNEZIHETS.

call chebyshev( n, x, che )

H2p 72 U, HIBREARD A, Tsuboki and Sakakibara (2007) %5 Hi i,
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518
n <I> in FHET D REIRER.
x <R,DP(:)> in KD NEIEL
che <R,DP(0:n,size(x))> inout F ¥z 7Z%IHK.
E&ER
nIRF YT LEHAZ T,(x) 35 &,
[n/2] k
_ (=1)"n! n—2/1 _ Nk
T”(’”)_kzzo(zk)!(n—zk)lx (1=a%)"
B&

o ERROFHMIXI LR THM I T WS, FEM T EDFEMIZ DWW TIXT?2HL

3.12.2 gegenbauer

BEEE
0—nIRDT =7 VN7 —LHAZHET 5.
=52
call gegenbauer( n, x, p, lambda )
51
n <I> in R 2 B,
x <R,DP(:)> in oV ARIE 8
P <R,DP(0:n,size(x))> inout 7 —7 U N\T7—ZIHA.
lambda <R> in T2 VN T — R E
EHEN
niRT—r VN T —%IER % C’{l\(x) LgdL,
Ay 2 L0AN) (Lo L
Co(z) = n!F()\)wF 5 5 , 1—n )\’xQ .
T, P3N ADBEMEBTH 5.
=E3

o ERROFHMIXI LN THM I T WS, FEM T EDFEMIZ DWW TIXT? 2L
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3.12.3 hermite

BERE
0—-nIROTIVI— "NEIHA%EIHRT 5.
=52
call hermite( n, x, p )
511
n <I> in R RS Te: 8
x <R,DP(:)> in D OYARIE S
p <R,DP(0:n,size(x))> inout TI)VI— FZIHA.
E&ER

nIRTIVI— N ZIERE Hy(z) £33 L,

H(2) = Z (—DFQ2E—-1)!'n !a:"*%.

B%

(2k) ! (n — 2k) !

o ERROFHMIXI LN THAM I T WS, FEM T EDFEMIZ DWW TIXT? 2L

3.12.4 jacobi_poly

0—nROYILZIHAZEHETD.

call jacobi_poly( n, x, p, alpha, beta )

511
n <I> in AT D B IR
X <R,DP(:)> in N LOVARGIEE
p <R,DP(0:n,size(x))> inout ¥ IYZIH.
alpha <R> in VIR L
beta  <R> in Y IR 2.
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EHEN
niRY ACLZIHA% G, (a, B; 1) £Td L&,

Yn! Ta+n+k)I(B) 4
Gl —1+ZT| CED AT AR
e

o FEEOFHMIFH LA TIM I N TS, Bl AEDFFMIZ DOV TIX?? S

3.12.5 laguerre

HeE
0—nIXDOIT T —IVLHAZHETS.
X
call laguerre( n, x, p )
518
n <I> in A9 D BRI
x <R,DP(:)> in ROV ARGIES
p <R,DP(0:n,size(x))> inout T —ILEZIHLA.
EERN
nIRTr—NVEHR%E Ly(z) LT &,
Z k
k;l (n—k 'k:' ‘
(]

o EFROFHMIXI LN THAM ST T WS, FEM T EDFEMIZ DWW TIXT? 2L

3.12.6 legendre

0—nIROILY ¥y RIVELIER %2 HET 5.

call legendre( n, x, p )
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511
<I> in AR D IR
<R,DP(:)> in ROV ARGIE
<R,DP(0:n,size(x))> inout NV ¥ v RILZIHK.
E&ER
niRVY ¥V RVEIEA% P, (z) £ T5 &,
:ii(—l cn—k+1D(n—k+2)---nn+1)--(n+k) (1—x>k
k'Ek! 2 '
k=0
\&
o EBRDFMIFM LR CTHAG I T WS, FEMli GEDZERIZOWTIX??2 |,
3.12.7 sonine
BERE
0—nikDY =VZHAEHETD.
=52
call sonine( n, x, p, lambda )
515
n <I> in AT S B
X <R,DP(:)> in SOV ARGIE-@
P <R,DP(0:n,size(x))> inout YV =VZ%IHA.
lambda <R> in Y = URE
E&ER
nikY =V ZIHA% S)(r) L TD L,
k ' (n —|— /\ l-c) ! k !
5%
o ERROFAMIZIALRTIHMINT VWS, FHHFEDFHEMIZOVTIE??RIE.
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3.13 special_function

RiokBER 2 SR O BEEE. 26, INOBE~Y =2 72, BBOERAD AR L

THY, FEOFEFNEX?? 2 ZE I N0,

3.13.1 Full _Ellipl_Func

Hae
B eEHERE AR T 5.
=5
result = Full Ellipl Func( k )
515
k <R> in PBAK
RYfME <R,DP> inout afEfEE.
EER
K (k) / S S
Jo V1 KZsin26
e

Kz L.

3.13.2 Full_Ellip2_Func

B EEHERZEE T .

result = Full E1lip2 Func( k )

518

k <R> in R
B <R,DP> inout afFEHEE.

w/2 1
K(k) = —‘2d0
0 1 — k2sin* 0
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w&
Rz,

3.13.3 Dbessj

BNy VBB ZEETS.

result = bessj( m, t )

518

m <I,R> in Ry ¥ )V DOIREL.
t <R,DP> in 2R
RUME <R,DP> inout FHEHGEE.

EHD
m iR CIVEEZ J,.(t) £ 95 &,

) o (_1)k ¢ 2k+m
Jm(t)—’;oklr(k+m+1) <2> |

ZIZT, I(m) dEmRA BB THS.

wEE o EEROFHERNIMA L CHMI N TS, FHliAIEDOFEMIZ DWW TIX?? 2L

3.13.4 Dbessy

HEE
BNy IV EEET 5.
X
result = bessy( m, t )
518
m <I,R> in Ry Y OVEEE D IR
t <R,DP> in 2.

EUYfE <R,DP> inout EFHEHEE.
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EER
m IR R IVBEE YV, (t) £33 &,

Y%Kt)==Jm(wlnt__;§é§(”l;Z:U!<;)2km
_;ik,((;i):),KMr;jqu;)Jr(nilJrJrnik)] <;>2k‘+m'

ZIT, I'(m) & miRAY~BIEL, T () 1 m RNy 2 VEBTH 5.
BE o EBROMERIBEAH TIEINT VS, FHli HEDOFERIZ DV TIX??SIR.

3.13.5 beszero

BB
By VRO YO H23HETS.
=5
call beszero( nmax, mmax, k )
513
nmax <I> in R v )V D B RIRE.
mmax <I> in Kb B O DA
k <R,DP(0:nmax,mmax)> inout Y HRTOHE (fFESH).
EHEN
FH—FERY LIVEED 0 IS nIRETOFEEALS mEOXY O S Z25HETS. 20D

& E BB E ONIGEARIFLTO XS24 5.

n . nmax, m  mmax.

wE e BIZIE, n RO m ZBHDOX O L TOEBDME % KD 72\ 5E, call beszero(

n, m, k(0:n,m) ) IEETIE k(n,m) IZZDELOFLOMEIMEMNINTND.

3.13.6 beta_func

N AR T B

result = beta_func( x, y )
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STPK v=a7Jl 3HITIN—FVv—&
511
X <R,DP> in BoEE
y <R,DP> in R
RYME <R,DP> inout afFEfEE.
EED
N—2H¥% B(z,y) £ 95 &,
1
B(z,y) = / " 1 — )t zy >0
0
BE o EBOIMAIXEMRTIMMINT NS, FHIEGEDFEMIZOWTIE??S .

o N—XEBITIFZRLBRFREZ € D72,

B(z,y) = B(y,z)

THDDT, 5IBDIEF IFR DR,

3.13.7 delta

Bae
J0XY A—DTIVA%EFET 5.
=X
result = delta( i, j )
5%
i <I> in PR
j <I> in o
RYOAE <R> inout EHEFEE.
EER
5 1 (=)
irj
0 (i#7)
e
SN
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3.13.8 df_bessj

HeE
RNy VB R S ET 5.
EEM

result = df bessj( m, t )

518

m <I,R> in BIGARw  VEEB D IR,
t <R,DP> in 2.
EUfE <R,DP> inout EFHEHEE.

EER
m AR 2 VBB E L,(t) L35 L,

Ln(t) = i ™ T it).

T, T () W& m IRy 2IVEE, i IREBAMITH D

#5E o HEEROFMNIIMOE TG I N TS, G-l GIEOFEM IOV TIZ??2 I

3.13.9 df bessy

HRAER ) A~ VB EET 5.

result = df bessy( m, t )

518

m <I,R> in B A < VBB OB
t <R,DP> in =8
RYME <R,DP> inout afELGEE.
E&EN
m BN ) 1 < VR K () 55,
7 Llt) — In(t)
2 sinmm '

ZIZT, In(t) & mIRERRY R IVEBTH .

Kin(t) =

#E o HEEROFMNIFMAE T I N TS, FHEFIEDOFHMIZONTIE??SIL
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3.13.10 epsilon

BERE
ITFA4Y RO FoavEHETS.
=52
result = epsilon( i, j, k)
511
i <I> in CORrE 3
J <I> in BER
k <I> in iy
RUME <R> inout EHFEAER
E&ER
1 fEE#
Eijk=1q —1 FArNE#H
0 Tt
B&

Bz L.

3.13.11 gamma func

Hae
AV~ #EFIET5.
X
result = gamma func( x )
515
x <I,R> in R,
RUME <R,DP> inout FHELGEE.
EERN

By BIsE D(x) T3,

o
I'(x) :/ t*etdt, x>0
0

7% o RO THAM I T WD, B SIEDFERNIZ DWW TIX??7S M.
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3.13.12 kaijo
Hae
BERZEIHT D,

23

result = kaijo( i )

518K

LE S
AFLRGAR.

i <I> in
ROME <I,R>

mout

il=ix(i—1)x

3.13.13 sp_bessj

H—FRER AR LOVEI % EE T 5.

result = sp bessj( m, t )

518

m <I,R> in
t <R,DP> in
R <R,DP>

2R

EGE e

inout
EER

m BN Y L IVEIEE . (t) £ T3 &,

in() = (5

ZIT, Jn(t) EmikRY IVEETH 5.

"%

W>1mk

o EEEDFHIAIIHE D L TR I N TV 5.

e x2x1

BRARw IV D IREL.

Jm+1/2(t)'

A5 B D RER I DT 12775,
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3.13.14 sp_bessy

H—TR ) A < VR T 5.

result = sp_bessy( m, t )

518K

m <I,R> in B A~ VB ORE.
t <R,DP> in .
RYfE <R,DP> inout afEfLEE.

EEX

mER ) A % VB (1) TR,

s

1/2k
vn®) = (5) Yms1pa(t):
ZIT, Y1) EmR/) A VEBTHD.
B o EEOMMREES B CHMINT NS, I TEOFIZ DV TIR??SIR,

3.14 statistics

EERREHLEITIN A, SEafk, W, 7 v T VT MBERIT O N —F VR

3.14.1 Anomaly_1d

1 RTll I DSEYEN S DT ) 3 ) — 25 ET 5,

call Anomaly_1d( x, anor, [error] )

515

X <R(:)> in 1 IRTT —A.
anor <R(size(x))> inout %% x(i) IZXWILT B iHE:.
error <R> in RAEME (1858) .
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o2
EFRT

ERORIDT =845z, WEIEL GG, TDT /<) —a, FELRD &S IZEHHA
INd,
1 n
Q; = T — ﬁ pr
p=1
e

o RIBENMNEZINTVILEIL, FHHEDE., TOMEBASDTVD T —X i
RHEBEIZANGD WY, £/, T/ V—ULUTYE error CEHEINTWSHZE
5&‘3‘0

3.14.2 Anomaly 2d

BEBE
2 IRTTBL I DFEYHEN S DT ) <) —%5HE T 5,
X
call Anomaly 2d( x, anor, [error] )
511
x <R(:,:)> in 1 IRTTET — 4.
anor <R(size(x,1),size(x,2))> inout #x(i,j) (I Id dfE.
error <R> in R (&) .
E&EN
FEREOEIDT =25z WEELZEE, TDT ) IV — app FEAFD & S IZE
"mxnhd,
1 n m
Qij = Tij — %szm
q=1 p=1
5%

o RIBEMNEZINTVDGEIL. VHHAEODE, TOMENBPA> TS T—X 5
RHBEIZANG WY, £/, T /XV—ULTE error CEHZINTWSH%E
3&?0
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3.14.3 Anomaly 3d

BERE
3 IRTTELHIDFEEN S DT ) <) —ZEH T 5,
=52
call Anomaly 3d( x, anor, [error] )
511
x <R(:)> in 1 IRIET— 4.
anor <R(size(x,1),size(x,2),size(x,3))> inout #x(i,j,k) IZX)ad dRE.
error <R> in RIgfE (k) .
EHN
EREOEIDT =25 2pp WEIEL 256, TDT ) XV — appp A TFTD LS IZ
HEIND,
n m 1
1
@ik = Tijk — 7 Z Z Z Lpgr
r=1qg=1 p=1
8%

o RIBENEZINTVILAEIL., FHHEDE., TOMEMBASDTVD T —X 5
RHBEIZANGD WY, £/, 7T/ VU—ULTE error CEHEINTWSHZE
5&‘3‘0

3.14.4 auto_interpolation_1d

BéRE

1 IRTCD R B JEESRIZE T 5 HE LAV —F >, @%. interpo_search )V —

F 2 & interpolation DFlAGHE TITHONL NFLHE Z 2 HEMLL /2E D.
£

call auto_interpolation_1d( x, r, u, v, [undef], [undefr], [stdopt] )
513
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X <R(:)> in N oD FEHE JRE A2
r <R(:)> in LRI NEF & 1T D FEEE,

<R(size(x))> in JEfE x TEZRINDES T —X.
<R(size(r))> inout JEIEr TEZBINDEH]T—X.

e

undef  <R> in RERME ().
undefr <R> in NFRBREE RORE 208 (23d).
stdopt <L> in TI—h75 7 (#Bik) .

T 74 ~iE .false.

EER
mﬂfx DAMET A x(1) TEEIN TV u) OMEBEME LT, x LFRYT
(AT B R T RE O B2 2 BIOIERER £ D& r(§) TERINTOS M v(j)
AR EDTHD. A A—VIEHIIDE S BEDTH.

(]

o 58 undef IFFIFITONFHZITEH D & U/ & ST I N5 (H.

o 54 undefr ;cw#ﬁﬁ@ﬁlﬁlﬁ%wiﬁﬂﬁﬁbiﬁﬁﬁé WZEEOLLT, TO/MDE
HHEMNHDNIE— D RERME undefr DHEHIT, NFSIZIZZ D undefr T
B Z 5N EPEHIND.

° undef & undef & EDHLE D LT, NN EBMEIBINT D D ), HIANTH
BPOHFINAREL 2D, BB, ZTNOHDMEIEZT 74N M TIEEH HE -999.0
“Gi&ifz/bé.

o RBRMNERFPIMAFAEL TWEHE, 7 7 AV N TIEEHEL 11T Warning
AW —=UMNHIINDD, stdopt & .true. (ZERELTHIFHE, HHLARW.

3.14.5 auto_interpolation_2d

2 RITD R 5 PERERIZE T 2 HEIMRE NV —F >, %, interpo_search ) —
F & interpolation DFAAOETIFOLNLS NFHLHE 25w 2HELL 2B D.

call auto_interpolation 2d( x, y, r, p, u, v, [undef], [undefr], [stdopt]
)

518

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3 TIN—Fr—8 98

x <R(:)> in PR D FEHE AR 1.

y <R(:)> in A F 0D FEHE JKE S 2

r <R(:)> in FERIZNF 217D B 1.

P <R(:)> in FREIZ N 24T D HERE 2

u <R(size(x),size(y))> in JEfE x vy CTEZINDES]T—X.
v <R(size(r),size(p))> inout MEffr,p TEHRINDEHT—4.
undef <R> in RAEFME (k).

undefr <R> in MR mORE 2 ME (23d).
stdopt <L> in TI—Wh75 7 (k) .

T 74 M .false.
E&EN
JERE x,y DEMEF I x(1),y(§) TEBEINTVWSE uli,j) OEZ2SEMEE LT,
x,y EFERICICFET D& T RBLED R R D NOMEER r,p D&M (1), pm) T

ERERINTODEvA,n) CHFZTIEDTHE. 1 A-VIEMIIOLSBED
THd.

(]

o G undef PN TONFIZITE D & Lz & SITHNI DA,

o 7| undefr | iWﬁ'ﬁ@Iﬁm%%#‘H@f\ﬁﬁETé WCEEDLLT, TDHDY
HHEMNHDNIE—HDREEME undefr DHFEHIT, NFESIZIZZ D undefr T
B2 5N EMENIND.

° undef & undef & EDHLE D LT, NN EBMHEBINT D D, HHIRANTAE
BPOHFINAREL 2D, BB, ZTNOHDMEIEZT 74N M TIEEH HE -999.0
’C“i&if?hé.

o RBRMNERFPIMIAFAEL TWDHE, 7 7 AV N TIEEEHENL 112 Warning
A —=IUNHEHIND D, stdopt 75: strue. IZERELTEITIE, A LRV,

3.14.6 auto_interpolation_3d

3 IRICD R D PEFEERIZE T 5 HEfRE AL —F >, %, interpo_search ) —
F & interpolation DFAADOETIFOLNL NFHLHE 25w 2HELL 2B D.

call auto_interpolation 3d( x, y, z, r, p, 4, u, v, [undef], [undefr],
[stdopt] )

518
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x <R(:)> in P D FEHEFRAR 1.

y <R(:)> in PRI OD SV A 2.

z <R(:)> in P D FEHE AR 3.

T <R(:)> in FEERIZNHF 217 D HEEE 1.

p <R(:)> in FEERIZ N 21T D AL 2.

q <R(:)> in FEIZNFE 217D FERE 3.

u <R(size(x),size(y),size(z))> in JEIE x,y,z CEHRINDES]T— XK.
v <R(size(r),size(y),size(z))> inout JEiEr,p,q CEHEINDESIT—X.
undef  <R> in RAEFAE (k).

undefr <R> in BB UK E #EH (12R).

stdopt <L> in TI—=Wh75 7 (k) .

T 7 AN ME . false.

E&E
FERE x,y,z DEMF R x(1),7()),z2(&) TEEINTVWDHEuli,],k) Oz 3E
fHE UT, x,y,z EREERITICFIET D& RBLE DR 2 Rl DBEEER r,p,q DA
r(1),p(m),q(m) TEHINTWVWAIEvA,n,n) IZHNFEZTIEDTHD. £ A=Y
XH??DESREDTHD.

(]

o G undef IFFHHA TONFIZITE D & Lz & SITHINI D AE.

o 5% undefr I RO MNGEEESRANFIETDICEHDLLT, TORDLE
HHNH DB WVIE— N REEM undefr DA, NFFFIZIZZ D undefr T
B2 6Nl ng.

e undef & undef ¥ &HHE S I LT, NI fAERHIBIMN D 2D, FHIRATH
EBZNOHIBINAREL 2D . BB, ZINODMEIEZT 74 M TIHESL 5% -999.0
TRIND.

o RBRMNERHPIMAFIEL TWEHE, 7 7 A4V N TIEEHEL 11T Warning
AW —=UNHHINDED, stdopt & .true. (TERELTEIFE, HHLRW.

3.14.7 Cor_Coe

2 F— X OB EE T —F V.

call Cor_Coe( x, y, cc, [error] )

call Cor_Coe_1d( x, y, cc, [error] )

518
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<R(:)> in 1 IRTET—A&.
<R(size(x))> in 1 RET — 4.
cc <R> inout  FHEAFREL.
error <R> in RIEAH.
EHN
FEEOEID 2 T—88] x,, y, WEELZGE. TOMHBRE cc ARD & S 125
BiIhd,
cov
cc=

stv(z) x stv(y)
U, BAFO &S B 5z HW .

n n

cov = Z (i —T)(yi — 1), stv(e) = Z (¢i — )?

i=1 =1
ZIT. cov BRI, sto(¢) 1E by NN D T — RBIDEMERE L 5D, £/, LO
DV ZEEIE Tl R R

(]

o RIBEMMEZINTVD LA, FIHEOE, 20T —&2 Z3HHE LA,

3.14.8 Cor_Coe_2d

BEBE
2 7 — A DOHEBREE RS 2 )V —F > (2 IRGEHLFIRK).
=52
call Cor_Coe_2d( x, y, cc, [error] )
51
<R(:,:)> in 2T — &
<R(size(x,1),size(x,2))> in 2 RILT— 4.
cc <R> inout  FHBEAFREL.
error <R> in RAEMA.
EEHEN
2 YRtk % 1 IRGTEEHICAEREE 2, Cor_Coe & FHNTWS.
B&

o RIBEMMEZINTVDIHAE, FIHEOE, DT —& 23 LA,
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3.14.9 Cor_Coe_3d

BERE
2 F— X OIBIMRECE 35 2V —F ¥ (3 WOERLAINR).
=52
call Cor_Coe_3d( x, y, cc, [error] )
5181
<R(:,:,:)> in 3T T—X.
<R(size(x,1),size(x,2),size(x,3))> in 3T — 4.
cc <R> inout  FHBAFREL.
error <R> in RIEAH.
E&ER
3 RTTHA % 1 IRFTleHNIZ AR X Cor_Coe Z FHWNT WS,
5%
o RIBEMNEHZINTVDIIGEIL, SHHEDOEE, TDTF—X 2 HHE LAV,
3.14.10 LSM
BéRE
H2T RN LT, SEEBIZT v T 1 VT8I, NSRRIk ->TE
DIEE LY /2R TN —F V.
£
call LSM( x, y, slope, intercept, [undef] )
call LSM_1d( x, y, slope, intercept, [undef] )
511
X <R(:)> in T—REH 1.
y <R(size(x))> in T—REE 2.
slope <R> inout K 5N DI DM X,
intercept <R> inout K 5N DI DY Fr.
undef <R> in REEME (k) .
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VN
Eﬁl{ffﬁ@%é DT —ZRFNDOM 2,y WEAEL 728556H. TOT— X &2 HR/N_FEIZ LY

RO &S BB F(x,) 70w T4 V795,

F(x;) = a1z; + ao.
ZOLE, I TONIGE T D,
x; : x(1), a1 : slope, ag : intercept.

BB, TORNIEIC & D BARNREEOGEHIEAERD 5.3.1 2,

(e

o REMENERINTWVIHEIE, TOMEMNASTWE T — X[ ZFHEIZAN
AQAN

3.14.11 LSM_2d

BB
Hd 2 MILT —AFNIKUT, SEBIC T 1w T+ V7T BT, BN EIC
SO TTOMET LY FZ2FBETINL—F .
=52
call LSM 2d( x, y, slope, intercept, [undef] )
511
X <R(:,:)> in TR .
y <R(size(x,1),size(x,2))> in TR 2.
slope <R> inout K H5NDHFILEEOME .
intercept <R> inout K 5NDFILEE DY) Fr.
undef <R> in RIEME (k) .
E&ER
2 RtHH % 1 ROTCICE SR T, LSM V—F V2 HVTW5.
8%

o RIEMEMEBZINTWVAELEIZ. TOMENASDTWET—AHZEHEIZAN
R,

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 103

3.14.12 LSM_3d

BERE
HD 3T — RN UT, BB v T+« V7328, BuN_TRIEIC
FOoTEDMHES LYFZFETINL—F .
X
call LSM 3d( x, y, slope, intercept, [undef] )
511
X <R(:,:,:)> in T—AREHR
y <R(size(x,1),size(x,2),size(x,3))> in TR 2.
slope <R> inout 3K 5N B HILEDME X,
intercept <R> inout K SN DIREEEE DY) Fr.
undef <R> in RigfE () .
E&ER
3RICHEH % 1 ROCICEIZ T, LSM V—F V2 HVTW5.
B&

o RIEEMMERINTWVDEEIX, TOMEMPA>TVE T — L & FRIZAN
BN,

3.14.13 LSM _poly

HeE
HBT—AFNIN U T, ERERBOZEHRIZ T4y 74 V7T I, BN Fik
L TTDERBBEEFRTDIN—F V.
EY
call LSM poly( x, y, a, intercept, [undef] )
call LSM poly_1d( x, y, a, intercept, [undef] )
518
x <R(:)> in T AEHE .
y <R(size(x))> in T—REE 2.
a <R(:)> inout KO OLENDLHEANDELRE (k) .
intercept <R> inout ROLNLLZHADYI (k) .
undef <R> in RAEME (k) .
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EHEN
EEOEIDT—2FIOM 2, yp WFEELZ5EH. TOT — R 2 HR/N_FEIZEY
UFDED B mREHA F(2,) 74V T4V 755,

m
F(l’l) = Z ajxf + ap.
j=1

ZOLE, I TONIGE T D,
z; » x(1), a; : a(j), ap : intercept.

SIBOENO R THOLN L DI, ELEE UTazEdE TORSDERMN
ZIHRDEBREIRBE 2D, £/2, A VI—F UIT, intercept LELHI a (ZHLA
ABTNG G, FEGIBUIT intercept DAL LT, a(0) ZMRATHIXREZ N,
BB, ZOBRNZRIKIZ & B BRI E OGN ERDO T2,

B%E

o RIEBMENEBZBINTVIHEIX., TOEMNP A>TV T — X HEGHEIZAN
BN,

3.14.14 LSM poly_2d

Fee
HdT—RINIKUT, ERBRBDLZENIT v T4 V7§D, RNk
&> TEDRBEZERT DI —F > (2 IRIThR).
=52
call LSM poly 2d( x, y, a, intercept, [undef] )
51¥
x <R(:,:)> in TF—AREH 1.
y <R(size(x,1),size(x,2))> in T REHE 2.
a <R(:)> inout RKDOLNDBLHADEHRE (Bid) .
intercept <R> inout ROLNDLZIHADYf (k) .
undef <R> in RIEME (k) .
E&ER
2T — A% 1 IRGTT —RITESHZ T, LSM poly ZHNTWV 2.
=E5

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ~¥~=a7Jb

3HITIN—Fr—

s 105

o RIEBMENEBZINTVIHEIX. TOENPA>TWE T — A HEGHIZAN

R,

3.14.15 LSM _poly_3d

Bee
HBT—RINIH LT, ERRBDOZHRNIZ T v T4V 7§ DEIT,
&> TTDERBEZFHET DN —F > (3 IRITh).

X
call LSM poly 3d( x, y, a, intercept, [undef] )

518

X <R(:,:,:)> n
y <R(size(x,1),size(x,2),size(x,3))> in
a <R(:)> inout
intercept <R> inout
undef <R> in

EHEN
SIMILT — R % L IRGLT —RITEZHZ T, LSM poly T3,

m&

o RIFMENE

VAL

3.14.16 Mean_1d

1 RIThFI DI % 5HRT 5.

call Mean_1d( x, ave, [error] )

518

1IRTET — 4.
HET 2 EE.
RIEME (F2k) .

X <R(:)> in
ave <R> inout

error <R> in

BN FEIR

T—REE 1.

T—REE 2.

kb HNDLHEADEBE (4
KDOSNDLHADY r (#
RIEME (k) .

HINTVWDIHGIE, TOMEPASTWD T — X H@EFHIZAN
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o2
EFRT

FEREOEIDT =25z, WEIHELZEE, TDT /I V —ave XA RD & S IZEHE
INnd,
1 n
ave = — Z:Up
p=1
e%

o KIBEMNEZRINTVDEGEIL, EHHAEDE, TOMEMBA> TS T —X 5
ZEHREIZANZ N,

3.14.17 Mean_2d

BEBE
2 IRTCEEH D EIE % GRS 5,
X
call Mean 2d( x, ave, [error] )
511
x <R(:,:)> in 2 LT — 4.
ave <R> inout EME 9 5 FIIME.
error <R> n RIEME (i) .
E&ER
EEOEIDT =25 2y PEIEL7ZHE, TDT )XV —ave IZFBATFD & D IZE
HXhb,
1 n m
ave = % Z Zl'pq
q=1 p=1
=E3

o REMEMVEZRINT VD HLEIE, FHEROE, TOMEMNA>TND T — 4 5
ZERIREICANZ Y,

3.14.18 Mean_3d

HeE
3 RIGHLHI DMl % 5T 5,
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23

call Mean_3d( x, ave, [error] )

511
x <R(:,:,:)> in 3T —A.
ave <R> inout FHEY 5 FEIME.
error <R> in R (18id) .
E&EzN
FEREOREIDT— 5 21 PFAELZGE, TDOT )XV —ave l$EATFD & 5125
"mxnhd,
n m 1
1
ave = %ZZZ$pqr
r=1q=1 p=1
5

o RIBEMNEZINTVDGEIL, EHHEDE, TOMEMBA>TWD T —X 5
ZEHREIZANZ N,

3.14.19 Reg Line

HEE
MR EMROME S L 25HH 92 —F .
o
call Reg Line( x, y, slope, intercept, [error] )

call Reg Line_1d( x, y, slope, intercept, [error] )

518
x <R(:)> in 1RIET—4.
y <R(size(x))> in L IRET — 4.
slope <R> inout [AIFEFROM E.
intercept <R> inout  [AIREFROY] fr.
error <R> in RAELH.

EERN

ERDEID 2 F— B 2,y BIFAEL 7B, T DIEIRESR g = aw, + 5 105
JAMHE o LU/ % LSM NV —F VU EHNTEIHT D,
TR 3 T A B T 20,
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(]

o REMENERINTODEAIX, GHHOE, TOT—&2 23R LAV,

3.14.20 Reg Line 2d

HeE
2 RIET — ROV T HIREMRDOMEE LI/ 23R T2 —F .
E5:Y
call Reg Line 2d( x, y, slope, intercept, [error] )
518
X <R(:,:)> in 2 RITT —X.
y <R(size(x,1),size(x,2))> in 2 RIET — &
slope <R> inout [MIVREERRDOME X,
intercept <R> inout [EIVRERRDOY] .
error <R> in RAEAE.
EHEIN

QLT —H % 1 IRITTT —RIZEEH X T, Reg Line —F V& 5.

(]

o KIBEMNMEZINTVDIHAE, FIHEOE, DT —&2 Z3HHE LA,

3.14.21 Reg Line 3d

HeE

3YILT =R DV THIFEMOMEE LYy 23RN —F .
23R

call Reg Line 3d( x, y, slope, intercept, [error] )
518
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X <R(:,:,:)> in 3T — A

y <R(size(x,1),size(x,2),size(x,3))> in 3T —A.
slope <R> inout [MIVFEKRDME X .
intercept <R> inout [EIwEFROY] Fr.
error <R> in RAEAE.

EERN
SMIGT — A% 1 IRLT —RIZESIHAZ T, Reg Line V—F V&N D,
e

o REMENEZRINTV D LA, FHROE, 20T —ZZ23RH LAV,

3.14.22 covariance

2 FT—RDENEEFET D IN—F .

call covariance( x, y, cov, [error] )

call covariance_1d( x, y, cov, [error] )

518
x <R(:)> in 1 RTT— 4.
y <R(size(x))> in LR T— 4.
cov <R> inout FL4#E.
error <R> in IRAEMH.
E&EN
FEEOEID 2 T—85] z,, y, WEELZEGE., TOHLDE cov LTFD & S IZEHE
XNd,
cov =" (x; =) (i — V)
i=1
I T, EOOW BRI ESEE EF T
®E

o REMENERINTODGAEIX, SHEOE, TOT—&2Z3HHE LAV,
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3.14.23 covariance_2d
BEBE
2 T—RDOIENHEFET DI —F > (2 IRGTEFIIK).
X
call covariance 2d( x, y, cov, [error] )
518
x <R(:,:)> in 2RITLT— &
y <R(size(x,1),size(x,2))> in 2T — 4.
cov <R> inout J:o#Ek.
error <R> in REEAH.
E&ER
QMITLT —R%E 1 IRTLT —RIZE XM Z T, covariance V—F V2 5.
B&
o RIBEMNEHZINTVDIIGEIL, GHHEDEE, TDTF—X 2 5HE L AW,
3.14.24 covariance_3d
52313
2 T—RDHNREFET DIV —F > (3 IRITALFIIR).
X
call covariance 3d( x, y, cov, [error] )
511
x <R(:,:,:)> in 3IRITT—X.
y <R(size(x,1),size(x,2),size(x,3))> in 3IRIET — A,
cov <R> inout o EL.
error <R> in RIEAH.
E&ER

SILT —F % 1 IRTLT —RIZE IR T, covariance V—F V2 W\ 5.

(]

o RIBEMMEZINTVDIHAE, FIHEOE, DT —& 23 LA,
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3.14.25 interpo_search_1d

BEBE
1 IRGTOMWIEELH] (BERBNER 2 T IR RIS RDEH]) OHFT, point %
BABVWERKOEZFZSZ2HE 1T (bW E AT AL ED LD RN EFTS ),
X
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
511
X <R(:)> in 1 RG]
point  <R> in ARy
i <I> inout point ZBA L WVEKRD x(1)
WZHYS 4 2 ERE S
undeff <I> in WREAIN 7 Z 7 (1Bk) .
T 74 Mo,
stdopt <L> in TI—h7o5 7 (k) .
T 7 AN M false.
E&EN
P X772,
B&

o RRFIFHDOIERMEL VNI WEEZ R L & 5 & UZBRIZ undeff KT,
ZOMEDBRE I NG ITERHIFAIMI B - 725515 0 2R, SERHPFH LD KX
WEEIRED IS BfEE &> TH, x DRAMEICHY TSP EREFE T EIKT,

o BRI EREFAIMNAGFEL TWDGE, 7 7 4V b TR H J71Z Warning
AW —=UMNHIINDD, stdopt & .true. (ZERELTEITHE, HHLRW.

3.14.26 interpo_search_2d

HEBE
2 RGTDOWIERCS] (BREBNZ 5 T ITENKE R SEH]) Of T, pointx,
pointy # A BWERAKDEREZESZHNTE (VbW H YU AGED XD 20U %
795,

2

call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
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515
bq <R(:)> in 1 RO Sl 51
y <R(:)> in 1 RO 4.
pointx <R> in X AZDWTHNZWD A
pointy <R> in YIS DWW IRV A
i <I> inout pointx %A RWVERKD x(i)
WY 9 5 ERES.
j <I> inout pointy %A BRWVEKD y(3)
AN T 2 ERE .
undeff <I> in PRERHIPHIN 7 5 7 (1#2iR) .
77 AN MEo.
stdopt <L> in TI—Wh75 7 (k) .
T 7 A4 & . false.
EERN
REA IR 77.
e

o RRHFFHDEN EZEMEI D /NI WVEZ R L &5 & UZBRIZ undeff %K,
ZOMEMNBEINTITHERHFAIMC LS -EE1T 0 28T, ERHFH LD kX
WIGEIREDE D BMEEZ L > TEH, x DERKAEIZHY T DESEERESZIKT,

o RBRMNHRHPFIMIAFIEL TWEHE, 7 7 A4 )V b TIIEHEL 1T Warning
AW —=INHEIINED, stdopt & .true. [TEELTEITIE, HH LRV,

3.14.27 interpo_search_3d

11
3 IRTCDWIEELY] (EREBMNIHEA D Z L IElNKRE <A SH4]) OHF T, pointx,
pointy, pointz Z A BWERKAKDEREZSEZHNITLE (WbWL AV AGTD &
DB ELTD ),

=X
call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, &
& [stdopt], [undeff] )

518
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x <R(:)> in 1 RoGH S 51

y <R(:)> in 1 IRTTE AR

z <R(:)> in 1 RO 4.

pointx <R> in x AZDWTHNRZO AL

pointy <R> in YIS DWW TEANTZWV A

pointz <R> in Z IZDW IRV A

i <I> inout pointx %A L WEKD x(1)
YT B ERES.

j <I> inout pointy %A AWV ERKD y(j)
WCHYE T B ERES.

k <I> inout pointz %A RWVEKD z(k)
WY 9 5 ERES.

undeff <I> in BRBHPHIN T T 7 (k) .
77 AN MEEna.

stdopt <L> in TI—Wh75 7 (k) .

T 74 ME .false.

o2
EFRT

R 77
"%

o PREHPDEINERME L VNI WEZEEL L5 & ULBRIZ undeff Z23KT,
ZDOMEMRE I NG IR R > - 5H1E 0 2RT. BERFH LD K&
WIHEIRED LS BRMEZ L5 TEH, x DRAEICHY T DRI ERE 5 Z2KT,

o RBRMNERHPIMAFIEL TWEHE, 7 7 A4V N TIEHEL 11T Warning
AW —=UNHHINDD, stdopt & .true. (TEELTEIFE, HHLARW.

3.14.28 interpolation_1d

HeE
1L T DRI —F >, NI ENREOBRIZZRIT I mB LU, TORICET
iz LIl WK TOMZFIENHIZ L > THET D,

EEM

call interpolation_1d( x, y, point, val )

518
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x <R(2)> in WD e (k) .
y R@> in x TEEINBME () |
point <R> in NECTY

val <R> inout  PNHF RLT DAH.

EHER
PR ??. B 2 RS 2, DF RIS UTEBRBINTVWSIEy, 2E LT, H
% 2 R xi, w1 OEID R 2, (BT DN FFEZ R L 20T D, TOLE A
FRAE i 130065 2 ROMEZ 2L T, UTFO LD IZEEING,

_ Yi+1 — Yi

in = Ui +dx * (x5, — T; dx .
yzp yz+ ( p 1)7 Titl — T

ZOLE GBI ONIGE T B,
i+ x(1), w1 2 x(@2), oy 2y, g1 y(2),
Tip : point, Yy @ val

(]

o HAIZ, x(1:2) DREMBDONSRNGEIE, point D% LIZ, interpo_search 1d
VW—=FVEHN, IN6DREHOLNUORODTEITFIEL,

3.14.29 interpolation_2d

BEEE
2 IRTTORIEANFTF I —F >, N R ENFHOBRICSIRT B LU, TO/MITET
5% E &I, NEETOMEMRENEIZE > THET S,
£
call interpolation_2d( x, y, z, point, val )
511
X <R(2)> in x JANEEO AL (k) .
y <R(2)> in y SRRSO e (k) .
z <R(2,2)> in x, y CEZINDMHE (k) .

point <R(2)> in x, y CONHFA.
point (1) #%x, point (2) A%y IZXfi.
val <R> inout AR TOAH.
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EEN
RPN ??. B 2 JEEERCS 2y, Y DRI UTEBR I NTODME 2, 28 1T,
HB 4 ,'f—I_'\ (IL‘i, yj), ($i+1, yj), (l‘i, Yj+1, Tit1, yj+1) ’Ci;}”bé)#& (IL‘p, yq) C:BH%)XX?W?
BB RS L2V T B, ZDL X, NHFFE 2, 1ZIEF 4 5RO E SR T,

zxi+1j — j;‘j (zp — 1) + »’«;jﬂ - ;ij(

i+1 — T4 i+1 — Y5
(xp —23)(Yq — Yj)

Ti+1 — xi)(yjﬂ - yj)

Zpg = Zij + Yg — Ys)

[Zit1j4+1 — Zij41 — Zit1j + Zij] (
LEMEXINDG B, ok X, BSIBUIBTONIEE T 5,
i 2 x(1), wiyr 2 x(2), gy 0y (D), yi vy (2),

Zij . Z(l,l)7 zi—l—lj . 2(2,1), Zij+1 . Z(1,2), zi—l—lj—l—l . 2(2,2),

xp : point(1), y, : point(2), 2z, : val

B%

o HAIZ, x(1:2), y(1:2) DRMDONSLBNGEIL, point DfE%E £ 12, interpo_search_2d
N—=FVEH, INLDREHSMUDKROTEIFIEL,

3.14.30 interpolation_3d

3 RITDREANTFIN —F >, NFERENFORIZZRTIRBE LT, TORIZHY
Bz &Il AR TOMEEFIENIZ L > TERET S,

X
call interpolation 3d( x, y, z, u, point, val )

511
X <R(2)> in x SN SO LEA ($h) .
y <R(2)> in y RN RO ELE (k) .
z <R(2)> in z HaNFEEOEA () .

<R(2,2,2)> in x, y, z CEBINDMH (&) .

point <R(3)> in x, y, z COWNHM.

point (1) ' x, point (2) Ay IZ,
point (3) A% z IZXf .
val <R> inout A LT OAH.

B DROEHIZ??TBIR.
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EER
BEARKNIE??. &2 FEEEELH] 20, Y, 21 DB U TEREINT O Uy &5
LiT. B3 8 HTHENG I (1), y, 2) 12513 B REIHRFFE L0 LT 5,

(zp — i) (Yg — Yy)
Titl — T Yj+1 — Y5
) (zp —m) (20 — 21)
Tit1 — Lj Zk+1 — Zj
)(ngwﬁ)(%~—zk)
Yj+1 — Yj B+l — 25

+ (Uit 141k — UYijr1k — Wit1jk + Uijk)

+ (Wit k41 — Wik41 — Uit 1jk + Uijk

+ (Uijp k1 — Wijh+1 — Wij4+1k + Uijk

+ (Wit 1 1h+1 — Wij k1 — Wit 1jht1 + Yijht1 — Yit1j4+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (l/q - yj) (20 — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

LEMEIND T, ZorE, SIBUETOMNIGE T 5.
i - x(1), w0 x(2), y; oy, yip - y(2),
zr  z(1),  zpa1 : z(2),
Zigk + z(1,1,1), zipe 0 2(2,1,1), zijpe 0 2(1,2,1), zpe - 2(1,1,2),
Zittj+1k - 2(2,2,1), zipperr 0 2(2,1,2), zijpaksr ¢ 2(1,2,2), zZipgirie ¢ 2(2,2,2),
zp : point(1), y, : point(2), 2z : point(3), g : val

B%

o BT, x(1:2), y(1:2), z(1:2) DFNDONSLRVEGEIE, point Dffi%
&2, interpo_search 3d V—F VZ W, INLDRZHOLNUHRKDTH
FE LW,

3.14.31 nearest_search_1d

HeE
1 IRTCOWIEELY] (BERBPIEZ D T IERRE L B DEH]) OH T, point IZ
ROEWVERESZHIT D,

U DROTHIZ??BIR.
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23

call nearest_search 1d( x, point, i )

51¥
X
point
i
EER

BB 77

B%
2 U,

<R(:)>
<R>
<I>

in
in

mout

3.14.32 nearest_search_2d

1 RoCHTIE IS
AN AL

point (ZHEEWV x(1)
WY B R E S,

2 OGOWIEELY] (BEREPHE A D T IElNKRELRDBES]) OF T, pointx,
pointy RO EWERE S 2T 5,

call nearest_search 2d( x, y, pointx, pointy, i, j )

518

X
y
pointx
pointy
i

EEN

R L 77,

e
2L,

<R(:)>
<R(:)>
<R>
<R>
<I>

<I>

in
in
in

inout

inout

1 IRIGH S LS.

1 RO RS

X AZDWTHANZZ O AL
YIZODWTHNZV AL
pointx (ZHEEV x(1)
ICHY T B ERES.
pointy (ZHE TV y(3)
WY 9 2 EHRE .
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3.14.33 nearest_search_3d

Hae
3 TTOMWHEH (EREHPIEZ 2 L IElP K E L BB ES) O T, pointx,
pointy, pointz IZHREILVWERESTZ T D,

N

call nearest_search 3d( x, y, z, pointx, pointy, pointz, i, j, k )

518

x <R(:)> in 1 IRIGH LS.
y <R(:)> in 1 IRTTH AR A1
z <R(:)> in 1 oG4
pointx <R> in X AZDWTHNRZWD AL
pointy <R> in YIS DWW TEANTZWV A
pointz <R> in Z 2DV TCTHNTZWO A
i <I> inout pointx (ZHE IV x(1)
YT B ERES.
j <I> inout pointy IZERE IV y(j)
WHY T B ERES.
k <I> inout pointz IZHRE I z(k)
WY 9 EHRES.
EERN
REA IR [77.
S
2 U,

3.14.34 stand_vari

2 T—ADIEE[FAEZHET DI —F .

call stand vari( x, anor, [error] )

call stand_vari_1d( x, anor, [error] )

518
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X <R(:)> in 1 RET—4.
anor <R> inout AEHEfR 2.
error <R> in IRAEMH.

EER
EEDOREI DT =85 xp BFAEL 256, T OEYERA sto RO L S IZEHRX
NnNd,

n

sty = Z (z; — T)?

i=1
ZIT. ERRODWERIIFYEEZRT.
(]

o RIBMEMEZINTVDHAEIX, FHEOE, TDT -4 Z3HHEL AW,

3.14.35 stand_vari_2d

BEEE
2 T— A DIEHERAE IR T 2V —F v (2 ROLEFIIR).
£
call stand_vari_2d( x, anor, [error] )
511
x <R(:,:)> in 2 IRTET — &
anor <R> inout AEHEfRFZE.
error <R> in RIEMH.
E&EN
2QMGET —H % 1 IRTT —RIZE S X, stand_vari V—F V& HAND.
8%

o REMEMNEZRINT VD LA, SHROKEE, 20T —Z 23R LAV,

3.14.36 stand_vari_3d

HeE
2 F— A OB % GRS 2 —F ¥ (3 WOTHFIIR).
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EX
call stand vari_3d( x, anor, [error] )
511
x <R(:,:,:)> in 3T —A.
anor <R> inout FEHEfFZE.
error <R> n REEAH.
E&EzN
SWILT—4 % 1 IRLT —RIZEEH X, stand_vari V—F V& N5,
=E3

o KIBEMEZINTVDIHAE, FIHEOE, DT —&2 &3 LA,

3.14.37 Move_ave

BB
1 RTBLAI DB E A% 5 R T 5,
£
call Move_ave( x, n, y, [error], [offset] )
51
x <R(:)> in LIRET —A.
n <I> in g% & B EER
y <R(size(x))> inout “F¥IUFER.
error <R> in RIEfE (#&ak) .
offset <I> in BEIE % Blh 9 2 BEES (k) .
T 74V M n.
EEN
FEEDOEIDT =25 x; WEHEL 725G, TOBENIFEY ¢ IZUTO LS IZEHRI N
5, 72U, n PBEIEETLIERKTH D,
1 ttnsl
Y = E Z Tp
p=i
5
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o BENEYDEHIFEEZERTIE EDO LS IR U TH B D, FEEIIHMD n @iz
DWCEHZHAL, DBIIERNGEEZE X, BHEZETEWVWIEEE2ITT>T
W5,

o I offset IIBENIEMEDRAZFLT I EEZFZ S 2IHTT D, offset=n
E952L, FOEHFERIIBWT, 2EEZHN N DL X, BEIFEHIIUTDOLD
IR IND.

i+n—1

vi= Z zp(i =m, N —n+m)
p=i

ZIT,n>m TRINERSL BN, 208X, EOEBZFHFSMIAEY T 2 ES)
121X error BWRAING. T 74 M.

3.14.38 Move_anom

Hae
1 IRITBLAI DR ENEIIMED & DR % FHHE 5,
X
call Move_anom( x, n, y, [error], [offset] )
511
X <R(:)> in 1 IRTET— 4.
n <I> in S % & B
y <R(size(x))> inout f{FoNd7 /<.
error <R> in RIEME ($8id) .
offset <I> in BEIEYS % Bth 9 2 BEE S (Bad) .
F 74N MEn.
E&E
FEREOEIDT =25 x; WEHELZ5E,. TOBEEET /<) 4 ZUFD &SI
SHREINDG, 22U, n BBEIEET L EERTH D,
1 i+n—1
Yi = Tj — E Z Tp
p=1
5

o BEPFIDFIRIZERATIE EOISIZEHR U TH LM, EEIZHRAD n 8
DWW ZEEL, DRERGHEZE] &, BFEZET LW EELZIT-T
W5,
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o 5 offset I IBEFIIMEDONRAZFHBTLIERESLZIBEL TS, offset=m
5L, EOEERNITBEWT, 2EEZEHN N DL X, BEIEEIN O DR ZE I
UTRDELDIIEEINS.

| Tzl
Yi = T; — — Z zp(i =m, N —n+m)

n :
p=1

ZIT,n>m TRINERS BN, 20k ¥, EOBEZRFPFMIAEY T 2 ES
IZ1d error BWRAIND. T 74 Mgt O,

3.15 Thermo Advanced Function

BN FEBOWIEZ TS BEBD S b, DT Y 2 —)VITHRTF U 72 5HR 2 17 S BIEUE.

3.15.1 CAPE

KA RALE T )L F— (Convective Available Potential Energy) % #1584 % ) —
F.

result = CAPE( p, z, qv, temp, z ref, [undeff], [opt] )

518

p <R(:)> in SUE [Pa).

z <R(size(p))> in = [m).

qv <R(size(p))> in RAKIEE L [kg/kg].

temp <R(size(p))> in e K.

zref  <R> in FAESE [m].

ROfE  <rR> inout CAPE [J/kg].

undeff <R> in R AE FH.

opt <I> in LNB FIHEOBEDOA T a v (k).

PLFC
/ R(T, —T,)dInp.

PLNB
ZIT. p AR, T, 3BHESORE (DY, VYFTENINBEL). T, 13
W BRI > T, MBI 2,0y D ER X RS L OB, RIZAKER,
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LFC I ZHHXREE (Level of Free Convection), LNB (&HZiF /1 & (Level of
Neutral Buoyancy).

(]

o HEL UTHZADHAENIE, BEREFESO/NIWHENK Y HKRITEWMEE 25 &
ST, DEVESE ULTT—X &5 X 58%, HFRE» 5K L TV <,

o HET— XX LFC, LNB Ofi% 58T 272DIZOAMHHL TN 5,

e undeff NHEINT VD EEDMEIFFEE X N,

o L, AEEFELQTAMETHEZDGEIE. OB ZE O H 4 RN EIES T
TOEEZEIHEL, TOME#E L TANNIK OK.

o opt ZHUIDWTIX, B z LNB TOA ¥ a VIgELH L.

3.15.2 CIN

R T % )L ¥ — (Convective INhibition) #Z&lH 4N —F .

result = CIN( p, z, qv, temp, z ref, [undeff] )

518

P <R(:)> in SUE [Pa).

z <R(size(p))> in = [m].

qv <R(size(p))> in IKFRSIEA L [kg/kg).
temp <R(size(p))> in IE (K.

zref <R> in FAEFE [m).

ROfE  <r> inout CIN [J/kg].

undeff <R> in RIE FAH.

Pref
/ R(T, — T,)dInp.

PLFC
ZIT. pERRE. T, 3EESORE (DY), VYT TBHUINDIRE). T, 1E
B BGRERIZHE > T FYESE 2,00 0O BRI TS =RIVDRE, R IXKIAEL.
LFC I3 HHimE (Level of Free Convection). pres 1& zpe TOKUIE.

B%
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o HIHE UTHEZADEMINE, HEEFSONIWANIYHRIGEVEE 25 &
ST, DFEVEFE L TT— 4252583, MR SEML T <,

o HET—XIXLFC,LNB Ofl%F5HT 25 72DIZOMMEHALTN5,

e undeff NHEINT VD EEDHEIFFE I N,

o L, RMEGELLGITRMETE X Z2GEIE. ZOBEE O H 4 /I FEHES T
TOEEZFHAL, TDMHE%ZF1%E UL TANNIE OK.

3.15.3 T_LFC

PaE
LFC (Level of Free Convection) TODiRE % F157 9 % B
=Y
result = T LFC( zref, z, temp, p, qv )
518
zref <R> in FHESE [m).
z <R(size(p))> in = [m].
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in RAAKIEE L [kg/kg].
ROME  <R> inout LFC TORE [K].
EHEI
WIEAIZ BT 5 /37 A =R DOFMIZ??S .
e

o FIHE LUTHADEEIK BEBFSD/NIVANLYHBRITENMEE 422 &
DI, DFEVEFIE UTT—R 252281, HIERmMSHEML TV,

o HDEMEFETOMYEMNEZ FR XYL X, FHEORNMEYLIEMNE -T2
HEMNLFC Thd. 22T, FEORMMHLIEN R AT D 2 SE KD, ©
IO EEAMICAETE L THELZRETD.

3.154 T_LNB

HRE
LNB (Level of Neutral Buoyancy) TDIE % 5159 % B
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23

result = TLNB( zref, z, temp, p, qv, [option] )

518

EEX

HH
e

Tref <R> in EHESEE [m)].

z <R(size(p))> in = [m].

temp <R(size(p))> in wE K]

P <R(:)> in SUE [Pa).

qv <R(size(p))> in KESIRG T [kg/kg).
RO <R> inout LNB TOiRE [K].
option <R> in ARG (HESR).

WIEAKNIZ B 1 /87 A — X DFFEMIXT? S

B%

o Gl UTHADKIINK, EHRBFSO/NIWLREYHRIGENMEE 2D &

D12, DFVEFIE UTT =X 252583, MREMSEML TN

option IZIXEFMNAD. ABETIL, LNB 2% 92572012, 2 FED HIE
LD EMNTES, 1 DOIX LFC & TORFMLIREMN A LFC V) 22
THUOBRBEISOMMMYEAMN E XL EEHEL, TOEEZ LNB 35/
ETHD, UL, EEOESDREELREEXKBIH T —2 Tl BEOT—4
MRELEFHTEHELHZ-0, LFC DT ETLNB 282 TCLFEW, IE
MR INZVNGENH D, TI T, 2 DOIEBLAREBN T — X2 D Ligh
5 N A E IHIFIA M IEAL 2 FHR UL @) LEC TORAFIAEMIEAL & [/ Ul %
WR7-EE%E LNB &9 2 AIETrEE1TD, RARIFE S RAL L BJE Ty
W22 720, ZOFEE L >THMEIXER, 77 4)V N Tld option = 1
THY, ZHE 1 2ODTFEIZEZHETH D,

3.15.5 precip_water

HaE
AlBEKE 2GR 9 S B
=X
result = precip.water( p, qv, [undef] )
518
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p <R(:)> in SUE [Pa).

qv <R(size(p))> in IKARTIR A [kg/kg].
RUME  <R> inout  AFEKE [kg/m?.
undef <R> in RRE FHAH.

EER
WrE 2B 1T 5 /87 A =2 DFEMIXT? S

(]

o G UTHADKIINE, HRFZSO/NIWHEPLYHBRITGENEE 42D &

ST, DEVEFIE LTT—4 %252 58I%. HMRE»SEML TV,

3.15.6 qrsg 2 dbz

HaE
BEEYIR A LD EHMIN 2 L — & GRS % 5159 2 B
X
result = z LFC( rho, qr, [gs]l, [qgl )
5181
rho <R> in HAEEE [kg/m3).
qr <R> in MKEE L [kg/kg].
gs <R> in TREL ke/kg).
ag <R> in BRA I [kg/kg].
RUME  <R> inout L —XKHIEE [dBZ).
EHEN

L — A RATIRE dBZ 13
dBZ = 10log,y Z

TEZBINTWD. REETIE, 2D Z OFHHEIZ Murakami (1990) @ (54) X -

ﬁQR 175 18
Z =TI(7T)Ng ( ) 10
(") Nro Tpw N Rro
2

+re) |82 1 /lew—1 ps \? N pQs \'" 1018
g +2 Ew + 2 pw) " \mpsNyo
2 2 2 — 1.75
g —1 Ew— 1 Py PQg 18
+ I'(7 — ] N, 10
9 g+ 2 / Ew +2 <pW 90 TpgNgo

ZHVWTCVS, ZIT. S 5RTNTNURDESY TH D,
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I'(z) AV~

e OKDHFER.
o IKDHFAR.

Npro WOHEE.
Ny  BBOHEL.
Ngo  BOBEE.
Pw KD .

Ps EDEE.
Pq TOBEE,
p FEARG D KRB

KWIFL/SS A — & 1% Murakami (1990) (2208 S M TV B2 V328, 2 S T
WRWS T A—=ZIZDONTIE, BEHMER (2008) D2 SHEIZLTWS. L — A4t

SR DFEM R FHRIX 7?2
e
Rz L.
3.15.7 z LCL
HaE
LCL (Lifted Condensation Level) % F1%.9 % BI%X.
=X
result = z LCL( z_ref, z, temp, p, qV )
518
zref <R> in FAEEE [m).
z <R(size(p))> in EE [m].
temp  <R(size(p))> in wmE K.
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KEKIRE L [kg/kg].
RUME  <R> inout LCL & [m].
EERN
BIEBIZ 31T % /8T A =X DFMIZ??SIR.
e

o JIL UTHAZRMINE, HEBESDNIVAVEVHERIENMEEL 2D &
ST, DEVEFIE LTT—4 %252 58I% HMRE»SEML TV,
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3.15.8 z_LFC

Hae
LFC (Level of Free Convection) % &% % BIZ.
=X
result = z LFC( z_ref, z, temp, p, qv )
518
zref <R> in FAESE [m).
z <R(size(p))> in = [m).
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KFAKIEG L [kg/kg].
ROfE  <R> inout LFC && [m].
EERN
WIEAXIZ B 1) 5787 A =R DOFEMIZT? S
e

o L UTEHEZABEZESIZ, BEFZSO/NIWHERL DRI VEE 25 &
S0, DEVESELTT—X 252 58I%, HIREHSEMHL TV,

o HLIUWEERE TOMYIEMZ LRI/ &, FAE ORI YR & —T D
BEMNLFC THD. Z 2T, FBOMMEYIEN & RAT 2 2 HEkdD, Z
IMOEERAIINFTAZ I TEELZRETS.

3.15.9 z_LNB

Hae

LNB (Level of Neutral Buoyancy) % 159 % B
=X

result = z LNB( zref, z, temp, p, qv, [option] )
518
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EEX

by
K

zref <R> in v [m].

z <R(size(p))> in = [m].

temp <R(size(p))> in M [K].

p <R(:)> in SUE [Pal.

qv <R(size(p))> in KFELIRG L [kg/kg).
ROfE  <r> inout LNB i [m].
option <R> in FHREGE (HESR).

WrEAIZ BT % /3T A—Z OFMIX??2E.

(T

3.16

o Gl UTHADKEINK, EHRBFZSO/NIWLREYHRIGENMEE 2D &

D12, DFVEFIE L TT =X 2525813, MREMSEML TN

option (ZIFEFT N ASD. A TIE., LNB 25153272012, 2 O LIk
LBIEMNTED, 1 2O LFC & & TORAM S IRA A LFC &) EZ2
THUOBRBEISOMMM LM XL EEHEL, TOEEEZ LNB 235/
ETHhd, LML, EEOEIREERSEKKEN T —2 Tl EDOT—X&
MRELLFHTIEHEER D720, LFC DT ETLNB #MXTULEW, IF
HICEHEINRNGENH D, €I T, 2 DOIEEBELKRBIH T — & D _Ebis
5 NSRRI S IRAL 2 G U, &HIC LFC TORFME YR & [ Ui %
WR7-EE%E LNB &9 2 GIETaEL1TD, RARIFE S IRALIE BJE Tl
L5770, ZOFiEE L >TEMBEIZRY, 774V N TlE option = 1
ThY, ZHE 1 DODFIEIZELZHATH D,

thermo_advanced_routine

B ZEBRONEI —F v OFR T, AH 7 — (TR EIER T Z KT %
FON—F2D>H, DTV 2 —IVITEKIFT 2N AT EDEEDZEY 2 —)b.
ZIZTHOWTWSZ K ORNFEEBOFEMIXI?SIE,

3.16.1 Brunt _Freq

BB
T3V MNNA Y IHREEO 2 FE2FHETD
£
call Brunt Freq( x, y, z, pt, BV, [undef] )
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518
<R(:)> in G TR — R
<R(:)> in A TR TR
z <R(:)> in TR = R
pt <R(size(x),size(y),size(z))> in AL [K].
BV <R(size(x),size(y),size(z))> inout 77 ¥ hNA Y FHREEL [/s].
undef <R> in R IE FAH.
EERN
TV IIREEE N L 55 L, TOERR
2_ 99
N = 00z
ERB, ZIT, g0 FTNTNENNEE LB TH D,
e

Hae
INTFNVDRT VY Y VIRELGHET 5.
=
call Ertel PV( x, y, z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )
5%
X <R(:)> in AT R PR
y <R(:)> in TR TR
z <R(:)> in G TR =R
u <R(size(x),size(y),size(z))> in x HaDEE,.
v <R(size(x),size(y),size(z))> in y FDHE.
W <R(size(x),size(y),size(z))> in z D HEE.
rho <R(size(x),size(y),size(z))> in I [kg/m?].
pt <R(size(x),size(y),size(z))> in AL [K].
cor <R(size(x),size(y))> in AV AVINT A—=4 [/5].
BV <R(size(x),size(y),size(z))> inout TILFILD PV [K/kg s m?].
undef <R> in R RE FRAH.
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EEX

TITNVDRT VI YIVigEE2 PLddE, TOEHEIE

wg - VO
p

P—=

8%, ZIT. we,b, pldTNTNAMTIIE, AL, ZBETHD,

(]

3.17 thermo_const

RO FEBE. BNOFPIBIIEEEBRZATORDLDILEH XS, HILIBLRME

7 (2008) &£ V).

AR LD Rk Hihy |
Cpd <R> 1004.0 HZ I8R5 D JE 1 L2 [J/K kg]
Cpv <R> 1870.0 IR D E T LB [J/K kg]
Cvd <R> 719.0 Wz I8R5 D E TR LE 2 [J/K kg]
Cvv <R> 1410.0 IR DER LB [J/K kg]
LHO <R> 2.5e6 IKZE S DI B [J/kg]
LHS <R> 2.8¢6 IRFRS D FHE T E [J/kg]
LFO <R> | 3.337e5 0°C TODIKD iR E [J/kg]

LFm40 | <R> | 2.357¢5 —40°C TDIKD LR E [J/kg]
Md <R> 28.96 HRRR D) 78 [kg/kmol]
Mv <R> 18.0 KFRK D)1= [kg/kmol]
Rd <R> 287.0 HZ I8 R S D LR T L [J/K kg]
Rv <R> 461.0 IKFES D LARE L [J/K kg]
e0 <R> 611.0 HEE s T D KFESE [Pa]
ei0 <R> 611.73 {15 5 C DK BRI T D KRS [Pa]

eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]

kalm <R> 0.4 TN VER 1]
pO <R> 1.0e5 FRHER T [Pa]
p00 <R> | 1.01325e5 FEHE R ST [Pa]

rhow <R> 1.0e3 IKDE [kg/m?]
0 <R> 273.15 FEHE S T D IK D e[ £ [K]
ti0 <R> 273.16 KD = 5 5T D E R K]

MFPO <R> 6.6e-8 p00, t0 T HHITRE [m]
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3.18 thermo_function

B AT 2 YR O MBISEE. AR, AH T —ERUE KT &S BRNEIET
RTIDEVa—IVZHAAEND. TSI TH>TE, BTEN AN T —E
BTHBEGEIIODWTEHHEAIND.

AEYV2—NVTEEINTVDHEBUIZTART, 7Y a3 VEIETREBRIZT Ny 77
TYAVMBERBINTVD. A4 TV avIiET 74 MEBY O T, B2 1 2 EEdE,
Z DBIBASKE A NaN THAUZBEAZ L Y 2 — N4 52 EHEH T 5. 2 2iE T,
ZOEBDOALRTEFETZEY 2 —%, TUTERINDEEZEER T D EDI28-5T
Wb, BB, TRTON—FVTHOOLNTWSEHEROEHEIZ??ISR, /-, &35
ROFEMZEHE FROHiS .

3.18.1 Cefp
BB
KBRGIBE O CEMEELLEE R T 5.
£X
result=Cefp( qv, [d1l] )
511
qv <R> in IKFRRIEG L [kg/kg).
dl <I> in TNV TX T ay,
ROfE <R> inout ARIEEHE [J/K kgl
E&EN
EMEELRE O b5 L,
_ 1 + qyC U/C d
ZZ Ty Cpd, Cpos Qo IFTNTNIZIER KD E LB, KEKDEELLE, KEJIES
ktahs,
5%
FRZZ L.
3.18.2 Cefv
BEBE

KRB G O AR ER A ZHET 5.
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=X
result=Cefv( qv, [d1] )
5%
qv <R> in KFEIEAL [ke/kg].
d1l <I> in TN TF T ay
RYfE  <R> inout ARIERILE [J/K kg).
EHEN
ABREMEZE C LTd L,
1+ chvv/cvd)
= . 3.18.2
L= o (FE 3152)
ZZ T Cody Cov, @o IZTNTNEIERRDEFELE, KEKDOEMELLE, KEKE
HBHTH B,
=3
Friza L
3.18.3 (1
12
WBOKDHEE GRS 5.
=X
result=C1( T, [dl] )
513
T <R> in RERDUE [K].
dl <I> in ?‘/i‘y THTayv
RUfE <R> inout &E\ [J/K kg).
EHEN
KDLEE ClL T B L,
4190. T >273.1
cuT) = 900 2 213.15 (3.18.3)
4770.0 + 0(T — Tref) T >273.15
- A4770.0 — 4190.0
= i = Ther = 233.15.
) 100 , f 33.15
|
FRzZ L.
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3.18.4 DSE_Emanuel

Bee
Emanuel (1994) TEHI N TV DR T RN F—2HET 5.
=X
result=DSE Emanuel( T, qv, z, [d1l] )
513k
T R> in KKODEE K],
qv <R> in KGR AT [kg/kg).
z <R> in = [m].
d1 <I> in TNV T FH T ay,
ROUME <R> inout HAJREHHYTZ AL F— [J/kg].
EHEN

ha = (cpa + repy)T + (14 1)g2 (3.18.4)

BHRDD. T Cpa, p IRTNTNIEIREK KD REIE B, KK DR ELEAT
HY. T,r,g,2 ETNTNEE, KEQRAE, EAIMKE, @BELET,

w&
Rz,

3.18.5 eP_2 qv

IKFRRE L EN D DIKEKIR AL 25 H T 5.

result=eP 2 qv( e, P, [d1l] )

515
e <R> in KRDIKAEE [Pal.
<R> in KRDEH [Pal.
d1 <I> in TN TATVav.

RYME  <R> inout KADKEKJIREEGL ke/kg).
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EEX

e=—22 (3.18.5)
Ry, Ry lFTNTh, HMERE, KEKDSHRER,

e
KRz L.

3.18.6 es_Bolton

Bolton (1980) DA & il % solZfaRIKASKE ZFHHR T 5.

result=es_Bolton( T, [dl] )
5181
T <R> in RKEDIEE [K].

d1 <I> in TN TF T ay.
RUME <R> inout KEDENIKASHE [Pa)l.

es(T) = egexpal=2t, a=17.67, c =29.65 (3.18.6)

ZZT, Ty =273.15 K, eg = 611.0 Pa, e (T) IZBARIKELKETH D,

B%

3.18.7 es_TD

HaE
Bolton (1980) D ADHH T, KELKEE2HR2 L TTDL TOHEAMMEE % GHHE
5.

£
result=es_TD( e, [d1l] )

518
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e <R> in KRDIKFAESE [Pa).
dl <I> in TN T H T ay

FEYME  <R> inout KEODETEAIEE [K].
EER

Ty —c
a —log (e/e0)’
ZZT, Ty =273.15 K, eg = 611.0 Pa, Tp IZFESHETH B,

B%

Th =c+a a=17.67, ¢ = 29.65

3.18.8 esi_Emanuel

Emanuel (1994) O Xh> SR % S0l OKEEM CTRAKAKIEZ5HT 5.

result=esi Emanuel( T, [d1l] )

518

T <R> in REDIE [K].
dl <I> in AV AN
RUME <R> inout KEDKENIKASE [Pa).
E&EN
KEAFIDIKELRIER e, IREZT 35 &,

111.72784
Ine# = 23.33086 — % +0.15215InT.

&
Rz L.
3.18.9 eT 2 RH
KALDELREN SHNREZEHT 5.

result=eT 2 RH( e, T, [d1l] )

(3.18.7)

(3.18.8)
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518
e R> in KRDKELE [Pal.
<R> in RERDIE [K].
dl <I> in TN T AT ayv.
RYOME  <R> inout KEDHNMEE [%).
EFE
FHAEE RH L BIRIKALE es. KRR TE e DEHEN :
RH = 63 x 100 (3.18.9)
BICICEE TS, 22T, BN/KRGTEIXEEMS es Bolton ZFHWTEHE LU /-{HE
ZHWDS,
"E
Rz L

3.18.10 exner_func_dry

HeE
WIERLRIZ B2 T AF—BBEHETS.
=59
result=exner _func dry( P, [d1l] )
518
P <R> in KDHETT [Pal.
d1 <I> in TNy TH T av,
RUME <R> inout HEEKRKDT I AF—BIEL [EKT].
EERN
T A —B8 g DEEN :
D Rd/cpd
T = () (3.18.10)
Po
MoRDE. ZIT. po ld T AF—BBOERETETDH D, Ry, Cp lETHTH,
FVIRRRUSB I D ARER L EEHBTH D,
e
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3.18.11 get_gamma. d

HeE
FEIRR SR D W RAJER 2 IS T 5.
23

result=get_gamma d( [d1l] )

518K

dl <I> in AV AN
RYOME  <R> inout HafRMrEJE#E [K/m].
EEN
He W BN Ty I3 B C g IR g 2 T,

Iy=——"-. 18.11
1= (3.18.11)
e
SN
3.18.12 goff gratch
Hae
Goff-Gratch DAM HE % s IZBINUKAKIEZEIR T 5.
X
result=goff _gratch( T, [d1] )
515
T <R> in KRERDIE [K].
d1 <I> in TN TATVav.
RYOfE  <R> inout KEDEIFIKZESIE [Pal.
EER

pow = a (t;f - 1.o> +blogy, (?) +c (10.0?“(1-0—T/t5t) - 1.0) +d (10.0Pb(t8t/T—1-O> - 1.0) ,

es(T) = po x 1077, (3.18.12)
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ZZ T,
a=—7.90298, b=15.02808, c = —1.3816 x 1077, d = 8.1328 x 1073,
pa = 11.344, pb = —3.49149, tst = 373.15, py = 1.01325 x 10°
e
Rz L.
3.18.13 goff gratch_i
PaE
Goff-Gratch DA M 5 IRE % e IR TR K RKIEZ5HE T 5.
=X
result=goff gratch i( T, [d1l] )
515
T <R> in KLADIRE [K].
d1 <I> in TN TF TV av.
KOfE <R> inout KREDEMIKASE [Pa).
EERN
tio tio T
pow = a <% — 1.0> + blogy Z? +c (1.0 — ti())
es(T) = po x 1077 (3.18.13)
Z Z T,
a=—9.09718, b = —3.56654, ¢ = 0.876793,
po = 611.73, t;0 = 273.16.
e
Rz L.

3.18.14 hypsometric_form

HBEEIZHITDLEDOHIEZT . @I % 5 A AU ERE 2 1R

5IEMTED.
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X
result=hypsometric_form( p, z, T, [z_t], [d1l] )

511
p <R> in HEHEFETOES [Pa).
z <R> in FUESE [m).
T <R> in HAEE B TOWRE K.
2t <R in WEEFTSEE [m).

7 7 )V MEIX 0 m.

dl <I> in TNV TFX T av.
RYfE <R> inout =zt TORE [K].

E&ER

WFEICE 1) D EHERKDOLIREEE I' =6.5 K/km & UT, @& 2 TORIE p(z)
. BRICRE, IBREOSD > TW2EE 2 TOM p(2), T(2) 2 HWWT,

B T(2) + 'z \ 9/ 'R
p(zt) = p(2) (W) (3.18.14)
MHERDDL. TIT, Ry IFHIRRKRUIB T 2KAKREHTH S,
e
RHZZAR L.
3.18.15 LH
HaE
FIEARY TDX (7?7) D OEBRADREKFE 2 BB U ZBEOHEZEHET L.
=X
result=LH( T, [d1] )
518
T <R> in KRERDIE [K].
d1 <I> in TN TATVav.
RYOfE  <R> inout EE\ [J/K kgl
EHEI
LH(T) = LHy — 232(T — Tp), LHy=2.5x 10°. (3.18.15)

ZIT,Ty=27315K TH3,
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w&
Rz,

3.18.16 liquid_enthal

Hae
Emanuel (1994) O HIRE & KWEN WKLY ZIVE =250 T 5.
X
result=liquid_enthal( T, ql, [qol, [dl] )
5151
T <R> in READIE [K].
ql <R> in WOKIEE L [kg/kg].
qo <R(:)> in WKL DK EIR A [kg/kg).
d1 <I> in TN ITXA TV ay
ROME <r> inout YKLV XK — [J/kg].
EHEI

KTV RNV =%k, T &,
ky = (de + thpv)T — Ly1y. (3.18.16)

ZZ T\ Cpd, Cpoy Ly B TNTNEIERSKDEE L, KEKDEELLE, B TH
D, T,ry,ry li%m%ﬂ(mi}% WAKREGH, KBRS ILOBMTH D,

(]

o KU KYIEIRGHIZ AT T Z L IR OB BRI, KEKIZDOWD
TH ZDF[EIZIET.

3.18.17 moist_enthal

Emanuel (1994) O HRE & KYEP SIHET Y XV E—2515H 5.

result=moist_enthal( T, qv, [qol, [d1l] )

518
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T <R> in RKRDIRE [K].

qv <R> in KFRKIRE L [kg/kg].

qo <R(:)> in IKFS LM DKW EIR A kg /kg].
dl <I> in TN THTYay

ROME <> inout #E T > 2V — [J/kg].

EER
BEITVANY—%LT5E,

k = (cpa + recy)T + Lyr. (3.18.17)

ZZTC, cpa, s Ly Ci%m%‘%%@k’—ﬁ@%)—ttﬁ\ IKDILE, BETHY, T,r,r
FETNTHIRE, KEJBES, KPERSILOBNTH S,

(]
o KLLMD KYIEIR A HIE 7 TV TR ORAERIZIET,

3.18.18 MSE_Emanuel

Emanuel (1994) TEHI N TV S EMEH T RV F—%25HT 5.

result=MSE Emanuel( T, qv, z, [qol, [d1] )

518

T <R> in KLADIE [K].

qv <R> in KAESRIEA L kg/kg).

z <R> in = [m].

qo <R(:)> in KLLMD KYIEIR A kg /kg].
d1 <I> in TN TAXTYay

RYfE  <R> inout  MEIEEHK T AL F— [J/kg].

h = (cpa + recy))T + Lyr 4+ (1 + 1) g2 (3.18.18)

MERDD. TIT. cpa, o, Ly 1FTNTNEZIER QD E LB, WKD B, B
THY, T,r,r, g,z FTNTNIE, KYEES OB, KAEKEAL, =
HE, SEEZERT,

"%
o KALKUUNDKYHEIREEGIIZZTD AT T Z L IZHIBHERITKMNT S Z &,

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ~x=a27JL SHYTIN—Fr— 143
3.18.19 qvP 2.e
HaE
KAKBEE L E E PO RERTEZFET 5.
=5
result=qvP_2_e( qv, P, [dl] )
515
qv <R> in KGR AT [kg/kg).
P <R> in RLADEE [Pa).
d1 <I> in TNy TH TV ay,
RYUME <R> inout JKZEKE [Pa).
EERN
KEREZ e LT DL, .
Qv d
= = . 18.1
e pe_’_qv, € z, (3.18.19)
P, @ IETNENES., KEKREEGHTH D,
e
RHZZAR L.
3.18.20 qvT 2. Tv
HeE
R 2 EEANSEHETS.
X
result=qvT 2 Tv( qv, T, [d1l] )
518
qv <R> in RERDKERIEA L [kg/kg].
T <R> in KREDiE [K].
d1 <I> in TN TF TV av,
RYfE  <R> inout KiEE [K].
EHEI
RiRE%E T, L35 &,
1+ qu
T, =Lt ®/E (3.18.20)
1+ gy

ZIZT, T,q I ENTNRKADIEE, KEKQEELRTH D,
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w&
Rz,

3.18.21 qvTP_2.RH

KARTIRG L ERE L E D OHNEE 2R T 5.

result=qvTP_2_RH( qv, T, P, [dl] )

515
qv <R> in KRERDKERIEA L [ke/kg].
T <R> in REDE [K].
P <R> in RLADEE [Pa).
a1 <I> in TN TATVav.
RYOME  <R> inout KREDHNEE [%).
EHEI

FEERIIUTTH 5.
qvP_2_e(qv,P) = KZAKJE e=>eT_2 RH(e,T) = FHXEE
e
Bz L.

3.18.22 qv_2.sh

KRR BN SR 25T 5.

result=qv_2_sh( qv, [d1] )

518

qv <R> in KGR AT [kg/kg).
d1 <I> in TN ITFA TV ay,
FYME  <R> inout [hiE [ke/kg].
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EEN
iRz sh & 45 &,

sh=—1 (3.18.21)

1.0 + gy

g IFKARREAGHTH D,

B&
RrzkL.

3.18.23 Reff

KRR A O AR SURER 25 5.

result=Reff( qv, [d1l] )

515

qv <R> in IKARTIRE L [kg/kg)].
d1i <I> in TN TF T ay,
RYUME <R> inout ARKMEER [J/K kg].

HRIREERZ R 42 &,

14 qv/e
R =R . 3.18.22
d 1 + Qv ( )

ZZT. Ry, g BTNTNHIRRKQDOLRMEER, KEAKIEALTH D,

w&
Rz,

3.18.24 rhoP 2T

BERE

IR K DOREBAREADN S, BE L LT 5 A ThHEZES.
X

result=rhoP_2_T( rho, P, [dl] )
511
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rho <R> in KREADEE keg/m3).
P <R> in KREDES [Pa).
d1 <I> in TNV ITFTVay.

RUME  <R> inout KEDIEE [K].
EHEI
REDIRFESTFER
p = pRT.
ZZT. pp, RTIFTNTNRADEN, BE, WERKOKUKRER. KROIRE
Thd, §XNTOELIF MKS BFARTUHING,

&&
Rz,

3.18.25 rhoT 2P

Fe
IR R DREBHAEANS, BELRELZ HEATRIEEE5.
=X
result=rhoT_2_P( rho, T, [d1] )
518
rho <R> in KREDEE keg/m3).
T <R> in REDIE [K].
d1i <I> in TN TF T ay,
RYUME  <R> inout KEDEJE [Pal.
E&ER
KEDIRFE S FEX -

p = pRT.
ZIZT. pp, RTERENTNKRKDES ., B, HIRKRKDOKAKER. KADIE
Thd, TRTOLYIE MKS BARTUHING,

e
KRz L.
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3.18.26 RHTP_2 qv

Hae
MRS S IREE & HE D S KRR G2 FHH T 5.
=X
result=RHTP_2 qv( RH, T, P, [d1] )
518
RH <R> in KD [%)].
T <R> in RERDIE [K].
P <R> in KRDEH [Pal.
d1 <I> in TN TATVav.
RUME  <R> inout KREDKEREAL [keg/kg].
EERN

FHRBRIEUTTHD.

RHT 2 e(RH,T) = /KL e=eP 2 qv(e,P)= KAKEA L

BB
FHXHEE L IBEN S KAKIEZFHRT 5.
g
result=RHT 2_e( RH, T, [dl] )
511
RH <R> in KD [%)].
T <R> in KADIHE [K].
d1 <I> in S RAV I AV
KOUfE <R> inout KREDKAEKIDHE [Pal.
EHEN

M RH & BIRUKZRSE 50 KRR e DEFEN :

RH = < x 100 (3.18.23)

€s
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ZICICEA TS, 2T, AKAKTEIXEEDS es_ Bolton # HWTEHHE L 724

ZHWD,
e
FRriza L
3.18.28 sh_2 qv
Bee
KRR KSR A L ZFH T 5.
=X
result=sh 2 qv( sh, [d1l] )
518
sh <R> in IKFRSGLIR [kg/kg)].
d1 <I> in TNV T FH T av,
RO <R> inout KEESRALM [ke/ke).
EER
KAELIREE ¢, £ T2 &,
- sh
=10 e

sh I3KFEL[UETH 5,

(3.18.24)

=S
B2 L
3.18.29 tetens
HEEE
tetens DFEERNDHIRE Z TCICHAKAKEZ AT S.
£RX
result=tetens( T, [dl] )
518
T <R> in RRDIE [K].
d1l <I> in TN TX T av.
RUME <R> inout KREDEMIKASHE [Pa.
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EEX

T_1, { a=1750=2377 (T >Tp) (3.18.25)

es(T) = eg x 10°T-To+b
(T) =<0 a=95 b=2655 (T <Tp)
22T, Ty =273.15 K, e,(T) IXBAFIKAELKIETH B,

w&
Rz,

3.18.30 thetaP 2T

AL, ESDSIREEFRTS.

result=thetaP_2_T( theta, P, [dl] )

518

theta <R> in RRDTAL [K].
P <R> in KEDES [Pa).
d1 <I> in TN TATVav.
RUfE <R> inout KREODIEE [K].
EERN
WA DERA
P Rd/cpd
T=9¢ () (3.18.26)
Do
MHERDL. TIT, po T AF—HBOEERIETDH D, Ry, Cpa lTTHTH,
HIRERRITB T 5k EHEHBTH B,

e
Bz L.
3.18.31 thetaT 2 P
B, BENSREZEET .

result=thetaT_2_P( theta, T, [dl] )
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518
theta <R> in REDIAL [K].
T <R> in RERDIE [K].
d1 <I> in TN T AT ayv.
RYUME <R> inout K&DET [Pal.
E&EN
WAL DEFHER -
T de/Rd
P =po <0) (3.18.27)
MERDB. 2T po BTY AF—BBOLELILETH %, Ry, Cpq l2ZNEN,
IR RSB T D Rk L EIELLBTH B,
®E

Rz L.

3.18.32 theta_dry

Bee
HIRRRICB T M E R T 5.
=R
result=theta dry( T, P, [d1l] )
515
T <R> in REDIE [K].
P <R> in KRDET] [Pal.
d1 <I> in TNV ITF T ay,
RO <R> inout HZMEKKODMEAL [K].
EERN
WAL DEFRA /
(Do) Ba/Cpa
u="T (P) (3.18.28)
MoRDE. ZIT. po ld T AF—BBOERELETDH D, Ry, Cpg 1T TNTH,
HIRRRIZB I 2 AR L EHEHETH D,
e
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3.18.33 theta_moist
BERE
EHEKRICE T RN EZFHAET D.
£X
result=thetamoist( T, P, qv, [d1l] )
515
T <R> in KLADIRE [K].
P <R> in KREDEN [Pa).
qv <R> in READIKELJIEA L kg/kg].
dl <I> in TNV T XT3y,
RYUME  <R> inout JREKRSDIEAL [K].
E&EN
TEE KRB D IRADEEN -
Do\ Pow Ry 1+ qy/e
O =T (—) . pow = =% 3.18.29
P de 1+4+¢q, x (CP”U/CPd) ( )

MERDS. ZIT. po lETY AF—BIBOHERETH B, Ry, Cypa, Ro, Oy 137
NEN, GRARIC BT B LRI Y EIELE, KRR B B KRR Y T L

Thd,

3.18.34 thetae_Bolton

HaE
Bolton (1980) DR & M4 IR % 55T 5.
=3
result=thetae Bolton( T, qv, pres, [dl] )
515
T <R> in RERDIE [K].
qv <R> in READIKERIEA L kg/kg].
pres  <R> in RRDKJE [Pal.
d1 <I> in TN TX T av.

RYME  <R> inout HMEEAL [K].
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EEX
MY Z 0, &35 &,

a(1—bqys)
9, =T (22 exp d qus | —— ) (1+dges) b, a=0.2854, b=0.28, ¢ = 3376, d = 0.81
D TicL

(3.18.30)
ZZT, T,po,p, TLcL, Gus WX TN TR, 1000 hPa, &JE. LCL EE, fafliES
thsd,
B&
Rz L
3.18.35 thetae_Emanuel
BB
Emanuel (1994) O X0 SHYEA Z5HHE T 5.
X
result=thetae Fmanuel( T, qv, pres, [qol, [d1] )
51
T <R> in RERDIRE [K].
qv <R> in IKARRIEAL [kg/kg).
pres  <R> in READKE [Pa).
qo <R(:)> in IKFRSK LMD KYIER A kg /kg].
dl <I> in TN T X T ay,
RUME <R> inout AHYTEAL [K].
E&ER
YR Z 0, 2T DL,
Rg/(cpaterrt)
_ Po —rRy/(cpatcirt) |: Lyt :|
0. =T H P ex 3.18.31
(pd> (H) P (cpa + re)T ( )
Z 2T, T,r, 1, po, p, HIZENTNIRE, KEKIESLL. KYBERASLORF, U
}:_Ejj\ }:_Ejj\ $Hj¢?ﬁ}§—6%éo if:\ de7cp'l)7cl7Rd7R’U7L’U ‘i%m%‘mﬁzﬁ%k%‘l@i
JELLEN, KRR DE LB, WOKDHLEN, W2 R KD SURER. /KK D SKURE L,
BETH D,
5

o HKIK[LANDKYEIR G A7 T T IRl ORI BRI,
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3.18.36

thetaes_Bolton

Bolton (1980) MR & RAFIF SN % 51T 5.

result=thetaes Bolton( T, pres, [dl] )

518K

EFEN

MRYIRALZ Oes &35 &,

T

pres
dl

R

<R>
<R>
<I>
<R>

in
n

n

READEE [K].
KEDKE [Pal.
TNV ITF TV av.

inout  AH4IRAL [K].

T

a(1—bqus)
0,. =T <po> exp {qu (3) (1+ dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81

p

(3.18.32)

Z 2T, T, po,p, qus W ETNETNSIE. 1000 hPa, JE. fIFEEILLTH D,

(]

Emanuel (1994) O X HBKIEM % FHH T 5.

result=thetal Fmanuel( T, ql, pres, [qol, [d1] )

518
T <R> in RADIME [K].
ql <R> in KRG [kg/kg).
pres  <R> in KREADRIE [Pa).
qo <R(:)> in WKL DK YEIR A [kg/kg).
d1 <I> in TN TF TV av.
RYfE  <R> inout  WKIAL [K].
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EEN
WKL 6, L5 &,

3.18.33
<(1-71) e g o
_ xp | — 2t |

¢ P (cpd + ricpy)T

Rd + Tth >
de + rthv

= (@i )
= Cpd + TtCpu .
ST T e po,p R NVERRE. KA, AKUIETRA WAL ST,

JEANTHD. E£7. cpa, cpo, Ras R ﬂi%h%%i&kﬁ%ﬁinFkt,\\\ IKFRSRD EE
PR SRR KR D AR E L 7}<7?7§W0)>?\{21§%§5I’CEF)60

(]

o KD DAKYIEIRGHIEI T TV T I DOBFERIZES, £/, T
IFKELRDIEELLE & EFND,

3.18.38 thetalv_Emanuel

Emanuel (1994) O Xh> O BAKKIRA % 5HHE T 5.

result=thetalv _Emanuel( T, ql, qv, pres, [qo], [dl] )

518

T <R> in REDIRE [K].

ql <R> in WOKIEA L [kg/kg).

qv <R> in KEKIEG L [kg/kg).

pres  <R> in KRRDKJE [Pal.

qo <R(:)> in ql, qv DADOKPIERA L [ke/kg].
d1 <I> in TN THTYay

RUME <R> inout  WEARIEAL [K].
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E&EN
WKL %= 0, £ T 5 L,
X x—1
e () )
T
P ' (3.18.34)
<(1-0) e ]
— X
r P cpd—i—rtcpv)T ’
_ <Rd + ’I"tR >
— \Cpd + T
v= (cpd + rtcpv> ’
Z T, Ty,r,7e,p0, p WETNTIARIRE, WAKEEGH., KYERESLOR, FiE

JESI, TEATH D, £720 Cpa, Cpos Ra, Ry ti%%%%ﬁzk&ﬁ;u@E}—bh%& IKFRSD
LR, SR RAD KRBT, KECKDKRARERTH S,

B%

. 1&7J<LM’1~0)7J<%%3¢5 Hig A 3) T2y EEIZET, D0

3.18.39 thetaw_Emanuel

Hae
Emanuel (1994) O X0 S ERIEAL 2 5HE T 5.
X
result=thetaw Emanuel( T, qv, pres, [eps], [dl] )
5151
T <R> in RRDIE [K].
qv <R> in RRDIKAEKIES . kg/kg].
pres <R> in KRRDKE [Pal.
eps <R> in SCRCH] RE A
a1 <I> in TN T XA TV av
RYME  <R> inout JEERIEAL [K].
EERN

R W B S IR 2 Oy WRERIRALZ 0, & T2 &,

3376
Ocp = O €xp [qu(l + 0.81qys) <0 — 2.54)] (3.18.35)
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EWVHBEBRRH D, ZOANE ZMEIZ LD KEFHET 0, 12OV TRDD, ZIT,
Qus \FEIRE A TH Y. 6,p 13 thetae Bolton Z HWTEIET 2,

(]

o IURHIELE eps 1&T 7 AN N Tld 1.0e-6 TEHEINS.

3.18.40 TthetavP 2 qv

Bee
IIRAL DN S KA LRIBR G L ZEHR T 5.
=X
result=TthetavP 2 qv( T, thetav, pres, [dl] )
5l1¥
T <R> in KREDIE [K].
thetav <R> in RIRAL [K].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF T ay,
RYOfE  <R> inout KEKIREG ke ke-1].
E&ER
RN % 0, £ Td &, .
T — 70,
W=t a0 (3.18.36)
Z 2T, varepsilon = Rg/R,, ™ = (p/po)F/C» TH Y, T I3iREZE KT
e

3.18.41 thatavqvP 2T

RIRAL & KRN HIRE ZEIHRT 5.

23

result=thatavqvP_2_T( thatav, qv, pres, [dl] )

518
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thatav <R> in RERDRIRAL [K].

qv <R> in RERDIKEJIEAL kg/kg].
pres <R> in KD [Pal.

a1 <I> in TN TF TV av.

RYfE  <R> inout & [K].

EERN
RiRAL% 6, 45 &,

Do Rd/cpd
6, = thatav, <> : (3.18.37)
p

Z 2T, thatavy, po, p \&TNVEIURIRE, FEHEIT )1, KKDESITH Y, thatav, &7

TRO LN fE% TTIZFRET S,

e
KRz L.

3.18.42 TvT_2 qv

RIREE D 5 KFRREE L 25T 5.

result=TvT 2 qv( Tv, T, [d1l] )

518
Tv <R> in RERDRIRE [K].
T <R> in REDIE [K].
d1 <I> in TN TF T ay.
RUME <R> inout KESIES kg keg-1].
EER
RREE T, L 32L&,
el D (3.18.38)
Qv = EETU —7 .18.
ZIT, TIRRADIE, e = Ry/R, TH 5,
e
Rz L.
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3.18.43 qvTIv 2T

Hae
RELQEAREN OIRE Z R T 5.
=X
result=qvTv_2.T( qv, Tv, [d1l] )
515
qv <R> in READIKERIEA L kg/kg].
Tv <R> in RERDBIRE [K].
d1 <I> in TN TATVav.
RYME  <R> inout E [K].
EERN
Rz T, L35 &, .
T =7, (3.18.39)
1+ qu/e
ZITC, T,q, 3TNTNRKRDMRE, KESIREGHTH 5,
e

Bre
RRDME L ZREPSHMEAKZEE TS, 2 2 THW S BENKASKEDFH R I
es_Bolton (2L REZHOTITHONEIED LTS,
=R
result=TP_2 qvs( T, P, [d1l] )
518
T <R> in REDiE [K].
P <R> in KEDES [Pa).
d1 <I> in TN THTVav.
RYME  <R> inout KRODEFESL ke/kg].
EER
RKEDWHEEIE qps £ TDE, TOEEND
_ Pv
Qus = —
Pd
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ThHd, ZIT. py, pg FTNTHKELKDBE L GRRKLKROEETH D, HAK
ROREHEANS, ThTNDOEEIL

S _ Pd
Pu RvT) Pd RdT

Thd, ZIT. es,pg Ry, Ry, T 1&ZNTNEARIKAEKIE, 21 KKDDIE, K&
K[ODOGURER. HIERL[DGRER. RADBETHD, £oT,
Ry es

Quvs = 55—

Ry,p—es
ER%, TIT, WIRERKDDIEITIKRGDEE p N OHMKEKIEEZZ LU W-E
DTHBDT, ERIFKDID, e (XMEDADEBLTH D720, KRADIRE L2
Ex 520X fEHESENEOND ZLrbnrd,

(3.18.40)

e
KRz L.

3.18.45 TP_2_rho

Hae
IR RKDOREFERANS, RE L [REEZ S A TEEZES.
=X
result=TP_2_rho( T, P, [d1l] )
518
T <R> in RKLADIHE [K].
P <R> in KREDES [Pa).
d1 <I> in TN TATVav.
RUME  <R> inout KKDEE [keg/m3].
EER
KRRDIRRE SRR -
p = pRT.
ZIT. pp, RTIERTNTNKRKDIES ., EE, GBERKKOTKRER, K]DIRE
Thd, TNTOLKIF MKS BAR TR I NG,
e

Bz L.
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3.18.46 Tq.2_Trho

Hae
MR L KYPE N O BHIEIRE 2R T 5.
=X
result=Tq 2 Trho( T, qv, [qol, [dl] )
518
T <R> in RADIE [K].
qv <R> in READIKFERIEA L [kg/kg).
qo <R(:)> in IKFRSK LMD KYIER A kg /kg].
a1 <I> in TN TXA T av.
ROME  <R> inout #HEMRE [K].
EERN
BEREZ T, 32,
1+7r/e
T,=T . .18.41
=Tt (3.18.41)

ZIZT, T,rr BTN TENRKADNE, KEKEGL, KYEEGLORHMTH 2,
e

o KIEKLANDKYEIRAHIE A7 T TRl ORI R IZET,

3.18.47 TqvP_2_TLCL

Bolton (1980) ®X» 5 LCL @ETOWRMELGHT 5.

=
result=TqvP_2_TLCL( T, qv, pres, [dl] )
518
T <R> in RERDIE [K].
qv <R> in RERDIKELJIEAL kg/kg].
pres  <R> in KRERDKJE [Pal.
d1 <I> in TNy TH T av,

RYfE <R> inout LCL TORE [K].
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E&ER
LCL TORm%E TroL £ 92 &,

c
alanlnefb_{—

ZIT, eldKEKETH D,

B%

TicL = 55, a=3.5, b=4.805, c = 2840 (3.18.42)

Hae
M AL 2 R HRADSERT .
X
result=TqvP_2_thetae( T, qv, pres, [dl] )
515
T <R> in REDiE [K].
qv <R> in REDIKERIEA L kg/kg].
pres  <R> in RRZDKE [Pal.
d1 <I> in TN TATav.
RYME  <R> inout HMHEEAL [K].
EERN
YR % 0. 95 &,
-L(YLCL)QUS]
O = Ogexp | —————— 3.18.43
¢ p{ CpadicL ( )

ZZ T, 0y, L, de, Ti.cL, Qus X TN ENZIER DN, KK DEEN, TZEE E L
. LCL i, SRS TH S,

3.18.49 TqvP_2 thetaes

HEE
SRR R 2 EEAP LEET S,
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=5
result=TqvP_2_thetaes( T, pres, [d1l] )

515
T <R> in REDE [K].
pres  <R> in KREDSIE [Pa).
a1 <I> in TN ITATVav.
RUME  <R> inout HMHEAL [K].

EERN

BRI IRAL % 0.5 &2 &,

(3.18.44)

L(T)qus
Geszedexp[ (T)a }

CpaT

22T, 0q,L,Cpq, T, qus \FTNTZIERKDIAL, KRS DIER, F2IREELLE
M, HESLETHS,

e
Hriz 7z L.

3.18.50 TqvP_2 thetav

HeE
fiifs 2 EHEAD SFHHRT .
23
result=TqvP_2 _thetav( T, qv, pres, [dl] )
518
T <R> in RERDIE [K].
qv <R> in KRERDKERIEA L [ke/kg].
pres  <R> in RKEDSJE [Pal.
d1 <I> in TN TATVav.
RYME  <R> inout RIEAL [K].
EERN
RiEAL% 0, L35 &,
po'\ e/ Cr
O, =T, | — (3.18.45)
p

22T, Ty, po, p ETNTIARILEE, FEHEET), R]DENTHY, T, 177 TKDH
N7 fEZ TIZEET S,
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w&
Rz,

3.18.51 TTd_2_RH_Bolton

Hae
Bolton (1980) D Xh 5 & & F R ISR DAL % KD, £ D% 551
WITEZEIHET 5.
=X
result=TTd_2_RH Bolton( T, Td, [dl] )
518
T <R> in REDE [K].
Td <R> in RED TR [K].
d1 <I> in TNV ITF TV ay,
RYOME  <R> inout KREDHNEE [%).
E&HER
_e(Tq)
RH = o (1) 100 (3.18.46)
ZZT, RH, e, es, T, Ty \&ZNZTAERNLE, KZAESE, BIRNKZAESE, RE, &R
EThd. ZDL X, KEKEIZT T Bolton (1980) DA% JTIZEIHT 3.
e

3.18.52 TTd_2_RH tetens

Bee
tetens (1930) O XS iRE & 8 MR IR £ KAKTEZ KD, TDE%Z LI
MR Z5HT 5.

=X
result=TTd_2 RH_tetens( T, Td, [dl] )

511
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T <R> in RLDIE [K].
Td <R> in KD RIE [K].
d1l <I> in TNV TF T ayv

ROM <R> inout KKOMAHLE [%).

e(Ty)
es(T)
Z 2T, RH,e, e, T, Ty l&FNT A, KRR, AFIKELKE, BE, #ZaE
ETHd. DL E, KEKEIXT AT tetens (1930) DX % TLIZEHET 5.

RH =

x 100 (3.18.47)

BE
Rz L.

3.18.53 WSE_Emanuel

Hae
Emanuel (1994) TEHI N TV BRI TRV F—2HET 5.
=X
result=WSE_Emanuel( T, ql, z, [qo], [d1l] )
515
T <R> in REDIE [K].
ql <R> in KRR [kg/kg].
Z <R> in EE [ ]
qo <R(:)> in WKL DKYVEIEA T [kg/ke].
d1 <I> in TNy TA T av
RUfE  <R> inout WKEHZ AL F— [J/kg].
EERN
hy = (¢pag + recpy)T — Lyry + (1 + 1) g2 (3.18.48)
MERDD. ZZT. Cpd, Cpuy Ly 1FTNTNRZIEK QD EE LB, KA RE M
BCOWETHY, T,or,ry, 9,2 RTNTNIERE, KYHESHOKRI, WKEAL
HOMEE, @mE2ERT,
mE

o WKL DKYEIRGIIFZZD AT TV T IR ERITKRNT L 2L, £
72, WK R DT, KFELE Z D5 BUZIET,

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 165

3.18.54 rho_ocean

Bee
UNESCO (1981) IZ&5 ) D HEEDIREHFEA (7) IZHEDWT, KDEEZFHAETS.
=52
result=rho_ocean( P, T, S, [dl] )
511
P <R> in HgE/KDHJ] [Bar].
T <R> in TR DIRE [C° .
S <R> in MK DI IREE [PSU.
dl <I> in TN TF T ay.
RYE <R> inout ¥WEAKDEE kg m~3).
E&HT

+
ZE p i UNESCO (1981) ® (7) X :
—1
_ B
p(p,1,5) = p(0,1,5) [1 — S)] (3.18.49)

oRkDB. ZIT. opt, S IETHENKIE (Bar), KR (C°), HAWE (PSU) TH
%. p(0,t,S) IXIGHEIZ BT BHAKDELE, K(p,t,S) RAVIRETHY, ZhTh

-

4 2
0(0,4,8) = pu + > bit'S + Y cit'S3? + dyS?,
( ) ; ; (3.18.50)

K(p,t,S) = K(0,t,5) + Ap + Bp?

TROLNG, 122U, BRIBF MBIV SIEATDO LD RiEL EATH
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HINTNWD,
5
Pw = Zaitia
=0
3 2
K(0,t,8) = Ky + Y _ft'S+Y_ git'S*?,
=0 =0

2
A= Aw + sztks + jOS3/27
k=0

2
B=DB,+» mt"s,

k=0
4
Kw = Z €ktk,
k=0
3
Ay = Z ht®,
k=0
2
By =) kit',
=0

ap = 999.842594,

a; = 6.793952 x 1072,
as = —9.095290 x 1073,
ag = 1.001685 x 1074,
as = — 1.120083 x 1075,
as = 6.536332 x 1077,

bo = 8.24493 x 1071,
by = —4.0899 x 1073,
by = 7.6438 x 1072,

by = — 8.2467 x 1077,
by = 5.3875 x 1077,

co = — 5.72466 x 1073,
c1 = 1.0227 x 1074,
co = — 1.6546 x 1075,

do = 4.8314 x 10~*
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w&
Rz,

eo = 19652.21,
e1 = 148.4206,

es = — 2.327105,

e3 = 1.360477 x 1072,
es = — 5.155288 x 107?,

fo = 54.6746,

fi= —6.03459 x 1071,
fa = 1.09987 x 1072,
fs= —6.1670 x 1072,

go = 7.944 x 1072,
g1 = 1.6483 x 1072,
g2 = —5.3009 x 1074,

ho = 3.239908,

hi = 1.43713 x 1073,
hy = 1.16092 x 1074,
hy = — 5.77905 x 1077,

io = 2.2838 x 1073,
i1 = —1.0981 x 1072,
io = —1.6078 x 1079,

jo = 1.91075 x 1074,

ko = 8.50935 x 1072,
ki = —6.12293 x 1079,
ko = 5.2787 x 1078,

mo = — 9.9348 x 1077,
my = 2.0816 x 1078,
me = 9.1697 x 10719,
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3.19 Trajectory

HEBOF— X 2 52T, ik, FMROTEET> L —F

3.19.1 Backward_Traject_2d

HeE
2 RTENT MNVBDT =M EA T 5 AV TRITIBFEN 217 5.
=3
call Backward Traject_2d( dt, stime, step, ini x, ini_y,
t, X, y, u, v, traj.x, traj_y, FTF, [opt], [undef] )
518
dt <R> in ALY B IR [s].
stime <R> in AL IE T DA [s].
step  <I> in FREEITD ATV T
inix  <R(:)> in FIIALIE x [m].
iniy  <R(size(ini x))> in PIARLIE y [m].
<R(:)> in WL T — 2D H DA ($2iR).
X <R(:)> in A TR — PR [m].
y <R(:)> in AT RE R [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV (k).
<R(size(x),size(y),size(t))> in y ARIODONZT NV (k).
traj x <R(step,size(ini x))> inout JREFERD x A7EFERE [m].
traj.y <R(step,size(ini x))> inout JREFAROD v A7EFERE [m].
FTF <L(size(ini x))> inout FHEFEHESNEIE 7 5 0 (Rid).
opt <C(*)> in KR D A F— A (183d).
T 7 AN MIHAA T —AF— A,
undef R in FEI ML PR E A (125R).
EERN
HEZONDHEEL DT — 204ty 5 t, ETO nfAFEL, T ORRHMEIZIE
—hkE T, ZDLE, KLt 5 dt ATV T Tt MZ TR E TS & ¥
DR MBK??THD, FHELT —XDROIELTIE, TORBOHELT— KX H
SN & 1T > CREB 2 3B LTV 2, MEMROE BRI, K (2,y) 1050
T, 2WIERY NV w(x,y,t) WEHBINTEY, ZOHEGIZESTHREIT S /8-
TN O x(z,y,t) %
ox(x,y,t) = v(z,y,t)dt
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(T

EVDROBERBNZE>TEHAETR2EDTH D, RfRetB e B, HEL L
OB TEH D720, N—LIVOMNE z(x,y,t) ERRIOBEKE R>TnE Z &N
bnd, LU, HEGPER THIUX, EENRY MVIERRENIKFE L RO T, 28—
YIVDRENRY MIVERRIRET 2 2 L3R R2, 2D b, THIBEE
BIZBWT, ik MERIE—2T 2 Z L hh s,

BI?22 BT 2B/ EBE GO GBI TDEE D TH D,

ts : stime, dt : dt, nt : step, n : size(t),

t;  t(i)

o 7Y 3 opt IFRIHREIEDOBIIAT S KBS OBAAF — L% HET DA

TvavTh), LFDOERENHERETH 5,

EUL §i/i 1 IRKEEDA A 7 —AF—LA.

HO1 1 YV AF—5 (B4 T —AF—4).

ME1l BIEA A T —AF—LA.

RK3 3RV - 7w RF—A.

RK4 4RIV - Iy AF—A.
INSEDAF—ADFHHIZOWTIE, (5?7208,

WELS T — 2 u,v,w BEC, AT —& ¢ [ZRZIA [ S 12 AN SN T
RO,

TSRS x, v CHREINDHEEIMENEL 72856, TNLABRORHH ATy 7
DWTIFFBEZNET S, TUT, MEINZRLNIHY TS traj x, trajy
DEFEIZIF undef CEZEINAENEIND, T 74N NRETIH. 0.0 MK
INBLDIZE->T WS,

size(inix) % 2 L EIZTNUEZDEDWIHMEIZ GG U - FRBMED R I 1D .

FTF (X BAARARNT IR () BIRAEIRAMIR I NAZ L SOHET T V. true. N
PN -2 & %, false. IFFIBEHEBNICHET D I L E2/RT. true.
MONTND/NN—=R I DNTIE, ZTOHAZREZ AT TLAED 0.0 © U< I
undef DENAS>TWNS.

3.19.2 Backward_Traject_3d

Hae
3MIENRYT MGDT =AW OA T T4V CTRARBFRET 2175,
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=5
call Backward Traject_3d( dt, stime, step, ini x, ini y, ini_z,
t, x, y, z, u, v, w, traj.x, traj_.y, traj_z, FTF, [opt], [undef] )
5188
dt <R> in AT D IR [s).
stime <R> in HIHALE T DIEA] [s].
step <I> in FHEEITO ATy TR
inix <R(:)> in FIAALE x [m].
ini.y  <R(size(ini_x))> in FIFAGLE y [m].
ini.z  <R(size(ini x))> in HIFAGLIE 2 [m].
t <R(:)> in WEL T — 2 DH BEH] (#iR).
<R(:)> in G TFRE— PERE [m).
v R()> i HFRE R ],
z <R(:)> in AT RE ZERE [m).
u <R(size(x),size(y), in x ARONZT NV (#ik).
size(z), size(t))>
v <R(size(x),size(y), in y HFODNZT NV (k).
size(z), size(t))>
W <R(size(x),size(y), in z DT MV (k).
size(z), size(t))>
traj x <R(step,size(ini x))> inout IO x ALE MR [m].
trajy <R(step,size(ini x))> inout JREFRD y ALE MR [m].
traj z <R(step,size(ini x))> inout JREHFRD z ALEFERE [m].
FTF <L(size(ini_x))> inout FHAEMEIEANEE 7 T J (k).
opt <C(*)> in REfRE S D A F— A (?ﬁ)’i‘)
TI7ANDMIEAAA T —=AF =LA,
undef R in FHIAMULEE F R E 24l (F25).
EEN

525N EEBD T — X DBt D5 t, £TO n BEEL, Z ORI RE LIk
BEET B, COEE, W 2D dt AT T T nt R R RS L X
OHREDIITH D, HEHT— X DROEAITIE. T ORBOEESET— & 5
LI % 47> CHERZHE LTV, MEHoERRIL, HBE (2,y,2) 108
VT B POENRT Mlo(w,y, 2, t) BEBEINTE Y, ZOBREBHIR>THHT S
IN—=X VOB z(x,y, 2,t) %

dx(z,y,2,t) =v(z,y,2,t)0t

LS ROBIFNC Lo TR BT 20D TH D, BRI L BA Y, A
FIOBSTE 5270, S—e VOB ¢(r,y, 2, t) b HHOERE BTN 2 &
BomB, &L, BEEIEETHNIE, BEERY MVIZEEICEE L 20T,
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NN—=X VD ERT MVERBIKET D Z 3B BR5, 2O s, EHER
HEGIZBWWT, AR REARIE—2T 2 Z L 23bn b,

BI?2Z BT 2 KA E I DOMNIGRERIZLLTDOEE ) TH B,
ts : stime, dt : dt, nt : step, n : size(t),
t;  t(i)

(]

o 73V opt IZHHHREI R OBIIT O KB OO AF— L2 EET D A4
TvavThY, KFORENAHETH S,

EUL #i /55 1 IREEEDAA T —AF—A.

HO1 A1V AF—LA (ABAA T —AF—L4).
ME1 [EIEF A T —AF—A.

RK3 3V - Iy AF—A.

RK4 4 RV - 79 RF—A.
INEDAF—LADOFHNIZOVTIE, 2731,

o HWELL T —X u,v,u BE, KHT—& ¢ [ZRZIHA [ Z 12 AN SN T
RO,

o MEMEA x, v, z TREINDHBIMIEREL 256, THLBEORFRA T
FIZOWTI ﬁ“%’&ﬁ&(ﬁ?é <UL T, ﬁ&(%&**?f’bﬂﬁ‘ﬂ YT B traj x,
traj_y, trajz DEFHEIZIE undef TEBRINMENEIND, 77 4 Mk
ﬁfi‘&O#ﬂ*ﬂéi9~EOTP60

e size(ini x) % 2 BLEIZTIUXZE DX DOWIHIMEIZ G U - RIED EHE I N5 .

o FTF |ZIREARIENTIRGIZ, SHEMEEBAM M INAZ L SOHET T Y. true. M
M - Z L %, . false. FEMEMEBNICHEET D Z L %2/RT. .true.
ﬁﬁwfméﬂwﬁwuﬁmfﬁp%@&tﬁ%l%v7m%ﬁ00%b<@
undef DENA>TW5.

3.19.3 Forward_Traject_2d

Bee
2 RIENY MIVEGD T —Z D57 7 T A VTR G IR %2175,

=X
call Forward Traject 2d( dt, stime, step, ini x, iniy, t, x, y, u, Vv,
traj._x, traj.y, FTF, [opt], [udef] )
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518
dt <R> in FHEY 2 IR [s].
stime <R> in HIARLE T DI [s].
step <I> in FHEETO ATy TR
ini x  <R(:)> in FIHIALE x [m].
iniy  <R(size(ini x))> in AL E y [m].
<R(:)> in HEY T — 2 Db BN (Hhik).
X <R(:)> in A TFRE— MR [m).
y <R(:)> in A TR R [m).
u <R(size(x),size(y),size(t))> in x AFODNT MV (k).
<R(size(x),size(y),size(t))> in y AEIDNZT NV (k).
trajx <R(step,size(ini x))> inout FEEFFROD x A7EERE [m].
traj.y <R(step,size(ini x))> inout JREFERD y ALEFERE [m].
FTF <L(size(ini_x))> inout FHEMEISANHIE T T 7 ().
opt <C(x)> in IR D D A F— L (18ad).
T 7 AN MNIETAA T —AF— L
undef R in AEBRAMLEFIRE S ().
EERN
B 2N EELDT— 204t S t, ETO n EFEHEL, T ORI MR I
—kLTd, ZDLE, Kty S dt ATy 7Tt METRIMREFET S L X
DERABAHIITH S, BT — 4 DEVKAITR, T OREDMEIEE T — 37
IR & 17> THEB 2 3 L TV 5, REMEOE BRI, Bl (2,y) 1B
Ty 2WIERT NV w(z,y,t) WEBINTEY, ZOHELIZESTHREIT L /3
YV O x(x,y,t) 2
dx(x,y,t) = v(z,y,t)dt
LS ROBMBA E>THAT B LOTHD, WAL BB, HIEHAHS
MOBBTEH D720, N— VDA z(z,y,t) HREOBEHE Z2>TWE Z LR
DB, U, WEGWEHTHIUL, HENRT MVIERFREIEKEL RV DT, /83—
BV DAENT MIVEREIHKT T 2 L3R <82, ZOIEMnb, EHRHE
BZBWT, kL ML — T S Z L hh D,
BI?212 BT 2 BREBE IO IGERIILATDEE Y TH D,
ts : stime, dt : dt, nt : step, mn : size(t),
t; (1)
e

o 7Y a3y opt IZHHHFREIHOBIIT O KBS OB AF— L2 8ET D4
T avThHY, LFORENARETH D,
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EUL #3551 IREEDA A 7 —AF—A.

HO1 K1 VAF—L (HEAA1T7—AF—L4).
ME1 BIEF A T —AF—A.

RK3 3V - 7y REF—A.

RK4 4 VT - 7w REF—A,
INHDAF—ADFMIZONTIX, (2721,

o FilikRA x, y CHREINDEEIMIENEL 72546, TNLABDOKH A 7 v 72
DWTIFEIBEZNET S, TUT, MEINAZRLNIHY T S traj x, trajy
DEFZIZIF undef TEHBINMEMIE I NS, T 74N MEETIE, 0.0 H5HK
XINZELHITAR->TVWD,

e size(ini x) % 2 LA RIZTIIZZDEDHIAMIZ IS U 7RG R I D .

o FTF (XURBAKRMENT IS, SHESISIMCMINAZ L SDOHET T 7. true. M
AN 22 %, false. IFEIREMHEEBNICHFAE TSI L Z2/mRT. true.
MONTWVDNN—EIIZDWTIE, TDH AL AT TR 0.0 £ L <X
undef DENAS>TWNS.

3.19.4 Forward Traject_3d

SIRTENRY NUVED T — A W5 AT 51 ¥ TR BT 2475,

call Forward Traject_3d( dt, stime, step, ini x, ini_y, ini_z,
t, x, y, z, u, v, w, traj-x, traj.y, traj-z, [opt], [udef] )

518

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ~¥~=a7Jb

3HITIL—Fr—& 174

dt

stime
step
ini x
iniy

ini_z

N <

[

traj_x
traj_y
traj_z
FTF
opt

undef

EER

<R>

<R>

<I>

<R(:)>

<R(size(ini x))>
<R(size(ini x))>
<R(:)>

<R(:)>

<R(:)>

<R(:)>
<R(size(x),size(y),
size(z), size(t))>
<R(size(x),size(y),
size(z), size(t))>
<R(size(x),size(y),

size(z), size(t))>

<R(step,size(ini x))>
<R(step,size(ini x))>
<R(step,size(ini_x))>

<L(size(ini_x))>
<C(*x)>

in
in
in
in
in
in
in
n
in
in
n
in
in
inout
inout
inout
inout

n

n

A9 B I[P [s).
PR IE T DA [s].
RIS AT TR
AN E x [m].
HIAALE y [ml].
FIRIALIE 2 [m)].
HEL T — 2 Db DR (k).
A TR — FEEE [m).

A TR R [m).
HFRE ZERE [m).

x AMDNT SV (k).

P

vy DAY L (3R).

P4

VARG )

<

TREFFRD x 7B AR [m)].
TIRERD y A7 EFERE [m).
TREFERD 7 {78 PERE [m].
FHRAEIRANEIE 7 Z 7 (k).
IR 0 D A — A (k).
T 7 AN NIHTHAA T —AF— A
BRI F R E 224l (£258R).

=

525N HEEGOT—2ANL ¢, 5 t, TTO nlFEFEL. ORI IZIE
—RRE TS, ZOLE, BHt, 15 dt AT T Tt BEIFRIREZHETL L&
ORRBAK??TH D, HELT — DRV TIX, TOFIEOEELT— & H
LB N 27> CHEEL 2R L T2, HEoERRIE, FEE (2,y,2) 128
WT, 3IRIENRY M w(x,y,2,t) DEBINTH Y, ZOHELIZES> THEITS
IN—=X VO x(x,y,2,t) &

dx(x,y,z,t) = v(x,y,2,t)0t

VS ROBEBA Lo THETLIEDTH D, WMETHE L EZRY, HWELGH IR
OB TEH D720, N—LIVONE z(x,y, 2, t) EREIOEK L Z>Tnd 2 &
Nz, &L, BEGNEFH THIUX, HENRY NVIKRERIHKRE L RO T,
=R IVDAENRYZ MIVERRIHEGFET 2 Z 23885, ZDZehb, EHE
HEZIZENT, AL ML —T 5 2 L2 5b,

72025 1T 2 /AL IO NIGERIFEA R D LB TH D,

ts : stime, dt : dt,

: step,

n : size(t),
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t; + t(i)

(]

o 7Y 3V opt IZIMHHREI R OIS KBS OO AF— L2 EET D4

TavTHY, UFRORENTRETH D,

EU1 #if 1 IRKEDAA 7 —AF —A.

HO1 R 1VAF—L (BBAAT T —AF—L1).
ME1 BEIEFA A 7 —AF—A.

RK3 3V - 7w RF—A.

RK4 4 {RVVIT - 7w A F—A.
INHDAF—LADFEMIZ DOV TIX, FHR??72E,

o JiHMEN x, v, z CHREINDHIBIMIZEL 256, TNUBEORREA T Y
TIZOWTIEEZRET D, TUT, WEINAZBLIHYT D traj x,
traj_y, traj z OHEHEIZIE undef TEHEINZMEMNE I NS, T 74 Mk
FETIE, 0.0 WEIND LDIZER->TWD,

e size(ini_x) % 2 PAEIZTIIZEDZDHIAMIZIIIS U 2 IREKEDET R I NS .

o FTF |XIREMRAENT IS, SHESISIMN IR INAZ L SDOHET T 7. true. M
AN - Z L % . false. FEMASFEBNICHEET S I L Z/RT. .true.
MONTNBN—=LIIZDWTI, TDOH L ATy TN 0.0 © L < I
undef DENAS>TWN5.

3.19.5 Stream_Line_2d

2 TN IV DT — A PO E T 5,

call Stream Line 2d( dt, step, ini x, iniy, x, y, u, v, trajx, traj.y,
FTF, [opt], [udef] )

518K
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dt <R> in GRS % IRFFETEIRA [s].

step <I> in FHEEITD ATy TR

ini x <R> in FIIALIE x [m].

iniy  <R> in AN E y [m].

x <R(:)> in A TR —HERE [m).

y <R(:)> in G F R ZJERE [m].

u <R(size(x),size(y))> in x FEDONRT N,

v <R(size(x),size(y))> in y FEDNRT b,

traj x <R(step)> inout JEARD x A7EMERE [m).

traj_y <R(step)> inout JEARD y ALEHELE [m].

FTF <L> inout FHEMEESNVHIE T T U (1iR).

opt <C(*%)> in IR D A — A (k).
T AN NERAAA T —AF— 4.

undef R in FEISAMLE R E F8fH (F25R).

EER
FARDEZRIE, BB (2,y) IZBWT, 2 KIEARY M v(z,y) NEZEINTE Y,
ZOBELIIFT S THET /- IVOH z (v, y) %

oz (z,y) = v(z,y)dt
WS RDOBMERDIC L > CEHETIZEDTH S,
=3

o 7Y 3V opt ARG EDBRIZIT S KD OO AF— L% BETDI AT

TavTh), AFOBRENAGETH B,

EUL §i 5 1 IRFEDI A1 7 —AF—A.

HO1 &1 VY AF—A (HEA A T—AF—L1).
ME1 BIEAA 7 —AF—A.

RK3 3RV - v AF—A.

RK4 4 ROV - 7w AF—A.
INSEDAF—ADFEMIZONTIX. (87751,

o AR x, y CTHEINDMHEHIMENEL 7254, THLEDOR AT Y 72
DWTIHEBEZRET S, T UT, MEINAZFLNIHEY TS traj x, trajy
DHEFEIZIF undef TEBINHEIE I NS, T 74N MEETIE. 0.0 DK
INDELDIZHR-oTWD,

o FTF IXFREAFRARMT I I, SHRMISAMIHINZE SOHET F 7. true. D
BN 22 L %, false. IFFIBEMHEBNICHFET D Z L E2/RT. .true.
MONTND/N—=LINIDWTIX, ZTOHAZRL AT TR 0.0 £ U <&
undef DMEMNASTWNS.
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3.19.6 Stream_Line_3d

HaE
3 RTLNT MIVEDT =AM HRE T 5.
=X
call Stream Line 3d( dt, step, ini x, ini_y, ini_z,
X, y, 2z, u, v, w, traj x, traj.y, traj.z, FTF, [opt], [udef] )
518
dt <R> in AL S % IRFFETHIRA [s].
step <I> in FHEEITD ATy TR
ini x <R> in FIALIE x [m].
iniy <R> in FIALIE y [m].
ini_z  <R> in HIFAGLIE 2 [m).
x <R(:)> in HFRE— Fﬁxm
y <R(:)> in A TR T HERE [m).
z <R(:)> in GFERE= fﬁ@ [m)].
u <R(size(x),size(y), in x JADNRT MV (k).
size(z))>
v <R(size(x),size(y), in y ARIDNT NV (k).
size(z))>
W <R(size(x),size(y), in z ORI 8V (k).
size(z))>
traj x <R(step)> inout FARD x ALE ML [m].
traj_y <R(step)> inout JEARD y ALEHEAE [m].
traj z <R(step)> inout FEARD 7z ALEEEEE [m].
FTF <L> inout FHAEMEBANVEIE 7 T 7 (k).
opt <C(*)> in R D A F — L (183d).
T7jwbiwﬁﬁ49 AF—L.
undef R in PEIAMULIR R E Bl ().
EER
TARDE R RNIE, AR (v,y,2) IZBWT, 3RIEANY Ml o(z,y,2) DERINTE
D, ZOREGIZES THEENT 23— VO z(z,y, 2) %
ox(x,y,z) =v(x,y,2)0t
VS RADBUEMR A IZE > TEHETEIEDTH D,
"%
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o 7Y 3V opt IZIHAREHEDOBUAT O KD OMD A X — L% fHET DA T

YarvThy, LTFTORENTIHETH S,

EUL 15 1 IXBEDOA A 7 —AF—A.

HO1 FAVAF—L (BBAAT T —AF—L).
ME1 BIEA A 7 —AF—A.

RK3 3RV - 7w RF—A.

RK4 4 (VYT - 7w RF—A.
INEDAF—ADFMIZDONTIK, (K772,

o ik x, v, z CHEINDIHEBMIELZL 256, THUBEDORFA T Y
TWZOWTIKFHEERET D, LT, MEINAZRLIHYT S traj x,
trajy, traj z DEFHEIZIE undef TEBRBINZMENEIND, 77 4 Mk
ETIE, 0.0 WRIND LD IR ->TWVWD,

o FTF [ EAKRARATIG (Z, FHAEMIEAMNIMINAZ L SDOHE T T Y. true. W
AN -2 & %, false. IFEIBEMHEBNICHAET S I L 2/mRT. true.
MONTNBN—=IIZDWTIX, TOH L ATy TN 0.0 © L < I
undef DEN A>TV,

3.20 typhoon_analy

BEMBFHD AR Y VIV —F V. T2, TN NEERIZE TS T — X % M6 i
RACEHL . BRSO 2175 DDELIK,

3.20.1 grad_wind _pres

M R 8 & W - T SUE S 2 3R %

call grad wind pres( r, coril, v, rho, r._ref, p_ref, pres )

518
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r <R(:)> in BPEPERRE [m].
coril <R(size(r))> in AV AYINTA—=4 [1/8].
v <R(size(r))> in FIXFRI [m/s).
rho <R> in Yo VT v ITDEE kg/mi).
r ref <R> in R E R DAL E AR [m).
p-ref <R> in r.ref COR/E [Pa).
pres <R(size(r))> inout DT [Pal.
EHE
UL Y- ,
- 12
por

Zimi7zz g kDI, %Ei%0)7kﬂﬁﬁj\¥ﬁ%§+ﬁ'é‘éo Z T, Vo ISHIFRE, p (3R
FE. pI3UE, r, 2 (3EIRE, SREHERE. fIXTVAVNTA=ZTHD, MR
DANDS, XS FREZ ST r JHFI AR

L am=]
Tref To

2115, ZOXZFIHERTD &,

V’g?
o + ng dr

‘/;]2
TJerg dr

r
p(?") = Pref Jr/ P

Tref
LRDBDT, GAXONIHINFREN S & LERIZB T 2KEDMHENRD SND,

B%
BU.

3.20.2 hydro_grad_eqb

FéRE
Y VT v T L EIRERGE D S - RS OFH R 2 4TS

=X
call hydro_grad_eqb( r, z, coril, v, pres_s, rho.s, pres, rho, &
lerror], [d1] )

51
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r <R(:)> in BPEPERRE [m].
z <R(:)> in SRIEPEAS [m].
coril  <R(size(r),size(z))> in aAYAVINT A=K [1/s].
v <R(size(r),size(z))> in iR [my/s].
pres.s <R(size(z))> in Y VT oV TDRE [Pal.
rho.s  <R(size(z))> in Y VTF o v TDEE kg/mi).
pres <R(size(r),size(z))> inout FEDSTE [Pa).
rho <R(size(r),size(z))> inout ‘EH#iHDEE [kg/m?].
error <R> in 12V — 3 VOPREAM:.
T 7 AN E =107°,
d1 <I> in TN TATav.
EHE
BREIZBEWT, w5 5
a—z = —gp (3.20.51)
BEU, (HRE R )
‘ig LY, = ;gf (3.20.52)

22T LD, LIRTDY D VT4 VT T—ANOREY, BELGOMEME%
BIET D, ZIT. VIR, p FRREE. pldKUE. r, 2 IXEIR. ShE MR
fIRTVAVNI A= THD, INODOENRD SNNIE, BEELKKRDIREE S
BANS, BEGEHRIEOND, £/-. INOLOFHIRENSERL TS L »
5 Z Xk, R O TR BT £ RIS D LD Z & b T,

BIED ik, KEFEZHWZNEIZEZBIETHD, UFIZZOHENERT,
IR EE, KIEGESEEIZIODWVWTKE—RRIZEZTEL, £/, BIE%21T
2 BRO IR BIZ B R KEDHOD 6+ 38 /z r(ar), z(nz), nr=size(r),
nz=size(z) £ 95, ZOHERBIIHEN L2 KEIEIBOERZM RS,

(3.20.51) % (3.20.52) IZRALT, p&HETD L,

p op _ _1 (v
o + F(r, z)a =0, F(rz2) = p <T + fVy (3.20.53)

L%, —F. 0(3.20.51)/0r, 0(3.20.52)/0z ZFtHE L, ThETNELEDLED Z &

Tp%HETD L,
o OF _ 0

F@z + Po: = "or
0 0 OF

5, DFY, ppll DOV TENTIHNLZEEAREANEONZZLIIRD, Z
N6 &2 HRAEDEE AW KEFHRICE > THEMIZHEZ KD 5,

"5 f g JEL P AR OD B JR D B AR 3R U Emanuel (1986) %% % 20,
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INH6DR%EZMET D L,
Di+1,j — Pij Pij+1 — DPij
S ettt e — (), 3.20.55
Ar + 5y Az ( )
Inpiy1; —Inp;; Inp;jr1—1Inp;; Fiji1— Fij
P K F . 2 e u : 2 .
Ar + Fij e PR (3.20.56)

LB, TIT, Ar, Az I3EIE. SE LGOI, 5 ZERE SRiE SO
THRSERY, BB, O AEAX 1 EO 2 Koo ARATHE 720, r,z D
TNTNIOWT 1 T OB 2R ET TN —RITRE D, Lk U FE%E
RN DBEREMITHYE L, AV—F Tk b ( = n2). &/ (i = nr) THER
L85, £oT, LEOARAEDTIE 1 IKEEDORZESZ AW, ZOEDER
5, BRZMHE2SHERE LU TENUADRZETRODZENTEDL, EXNZ2KT
m(i,j) CEETS L,

Dij = (AZ =+ Fi’jAT)_l [piJrl’jAZ + Fi,jpi7j+1AT] , (3.20.57)
Inpij = (Az + FijAr) " I pig Az + FijInpi jur Ar + (Fij1 — Fyj) Ar],
(3.20.58)

ER5, DORHBEOHHMEIZSIMTE AN T I VT4 Vv T T —R % IKE—EIZ
WET D, FOBEUIZBIFDNRYEIT 1 ATy TR OZALED error AN RS
KB TITHIDIZEELTWS,

3.20.3 tangent_conv _scal

Bee
ERDAN T —8% T 70 N EEERD & FfE AR (L AT 5.
=X
call tangent_conv_scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgc]l, &
[stdopt], [axis] )
51¥
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<R(:)> in A TR — R
<R(:)> in TR R
xc <R> in x R T ORI R (k).
yc <R> in y R COME B A (BiR).
u <R(size(x),size(y))> in HFRTOEEFTD
AHT—.
r <R(:)> in P 567 JRE AR D Bl 438 R AEE.
theta <R(:)> in PO 17 AR D B AR [rad].
v <R(size(r),size(theta))> inout ZHEDIH.
[undef] <R> in RO AR OfE (BRad)
[undefg]  <R> in PERRE I T D RIELH.
[undefgc] <C(3)> in undefg M R E
INFE TOMM (k) .
stdopt <L> in TI—Wh75 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (1) .

E&EN
2 WITT IV NEERESR (2, y) 128 B 5 (e, ye) 2R E ¥ 5 FEEER (r,0) 12,
AN —F =R EEHU, 0 ST B, BERR O LIS 2175,
THNBR (z,y;) CEBINZDHDANT — &y, ; & HEEER (1, 0,) TER
XND AN T — & vy, (CEWT B AT
Witl,j — Uiy (& — 33) + Ui j+1 — Uz‘,j(
Titl — T4 Yj+1 —Yj
(xm — ) (Yn — ¥5)
Tit1 — i) (Yj+1 — Yj)

U = Wij + Yn — Yj)

(Wit 1,541 = Wiyl — Wit1,j + Ui ) (
ThHd 16, Zor X, BB TONEZT 5,
Ti tX, Yj LY, Uiy U, Upp oV,

Ym . ¥, 0O, : theta

B%

o JEFEREOME &R 3.1 2.

o R EMPERFFAIMFIEL TODBEGEE, 7 7 4V N TIIEREHE f312 Warning
AW —INHIIIND D, stdopt & .true. (ZEELTHIHE, HHIULRW.

o 7Y a v undef IXPERR IS A BELBAMIAEET B B B ORLIZ
RAIND REBMETHD. 2 2T, B TRERER L 1F, PR R TR
Y T AT D RO KIE r(size(r)) DI THD. &L, ZOEENEHEME

16 - pRITTTBH,
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3.20.4

W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIEEENT IR, ZOIEAHL
D, SEYIWAT ZROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef BHREINTVAWVGEARYORRAINTRING.

7 7Y 3 VEI# undefge IFEHREAEEANIZE VT, RIBME undefg HVEAE X
NTWBEGE, EOXDITEH 2T 0EHETD. ZDOF 7Y 3 Vi undefg
MEEE XN TORITIVUZBEEE L 2\, undefg IFEHREIFIBNICHEWNT, T4
VN EERESR TRIBAEDIFAES 2356, 7 77V M S MBI NONFFOBRIZ T 7)1
N RO S undefg THIUIMHFERDNHF AL undefg DIENANLND.
ZDRPIZH T, undefge DfEIE
inc HAREEZ 1T BR, MERNI SO —HIC undefg BREI N TV, £
D R TOMEIFTIEAEIZ ANT 2, BHEDA S TV DA T #ESE
#1710, THUCHIH LT, AR RIBOGEIET /) ERELRD.
err FERROEIIZAT D BR, MR RO —HIZ undefg MEE I N TWIUL, F
YAEIX undefg &8 5. T/ X VERIZBEWTIE, ZOFEIEEZ ST S
T/ RVEHERDOTRTTRIEE LS.
undefg M E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
LUTCERIND.
B axis IFFHAIEHE L 70 2 AR % BIRT . AMWETO T — 207 )V K
JERERTH DD, axis="xy’ LIEETD. REMEREBERTHDIE5,
axis=’11’ LHRETS. 77 AN M TET N MEERPEEINTVS.

tangent_mean_anom _scal

ERED AN T — 8% T /1) DR S P R AU, SR IS U 7
TRV —%REETS.

=X
call tangent mean anom scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgc]l, &
[stdopt]l, [axis] )

511
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<R(:)> in A TR — R
<R(:)> in TR R
xc <R> in x R T ORI R (k).
yc <R> in y R COME B A (BiR).
u <R(size(x),size(y))> in HFERTOT /)X V)%
EBANT—.
r <R(:)> in P 567 JRE AR D Bl 4% R AEE.
theta <R(:)> in PO 17 AR D B AR [rad).
v <R(size(r),size(theta))> inout 7 ./ <V D1H.
[undef] <R> in RO TR LA OfE (BRad)
[undefg]  <R> in PERRE I T D RIELH.
[undefgc] <C(3)> in undefg M R E
INFE TOMM (k) .
stdopt <L> in TI—Wh75 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (1) .

EER
2 RIET F1V NEERER (2,y) (ZB T DR (e, ye) &AL T D MREHEEER (r,0) (2,
ANT—F—RETHU, 0 HINTIET 5. BRI TG T %175,
THNBR (z,y;) CEBINZDHDANT — &y, ; & HEEER (1, 0,) TER
INDANT — 8 vy \TEHT B AU
Uit1,5 — Ui (@ — ) + Ui j+1 — Uzg(
Tit1 — T4 Yj+1 — Y5
(Tm — 24) (Yn — yj)
Tiv1 — i) (Yj+1 — Yj)

U = Wij + Yn — Yj)

(Wit 1,541 = Wiyl — Wit1,j + Ui ) (
THd 17, Zor X, BIBIMTONEZT 5,
Ti tX, Yj LY, Uiy U, Upp oV,

Ym . ¥, 0O, : theta

B%

o JEFREFHORBESEIEE 3.1 4.

o HEREMNBREREPHIMIAFEL TODEE, 7 7 A4V N TIFEHEH 712 Warning
AW —INHIIIND D, stdopt & .true. (ZEELTHIHE, HHIULRW.

o AT a VI undef IFHEAREYI AT RENLRAMAFAE T D HHR I R DL IC
RAINDGRERMETHD. T I T, HEFFIREERE LXK, FIfE R THERR
SR AT O RO KA r(size(r)) DI L THD. & U, ZOFENGHEE

T oRIETTBH,
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W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIEEENT IR, ZOIEAHL
D, SEYIWAT ZROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef BHREINTVAWVGEARYORRAINTRING.

o A7 a3 VA undefge IFHERREIITEIBNIZ BV T, KIAME undefg MFLE X
NTWBEGE, EOXDITEH 2T 0EHETD. ZDOF 7Y 3 Vi undefg
MEEE XN TORITIVUZBEEE L 2\, undefg IFEHREIFIBNICHEWNT, T4
VN EERESR TRIBAEDIFAES 2356, 7 77V M S MBI NONFFOBRIZ T 7)1
N RO S undefg THIUIMHFERDNHF AL undefg DIENANLND.
ZDRPIZH T, undefge DfEIE
inc HAREEZ 1T BR, MERNI SO —HIC undefg BREI N TV, £

D R TOMEIFTIEAEIZ ANT 2, BHEDA S TV DA T #ESE
#1710, THUCHIH LT, AR RIBOGEIET /) ERELRD.
err FERROEIIZAT D BR, MR RO —HIZ undefg MEE I N TWIUL, F
YAEIX undefg &8 5. T/ X VERIZBEWTIE, ZOFEIEEZ ST S
T/ RVEHERDOTRTTRIEE LS.
undefg M E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
LUTCERIND.

o HIH axis IFEIHREMEL R EERZBINT 5. BHATOT — 4B T A b
JERERTH DD, axis="xy’ LIEETD. REMEREBERTHDIE5,
axis=’11’ LHRETS. 77 AN M TET N MEERPEEINTVS.

3.20.5 tangent_mean anom scal Cart

BB
EREDAN T —BE AT /) — %238 U, TV NEERIZET .
=X
call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefg], [undefgcl, [stdopt] )
518
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EEN

<R(:)> in T I N — PR
<R(:)> in T 71V N B EEREE.
xc <R> in TV N x R TOMRE PR A (R
yc <R> in TV Ny RO MR AL (Tid
scal <R(size(x),size(y))> in THIVRRTOT )XV %
EBANT—.
r <R(:)> in P ] A A SR D Bl 28 JEE AL
theta <R(:)> in PO 17 PSSR D B AR [rad).
scal anom <R(size(x),size(y))> inout TAINKRTODT /<Y DA,
[undef] <R> in PERROE YA e R RSN O ME (B3R
[undefg]  <R> in BRI T O REEMH.
[undefgc] <C(3)> in undefg ME%E
I N/ TOME (£iR) .
stdopt <L> in TI—Wh7I 7 (k) .

T 7 AN ML . false.

tangent mean_scal Taf% U ZERCEMEEZ VT, TDOT AV MR TOMED T /
) EFHET L. T AN NEBERDE S TOMEREER LN S DOl E T, T0
SR O T PR i C D AR YE 2 N LB L, T OWNFEEZ T DT IV NEERT
DEEREEE 9 5.

(]

o HRAMERHFIMAFAEL T2 HE, 7 7 4V b TIIEHERJ1IZ Warning

A —=UNRHEIIINDD, stdopt & .true. [IHELTHIFIE, I LARW.

77 2 VB undef 1HEERREIG R RIMNIIEET D EAR AR OB
RAINDGRERETHS. T I T, HEHOFIFTREEE & IX, I8 EER THAR
Y% AT O EROTmKM r(size(r)) DI ThHD. & U, ZDFEENGHHEE
B ox,y OAMIHZGE, 1IZAH U TO ST EENTEI RN, ZoikAH L
ER D, SEYINT Z R OVEEIRIZ DWW T undef fHANEIND LD IZR->T W5,
£ U, undef DHEINTOAVGARFITONRAINTRING.

7 7Y 3 VEI L undefge IFHEAREEAEBANIZE T, RIBME undefg HVEAE X
NTWBGE, EOLD IV ETINEHETS. ZOA T 3 Vi undefg
MEEE XN TORITIUZBEEE L 2\, undefg IFEHRFEIHBNICBEWNT, T4
VN EERER TRIBAEDTFAES 2356, 7 7V M S HEINONFFOBIZ 7 7)1
N RO S undefg THIUIHFERDONHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DL
inc B E 1T OB, MESRAR RO undefg B E I TV, £
D T OMEIFTEIEAEIZ ANT 2, BHEDA S TV D RO A TEG#ESE
#1710, THUCHIH LT, N REBOGEIET /) ERELRD.
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err PERROFEII 24T D BR, MRS D —IZ
YAfEIX undefg & B 5. T/ X VERIZBWTIE, ZOFIHEE 2RI S
T/ IVEERDOINTTRIBERD.

undefg MVE%

EINTHY, undefge M5

L UTCERING.

3.20.6

tangent_mean_anom_vec

undefg »3F

LZEINTHIUR,

EINTWARNT 7 4 ) N T, inc

T AV SRR TREE I N/ALED 2 IRTTANT MVe T )V I BEEER > 5 P PR

RICEHU, S AMIEIL, TDT7 /3 V2L b,

D& X HRT T T %N

52 LT, B A L ER AR IZAEITES.
=X
call tangent mean anom vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefgl, [undefgcl, [stdopt] )
518
charc <C(6)> in FERR IR 3 BN D
EH 6T 50
"scalar” = BJfEAA E KT
"vector” = HERRIXIREET ST
<R(:)> in T 71V N PERR.
<R(:)> in T 710V N R
xc <R> in TV N x R TOMREER A (k).
yc <R> in TV Ny 2T O M fEEEARE A ().
ul <R(size(x),size(y))> in THANVKNRTOEETZERT ML,
x BT
u2 <R(size(x),size(y))> in THANKNRTOEETZRT ML,
y B
r <R(:)> in P A PR AT R D B 28 B AEE.
theta <R(:)> in P f66 PSR D B AR [rad)].
v <R(size(r),size(theta))> inout 7/ <V DfH.
[undef] <R> in PRI TR AN M (123d)
[undefg]  <R> in ROV YN T D RAEH.
[undefgc] <C(3)> in undefg A% E
Iz TN (id) .
stdopt <L> in TI—Wh75 7 (k) .
T 74 Mi& .false.
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EEX

(]

175 WL tangent mean_scal &IEFE ALFL. ®#IZT7 T Y charc TT AV K
ZRT MV EMBGRRT MVIZEBL, TDOIL 773 T DAE AN T—L LT
FETNE, EOMBENERINS, ZI T, EEDOTHIVIRIZBITZRY ML
w=(up,uz) & U, MEEERDOMMENRZ Nz r=re, £ 55, ZIT, e, 3H)
BAANAEDREENT NV THD, DL E, ZOMENRT MUIET A7)V N EERE
RTRETD L, r=(v,y) TRETIDDT, 74V NERRFATONEIL

rou = rllu,

EWHBERBTLIILIZRD, ZIT, u XTIV KNRTORY MVOEEE L
Thd, 5T, INEFHTEHNITERGAANEIONRT MURRFLNE Z LI
B2, HRRAROESE ZNEFBRDE X /T, MENY MLVET AV NRRT
IVOIED & KIRFETRN D % 1E &9 5 MR BEEER DR A 2 il 4§86 2 LA TE 5,
2 RITT HV NEERER (2,y) (2B DR (20, ye) & FAE T D MEHBIESR (r,0) (2,
ANT =T —=REEHU., 0 AT S, BESROZBIINEME N %175,

o BERSMEREFAIMNAGAHEL TWDGE, 7 7 4V b TR H J7IZ Warning
AW —=UNHHINDD, stdopt & .true. (ZERELTEIFE, HHLRW.

o &7 3 VIS undef I FHERRFIG W RELEIMNIAFME T B AR OIS
RAINDRKERMETDHD. T I T, HERTIREERE L L, & EELR THEm
SEYA % AT D B RO KM r(size(r)) DI ThHD. & U, ZDFENGHEE
B ox,y OAMIH G E, 1IZAH U TO ST EENTEI RN, Zoiksf L
53D, SEYINT Z RO FIHIZ DWW T undef EANRI NG LS IZRSTWS.
£ U, undef BZEINTOVHREWVGSIFITORRAINTRINDS.

o 7Y a VA undefge IFHEEMTEAFEHIRNIZH W T, KIBME undefg MELE X
NTWBGE, EOED IV ETINEHETS. ZDOX TV 3 Vi undefg
MEE XN TORIFUIBEEE U 22\, undefg IXEERCTFYHEBRANICENT, T4
)V N AR R CTRIBIEDFAET D856, 7 7V RS MEIANONFEOBRIZ T A1)V
N RDOSIE R undefg THIUIFFERDOAHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DAL
inc HARTYI %17 OB, MR RO —EBIZ undefg AEE I NTWHIUK, T

D A CTOMEIZ IR I ANT I, HRMEDA > TN D DA TR
2110, ZHUCHIGL T, A EAREOGEIEXT /) RIBE R 5.
err AR 1T OB, AR RO I undefg REE I N TWIIL,
AL undefg 745, 7/ X VEREIZBWTIE, ZOFHEHEZSRTDS
T/ VEERDOINTTRIBE RS,
undefg MHE X NTE Y, undefge WHHE INTWRWT 7 4 )b M Tl inc
L UTCERINS.

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 189

3.20.7 tangent_mean scal

Bee

EREDANT — &% T 1)V N EERD S M A FERR AL, B AT 5.
=X

call tangent mean scal( x, y, xc, yc, u, r, theta, v, &

[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )

518
<R(:)> in GFRE— AR
<R(:)> in TR R
xc <R> in x R T O MG R ().
yc <R> in y R COME MR R (BR).
u <R(size(x),size(y))> in HFRATOVEEITDE AT —.
r <R(:)> in U i8] R AR SR 0D Bl 428 R AL,
theta <R(:)> in P fid] A RS R D B FE A [rad].
v <R(size(r))> inout BEHREEHUZAN T —.
[undef] <R> in BRI Re PR OE (k) .
[undefg]  <R> in BRI N T O RAELE.
[undefgc] <C(3)> in undefg AVi%
INE TOMM (k) .
stdopt <L> in To5—Mh7o5 7 (%) .
T 7 A MiX .false.
axis <C(2)> in JERER (F2iR) .
EER

2 IRGET AV NBEEER (2,y) ([CBF D 5 (20, ye) ZIRRE T D MEEER (r,0) 12
ANT—T—=REEHL, 0 FAIEELET 5, EBEROZE ?@’&'iﬂxrfﬁﬁﬁ/w}?ﬁ%ﬁﬁo

TNV KR (2,y;) CEBINZHDANT — & v, ; % HEEER (1, 0,) CTERH
INDANT — 8 vy (CEHT B AU

Uit1,j — Uiy (l'm _ ':U’L) +
Tit+l — X4 Yj+1 — Y5
(@m — i) (Yn — vj)
Tit1 — i) (Yj+1 — Yj)

Uij+1 — Uiyj
Umn = Uij + 7(.% - yj)

(Ui 141 — Uil — Uit1,j + Ui (
ThHd 18, Zor X, BB TONEEZT 5,

Ti DX, Yj Y, Uiy 1, Upgp oV,

rm : ¥, 0, : theta

18- pRITTTBI,
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(]

3.20.8

o FEFERHIOBESMIXN 3.1 2.
o BRERMPRRHPSMNAAEL TOR GG, 77 4V b TIEEHEHJIIZ Warning

AW —INH I NED, stdopt & .true. WZEELTHITIE, HI LAV,
7Y a VBN undef 1FEERRTIA W BEERRIMIAEIE T B AR B ORI
RAINDRERETHD. T I T, EROFITREEAE & &, IR THRM
S AT O RO AME r(size(r)) DI ETHD. U, ZOPREMNEHAME
ox,y OAMIH 56, IZAH U TO R EMIEEENTEI RN, Zoiksf L
D, SEYIT AR OVEBRIZ DWW T undef EANRIND LS IZBR>TW5.
H U, undef MEEINTVAWVWGEIITYORRAINTEIND.
77 3 VB undefge IFHEHFEAMHEBANIZH N T, RIBME undefg MRE X
NTW2HE, EDOLDITEETONEYUET D, ZOA TV 3 Vi undefg
DERE XN TVRITIUTEEEE L 2\, undefg IZEHRTITFIRNICEWNT, T4
VSRR CTRIBIEDVFAES 2356, 7 77V NI S HEINONFFOBIZ T /7)1
N RO S undefg THIUIMFERDONHF AL undefg DIENANSND.
ZDRMPIZHE T, undefge DL
inc B E 1T OB, MESRARE RO I undefg B E I TV, £
D mTOMEIFEIFEAE I AN, BEDA 2 TV B 1D AT
2115, ZHUCHIG U T, AR RBOGEIXEEE RIBE LS.
err AR E1T OB, MERA RO —HIZ undefg BT I NTVLNIL,
VIfEIL undefg &85, FRHEICBWTIE, ZOFHEEEZSRT 57
FHEEDTRTTRIEL LS.
undefg MFHE X NTE Y, undefge WHEEINTWRWT 7 4 )L M T, inc
L UTCERING.
B axis (FFHAEUE L 72 2 AR R 2 RIRT 5. BHETO T — 2237 )V b
JERERTH DR 6, axis="xy’ LIEL T S. KEMEREEERTHERH,
axis=’11> LHRETD. 77 AN M TIET IV NEERPEEINTND.

tangent_mean_vec

TN NBEERTER INATED 2 IRoeRY Mz T )V N EFER D & {7 HEFE
RICEHL BRRAANEYE TS, 2o HT S T EHWD Z LT, BRI
5y & R AR I D ETE 5.

call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgcl, [stdopt] )
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3.1 TV SR & FI A ERSLR AN D BUHRTEAR T OB, I EEESR T m, n W2 5K
O GEIX, TV MEESRT § AR ZEHE L, £ OWEE RS @ RICHIENE

95
518
charc <C(6)> in B 5T BN R R D
EH LI B0
"scalar” = BRSNS 5
"vector” = HERRIINET ST
<R(:)> in a2 i
<R(:)> in a2 Y
xc <R> in TV N 2 R TOMREEZEE A ().
yc <R> in T AN y R TOMRE R A (k).
ul <R(size(x),size(y))> in TNV BNRTDEET DRI ML,
x AT
u2 <R(size(x),size(y))> in THIVNRTOEYITZ R M.
%
r <R(:)> in P 747 JRE AR R OD ) 135 R A
theta <R(:)> in FH {81 R AT R D BERRFEAE [rad).
v <R(size(r))> inout AR UZAN T —.
[undef] <R> in L Re AN OfE (k)
[undefg]  <R> in BRI T O REELH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in To—Wh75 7 (k) .
T 7 A ME .false.
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EEX

175 WL tangent mean_scal &IEFE ALFL. ®#IZT7 T Y charc TT AV K
ZRT MV EMBGRRT MVIZEBL, TDOIL 773 T DAE AN T—L LT
FETNE, EOMBENERINS, ZI T, EEDOTHIVIRIZBITZRY ML
w=(up,uz) & U, MEEERDOMMENRZ Nz r=re, £ 55, ZIT, e, 3H)
BAANAEDREENT NV THD, DL E, ZOMENRT MUIET A7)V N EERE
RTRETD L, r=(v,y) TRETIDDT, 74V NERRFATONEIL

rou = el

VWO BEERBTLZI LIRS, TIT, u, lZT WV NRTORY MVOEIEKS
Thd, FoT. INEFEHTEHNTERGAATEIONRT MURFELNDE Z LI
B5, ERRHROBESE ZNEEEOEZ X T, MENY MLE T AV NRRT |k
IVOIED & KIFETRN D % 1E &9 % MR EER OIS 2 fidi 6 Z LA TE 5,

(]

o RBRMNERFPIMIFIEL TWEHE, 7 7 A4V N TIEEEHENL 11T Warning

AW —=UMNHHINDD, stdopt & .true. (TERELTEIFEX, HH LRV,

7 7Y 3 VI undef (3B AT REERIMIAEAE T D AR L B D RIS
RAINDRERMETHD. T I T, BEHOEIREERE L L, & EELR THEM
SEYA %R AT O EREOm KM r(size(r)) DI ThHD. & U, ZDFEENGHEE
B ox,y OAMIHZGE, IZAH U TOESIEEENTEI RN, Zoldsf L
D, SEIDFT Z R NEIBIZ DWW T undef EANRIND LD IZB-TNS.
£ U, undef NFEEINTOVAWVGEREFTABRAINTEINSD.
Z 7Y a VEI# undefge 1T B FIIBIRNIZH W T, KIEME undefg DT
NTWBGE, EOLD PRI NEHET S, ZOA TV 3 Vi undefg
DERE XN TORITIUZBEEE L 2\, undefg IZEHRTFEIFIBNICHEWNT, T4
VN EERESR TRIBIEDIFAES 2356, 7 77V NI S HEINONFFOBIZ T A7)V
N RDOSIE RN undefg THIUIMHFERDONHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DAL
inc #EAREA 21T OB, HERNIR RO —IZ undefg NREINTVNIX, £
D pTOMEIFEIFEAE I AN, BEDA 2 TV B 51D A T
#1715, THUCHIH LT, AR RBOGEIET /) ) ERELRD.
err AR E1T OB, MERAF RO —HIZ undefg BT I NTWLNIL,
YAflL undefg £ 78 %. 7/ X VEHREIZEWTIX, ZOVHEE2 ST S
TR VEHRERDOINTTRIBLERD.
undefg MFHE XN TH Y, undefge VHEEINTWAWT 7 4 ) KTl inc
LUTERING.
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3.20.9 DC_Braun

HaE
Braun (2002) OFE% HWT, BHELED O %GR T S ACERRGE I <
B3 &, Bii R REDONE I 7 g B 1 5 R R [ERZBEHNS £ D128 5.
TETH] S D BARME TRV SREDHL 2 EFHT D &, Z DRI R ST R 72 DR EIZ
FVIREIT 2 &D1243 "9 £ 2T, Braun (2002) TiX, SFOEHDEHIIRT
FEEHWT, ZOHREHR 2 FRET & 2 B RKE O O HEE FIEVBFE XS vz
=Y
call DCBraun( x, y, fg, pres, search dis, var_dis, center, &
[undef], [stdopt] )
518
x <R(:)> in x J3[FEERR [m).
y <R(:)> in y JIFEERE [m.
fg <I(2)> in FHRICHWS B —HEMEOK T RES ().
pres <R(size(x),size(y))> in LFREEHTOXE ().
search dis <R> in MRERS & HHI [m] (£2d).
var.dis = <R> in AT B [m] (k).
center <I(2)> inout K SNIZHL (HiR).
undef <R> in KREHM (k) .
stdopt <L> in TI—Hh7I5 7 (%) .
T 7 A Mi& .false.
EHD
YT RUE D IAK R % B —HEEME L UT, TDOAPH 100 km FEED 2K 75U DNWT,
ZTOREFDE LR 65 km FEE DO HIEAHEUIZ DWW TR 270, #8151
(25T B T DEETEIIN D OFHERAZ B LSO EN RS K & 45 % By
BSEDOHLEEHETDFEEHNTNS. LD FEMARFIEOFEIEF DWW TIE
%77 2.
e

o % undef IFFHHEFFHNICKRERMEND DL EITIBET D L, ZOMHEIZEYT
BT RUIMR AR L .

o HEREMMBEREPAIMNIAGFHEL TODEE, 7T 7 AV N TIFEHEH 712 Warning
AW —UNHIIIND D, stdopt & .true. (ZEEL THIHE, HIILRW.

o GIE fg I3 —HEMEL RHETRD x [, y ARAIOKFRESE525. 2
DT REFTIE x, y OBSIEZEFSDOI L THDH. — MBI ZOHE—HEEMEIZ

gz BRI SUE D RAKE TR X N5 B EAEDOHL . Braun (2002) OFHETEE X 1D BEHESR
FEDOHLTED & D BRENASLNDDIZDONTIHAHERESRA.
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I SEDORKAABHN SN, fg, center & EIT, HE—FHD x FEED
BFREs, BoFED y BEORTFRESLED.

o 5% pres (ZIE— BRI KEDSHNHND . I DEBUSEEAK L)L OBl
Rl % KD D DIZHND DT, FEEH L TOREZRL EDFEHETE LW, 72
Z U, 7R OMEP MR RO S, ] & 2O F3E % F TH SUE IRIE L
TELDBENDS. HHNFEETIVOEE, JIELNRBERICHDETFHTOY
ART VIV YIEETEMDR., 72, ZOYHEEIIFEAEFEICHWS 21T
BOT, BAIE 2T ROV TH— U ThNIFEEDHEA R Z HWD Z e
TE5.

o 5# search dis, var dis ORfRIXX 5.11, 5.12 S84, Braun (2002) D >Rk
21k var_dis 1% 65 km FRE TS LRk I NT WD, Tk, —MREGE
{RSEDWNES 3 7 SISO AMAATE TS 9 5.
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Fa4ET YN TOTS A

ZITI, BENV—F VOB LT O2DY Y IV T 0TI Ak HIFTEL.

4.1 Yo7 7Ov5L0aV1IVAE

demo 71 L7 NUBARIZ, KA TV EMANZY Y TINTOT T AHDERIEKI T
Wa. RKY > INTa T T ADFEFIZIE STPK 74 77 UMNREFHIZA VA R—ILINT
B, NetCDF 7177V, gtools 74 77 VNAVARN—IVINTVEIHENRHD. ¥
VINTOT T ADOFERERIZ NetCDF 57— & THA X N5 720, A ALIZIEH& it
V=IVINBETHD.

YU INTOT T LDV I8A )IZIX, demo/Mkinclude % & HDERBEIZE LY THik
ULARTNIEZR SR, Z2ETDARMENH S EFTIEIATOEE) THD.

a )
FC STPK 2 Y A=) U/a /N1 5.

FFLAGS A Y AN—IVFD IV LIV ATV 3 v,
ISTDIR STPK OA YA R—=I)IVT+4 L Z K1),
INSTNC netedf D1 VY A r—=IFT1 L 27 KV,
INSTGT gtools DA Y Ah—J)T4 L7 KV,
\_ J

3281 )i demo T« L7 MV T make IV YV RZ2EfFTIIEL .

£ U, DCLF90 731 Y A M —I)LXNT\5A 5, make draw & FETFT5 I LT, 2 T
DT 7 %H{lTEIEDTEDEITT 74 draw WERINSD. 72, Ruby-DCL »°
A VAR INTOVNIE, AT+ L7 MVICFABMI N TS delplot # VT, 7F
ARNT A=Y MDT—R% gnuplot DEDIZT T 7T ELMNTES. 2D dclplot
iX Ruby A2 1) 7 N TdhY, ruby dclplot THITT DL, ¥DLDBEE LG A RITH
XR SRV END &S24 usage THWOPIHITIND DT, TNeBZIZI N0,

draw I¥ Y RDOMHENFIZOWTIE, £H IV T0a 7o 507 74 IVHZOHINIZ drav_
ENYZDONVIEF .oml DR—L) ARNT 7 AN H DD T, FHl 21X, poison % H
WAERIG 5 N2 T — & poison.nc & AFHUL L ZWEEI, . /drav < draw poison.nml
TR T2 ZeMNTES. 20 drav IKHGELEF—L) A7 7 A VOEEBUIZELT
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DEEYTHD.
a I
&drawinput
fig_type = 1 ! BIOFEH 1: FER, Y =— R
12 EERE, Yz— K, RNV
vo-1: BEERTAER, Y — A —
vo-2: fftEhdT AR, v — 01—
P rfg %28l <R 5, cont_val IZBHL,
| ¥Y—N—%5DR5, shade_val (Z£¥4,
VA& RTEAHE.
VBT AR O S, RO R EEIFE X xmax, xmin T
. | 20 L XOMEORMEF X cmin, cmax, smin, smax Tk
‘z-:‘ ~
! cmin, cmax IEHAER, smin, smax XY —H—IZHIG.
. | shade_val, cont_val TNZTHNREINT D & Il
B
I KEWHTEREIND.
! ymin, ymax Ci& I NHHENIFETDHITANTD y HTOD
Ux T — &2 2 @B (Y —H—) THIET .
1 H U 1 ROAMUITNIE, ymin = ymax LE%ET DI I L.
.y U EER T ERODIG G, BT RO 2 B DOEHEREE L TH L

& ymin, ymax

nx = 1

=
<
|
-

Xmax
ymin

ymax

fname
txtnam
cont_v
shade_
vx_val
vy_val
cmin
cmax
smin
smax =
X_axis
y_axis
sfact

cfact

vxfact
vyfact
title

/

N

I ex. M{Hl 4T VAR T xmin, xmax D5 &, M i T

! M OEBIZHIE L TWS.
00 ! HEEHDIE T 22K
U ApEER DR T 2K

o
o

0.0 ! fellloD /e i

1.0 v REEHOA i

0.0 ! o> T

1.0 1 o> b
= ’poison.nc’ ! #AIAL netcdf 77 AN
e=" | TXAMNNITLT—AX
al = ’rho’ ! SFfEARTHI < 2
val = ’psi’ ! AT =Yz — RTHIKZEK

= 1 RNV x B TR EK
= 1L RNy R THIK £
-4.0 ' FEHEROR/IMEA

.0 EERRO B K AE

0 1 AT —Y T — ROB/ME

5 L T —Yz— ROHEKAE
xR O AR

ryo o DA R

0 ! Yx—RDI7 I &—

0 | HEMOT v I R—

1.0 ! BRI MVOEX x
1.0 ! BN MVORY y

=1.
=1.

J

/

D draw FHA—LV AR T 7 A INVERTHUEZHRE R >TWS, ZEXx—LVANT 7
AIWEEY VTN 2 a BT 28, MELAEFE LR TERMETEIIENTES.
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4.2 £7045ALDEREA

KTOTS BN —F > - B VO RS F v 795 075 A% unit
YWD F 4 Lo NI, TR ORI 2 N OS5 AIET A L2 N ISK LT
5%, BUFTI, unit & ZALSND T 7T AZOWT, i 5% % R

4.2.1 cov

EVa—)l Statistics DT ANATOI I A, HDH5A6N/ZT—RT 71 ) data.org
%G, MERIEER T 2 70T I A, 72720, TORAM % I mRERR % 5 X, HE MR
et d 5.

RTHE - RITHER
ARTOT T MNIBARTETT 2T THY, TOEIRERIIUTDOLS 1245,

sk sk sk s ok ke sk skl ok o ke sk sk sk ok sk o sk sk sk sk ok e ke sk sksk ok ok ok k sk ok ok
slope = 4.4496446E-06

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

data number = 246
st ok sk ok ok ok ok ok ok ok ok ok ok sk ok ok sk sk sk kst ok st ok sk ok sk ok ok ok ok

4.2.2 fTt_test

FFT V—F>DFANTOT T L ERT— 2% 52 TEFFT 2318 U, BT
WIEDET —RIZRET. RUZE X, BT — R ENETRENH LI N ERRTD. £
72, A UBIE & U AT DIRE T 2 M) KT . FFT O 7 4 — VY AT A M E3f
RTNDDT, EeFEo-<FAUEELZMERT —V TEBIZDOWTHT, Wi# DETH
MzRRTD. HVET—RIET—ZBOPRIZE—T 2 EDH I TV AHETHS.

EITAE
make §2 &, EITT7 71 fft_test DMERINTVWBIDT, E792 &,

(:Input the data number (odd number). :)

CE»IND. ZHIET—XDEBTH Y, FE FFT %2175 720, BEEKTRIY
U S0, IRIZ
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(ilnput the loop number. j)

CEPND . ZAUXFE CEIEZ TR D KT N2 EET .

(:Do calculate the prime factors? [y/nl] :)

CHEMPNG. ZNET BB ERNBSRET 2N EDNEETWS. I 2y
2L, FFT V—F VMR IND T 1B L, HEEfF25HE T 5. K
W—F VT, T—EBNLL< B2 EEHITREB MVRY ZIZRZDH, [BlHETH]
DEFHBETH D720, loop number 2% < & H>TWVWBHEITIE, TN%E 'n? IZUT, &
MICHBE U B2 BESBT 5L D1CUHD, FFT KMEKD/ST7 4+ —< >V ZlE L.

FIECERES

4 N
Input the data number (odd number).

4096
Input the loop number.
10

Do calculate the prime factors? [y/n]

fft error is 7 .2353985E-04
fft error is 7.6539267E-04

cpu time (rot) is  0.4000240 [s].
cpu time (fft) is 0.2280140 [s].
cpu time (dft) is 1.372087 [s].
\_ /
e
R L.

4.2.3 fft_data

FFT V—FVOMEEI 7O 75 A TFANEROFERT — X %252 CTHEFFT #3&
U, EOARY NV AE T 74 VIZH 1 5.
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RTHE

make 95 &, HITT7 7 A )V fft_data DMEHEINTNSDT, 79D L,

Input a reading file name.

If there is no file, input ’dummy’

LHEIPND. NIRRT FANT—RDT7 7 AN EANTD. L7 7A
MWL, TARHEDAITOZWGE, dunmmy & AT HIEEIW. 58, HHN
L7 7 ANTEABEBOEREDE T —X%Z/EK LT, ZD FFT §H %2475
T 7ANVDT— ZEABIIMERTE FRTEHRDRN. 22U, GOEEIEHE FFT
FAHEEZTOHAE R, —BEADT —RIEFHAALBHVZRN. BUF, dummy & AS U
7356 0% RS, IR,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LEPND. THUFANRY MVEIRLUAT 22 NT27 74 V/E AT 5.

Input the calculating period.
(data period)

LHEIPND. ZNFEHBEZTo 27— 2O Z2 AT 5. BAIMERE. ZOEILH
HEINDTFANT—KD "frequency” IZKMIND.

FIECERES

B%

SRR NI ING T —RIFEND

[?&O)/—I\‘%&, B, AT —48 147H, - ]

ERD. T, TAOMMEET & T5L., J—REBn OB E & T—41
T OREfRIE

2mn = kT
Thd, 2%V, LOTF—=RIEZFILTN

B = K¥=n, B=k= "

EINTNELTWS, TNE2EEBELTH Y VT —RZ2AHMALEZEDNRH 4.1 T
H5.

o ASIT—A& D dummy TRWEGE, IRIC
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(val) WN1(Black) WN2(Red) WN3(Green)

1.0 ‘

0 ]

0.8 | 4

0.6 4

val, val, val

0.5 1 2
(frequency)
frequency
41 FRF—RDARYT NVida, B &K BBENZNRED ) — RECL, 142, 14243

D TR L 2T —ZDARY MVBAEIHIGL TWS. TT ik (B o 1, 2,3
R U 2SR — 7 R 615,
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[Input the reading number of array. ]

CHEPNDG, ZNET RO T LEPNKOBHDENEANTEEDT, A
075 ATIEANINZATLILIZ FFT #BUTARZ MV TF—& % HH
F5. £oT, HhT—RIZZOBEMTANUZAT LI 2 7 MEMX
2 (LRED ) — RETF—2 L ERT— R BTN 2D LTHAIND.

4.2.4 matrix_test

3WTTHI R G2, TDT =8 %Y IR BATHEIEN—F V2 RI7$2 7077 L.

RTHE
RIOT T MNIBETEITTUT I, EITTD L, ED &S BEHEEIT S % H»
NHZDOT, FRANTHESZANTD. FFIERATFDOE D ZRIGIZE>TNS.

: N
. A ADEEEEFNT, 3 5O HFREADRME TS .

[y

2. LU 2% VT, 3 Juds RO KM E TS .

3. HIAYA FINEEZHWT, 3 75 HEROKMEITS.

4. YaACEZ AT, 3 ud L ARRD K17

5. AU AYA TIVEE SOR THLE U RN S, 3 siil s HREARDRKMZE1TS.
6. Y AE¥E%E SOR THEEU RS, 3 oy HRERNDRMEZ1TS.

7. 3RIESATHIDHEATH 2 5T D

8. NEFUEA FINT 3 WIS EFIORKEGMEE 2SS 2 EE< Y
ML% T 5.

9. YakzHWT, 3 IRIESITHIDEEAEZFET S,

10. QR #EZHWT, 3 IRIEHFTHOREEMEEEA N7 NV &EHT5. )
N

4.2.5 mnormal_poly

EYa—)b poly normal, special_function D7 AN T OJ T L. fEHEA 19 2 EHKK
ZOBEE ~EDEHRRICBNVCEHEL, 7TFAMNNIT LT —ZTHIITE70T T A,
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ARTOT T ADFAFZE>THAHINEZTIARNT =R 77 NVEEUT A L2 RV
[FfH X VTV ruby A2V 7N delplot #ET7Td I L TRBICAHILTES.

RTHE
RKTOT T MNIBETETTDLIENTE, EIT92 L EDOBBEIRET LML
DI RFEANTRET S, BHEZIEITOL D ZHIEE LTWS.

e N
1. V¥ RIVLIEA,

2. TILI— MZIHA.

3. 7= %mEA.

4. Y arZmEK.

5. 57— VN T —%IEA.
6. Fo¥x7LIEA.
7. V= VEIEA.

8. N L.

9. v~

10. /1~ >

11. 2~y 2 IVEEEL

12. B 1~ VB
\_ J

HEHR LY vy MILZEIOBS

421200V %Y RIVEZIERADEE %2 5R7T
TILE— NSIEXDBE

M 4312V — "NEIHADLGEZRT
ST—ILZEADGZE

X 441257 =IVEIERDGE % RT
Ry )LERDGE

X 4.5 2Ry I)VEBDGE%RT.
AR VERBRDGE

M 4.612 1< YEBOEGE%ERT.
TRy I EHDIES

X 4.7 \ZEERY 2 IVEEOEES %2 5T
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1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T

0.5

0.0 -

LEGENDRE

—0.5 —

710 ! ! | ! ! | ! 1 | 1 1
-1.0 —-0.5 0.0 0.5 1.0

X—axis
4.2: VI ¥ ¥ RIVEIHA (BARDY 0 1R, JRARDY 1 IR, fRERAY 2 IR, HARAY 3 IR, BARAN
4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T T

0.8
0.6 7
0.4 7
0.2 7

0.0

HERMITE

-0.2
-0.4
-0.6

-0.8

X—axis

43 TIVI — MBI (BHAS 0 WK, FRERAS 1 7R, SFRAS 2 YR, RS 3 YR, HEARAS 4
).
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1(red),2(

LAGUERRE

green),3(blue),4(yellow)

T T T T T T

T

5 10
X —aXls
4.4: 77 —IVEIER (BARDY 0 IR, AR 1 IR, FRERAY 2 ¥R, HERAY 3 YR, BHRAY 4 1R).

1(red),2(green),3(blue),4(yellow)

10 T T T

0.8
0.6
04+ /

0.2 -/

BESSEL

0.0 |

—0.2 -

—0.4

[T L

T T T T T

2 4 6

X—axis

4.5 N OVBEEL (BARDY 0 IR, JRERAY 1 IR, AR 2 R, HARAY 3 IR, EARAY 4 IX).
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1(red),2(green),3(blue),4(yellow)

O-G‘N‘N‘N‘N‘NNNNN

0.4

0.2

0.0

—-0.2

NEUMANN

~0.4
~0.6 H

—0.8 |

-1.0

1 2 3 4 5 6 7 8 9 10
X—axis
4.6: /A BIE(EARDY 0 IR, ARARADY 1 IR, FRERAY 2 IR, HHEAY 3 IR, HARHY 4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T { T T T T { T T T T { T T T T { T T T T { T T T T
8 —
3 L
] L
D] L
0 L -
[ 6
m L
o4 i
O L
4
) L
jo L _
2 A
0 7‘ Tt 4!’—ﬁ—“/%
0.5 1.0 1.5 2.0 2.9 3.0

X—axis
4.7: By ROVBIEU (SRARAS 0 YR, ARERDY 1 IR, FERAY 2 ¥R, HRRDY 3 IR, HEARAY 4
).
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1(red),2(green),3(blue),4(yellow)

1 O T 1 T T T ] L L

deform NEUMANN

O L 1 l L "W””r\’”’l : ——= ‘ l

0.5 1.0 1.5 2.0 2.5 3.0
X—axis

4.8: B A < VBB (SRARDY 0 ¥R, ARERDY 1 IR, fRARAS 2 ¥R, FHRRAY 3 IR, AR 4

).
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TR )4 < EHROSBES
ARIZER ) A< VEBOGEZRT.

HY<BEEDIGE

.f‘e éﬁ)"%?g iE'A){EDLT)T’LS blue) 4(yellow)

N T T T T
1.5 -
< L B
2 L ,
S 10+ -
< L ]
@) L ,
0.5 - -
0.0 L\ I [ [ [ [ \47
-0.5 0.0 0.5 1.0 1.5 2.0

X—axis
4.9: 5 <.

4.2.6 read mgdsst nc

mgdsst 7 — & % netedf 7 — X IZEWT 220D T 0T T A,

ETAE - X—LYRK

FATANZ, 29D mgdsst 7 7 1INV % 2T sst_list EWIHMDT 71 IIZT
x> A ]\’Cf%ﬁbfjb . ZTDOIL7 7 A NHOHIET % .nc & UZHFRT netedf 77
AIWVFERI NG, FAT1E, BERTETTE, DV A MIRI NS 7T HEIR
\Z netedf 7 7 A IWVIZEHINDG.
$ ./read mgdsst._nc

22T, AV IFID mgdsst 7 — RIEEKE R TIEN 888 TH DM, T DEHIZ
£oT, TOMHEIX 263.0 K IZEREIND Z LIZHEE.

STEER
AKTOT 5 AOFERNSBESNT netedf DT —RZZTDFE FHIHE L 728 DA 4.10

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ¥~=a7Jl Ay Tavsh 208

THd. FAEROHEY —IZZHEO5TIEHABLTOWARVWDT, £HMFEHLTWS
W =) & FHWTEBI N0,

mgdsst.May31

80 ce 303.0
N @Om
AN
Paaits
0 297.0
o 40 |
g e I291.o
= OR
— )
© *Om 285.0
—40 (St

-80 Lo oro oS 1 T
40 80 120 160 200 240 280 320

longtitude
CONTOUR INTERVAL = 1.666E—02

4.10: netedf 122X N /2 T — 205 X 172 R ERVEHE KR 704 .

4.2.7 thermo

Thermo_Function IZEFRINTWVWBHEKIZOWT, TANEFFS TO VI 4. KJE, i
&, REFEONHE G AT, BINLEPZLBEDTHENEMEAET S T 0T T A,

ERITHE
make 9% &, 177 7 1)L thermo WMEHRINTWVWEDT, EITTDHELUTDLD
REMMH TIN5,
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4 I
pressure [hPa]
1000.0
temperature [K]
300.0
Relative Humidity [%]
50.0
\ %
WK, % A1 % L, BUFD &S &N —F 2 & TR 2 RS S N5
e I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : qv_2_sh in Thermo_Function : 1.10725E-02 [kg kg-1]
DEBUG : tetens in Thermo_Function : 3.52565E+03 [Pa]
DEBUG : goff_gratch in Thermo_Function : 3.53320E+03 [Pal
DEBUG : goff_gratch_i in Thermo_Function : 4 .56536E+03 [Pa]
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pal
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qgv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eT_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : RHTP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : qvTP_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : qvT_2_Tv in Thermo_Function : 3.02014E+02 [K]
DEBUG : TqvP_2_thetav in Thermo_Function : 3.02014E+02 [K]
DEBUG : exner_func_dry in Thermo_Function : 1.00000E+00 [1]
DEBUG : hypsometric_form in Thermo_Function : 9.88683E+04 [Pa]
DEBUG : rhoT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : rhoP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : get_gamma_d in Thermo_Function :  -9.77092E-03 [K m-1]
DEBUG : sh_2_qv in Thermo_Function : 1.13232E-02 [kg kg-1]
DEBUG : Cefp in Thermo_Function : 1.01359E+03 [J K-1 kg-1]
DEBUG : Cl in Thermo_Function : 4.19000E+03 [J K-1 kg-1]
DEBUG : Tq_2_Trho in Thermo_Function : 3.02014E+02 [K]
DEBUG : esi_Emanuel in Thermo_Function : 4.58907E+03 [Pa]
DEBUG : thetae_Emanuel in Thermo_Function : 3.27608E+02 [K]
DEBUG : thetaw_Emanuel in Thermo_Function : 2.55824E+02 [K]
DEBUG : moist_laps_temp in Thermo_Function : 2.96495E+02 [K]
. %
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4.2.8 thermo?2

Thermo_Advanced _Function (ZEFF XN TWBEBIZOWT, TANZITD TO T J A,
Jordan (1958) DY UV F 4 V7T —R%&E LI, HESEOERE 52T, RIN/EN
ZUREDTHENEMRIET DT T A

EITHE
make 9% &, EITT7 7 A )b thermo2 MWERINTWVWSDT, 7T LUTDLD
BREMMNH TIN5,

Input the reference height [m].
500.0

2 ANTLE, UTFDEIZEN—F V2 HOTEHRUZERBE I IN5.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4.54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgtl]
DEBUG : CIN in Thermo_Advanced_Function : -2.85806E+01 [J kg-1]
DEBUG : z_LCL in Thermo_Advanced_Function : 9.28418E+02 [m]
DEBUG : z_LFC in Thermo_Advanced_Function : 2.97419E+03 [m]
DEBUG : z_LNB in Thermo_Advanced_Function : 1.15760E+04 [m]
DEBUG : T_LFC in Thermo_Advanced_Function : 2.82911E+02 [K]

g DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

4.2.9 time_check

Basis EYa—J)LOHKA Y ¥ AR counter_day, counter_sec B LU, X1 A
V= VALV —F  time_zone_convert DT AN T I A EED 2 HIG%2 5T,
DD HE E W %E FRT 5.

RTAE
FITT2 L, LFRD LD BEMMPERINDDOT, #MYIIERAD.
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4 I
Input the start time [yyyy:mm:dd HH:MM:SS].

[Example] 2013:01:01 13:00:01

2012:12:30 23:59:59
Input the end time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01

2013:01:01 00:00:00

You input start time : 2012/12/30 23:59:59

You input end time : 2013/01/01 00:00:00
3 [day], 86401 [sec]
start time (UTC) : 2012/12/30 14:59:59
\_ J/

ZDgE, 2012/12/30 23:59:59 H 5, 2013/01/01 00:00:00 F TO HE & % FHH
FTEIRETHD. HEHRIIRBIIERRINTHDEY, HEUL 3 B, BB TCEHE
T5L 86401 M4 b, F/z, mEIXE X 2 HEBBRRZIZDOWT, JST & EL
7L ED, TORLIINIET S UTC O %2 HhT 5.

4.2.10 traj_sample

Forward Traject, Backward Traject D7 A NHTO VI A, ZABEHEICKEZEL
T B 2 IRTTACFE—RREDIZIZDOWNT, ji S - BRI EFHET 5.

RITAE - FTHER
KRIOT T MIBETETTDEITITHY, UTFDO &S BEHEREE AT 5 HEM
MERIND.
4 N
input scheme of time integration.
EUl1 or RK4.
RK4
input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
- J

R OERNIRFRERE D D AF—LDFEETH Y, EUL 1 1 IRA A T —AF—L, RK4
WA RNV T=0 9 R AX—LTHD. IROBMIIELOHKETHD. 1 TR
PR, 2 138 MR %= 5159 5.

FIECERES

411 13 52(0.1,0.1) 2 SBHAARH IZALR G 1A —RRAZEATIR DT W BB 1T 5 1%
Fi AR OB & RS JRDEFIKE—RRT d 2 A3, KERIZ DWW T = B IC 2L
F5DT, BMIMABICZEL THWD 2 e Bbnd.
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(v)

0.0 -

4.11: BRBERAEAT DR

4.2.11 wind

&Y a—)b Derivation, Trajectory DI —F V& T ANT D TOT T A,
fRITI R SES & 5 AT, T IMHKEAR 2 5t Ui RS 2, € D5 5 47z i (12
DWTHEZER L, X OICHEGD SIMETR 21T 5. [UELDO DM & RRICFHRI N
T IRARDEEF N — T D L 2 lENDD I ENTED. ZITHERDRES p(z,y) 1

p(x,y) = cosx + cosy

Thd.

HERR
FRAFI9IC 5 2 7 SUEBHER 4.12, T ORIEEN 5 FHE S N2 KT HEISIEE 4.13, 123
5 R B 3 X N D SRS B 414, ATSHER % B L ITHE I NG
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FAE 4.15 TH D, T IT, WAL OREENVHETHY, K[EHD
FfER L FOMZEZRL TH0D 2 8 IZHERE,

pressure
B . 3.00
1.80 iE
» 0.60, T
.; J —
O d|
|
> ~0.60 T
= —
_79
=l
~1.80 - o
-
;’>
-3.00 U
X—axis
CONTOUR INTERVAL = 4.000E-01 CONTOUR INTERVAL = 4.000E-01

0.60

0.60

1.80

4.13: [JEG? SR O 572 KE

4.12: FRITHNICE R DN KEDY. g,

rotation rotation

y—axis

CONTOUR INTERVAL = 4.000E-01 CONTOUR INTERVAL = 4.000E-01

4.14: HEGNHRO SN METES. X 4.15: EEZEGD 5 FHE I D TR O HU.

4.2.12 advection

EVa—) ffttp DT A MNHATB T I AL M 1 IRGGOBHRABRRIZDOWT, ART b
WiEEHWTTORMFREFHET .
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A% (TS HRARITEMS D 1 KEOWIER (e, 1) 12OV TOMBH AR

@+ca—u—0
ot or

THhd. INZZEFAANITARTZ MVER U, KR AFIZIEZ 207 =23)0) YV AF— A
PHONTWS. BRI FREIT A —LY A N7 71 )l advection.nml CEHEARETH D.

RITHE - F—LUR b

[./advection < advection.nml ]
Z OFER, advection.nc WHIINDS. F/2, 1 =LV ANDEBIILAFDEEY
Thb.

&input

nx=100 ! ZE[MEMT mEK

dt=0.05 ! MifEfENE

nt=100 ! FHEATY T
xmin=0.0 ! FHELIG
dx=0.0628 | ZZ[IF&F[MEIbE

STERR

4.2.13 diffusion

EYVa—)b ffttp DT A NHATO T T AL K 1 Gt DILEARRRITDONWT, ATk
WiEE AT ZEOREREZFHET .
SR AT AREARIEZEM AR 1 oD E u(x, t) 12DV TOMILEATEN :
ou_ o
ot Coa?
Thd. INZZEMARIIZARYZ MVERU, RREAMIZIEZ 207 =0)0) Y AF— A
EHOTWS ., G FEEIEIF—L) A N7 71 )V diffusion.nml CHEWHETH 5.

RITHE - F—LUR b

[./diffusion < diffusion.nml ]

ZOFER, diffusion.nc I IND. F/2, F—L V) A NDEBIILAFDEEY
Thd.
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amp and amp

1.00

0.60

0.20

-0.20

—-0.60

-1.00

CONTOUR INTERVAL = 2.000E-01

4.16: ORI,

&input

nx=100 ! ZE[H& T 2K
dt=0.01 ! MifERENE
nt=100 ! FHEAT vV TH
xmin=0.0 ! FHIS/E
dx=0.0628 ! ZZ[HI& b

FECERE S

4.2.14 poison

2 WIACEEIZE T RT Y VARREZFHAE TS 7075 AL E@HlEIZ RO LA
BRAEE 2 £ DT — 7V A Dl 2 B E LT\ 5.
AT S AR A
Py 0
0x2 Oy
Thd. 2T,y ld 2 IRTCORMBEL, pld 2 IRGOHEHITH .
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time series

100
90
80
70
60
+ 50
40
30
20
10
o 1 2 3 4 5 6 7 8 9 10 11 12
X

4.17: WDRRF.

1.00

0.60

0.20

—0.20

—0.60

-1.00

EITAE - X—LYR b
FEF 70T T A poison LW T O T LABKTHD. F—LVANT 7AIIE
poison.nml. A RD LD IZHEITTEHILMNTES.

[./poison < poison.nml ]

F—LVANDEHIIUTDOEE) THD.

&input
nx=100 tx HR& T
ny=100 Uy AT

tp="1221" | FHEGIEEER SN
method=2 U EHRTIER
ter_flag=.false. ! WIBHHIBIER % <.
/

ERTOTI L %FEFFT DL, poison.nc LW EHTD NetCDF 7 7 A VA H N
IND. HHEIZIE drav 7077 ARSI, 2O L EOHEE T 7 A VIE
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draw_poison.nml THd. 7z, ftHEMEEROT—ZH 1L & 612, HEIZHEL /2K
MPHEHEH A TUTDE S ITHAIINS.

~

x*x MESSAGE [HistoryClose] *** "poison.nc" is closed

Main solver running time = 1.02846E+01
This Method is Jacobi Method.

\ J
STEER
I T — VBB DGR % 5 2 /- & SORT Y VRO B RIT
418 THD. rho and psi
1.0
5.00
0.9
0.8
4.00
0.7
0.6 3.00
> 0.5
0.4 2.00
0.3
1.00
0.2
0.1
0.00
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

X

CONTOUR INTERVAL = 4.000E-01
4.18: FEEHFNMC T — TNV O %2 5 2 1258 DRT YV VING. 517 —DInED
DAETHY, FHARBRENDERTH B .

HE o BRFMOHRE tp FRTY UV VYIINADFHELTEDFEEEZITNDIDT, 5
REMOHFOREKIFE??, 77 SR
o KTV UV IVNDEIE method I&, 1 B3H T AHA 7)1, 2 3y JLL
o AIN—F VIINIIMERDERZEDHATETO LN TEDS. 2D B,
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ter_bound |& .true. (ZHET D &, NIRRT T S %€ TRt E %17
5. Z@W%B%%ﬁﬁﬁ%%gﬁ%ﬁﬁg%bf:%%bf 419 TH 5.

1.0
3.50

0.9

0.8
2.80
0.7
0.6

I2.1O

1.40

> 0.5

0.4

0.3

0.70

0.00

0.0 0.1 02 03 04 05 06 07 08 09 1.0

0.0 —

X

4.19: FEEFT T — TOVEIBT 05l 2 5 A, PEREIIC R E RS E © O A
DRT YV VIRE. N7 —=WIREDORATH Y, FEEVREDOEIRTH L. HIKE DK
WP T H Y, DR TIRKEF R 27> TRV,

4.2.15 adjust

BER 7O T I A K 1 IRTD fHEAKARERNIOWT, GEAESEZE W TSR
L EW RN EY I AL —Yarvds IO I A,
FHREARZEDFMIE 5.5.3 24,

EITHE - X—LYRK

7707 T AlF adjust L\0D T 0T T ABKTH D, FAIMEIX netedf TEAD 1
IRTCHE T IERE T — R L T DM T TEBRIN/Z@E Y, KEHEE 2 (5 DT — X 25
MINTWD 7 71 I xGdAAL, Y FIVEIHEIX ruby-netedf 231 > A h—)b
INTHNE, make.rb EWH AV Y T NE25479 5 Z L TERT X 5. ZOHHAE
T — R E N T R TE O TE I DOAGFHEFIRO L TAERE 25707 7
ANT—2THD (M4202H), ELIDOT =X THELZWEEIFEHET
TREHETLI L,
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depth
(@)
o
I
|

—-0.5 -

—-1.0 - ‘ ‘
3000 4000 5000 6000 7000

x—coordinate

4.20: EFIVHIHAD & X 7.

EITFHEEIUTOaAY Y RTh B,

[./adjust < adjust.nml )

ZDFER, adjust.nml D oname THEINTWD 7 7 1 INVATRHHEMERENSE I N
5.
2 =LV ARNDEBIIUTDESE Y THD.

&input

corioli = 1.0e-1 AV AYINTA—=4 [1/5]

beta = 1.0e-5 P R—=ZFZH [1/m s]

! beta = 0.0 I R—=ZRE [1/m s]
mean_height = 100.0 ! JAEDFEHEX [m]

fname = ’init.dat’ ! fIHMET 71V

oname = ’result.nc’ ! #EROHEIT 7 AN

nt = 20000 v EHRRE ATy T

dt = 0.1 R [s]

dmpstep = 10 v AEROWE ATy Tk

nx = 100 Ux SO R

x_axis = ’x’ 'V WIHAME T 7 A LD x ElD A HET
val_height = ’ht’ ! JAKEDEI 5346 D AT

val_ubar = ’ub’ I x SO —M RO £ T

val_vbar = ’vb’ Uy SO —E O£ i

val_h = ’h’ U HIHME T 7 A VDX BB DT
val_u = ’u’ ! FIHAME T 7 AV D x SR E D& i
val_v = ’v’ V WHAME T 7 A VD x B R EE D 44

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK =27

Ay Tavsh 220

bound = 2 | BERRSM

steady_flag

"1" = no gradient, "2" = open bound

L3 = SRS

70007 | EFIREOREALG 2R T —XIZANDENE DD,

1 XFH = ILDOEX (ht)

2 XFH = x AAEORE (ubar)
' 3 XFH =y ARAOHE (vbar)
regist_flag = 0’ ! {YHEADOIMNEHT 57

! regist_flag(1)
! regist_flag(2)

regist_coe = 1.0, 1.0, 1.0

KRR & 2B (BT
T VBRI XSG

! regist_flag THEE L &AM DMREL
! regist_coe(1) = MMEREL (w’,v’ ~NDFH)

! regist_coe(2)

! regist_coe(3)

FIECEEES

R (0 ~NDES)
IO VEBOAY YTy T [1/s]

TIHANPDRI =LY ANMIBEINTOIIEIINT A—ZDKHREMN S, &
DBEDORMHEEITB £ T 31 m/s, BREREFS LT 300m £B2>TnS, ZDk
I, BHEREBL R o7/l SOE I DOfFA & Ml & > THE X 15 i %

RUZBINENTI 421,422 ThH D,

X 4.23 1I3E X DIRADRFRINI O A Y =B B CTERZEDTH D, [H

BRICHUMT IR D DA 2 R U 7223 4.24 TH B,

shade

(x10% s)

3000 8500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

X 4.21: & X ORRYZE L, BAO AL —
B,

(x10% s

- - -0.32

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)
x—coordinate

X 4.22: Huffirii DR A5 2L,

main.tex
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depth

x—coordinate

B 4.23: EHARETOET,

R RN N SR R N R
3000 4000 5000 6000

5 T T T T T EN NSNS N
3000 4000 5000 6000 7000
(m) (m)

x—coordinate

X 4.24: 7€ HIRGETDOMMTTRD 04,

main.tex
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X512, X 4.25 13K 4.21 OB BBHIER S 7210 2R U72EDTH DM, BHE R
BEHEBF LN S LA I IERL TWDE Z eNbhrd, £7/2, ZORRINLE
TEORMEEZHE T2 B LT 30 m/s ETEIORUZHEREE X<E5 2
ENRDMD, WOTRIVEF—IHRIFED 2 FIZHHIT D720, ZOMNLTRILF—
NEOP L LB ICHAMIIEZELU T IRETEHLNTH A S,

shade

(0.1x s)

900
800 |- |
700
800

500 1.42

time

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

4.25: B BHIRAIIIC B 1 & B DS SAREE.

4.2.16 Thorpe_2d

Thorpe and Bishop (1995) {2 & > TEHAE X 4172 PV inversion @ 3 IXGEAHE T IV % 2
RIERRIC U T GEH R I ¥ 2T 7V, fEEHRIICHEO PV 7/ 3V —%EE L, T
WETDIIART VI Y IVONGEFETD. VYV — AT — ROEHIET S 2 EHT 57217
T, B2 8B4 TDT ) I VICHTIRNERFIRTDEIIENTES. HAfERIE, IAKRT
VIYIET IMOEREI NS MBREDO S HEAHINTND.

RITAE - XF—LYR K
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AKTOT T LILANTD LS IZETT 5.

$ ./Thorpe 2d < Thorpe_2d.nml
AT KD EHHEAERTH S Thorpe 2d.nc WEMIND.

o, FTIIREBRA =LV AR T 7 A IVONARIIATDEE D THS.

&input
nx=100
ny=100
tp=’1111"
method=2
/

STERR

RKIOT S ADERNSB/BLNA 2 IRIEBRODAEIZX 4.26 12739, 2 IRTCEHETH
5728, MifElE 1 Ko UrER T ZLIETIRW. AT —TRUZRIIMKEIZ

FEZEDTEZRLZEDTHD.

4.2.17 Thorpe_3d

Thorpe and Bishop (1995) {2 & > TEHHE I M7z PV inversion @ 3 IXIGHAEE 7L % Gt
BXE2ETI)V. fEHEFRRIZHEDO PV 7/ 3V —2EEL, THIIE T VA RT YV
VY NVORAEEET S, YV — A0 — ROBHIERD 2L H S 22T, Bx B8 TD
T/XVIZHTDREEFETLIIENTES. WIRRIE, VART Iyl I

5EHR I S MR D DA IS TN S,

RITAHE - X*—LY AN
AT T AT DO LS IZFETT 5.

$ ./Thorpe_3d < Thorpe_3d.nml
AT KV EHEAERTH S Thorpe_ 3d.nc WEMKIND.

F, BB ERRA—L) AN T 7 IVONEIILTDEE D THS.

&input
nx=100
ny=100
nz=100
tp="111111°
method=2

/
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SF and Vg

12.0
7.20
A 240

(« i

| (8
" ~2.40
-7.20
-12.0

"0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
X

CONTOUR INTERVAL = 1.000E+01

[ 4.26: ROFEOEEE BRI ED PV 7 % ) BEET 2 B A0m (SR &
IR, (F 5 —) DI

SRR
RIOT T LAOFERN G5 N 2 IRIGERD 30 I1EK 4.27 1R, y oz 8@
S x—zWiHT, W7 —CRUZBEMEICEERH DI ZRLEZEDTHD.

[ 4.27: ROFEO R E BRSO PV 7 % ) AR 2 B A0mA (i) &
IR, (F 5 —) DI

4.2.18 SEQ

Pendergrass and Willoughby 2009 (MWR) (Z&1F % 2 oty — v —T ) 7 vtk
VETIV (SEQ) THD. BHURADIOD N & EBEG O S, B2 2 AUE U 72 W2
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BONik G525 L, Bh%E EERNT Y AR Uk 2 RIER (1> 70— + ERIR)
D EFHET D (Wb B - NERHE).
demo/SEQ A FIZE TN —AMPKEMINT WD, demo/SEQ DT 1 L7 MVITIE, I 61
A EERZ R UAZMEEIHI N TV DT, BRI NV, TTOMX DR L IFIEHE
FROFER LR > TWB ZENHERINDITHAD.

BB, FMRETINVARRECOWTIEH RS,

(y

EITHE - X—LYR K
ATOTIAME3 207075 AZBEIZETTDHIET2RIEREZEHTS.

1. sound make & 1 IRICOBMBEM BRI I VT4 VT 774 IV EERT 5. BEIZY
TUT A VIMHIGEE, ZOT O AZEBKTEIENTES.

2. initial make IZED 1 XKICH IV VT VT T 7 A% 2 IRTHEIZIEET 5.
ZOB, 20707 I ANTEZEINT VD 1 RIFERIZHEDWT, EE RN S
VA RERNT VAT S LD IRERLREDKESHEEETD.

3. &0 2 RGTHIHIMEA R 70 7T AT I Nz 1 IRTEER & JEW ZInZ o 434
REMEZE &I, 2 IIBERDO DA ZEHHET 5.

\
$ ./sound_make < SEQ.nml

%5479 % &, sounding.dat WEKIND.

$ ./initial_make < SEQ.nml

#FEFF9 DL, D sounding.dat ZEDWT, 2 IO T — &

initial.nc PMEKIND.

$ ./SEQ < SEQ.nml

#FE{79 5 L, initial.nc 5 2 IRIFERD 346 2 W IZEIR T 5. T OFER

& result_initial.nc &\ 7 7 A INWICH I NG, 22T, ETRENY IV

FATERETHDZH, LFDIAT Y REFEITTDHI LI cl: Y, openMP %] AH

BEIND.

export OMP_NUM_THREADS=[number]

Z 2T, [number] (ZIXWF#E AJ19 D, 72721, openMP Wi¥| %175 GEIE,
./Mkinclude ® Fortran I /N )7 F 712 openMP #ETF§ 24T a v

%’) 17T make ULTHELSBENRH D Z EITHE. )
\

o, FITIIRERFI =LV AN 7 AIVONFEIUATOEB Y THS.

&input

nr = 751 ! radial grid number

nz = 21 ! vertical grid number

dr = 2000.0 ! radial grid interval [m]

dz = 1000.0 ! vertical grid interval [m]

bc = ’1112° ! boundary conditions for poisson solver
!

! bc(1:1) = bottom
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I bc(2:2)
I bc(3:3) = top

! bc(4:4) = outside

! 71’ = rigid 1id, ’2’ = non flux

center

fname = ’noq_init.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)

coril = 35.0 ! latitude [deg] (Using of calculating Coriolis parameter)

mom_flag = 1 ! momentum source flag

! "O0" = No momentum.

! "1" = calculating with Vt.

! "2" = reading from the file of "fname".
/

STERR
ARKTOT I ADOERNSELN 2 IRTEERDO ALK 4.28 IZRT.

(x1000) psi and force
20

_ =4 4.00

0.0]

16 [

14 [
I 3.00

_ 2.00

] 1.00

_ 0.00
U

4.28: ZWIHIZRO SN 2 PAGER (RE) LIEWBINEAD DA (715 —), I HICEE
TRARBIEL (SFfEfR) THB.

@
N
P

CONTOUR INTERVAL = 4.000E-01

e
[T 4 L2 MVIZMHINT WS H#E 7177 MIBET« L2 MY T
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[$ make draw )

% FELHTE SEQ 74 L7 MVICY VRV w I Y VI INTWD drav WMEHT
&%, draw OfEHGEIEIANET? 2R

4.2.19 sound_analysis

FEREDTFANNT LT —REGAAATGULT 272D T 07T LB AEALD /2D
121, Fortran 90 il DCL 241 Y A R —ILINTV I HENHS.

ARTOT T LABFHIEESSBHICS T 2 RUBLD T F A N AT LT — & 05 WHAfEN D
7D EE HEITITS L WD HINTIER I N/ZEDTH S.

7075 LK
ATOTIAILTOTOT I ABETHERINTWS.

sound_conv
THRANAT LA THERMINAZRKDOMET T T 7 VT —2 05, CReSS
D 1 IRFTHIMEEERL T D720 DEMT T T 5 L. AT 10T T Ak DCL 3o
VAR NVINTOWERLS TEETHARTH .

sound_1d
sound_conv CEAI N/ T —X %012, $hiE 707 71 VX % ERL L, AKX
BEDRENT A—REFHETLI 07T A FE47121E DCL 31 Y A R—)b
INTVWDIRBENRDHD.

sound_2d
sound_conv CEMIN/AZT —X % LT, HE T T 7 7 1 IVORERSIX % /E K
U, ARk EEDIRE/NT A —& @H#;ﬁﬁﬂl%ﬁfﬁ}z’é‘é A=A N X SN
DCL W1 Y AR —ILINTWDIHENRHD.

AVNRAIVAEE
DCL A YA R =L INTWRWEE, DF Y CReSS HOHIHMENEK D AT~
WA,

[$ make sound_conv )

EEFTTE AT L2 MJIZ sound_conv &\ D T O T AMERINT WS,
DCL 231 Y A =) INTWB5E, DF ) AL TITVWAZWEGE,

[$ make sound_draw ]

EEFTIE AT+ L7 MV IZ sound_1d, sound_2d MMERKINT 5.
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RTHE
ARTOT S LBITETUTO LS BN TELTMNARETHD.

$ ./[program file] < [program file] .nml

EITORNIIK 420 1ZRT BV THS. a[fi{b2475 121347 sound_conv & FE
fFUTCTERARL 72O DOHERAERITEH L 21T IER 5750,

S make sound_conv — S S make sound_draw
2N T ILDIER (fname) output_name ICH XN
BB T—IDY AN T7(IL %
v REL, BN%E 2 5IBICEATS
S ./sound_conv < sound_conv.nml |
| output_name ICEH N7 y ‘l’
T71IICEBIZD
?—;gﬁﬁizf)?;fcwé S ./sound_1d ¥ $ ./sound_2d ¥
= ' < sound_1d.nml < sound_2d.nml
E|INfTI7MIVEE - WrEE - EE—RREMER
C RIS A=HD - WSS A=Y ERERTIK
BFRAT—% (sound_1d THAXIN
BFRIT— D SFHAL)

4.29: sound_analysis 2812 707 T ADETHN.

F—LY RN
FITIRBEBF =LV AN T 7AIVOABRIUTOEB) THD. INHDEX—LA
DANMIBTAIURITNER SR BT 57 74 VFIREINZY AT T
AN LW EDIE, BHULZWT 7 A IVBEBEET 258, TDOT7 71V =b0
% 1471 77ANVTAiNRZ 1T DOV ANT7AINEERT DL NI EKRTH
5. il LT, 201103.dat 75 201203.dat &\D 13 HD 7 7 1 IV & EHIZA#L
7ZWedbY, test.dat EWDHET 7 AIIZ

~
201103.dat
201104.dat
201202.dat
201203.dat
N /

EWVWHHAREZEITFIEED. F—LVARNT7AND £ 25T 714 NVFIRENN
FZUARNTZ77A4)V] 12, test.dat DN%4T 5.
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X 512, sound_1d, sound 2d IZDWTIE, [HEHMAMAL 7 71ILY) A NDEMINT
TZ7ANV X 1 HBEICZ 7V EER L, 2 IHIZIK, TOT7 74 ISR T S H
% yyyymmddhh £WD 74—y N THEINT L. AL LU ZBRD &1 MUIZZD 2
FIHD X ENRAI NG, L% NS &,

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
\_ /

EVIHERTY AN 7 7 INVEERTNIEE Y., BEELRZ LXK, oD 7Tar oA
WCRERT 7ANVIERBICKRRT YDA TR ANAS LT —IBEEZETDT—
HEEYZANTYTLELDDYRRNIZZ7A4ILTHD, LD THD.

LARMMI, AL T O T LD) AN 7 7 AIVIEFHAAL T —X 7 71 IV
"unknown” & WO HEEZEIA L, BAICHNMNZ AND &, TOHIIREMEHNE L,
RRSIMER 707 T ANTHIKEIRRIND. sound 2d #ETTIHE, VANT 7
AIVOHBFDRAIE 00 K, L 00 R T —92 2 L. E4T 2T — ARV
ElEEiB D "unknown” TRAT S Z &.

sound_conv

&input
fname = ’list.dat’ ! BT 7 7 A IFINEINLZVARNT 7L
sign_flag = ’0a000000065100000000324000000000000000000° ! &4 T ADKY
K
! 71’ = height
! ’2’ = temperature
! 3’ = pressure
! ’4’> = vapor
! ’5? = west wind ! positive value is from west to east
! 76> = south wind ! positive value is from south to north
! 7’ = tmpl
1’8’ = tmp2
1’9’ = tmp3
! 0’ = no read
| ’a’ = starting observation time [s] (option)
undef = ’--’ | REAEL U TEHRINTV ST

conv_undef = -999.0 | ZBHEDT—XIINT B KIAME
skip_num = 8 ! JGEHOBARIEIUTE [Ny X —F L 5ARIET]

U, AAEGEE A TRHINTWDEEIE rad PAHEZERL,
JERGALAL, 2o, EEED DL E?ﬁf’]f‘:‘f}“é.

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! BT
I unity(1:1) = ’m’ .or. ’km’ ! mEODHLL
! unity(2:2) = ’K’ .or. ’degC’ ! i®EDHAL
I unity(3:3) = ’Pa’ .or. ’hPa’ ! SUJEDHAL
! unity(4:4) = ’%’ .or. ’g/kg’ .or. ’kg/kg’ | KEKEDHAL
I unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JAUEDH(|L
! unity(6:6) = ’true’ or ’false’ ! flr]
I
I
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I ZOXDRBATHFEINT VDS, "vest wind" 1ZJEGE,
! "south wind" (ZJAAMFRAIAFEND K DIT sign_flag 2% ETD.
! unity(6:6) :
tEDNRND A EIEE UTKEML T2 56 2true’
VRDRNT LK B AF%ZIEE UTHRIIL TWS5E false’
I [exam.] : JLEDIERS, true’, dbE VD OAEANPELRS *false’.
limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

. output_name = ’tested.dat’ ! ZHILZT7 7 AINFINEIAENDIVANT 7 A
iz

conv_inter = .true. ! BT —XEMFI<NES»

dz_conv = 100.0 ! conv_inter = .true. D& IDMEG| X[EE [m]

/

sound_1d

&input

z_ref = -999.0 DN T A= ZEHROBROIEIER L [n]

p_ref = 950.0e2 ! Xifi/NT A —REHEDOBOEMEZGE [Pal

&L, zref 2RHEL 9545, p_ref = -999.0,

! pref #EHELTDHR5, z_ref=-999.0 £ 95T L.
list_name = ’tested.dat’ ! sound_conv CTZAML/ZT—&XVARNT 7SI
dmp_flag = .true. ! WRNTA—KETFANT =R L UTHRIFET D [truel.
ldraw_flag = ’xoxox’ ! fH|ICBIT2 757,
draw_flag = ’oxooo’ ! fiHIZATE T T 7.

Lo’ = T AN NRETHIET S, *x> = Hl LR,
I ZOMDOLFIT L DEIXUATEIR.
! draw_flag(1:1) = iaf7, HHY4IRA7, SORIAHZSIRAI %2 fERY 5 .
! draw_flag(2:2) = Skew-T %fERT 5.
! draw_flag(3:3) = BUIKPEGED A %ZELT S .
! draw_flag(4:4) = BUIEMNI/ST A =X DG REMERERRT S .
! draw_flag(5:5) = HEHZTICART T T 2/EKT .
draw_region_z = 0.0, 17000.0 ! 9 % &E ML [m]
draw_region_p = 10000.0, 100000.0 ! fifilfid &4 [Pa]
! draw_region IXEHHLBHEHELK 2 O 1 K THY ,
! draw_region(1) &2 7D i, draw_region(2) X777 7D ki
FEIK .
IWS = 2
undef = -999.0 ! KEfH
unit_v = 15.0 ! JAESHEZRILT SO AT ML [m/s]
/
sound_2d
&input
flist = ’tested.dat’ ! HEARRSIT—X7 71N
' IREREIT— &% 1 FIBIC T 7 A V4,
! 2 JIHIZ yyyymmddhh JEXTZDORLIZ ANSD
conv_dat = ’convec_parmtested.dat’ ! sound_1d THIIINBHFR/ST A —
B % Gl A,
U IRRIIM 2 ERT 5 .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XDIbH, H<T—ENA>TND
! AT LDIEFIZ 200 BDOFD. 'x? BROEENBZ.
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1 ooe? [ FREIDBKII S TV B 5
VB 200 A TWBEEIE, HlZDRERFIME LT
' TS
1oz, op? IFRRAN T A— R 2 HE L 2 HESENKE
i
I XNTWDHZFRT .
I BRFIDZ A MVXENTN, T—RITOEHEEZ SR,
conv_undef = -999.0 | conv_dat DREEA.
dz = 100.0 ! HEEEIFE [m]
z_bot = 300.0 ! il F¥E [m]
z_top = 17000.0 ! FH L% [m]
IWS = 2 ! DCL il 7 /51 A
title_txt = ’Equivalent PT’ ! &1 hJL
300.0 ! H{EKROH/IME
cmax = 400.0 ! FHARO I KME
smin = 300.0 ! 517 —DH/IMHE
smax = 400.0 ! W I —OHRKH
cont_val = ’ept’ ! FFfHRE UTRKRT DEHA*
shade_val = ’ept’ ! NI —L UTHERTDIEHHx*
vec_val = .true. ! KPEFEEHEANT MLER<H [true THiIL]
cnum = 10 ! FEIROARE
snum = 10 ! BT —0D
undef = -999.0 ! RTHAE

cmin

* MEZHOBBEIZILATDO L EY
’temp’ = HE
'rh = (B

JPt)
’ept’ = HH 24 JEAL
'sept’ = HUFIFH M IEAL
‘east’ = BPHE
‘north’ = FgdbJmE

e e e e e e e SN

FECERE S

4.2.20 NMO1

BRAKRIZ BT B e BRI A8 FE ARG (T DA N2 FERN RRk > D IR E R 2 51T 5
RN TV W RART NVET I (ZORBORRT O, BT T IV & ERE L0
%) FEETIVOFMTH .

JERRE R P (AT BEAE SR (r, 0). B84 DFEAMIE r ARNCIE 2 IRFEEDOHLES. 0 AIFICIE
7=V I AR MVEEERTRA LU 72, ART MVEIZE T % IEIPIHEHRIZE#E 2 W T
W5, EEBESFRNGE AL U, W1 Z OFRANITHDIA £ 1724 BRIRIE D #EEL DO I
FXREZFIET S, B AMOUNMNROERE % 52 5 LMERNT VA4 L 51
BEARGOEIVEHBINIZEZAO5NS, E/2. BRESIROEARLG I OWTH HER T 7 O fife
Frift & FRRICBI R B DN % 52 VIZHMFRE TEE T2 enTES 7,

IR L DT TN ORMIEAE 5.5.2 B

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ~=a7Jl Syl |V i u BV A N 232
(x1000) 2011052317 2011052317
. — 7 T Zer 1500.0
20 — ——500.0m T T ] /| 3
i Prer —999.0hPa
pret  —999.0hPa E CAPE —999.0 kq~!
18 | cAPE —999.0J kg~! ] CN -999.0J kg-!
CIN —999.0J kg™! ] PW  51.3mm
16| PW  51.3mm = > |zl 1741.2m
2oL 1741.2m ] N zire 15200.4m
15200.4 i zing 15704.3m
14 | zire Am 7 pet  821.7hPa
Zing 15704.3m 1 pirc  126.1hPa
12 | et 821.7hPa a ) pwes_ 115.9hPa
/) 1 o / / ~ / ¥
_E ptre 126.1hPa h“ ] 5 / /\ /
O qg |Pws 115.9Pa ) ] § ) ) ) s )
s I ] o ) / / o
< H b / / /
0} h /
8r ] / / , /
i ] sook / / / S S NY|g
6 1 / / S O\ Y o 5 ©
- E 5 N AN 6
I ] & / % /
4+ . o // / /
i ] VRN %0 |\ [}
L J /
2+ s / / / /| S
L B / / /
L /,/ / / /
0 r | | | | 1 1000 L L L
24 250 260 270 280 290 300
280 300 320 340 360 380 T
. emperature
Kelvin

4.30: sound_1d THAULINBZ YV F ¢ X 4.31: sound_1d THAMLINDE YD VT«
V7707 74 (Skew-T fiK). YITIOT AN (T T T LK.
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4.32: sound_2d TH ML I D & — R W .

ARETIEE—~T Oy YDA THEI YL YV ZIVEK (WMo1.s) LT Oy ¥ T
FHRE X2 YIVFIR (NMOL m) WFEET D, ¥V ZIVEKIE OpenMP W% D AfT> T\
M, IVF KL OpenMP MiFNIZHNZ, / — RREIZDWTIE MPI %€ 47> T\ 5.
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>V TIVER

VAPV
AKTOT I hE2 2O T 5 A%IEIZETT D Z & TIPSR D ORI R %
AET 5.

1. MR ax vy RIiZkY, E1T77 71 )V (make_init, VRWS) Z4ET 5.

(8 nake )

2. make_init IXENR G RIDENFRRD24E 7 71 WV EVEKRT D, BRIZOHT7 71
IRHZ5EE, ZOTOY AFEBETEIENTES.

3. VRWS 3L DHINRD N2 € 212, 2—AV A (#5R) THRE I N
D HEAYE % WIHAME & U T2 DIEfpS R ORI R ZEHE T 5.

RITHE
AFDaY Y REIEIRFITTS.
~

$ ./make_init
input the initial file name. (fERLT 24T —& 7 71 IV £)
You have velocity data [y/n]. (EiXIFROD T — &2 D h; $ih)
$ export OMP_NUM_THREADS=[number] (CPU WiF#(; f£3X)
$ ./VRWS < namelist.nml

\_ J

e make init TlE, 2 DHICE»NDEM T, #uFREDO T — X &2 <R8N0 E i
"y REIRYT S, 95 L, make_init IZFXE I T\ B ZRENEE 5 ] D
EAENGZ56N5. @EGITEE LU ZEBNR 707 71 bh 6 g\ o
VAT D& BN EBNIEREING.

o 'n BEINE FITEMNHEBELUZBOBRETO 7 74 IVDT—X %2 dioCEHA
IRDIENTED. 2D, HAALEAIX NetCDF XD AXH L TV
5. 7'n" LERTDH L,

input file name and radial grid number.

radial flow is forced to zero ? [y/n].

LD 2 0B EE»NDDT, 1 DHIFHEL 2 NetCDF 7 7 1 VD &R
ERRTEEE, 2 DHIFEREANT—Z L LT A TWDIGE, TNEHETH
Hd 20, Zhee¥nl UTHELRWDZ ANTS. 7Y B51E, BifREE
FHRICHLAA L.

e OMP_NUM_THREADS & OpenMP Wi5iZ 51325 CPU DMAIEIZxt G % Bl
BTHY, &L, 3231 KT OpenMP OFEIFAAFERA TV 2 > % DIFT
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BT, ZOBRBEAHOBREIZL > TUHSFHENATHETHS. [number] (1
= AT 5.

o VRWS 21795 &, BtADNBIET 5. TOFERIL namelist.nml @ foname T
RELTWD 7 7 A NIZH I D,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOABEILTFDOEED THS.

&input
nr = 196 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 72000 ! calculating time step
rmin = 0.0 ! radial center [default]
dr = 4000.0 ! radial grid interval [m]

dt = 0.5 ! time interval [s]
dmpstp = 600 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius
time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooooxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting
! force_flag(1l:1) = linear advection term
! force_flag(2:2) = corioli term
! force_flag(3:3) = diffusion term
! force_flag(4:4) = Reiley dumping term
! force_flag(5:5) = non-linear advection term
| force_flag(6:6) = centifugal force term
! force_flag(7:7) = divergence term [only "depth"]
! force_flag(8:8) = gravity wave term
| force_flag(9:9) = temporary value [not using]
! force_flag(10:10)

temporary value [not using]

diff_r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m~2/s]
init_n = -1 ! initial non-axisymmtric wave number

! -1 = random wave
/
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(x108) up and vp(t=0.0)
" i T
1.00
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W]
-
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)
-0.20
—0.60
-1.00
-2 -1 ] 0 ] 1 2
CONTOUR INTERVAL = 2.000E-01
r
(a)
(x108) up and Vp(t=9750.0)
T " i T
1.00
0.60
0.20
o
-
()
<
-
-0.20
-0.60
-1.00

2 -1 o 1 =2
CONTOUR INTERVAL = 2.000E—01
r

(b)

4.33: FHEFERD D5 5 N/ IREN PR D D S b, FEMR CEIRE G FOHEE, 75 —T
BARSTIADEE 2 R g, EISAIHME, T 5 & 2 R AR DR U 72 e 2 oD FE o

PR D734
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STERR
AKTTT 5 AOFERMN 5155 N7 JEHIRFRAL D D 013X 4.33 125K 7.

s
[T+ L7 NI T WS il 710 275 A drawv_polar #5479 25 Z & T
HMWAHETHD. DT T T LAOMEHGIEI N 77 2.

< IILF AR

[ER] A0 I L% make AX Y RIZE> TV /N1 )V 254, Makefile D%
EIE ../../Mkinclude MPI (IR X NTWVWB DT, 2T 2% HEDOBREIZE S /Z&EIZT
52 k.

AT 1%

ATV T L% STPK %2 322 /31 ) U7z Fortran IV /8 S L[A—D AV 5
TEIRINZ MPL 54 77 )RNBETHD. BIE, OpenMPI 12 & 3 MiFl{kI%iE
WIZKREL TV 5.

RTIOT I MFE 450700 T A%IEIZETT D 2 & THI TR DR
o A RSN

1. BFOav Y RiIZ&kY, Ef77 7 1)V (make_init, splitter, cpmbinator,

VRWS) Z/EKT 5.

(¢ oo )

2. make init BN MO FRED M T 7 A NV EAEKT S, BRIZHHE 7 7 A
VB ZGEE, ZOT v AIEKTLZENTES.

3. splitter ¥ make init (2L DT, HDVIET TITHEINT WS T7 7
1)V % namelist 7 7 1 )VDIER%EE L I1Z U CHEYZRWET — X 12 0ET 5
(B 70y UYREHGEAADL T 7 1 WVITHET D).

4. VRWS I3ZEDBINFMRO D% L1, F—A D AN ($BR) THE X N/
DHA P % YIHE & U TT OIFRS PR D ORISR %2 5HR 9 5.

5. combinator & VRWS DFIAEHKER (%7 —4) % namelist 7 7 1 VOFE %
ELIT 1 DIZHEDED.

RTHE
DFDax v RZIEREGTT 5.
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a I

-

$ ./make_init

input the initial file name. (fEEX T BHIHT—2 7 7 1 V%)

You have velocity data [y/n]. (FiRIFRDT—& 23 D h; k)
./splitter < namelist.nml

$ export OMP_NUM_THREADS=[number] (CPU WiF#(; )

$ mpirun -np [Wfi%1]/ — R (proc)] ./VRWS < namelist.nml (#&if)

./combinator < namelist.nml

/

e make_init Tl&, 2 DHIZE» NS EM T, #iFRED T —2 2 2V E XE
"y RERT D, 95 L, make_init IZEE I T\ D HUEAY R BN TS [ D
ERHNEZ N5, SEBILEHE U BB R 707 7o )b o iR/
VAT BAMENABIIEEIND.

o 'n” BEINE FTEMNHBELUZROEBRTO 7 74 IVDT—X % fi>TEHE
IEDIENTED. Z0L X, HAADIEAIX NetCDF JERD A H L TV
%.7n” LERT DL

input file name and radial grid number.

radial flow is forced to zero 7 [y/n].

LWV D 2 DDERZEANDDT, 1 DHIFARE LU 2 NetCDF 7 7 1 VD41
ERETF R, 2 DHIZEBIREAN T —Z L UT A>TV GE, TNEGE T
320, TheEXne UTEHRELARWNE AT 2. Y” B561F, BiRAs
FHREICHAAD.

e splitter |& namelist 7 7 VD finame CTREINLZT 7 A NHD T 7 1)
% AIAA, KTy U WFEAIAG 2O DRERIME T — 2 2 ERT 5.

e OMP_NUM_THREADS & OpenMP fi5[iZ 81+ 25 CPU DUSEIZ 5t IG5 ERbE A
BThHY, &L, 3231 IIHFIZ OpenMP OFELFHAFERA TV 2 > % DIFT
BT, ZOBRBEZHOBREIZL > TUHSFHENATHETHS. [number] (1
Y= A9 5.

e Z Z TlE, OpenMPI DWi%]FE 73~ Y K mpirun % 5. W%/ — REIX
namelist 7 7 A I EI NS proc TIHELTWAIHEFALEDZHNDZ
. VRWS #FET79 2L, fHEMVHHBYT 5. TDFERIE namelist . nml @ foname
THEL TS 77 1IITHIEI NG,

e combinator (& VRWS THIANIN/AZRET7 71 I)V%E 1 DITHETD. ZDL X,
FEEINZT 7441 namelist 77 1 )LD foname TREINZEDLRD.

2—L RN

FATIBEL X =LV AN T 7 A INVOABRIEILTFDOEED THS.

&input
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FIECERES

nr = 198 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 720 ! calculating time step
rmin = 0.0 ! radial center [default]
dr = 4000.0 ! radial grid interval [m]
dtl = 0.5 ! large time interval [s]
dts = 0.5 ! small time interval [s]
dmpstp = 50 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius
time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooxxxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting
! force_flag(1l:1) = linear advection term
! force_flag(2:2) = corioli term
I force_flag(3:3) = diffusion term
! force_flag(4:4) = Reiley dumping term
! force_flag(5:5) = non-linear advection term
! force_flag(6:6) = centifugal force term
! force_flag(7:7) = divergence term [only "depth"]
| force_flag(8:8) = gravity wave term
! force_flag(9:9) = temporary value [not using]

! force_flag(10:10) = temporary value [not using]

diff_ r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m"2/s]
init_ n = -1 ! initial non-axisymmtric wave number
! -1 = random wave
/
&para
proc = 2 ! MPI parallel number (nodes number)
/

FERIEY Y IIVERERIU (X 4.33 28).

f&E

[T L2 DI N T WS HiE 7025 A drav_polar 2 E179 2% Z & THfi
HAHEETHS. 20T YT AOMHGEINE 77 S8
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4.2.21 Karman

QRTTIRICBIID NI Ve Y IaL—Va VI 2ARENETIVCTHD (BE R
Hi3E, 2006).

JERESRIE T AV N ERER (2, y). M5 OFHIEIE 2 YR E OHLES 2 8A U 72, IR
BifIEH & U T, Arakawa Jacobian (Arakawa, 1966) Z LT\ 3 2,

VA @IV

1. RO ax Y RIZ&Y, FET7 74 ) (Karman) %4EKT 5.

(v oo )

2. Karman &3 —AV AN (#2h) TEREINLYIAT—X 7 71 )V finame D
T—AR %I U CHARBEE—EEEZ HOCTEEORMREZ3HE T 5.
RITHE
UFoaxy REFEGTTB.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS |& OpenMP Wi%iZ 5172 CPU DM FIBUI G % BlEgs
BThHY, &L, 3231 IIRFIZ OpenMP DOFELFHAEER A TV 3 v % DIFT
BT, ZOBRBEZEHOFEI & > CHHFHEITEETH S, [number] (ZIF
I E AN 3.

e Karman #5179 2 &, GtEMNHGT S, TDFERIE namelist.nml @D foname
THRELTWD 77 A M IIng,

=LYk
FITRER R =LY AN T 7L VONERUTOL B TH 2.

&input

nx = 400 X-coordinate grid number
ny = 100 Y-coordinate grid number
nt = 100000 ! calculating time step

xmin = 0.0 X-coordinate original point

ymin = 0.0 Y-coordinate original point
dx = 0.1 ! X-coordinate grid interval [m]
dy = 0.1 ! Y-coordinate grid interval [m]
dt = 0.001 ! time interval [s]

2HBERRE YO T OEMII RIS IE.
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dmpstp = 1000 ! dumping time step
! dumping time interval is equal to "dmpstp * dt"
finame = "" ! initial data file name.
! if there is no, automatically,
! being made by the program.
foname = "result.nc" ! result data
inner_file = ’colum.txt’ ! inner boundary file
time_flag = ’1’ ! time scheme :

undef = -999.0

! [1] = 4th order’s Runge-Kutta

!o[2]
! [3]

Leap Frog
1th Explicit Euler

I undefined value

init_type = ’psi’ ! the tpe of initial value.
! ’psi’ = strem line, ’omg’ = vorticity.
ubar = 1.0 ! mean flow [m/s]
eps = 1.0e-4 ! convergent condition for poisson solver
nu = 0.01 ! diffusion coefficient
/
REFBREDIEE
REEELFE, colum.txt 77T NVDRETHD. ZDT7 71 INIEHhI~ v
2RI IBICHEI NI HSAFEZRETEITFAN I TN THD.

ZZTIE AFOEMEIELZE TD colum.txt DFXE FHiEEFIRT S.

o 1,y JIMDMTEIX 20 x 10

o FEFIESE (Z DI

BRERECHEEORZ2IBETE D) TRIFMKFRIZD

WT2x2DKREI LT D (HOEBOKSE IIX "1 B x 11 mifHEE").
o MEDMEIIE T THATENS 4 15H, T7H5 4 HHETS.

o HOBIRZMIET 4V I VEL (R7 YV VYIWNHIV—F ¥ OBRGFMIEET 1
ENVEEIND)

ZDEE, colum.txt DIFEFEL UTELFORE D WEET D.

TEARNTZ7AND 2GFEHNPOESIHDOL. 1 ITHEXI —HBDOTH SN0
EROXTFHNEHZELTEL Z L (XFHMTTE L.

LATOXFHEIE x AAOK T RBERU. 1 FIOXFEIE y Aok si8e
FROAI—H 1R E2RLEDEALZAICALTHD (LOFIDEHE, 1 170D
IR 20, 1 FIDOSCFEUS 11).

AT

s

SIS 07, AR AT D BV T THRET . 20 7 Of

FRVEDFET SR E 25,

MEOBESIE 70" TIRBAWERSMAOEE 2 8E T2 BUENA L. (B EMED
FEEH & B T N EHUHEIE Poisson VIV N)V—F ¥ ONEEERGAFRE L F U

LTh3).
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o 7 L 0" IFBEEL TIE AR SR, BT, BEREMRREDEMEMN A S LI i
ACYANAN
o HFEITARII THFANTRERINDG y AAOBFIFENSIRICHEAAEZENS
DT, y BEZEOFTHIITFAIMNTW & 2 THICERINS.
INHDWRED ZFYDEBNE, EOREIZFEDWTEHE L7 colum. txt DB
Thd.

e colum.txt D EH ~N
|-—- 10 -—=||--- 20 ——|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

STERR
KT T T LDOKTRN 5155 N7 MR & AR D A1 4.34 1R

fEE
AT L2 MRS NTOSHiE 70275 A drav_anim 2 E{79 5 Z & CHiHE
MARETH D, 2D T T T LAOMHFEITASRE 27 2.
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psi and omega(t=0.00000E+00)
L L B B L L B

4.0 1.0
8
2.0 0.6
6
0.2
> [To.0
T . -0.2
**************** A ~0.8
oL ]
,,,,,,,,,,,,,,,, 40— mmm e mm e -1.0
ol v v b
0 5 10 15 20 25 30 35
X

CONTOUR INTERVAL = 1.000E+00
(a)

psi and omega(t=1.00000E+02)

T T L e e e e e LA E s e

1.0
0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00
(b)

4.34: WA (1) & & ZREHRHAMGAL - & X (F) OMMHE (75 —) LR
RS (S5AR).
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BOE  fIEx

Ver.1.0.0.0 TR TE. BIELERARZE DD HfgH.

5.1 ellip_slv DOfF8%

5.1.1 ERFHDERE

BREHTL AR R DRI —F 121, BEREMERE T bound 23H D HS, T D5 EE X
FHITHY, EXFIHTE2NRAT D Z L CHBHEBREROBER RN E2HET D I LN T
5.

2 RTI—F v DIFHE
5% bound & 4 XFTHY, HEXFIEH 5.1 DED & 5 BIHFETHREIND.

3 RTIL—F > DIHE
5% bound 1% 6 XFTHY, EXFIIX 5.1 DAED LD BIEFETHREINDS.

5.1.2 2 RuxiEAEARR DKL

ZZTE. 2WIET AV N EEERIZB T 2 MR AGRERO#E L E €Mt d 5, HiEr
25 HEXFATTH D,
9% &% %Y oY oy _
(5.1.1)
22T, x,y WXL o = Y(z,y) ERODE, p(x,y) 1FRT YV v HEX D],
a,b,c,d,e, fIFEBRBTHD, V—F U TlE. IN6DF[EZEZFHELTHERDZ LT, &t
BUEWHREAREZGIIEETSA2ZENTEIS LU THD, AFOEEFLIZEWT,
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Yy
3
|
c 0[]
|
5 4 : Fyl
YA o
| | /
AN NElN
7/
1
// L9
T ‘ T
1
2 RICHEIS 3 RICHHI

X 5.1: Ellip_Slv DI —F VIZE T DEASMONEZE. 25 2 IRTThi, A% 3 IRTthk %
#£ U, BUED 515 bound D] XFHIZHYU T E2NERL TWD.

x,y HEDOMEERZZ2 TNTNG, ] £ TD, /2. BWDIE 2 WHEEDRLAED AF—A
EFRHOCCHMiTAZLIZT5, 20X, KHEZHMBLTD &,

h(x7 y) = hz,]

9% _ Yiv1,; + i1 — 295

61‘2 AJ}2 )

02 1

dx0y  4AzAy {thiv1j01 + Vi1 — (im0 + Yiv1-1)}
Y Pijyr i1 — 2 (5.1.2)
oy Ay? ’

O _ iy —vim1g

oz 2Ax

O _ i =Yg

oy 2Ay

L85, ZIZT, hidERBDAN T —ZTH Y, WHITRDIEE mHlEETRTIhN
THHEiL 7z, 72, WHOI DAL —AIDOWTIE,

% 9 (0

Oxdy  Ox <8y>
0 (Vg1 — Yy
_0x< 24y )

_ 0 (g _ 9 (Yija
oxr \ 2Ay or \ 2Ay

b (i —Yiagen) 1 (i1 — i1
2Azx 2Ay 2Ax 2Ay
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EWVOERERTHELLZEDTH DS, BB, AN—F VIIAFRFEEEZZENIEL TS
V. EBROFETIX

Az = ASUZ =0.5 x (xi+1 — 1‘1;1), Ay = ij =0.5x (ijrl — yjfl)
EWHHEEITOTWD, (5.1.2) REHWD L, (5.1.1) Xk

Wity Yo,y — 24
Z’j Ax?

1
+ bi,jm {Wit1j41 + Vi1 j—1 — (Vim1j41 + Yig1,5-1)}

Yij+1 + Vi1 — 29
Ay?
Vit1,j — Vi-1 (5.1.3)
2Ax
Vi i1 — Vi1
2Ay

+ Z’J
+ dij
+e ’Lj

+ fij¥i;
= Pig-
LR, e, KEEIMEZDFIZET L,

—1
_ Q4,5 Ci,j
e (55 38) 1)
. . (1177‘7 d 7] 627]
|:wz+17j <A$2 + 2AT ) 1/%,]+1 <A 2Ay>

a; j ei, (5.1.4)
+ic1 <A.T]2 2A3:> Vig-1 < QAJy)
bi

IAZA {¢z+1]+1+¢z 1,j—1 — (Wiz1 41 + Yit1,j-1)}

—Pi,j}
2%, EBROFHETIE, HIEAEHIZOWTIE,

Vi j = ADP; jiiy1; + CEP; i jo1 + ADM; japi 1 j + CEM; j3; j1

+ BT, j {tit1,j+1 + Yi—1j-1 — Wi—1,j+1 + Yit1,5-1)} (5.1.5)
—AC; ;pi ;]

EWVWHIAZEHWTCEHERZIT>TWDS, 22T,
ADP;; = {2 2 Cw (i 4 i
w Aﬂfz Az 2Az )’
1
»J Qg di,j
APMig = { (ASE2 + ) } (AZE2 2Aw> ’
1
o @i,j Cw Cij €i,j
CFh= {2 ( ) } ( * 2Ay> ’

2014 410 A 1 H (EHEA)
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-1

a e e

EM@ .= 2 2,] 1, _ i 2] _ [2¥)

CBM:; { (Aw2 i A?ﬂ) f’]} <Ay2 2Ay> ’
—1
Br=lo( % 4 G ) _ g bi,;
b Az? Ay J 4Axz Ay’
—1
_ Gij | Cigj
AChs = {2 <Aw2 * Ay?) - fi’j}
ThHd ',

RIZ, BRSOV TRRD, RV —F U TIEERSEMEIILITO 3 2z R—MU
TWd,

o T LU V&M (HEEmsM)
o JAXVEM (HhbmEMF)
o JEHIIBES A

ZD5b, FMBERSMFIEHEBEEOIMIT UMNERET IR, it 2 DOBEREMEITDON
T, WEHlBEASRMGICBVWTHET D N TE D, A7V VARKGHEHRL—F Y OF
7 3 V51# inner bound IFNIBICEEANFHET DA, TOBER S EBEIC & > T
ETDODFETHD, K270, NEFEIEEET S & X2 inner bound % i E G N
ST ROFPRINT VD, MD>b, BREAPEE TR THD, ZOL X, #HEITD &
S B OWHIEANFIET 2 & X, MK TH E N /24 154 inner_bound (ZEEH 5
EBRELRITNVERLBVETHD 2, £/2. KONTHEN BT RITREFEZTD
BNZ EERTME (10) PMRAINRITIEZR S B, ZO5[ U ERERIRRRM &
THIHIS T 2EIFLATICEO NS,

DRI U THITIRBEIR IR EEOMIN — T TEHETZ e BT X5,
2. AHEAEEOSMEEITIZ N OB 5 bound THREINTWVWAHE HEMICRANESTZ0DT, 21—
YR E T 2 BEIZHR,
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x

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEANEANVAANE AR A A A A A A A A A A A\

Y

AN N N A A A N AN A A A\ A\ A A A

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

A

RRE I NDIEF R
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~ WEBIES & UTERET X 2 1H ~
REME 0 FHALHEL,
REME 1 E S,
REME 3 I SR
REME 10 WEBERHEEAN, ZOKFRTCIEKERRZITDE,
DANIGHHBEARMTH S,
BOEAE [| BESL (1, 3) IS 22T | ST 2
2 (i+1,3) X530D1
-2 (i—-1,3) X 5.3 D2
4 (i,j+1) X 53D 3
—4 (i,j—1) 53D 4
8 (i+1,j+1) X 53dD5
8 (i—-1,j-1) X 5.3 D8
-8 (i+1,j-1) X 5.3 D6
-8 (i—-1,j+1) X 5307
7 (i—-1,3),(1,j—1) X 53d9
7 (i+1,j),(1,j+1) 5.3 D 12
-7 (i+1,j),(1,7—1) X 5.3 D 10
-7 (i—-1,3),(1,j+1) 5.3 D11
NS J

REME 1
wi,j = fzg
REE 3
77bnw—1,ja (7' = 1)
_ V25, (1=nz)
i g o
@Z}i,nyfla (j=1)
Vi, (J=ny)

ZITIE MEERIIBT3X 22X L T0ED, f EER (MOR) IZ5WTEHE
PIRBEFMERBEIND. TO XD MO DR & B9 5 5Tl JBlR U255

S DBESENERLIZHE > THRFHEPRE I NS, HIZIE,

BBz 2 T ASE L5 & A

BRTHREINTODGEG, BERM L UTHENREIND.

FEME 2(B5.3 D 1)
Vi = i1 — fij X Az

main.tex

2014 410 A 1 H (EEE#)



STPK ¥~ =27/l 5 % 249

ZEME -2(K5.3 D 2)
Yij = Yic1j + fij X Az

ZEME 4(B5.3 D 3)
Yij = Vij+1 — fij X Ay

REME -4(K 5.3 D 4)
Yij = Vij—1+ fij x Ay

% E[E 8(H5.3 D 5, 8)

o 5 DIGE :
Yij = % {Wit1,541 = firr,j X Ay} + {Vir1j+1 — fij41 x Ax}]
= Yit14+1 — % [fir15 X Ay + fij+1 x Az]
o 8 DIGE :
Yij = % Hvic1j—1+ ficrj x Ay} +{vi—1j-1 + fij—1 x Az}]
=Yi—15-1+ % [fic1; X Ay + fij—1 x Ax]

®EE -8(HM5.3 D 6, 7)

o 6 DIGH :
1
Vi = 3 HYic1j+1 — fim1j X Ay} +{vi—1j41 + fij+1 x Ax}]
1
= Yi—1j41 + 3 [—fi1; X Ay + fij41 x Ax]
e 7T DL :
1
Yij = 5 HWit1j-1 + firr; x Ay} +{vit1-1 — fij—1 x Az}]
1
= Yirj-1 + 5 firrg X Ay = fig-1 x Ag]

REME 7T(HM5.3 D9, 12)

e 9 DIFH -

1
ij = 5 [{wifl,]ﬂrl + fij+1 X Az} + {7/}i+1,j71 + fir1j ¥ Ayl

1 1
=3 [Wiz1j+1 + Yig1,j-1] + 5 [fij+1 X Az + fir1 X Ayl
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o 12 DIGE -
1
g = 5 {vig1,-1 — fij—1 x Az} +{i—1 41 — fi—1,; ¥ Ay}
1 1
=3 [Wig1,j-1 + Yim1j41] — 3 [fij—1 x Az + fi_1; x Ay]

REME -7T(K 5.3 D 10, 11)

e 10 DIFE
Yij = % {wiv1je1 — fijrr X Az} + {11 + fio1, x Ay}
— % [Yit1,541 +Yic1j-1] + % [ fijo1 X Az 4 fi_1; x Ayl

o 11 DIGE :

1
Vij == {ic1,j-1+ fij—1 X Az} + {it1j41 — fit1,j X Ay}
2

1 1
=3 [Wim1,j—1 + Yit1,j4+1] + 3 [fij—1 X Az — fiy1; x Ayl

ZZT. f;jl¥bound opt THEEINDMHETH D, I DOEFUHIIFE I NDEF &M
FOTREZTHEMNELRDL, BEMBROL SIEZTOFE EFHEEEERL, BHEAD L
E, BHATOLAMRMEEZRT, ZOLE, ARFBTEDHMGHEINDG Z LITHER,
FRIZH SR FUIERHTH D DT, K53 ISR ZRT,

BEB. FHREEOME L O, NHHEEOMIZES USET, 8L0EEULIRAT 28
D OBEREMENFREINT VD, TOHE, WHINDEREMOEBLEIX

1>3>42, +4, 48
Thd, DFV, FEEHEBRNE > & EEBEENEN 2,

5.1.3 3 RTEEEARERDKRERE

2T 3RIET AV NERRIZE T 2 EM R AR OE LR € AT 5, e
25 HENIUA T TH B,
0?1 0%
X(q’.v Y, Z)W =+ Y(.T,y, Z)TZ/Q + Z(.%',y, Z)
0% 9%y
0x0y Oyoz

0 0
by, 2) g+ el 2) o+ 1(00,2) 50 + gl (0.

ox

= ,0<$, Y, Z)
2, SISO ISR O R RO ROBIRRMEIC &0 TEMT D, © UABAEERT EBAYH
B Ch DR 5, £ FrldlEEhsft e UTEtRING,

0%
922
0%
020z (5.1.6)

+ c(z,y, 2)

+ b(z,y, 2)

+a(z,y, 2)
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fij Vit Yi—1,4| fij
—> [ ] L] —_—

5 6 7 fiv1j 8 fim1,j
fij+1 Yit1,541 Yi—1,541| fij1
—> [ ] L] —_— . .

Jit1,j %fi—l,]

9 ¢161,j+1 19 11 Yij+ 12
. i1
Yic1,541
Yi—1,5 i Yi-y | fig | Yit1,j
. > -« [} ° > -« [}
fij | Pit1,5 fij

] [ ]
Yij—1 Yij—1

5.3: AN —F U THR—-FINTHDHBEmFEASEMSE, 1-8 I3 T (4,7) ICHIT 51
%D THE I N/ZETHE bound_opt & B M HRO DM, KHEIIEHZIND
HELDE E. 9-12 XA E RHIEDN D 2556 DG E, BATRIN S N7z sl R E 7%

IR,

2014 410 A 1 H (EHEA)
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ZZTC. z,y, 2 (FEEEEEE. o = (x,y,2) IEKRD DR, p(x,y,2) 1&KT YV v HFEADIE
#l, X,Y,Z,a,b,c,d,e, f,g l3ZRETHD, V—F U TlE INoDREEEFIHELTE
ZBHZ LT, BIRULAZVABRRREZGBIIEETLI I ENTEIDLOICLTHD, BUFOMH
BALIZBWTC, z,y, 2z FAOBRERZZ ZNEN0, j, k& T D, £/, KWL 2 RKEE
DHELAEDAF—LZHOCIHTZ 221235, Z0e s, REZHKLTDI L,

h(x,y,2) = hijk
O i1k + i1k — 2%k

ox? Ax?

0% _ Yij+1k T Vij—1k — 2Vi ik

Oy? Ay? ’

0% _ Yijktr + Vi jk—1 — 2%k

022 Az2 ’

0% 1

920y~ 1Azly {Wit1 410 + Vic1j—1k — Wic1 1k + Vig1j—1%) )

o | (5.1.7)
350z = 1AyA: {Wije1 k1 +Vijo1h-1 — Wijr1h—1 + Vij—1k+1)}

O 1

520m — IAsAg (Witlikt T ¥is1ih-1 = (Wim1gren + Yir1ge-1)}
Y Yiv1k — Vi-14k

oxr 2Ax
O Yk — Vi1
oy 2Ay
O Vi — Vijk—1
0z 2Az

LR85, ZIT, hidERDAN T —ZHTH Y, MR BE, BEHIETATIN
THHiL 7z, &7z, D7 BAX—=LIZDOWTIEET,

i =35 ()

oxdy Oz \ Jy
. ﬂ w@j-ﬁ-l - 1/}1/11',]'—1
Oz 2Ay

_ 9 (g 0 (Vi
ox \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Ax 2Ay 2Ax 2Ay

CVOBREERTCEHELAZEDTHD ™, BB, AN—F VIIREMEEEIZE MG LT
B, EBROFAETIX
Az = Az; = 0.5 X (241 — xi—1),

Ay = Ay; = 0.5 X (yj+1 — Yj-1),
Az = Azk =0.5x (Zk—i-l — zk:—l)

UMD I T AR — A DOWTE FAREDHE 2175 .
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EWVWSEREEIT o TS, (5.1.7) REAWD &, (5.1.6) Rk

Yit1,4k T Yic15k — 20k
X. .

4,5,k A2
Vijr1k + Yij—1k — 205k
+ Yijk Ay
.. A s
+ ZZ,],]{; w’l,],k-‘rl ng,l; 1 /llz)'b,j,kl
z
1
+ ai,j,km {¢i+1,j+1,k +Yic1j-1k — (¢i—1,j+1,k + ¢i+1,j—1,k)}
1

+ b; j, FIAyA: {Wijri k1 FVijo16—1 — Wijr1 k-1 + Vij—1k+1)}

1 (5.1.8)
t Gk A AL {Wis1 k1 + Vic1jk—1 — (Vic1 k1 + Vigrjp—1)}
Vit1,5k — Yie1,5k
d' . 1J 9 sJ
+ 7”.77k 2A:L‘
Vij+1k — Yij—1k
+ e'7 ‘7k: 9. 3 9. 9
" 2Ay
Vijk+1 — Yijh—1
+ ik 2Az
+ 9ij kVigk
= Pijk-
LB, Ihe, KEENMEZDIZET L,
Xijk k -
Vi = {2 < AZ;’Q + ’] "7’ > Gijk( X
Xm,k dm,k ,J k J k
o 5J» ezvj k
+¢Z,]+1,k< 2Ay>+¢zg 1,k 2Ay>
f'l,j k Zlv.j7k flvjvk
+ Yijih+1 i1\ A2 T 9A, (5.1.9)
1
+ ai,j,k4AxA {iv1 1k + Vic1 -1k — i1k + Vig1-1,6) )
1
+ bi,j,km {Wi i1 +Yij—1k—1 — (Wi jr1h—1 + Vij—1,k+1)}
1

+ Ciik AL AL {Vit1 k1 + Vi1 jk—1 — Wic1j k1 + Vit1,6—1)}

—Pz',j,k]
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ERD. FEEEOFRT

&, BIIERIZ DWW T,

Vijk = XDP; i1k +YEP i jp1k + ZFP; j ki j k1
+ XDM; 1 Vi—1,jk + Y EM; b j1k + ZFM; x5 j k-1

+ AT, j e {Vit 1,41,k + Yic1 -1k —
+ BTk {%i j+1 o1 + Vij—1h—1 — (Wi jr1h—1 + Vij—16+1)}
+ CT; i {Vit1j k1 + Vi1 k-1 —

— XY Z; j kpi,jkl

EWVWOSAREHWTCEHEEZIT>TWS, ZIT,

Xijk  Yijk | Zijk
XYZ . = 2 0T 0T 5Js
b3k { <Am2 + Ay? * Az?

Thb,
RIS, BIFEARICD
TWd,

)(Vl).PZ'J'Jg = XYZZ',]"]C

(Yic1 41,k + Vit1j-1k) }

(5.1.10)

(Vic1jk+1 + Yit156-1)}

-1
- gi,j,k}

XDM; ;= XY Zi i ( A:Z; ;iz;> ,

ZFRgh—XYZJk<Z £X§>7

ZFM;jr=XYZ; jk <i’;2"f _ éxi) 7
AE@kEXY@mMA;M/
BTJk—HXYZJk4A1AZ
CTijr=XYZ; ’jk4A1A

o T LU V&M (EEEM)

o /AR VRN (AHumEM)

o JEHIBIS AT

WTHERS, AN—F ¥ TIIBIREMEAT O 3 fHz AR —- U
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ZD5H, ARSI ETEFEROIMUIT UMNGRE T E RV, it 2 DOBERERMITON
T, WEBBEARZMIZBVWTEET DI ENTES, "7V VHRRGERLV—F DA
7Y 3 VE[# inner_bound IZNEBICEEANGTIET 256, TOBER S EBMEIZ L > TH
EGTDODGMTHE, ZOFIBUIRREREARBSGM L TNITHIN T DEIFEATNIZHR
5Nnd,

FERBER L L CRUET S 341 (20 1) N
U I I, B4 Y UTRET X M0 5 b, B BRI 2 R
SSEME 0 AHEIEBL.
B 1 [EEAE.
IR 3 AR A

EAE 10 WHSERAERN. = OB T A CIREME 2 DA,

-

=
axX
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- RS Y U CRET X BMH (20 2) ~
PURITIE, Bt b bf%“%f“%éfﬁ@5%, S5 b (BERE 8 AN CIR—
BN ITAFAE) &34k T —KEAIAFAE) TRRETRER B BRSO

Al & R
H LR EE
S || BEA (4, 5,k) (ST ST (1, 5,k) | HIRT DM
2 (i+1,3,k) 5301
-2 (i—1,j,k) 5.3 D2
4 (i,j+1,k) 5.3 D3
—4 (i, —1,k) % 5.3 D 4
6 (i,3,k+1) ZHXN 7L
—6 (i,j,k—1) ZHXN 7 U
W EEREE
BOEAE || BER (1, 3,k) (ST B2 2IUE T (4, 3,k) | RS DX
8 (1+1J+1k) 5.3 D5
8 (i—-1,j—1,k) 53D 8
-8 (i+1,j—-1,k) 53D 6
-8 (1—1J+1k) B53D7
12 (i+1,j,k+1) ZHM 7L
12 (i-1,5,k—1) ZHM 7L
—12 (i+1,j,k—1) ZHM 7L
—12 (i—-1,j,k+1) ZHM 7L
24 (i, J—I-l k+1) ZHM 72U
24 (i,j — 1,k —1) ZHM 72U
—24 (i, _‘J-I-l k—1) ZHM 7L
—24 (i,j —1,k+1) ZHM 7L
NS J
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- WERER & LCRET S Bl (20 3)

~
uTkj:%ﬁ*#&bf RETEIDMED S B, B GHABEBOR) T
AE7 H B S DR 2 R g
BOEME || BEA (1,3, k) (SN2 (1, 5,k) | ST DM
11 (i+1,j+1,k+1) X 5401
13 (i-1,j+1,k+1) X 5.4 02
17 (i+1,j—1,k+1) X540 3
19 (i—-1,j—1,k+1) X 5.4 D 4
23 (i+1,j+1,k—1) X 5.4 D5
29 (i—-1,j+1,k—1) X 5.4 D6
31 (i+1,j—-1,k—1) K54 D7
37 (i-1,j—-1,k—1) X 5.4 D8
BOEME || BES (1, 3,k) (ST HRERM (1,3,k) | LT X
—11 (i+1,j+1,k+1) X 5501
—-13 (i-1,j+1,k+1) X 5.5 D 2
—17 (i+1,j—1,k+1) X550 3
-19 (i—-1,j—-1,k+1) X 5.5 D 4
—23 (i+1,j+1,k—1) X 5.5 D5
—29 (i-1,j+1,k—1) X 5.5 D 6
—-31 (i+1,j—1,k—1) X 55 D7
—37 (i—-1,j—-1,k—1) X 5.5 D 8
N J

ZOEE, BB (i, )) OWEDE b, 2 RDBZREZNTN, UFOES 285 :

BREME 1

ik = fijk

wnxfl,j,ku (
¢2,j,k7 (
o wi,ny—l,lm (
Vit Viok, (J
wi,j,nz—la (
L Vg2, (
CI TR, R B B RE KT LTS 0 R, AR (oK) 05
WTE MY RBEFYENREIND. TD LD BMDEDEIR & B9 5 T, LITR
U 72 B DB SENERL IZ G > THEFRME R E I N d . Bl 21X, BiEE 2 mASE E 5%
REFMERTHREINTVDIGE, BERERAL UTHENREINS.
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ZEME 2(B5.3 D 1)

VYigk = Vit1,5k — fijk X Az
ZEME -2(K5.3 D 2)

Vijk = Vic1jk + fijr X Az
ZEME 4(B5.3 D 3)

Yijk = Vij+1.k — fijre X Ay

REME -4(K 5.3 @ 4)
Yijk = Vij—1k+ fijr X Ay

s
filt
o
o

Yijk = Vijk+1 — fijr X Az

Yijk = Vijk—1+ fijr X Az

REME 8(H 5.3 D 5, 8)

o 5 DGE :
1
Yijk = 3 {it1 41,6 = fir1 gk X Ay} + {1 j+1.0 — fij+1,6 X Az}
1
= Vit1 41,k — 3 fir1k X Ay + fijyrp X Ax]
o 8 DIGE :
1
Yijk = 3 {ic1 -1k + fici gk X Ay} + {1 j—1k + fij—1,k X Ax}]

1
=i1j-1k + 3 i1k X Ay + fij—1p X Ax]

o FHEMME 8(X 5.3 D 5) LA UMALGLEDES -
VYijk = % HVit15k+1 — Jijre1r X Az} +{ip1 jrr1 — fivr 6 X Az}]
= Vi1 k+1 — % [fijkt1 X Az + fig1 ke X Az]
o HEMH 8(X 5.3 D 8) LFEUKMAGLEDELSE :
Vi gk = % HVic1 k-1 + fijh—1 X Az} + {1 jx—1 + fim1jr X Az}]

1
= Yi1jk—1+ 3 [fijk—1 X Az 4 fiqjk x AZ]
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5 %
REME -12

259

PEME 8(X 5.3 D 6) L UMAZDLEDEE

1
= Yiy1jk—1+

1
Vijk = 3 {Yit1j k-1 — fijh—1 X Az} +{ip1 -1+ fix16 X Az}

2
o %

[—fijk—1 X Az + fir1 kX AZ]
4

Al 8(K1 5.3 D7) LFEIUMAGHLEDEE

1
Vijk = 3 Hic1 k1 + fijrr X Az} + {1 k1 — fim1,jke X Az}

1
= i1 k1 + 3 [fijk+1 X Az — fiq K X AZ]

REE 24
o LEMH 8(X 5.3 D 5) LA UMAGHLEDELE
Vi gk = é Hijai k1 = figrrr X Ay} +{ijr1611 — fijrie X Az}l
= Vi j+1k+1 — % [fijht1 X Ay + fijrie X Az]
o XEME 8(X 5.3 D 8) LFUMAGHLEDEA
Yijr = % {ij—1k-1+ fijr—1 X Ay} +{ij—16-1 + fij—1k X Az}]
= j—1 k-1 + % [fijh—1 X Ay + fij1k X AZ]
REME -24
o HEMH 8(X 5.3 D 6) LFE UMALGDLEDLHE
Vijk = % Hij—1he1 + figrrr X Ay} +{ij-1611 — fij—16 X Az}]
=Yij-1k+1 + % [fijme1 X Ay — fij—1k X AZ]
o HEMH 8(X 5.3 D7) LFUKMALGHLEDLE
Vi gk = % Hijr1,h—1 — fijk—1 X Ay} +{vijp16—1 + fijr1,6 X Az}]
= Yijt1e-1+ % [—fijk—1 X Ay + fijr1e X A2]
main. tex
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ZEME 11(”h5.4 D 1)

1
Vigk =3
+ {Vit1,j41,k4+1 — fir1,j k1 X Ay}
F{Vit1,j4+1,k+1 — fir1 41,6 X Az}]

1
= Yit1j+1,k+1 — 3 [fijrt ket X Az + fir1 k1 X DAY+ fiyrj410 X Az

{Vit1,j+1k+1 — fijrihr X Az}

ZEME 13(”k5.4 D 2)

1
Vijk = 3

+{i—1j41k+1 — fim1,j k1 X Ay}
+{Vic1j11h+1 — ficij+1,6 X Az}

{Yic1j+1k41 + fijriesr X Az}

1
=i 1j41k+1t 3 fij+1h+1 X Az — fi_1jrg1 X Ay — fi1j41,0 X AZ]

ZEE 17(”5.4 D 3)

1
ik = 3

+ {Vip1,j-1,k4+1 + fir1,j k41 X Ay}
F{it1 1,641 — fig1,j-1k X Az}]

1
= Vif1j—1,k+1 + 3 [—fij—1h+1 X Az + fir1 jrt1 X Ay — fiyr -1,k X Az]

HYir1j—1k+1 — fij—1 k1 X Az}

REM[E 19(K 5.4 D 4)

1
Vi ik = 3 {Yic1j—1k+1 + fij—1 k41 X Az}

+ {i1 -1 k41 + fic1j k1 X Ay}
+{Vi—1j-1 k1 — fic1j—1,6 X Az}]
1
=i 1j41k+1 + 3 [fij—t1h+1 X Az + fi1jre1 X Ay — fic1j—1k X AZ]

XEE 23(R 5.4 D 5)

1
Vigk =3
+ {Wit1j+1,k—1 — fir1,jh—1 X Ay}
+{Vit1 4161 + fit1 416 X Az}]
1
(= fij+1k—1 X Ax — fit1 k-1 X Ay + fir1 41,6 X Az]

= Yit1+1,k-1+ 3

HYit1j+1,6—1 — fij+1,6—1 X Az}

2014 410 A 1 H (EHEA)
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REE 29(K 5.4 D 6)

1
Vijk = 3 HYic1j+1k—1 + fijrip—1 X Az}

+ {1 j41,6—1 — fim1,jk—1 X Ay}
+{Vic1j+1.6—1 + fic1j41,6 X Az}]

1
=i 14161+ 3 [fijt1h—1 X Az — fiq1 k-1 X Ay + fim1jr16 X AZ]

RE[E 31(K5.4 D7)

1
Yijk = 3 HYit1j-16—1 — fij—1k—1 X Az}

+{ir1 -1 k=1 + fit1,jk—1 X Ay}
+{Vit1j-1.6—1 + fix1,j—1,6 X Az}]
1
= Vig1j—1,k—1 + 3 [(—fij—1 k-1 X Az + fit1 k-1 X Ay + fix1j-16 X Az]

HEM® 37(H 5.4 @ 8)

1
Yijk = 3 {Yi1j—1k—1+ fij—16—1 X Az}

+{i—1j-1k—1 + fi1,jk—1 X Ay}
+{ic1j—1h-1+ fic1j-1k X Az}]
1
= Vi1 j+1 k-1 + 3 [fij—1k—1 X Az + fi_1jr—1 X Ay + fi—1j—1,k X AZ]

REM[E -11(B 5.5 D 1)
1

Vigk =3 {Yic1j+1k41 + fijaiesr X Az}

+ {Yi1 -1 k+1 + fit1,j k1 X Ay}
+{ Vi1 1101 F fit1 41,6 X Az}]
1
=3 (Vi1 j41k+1 + Vi1 j—1ht1 T Vi1 j+1,k—1)
1
+ 3 [fij+1h+1 X Az + fig1jrs1 X Ay + fig1 41,0 X AZ]

ZEE -13(E 5.5 D 2)
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1
Yijk = 3 HVit1j41,6+1 = fijrrp+1 X Az}

+{ic1 -1 k+1 + fi1jk+1 X Ay}
+{i—1 111+ fic1j+16 X Az}]

1
=3 Wit 1 j+1k+1 + Vic1 j—1 k1 + Yie1 j+1,k—1)
1

+ 3 (= fij+1 k41 X AT + fiijkt1 X Ay + fic1j+1.6 X AZ]

REME -17(B 5.5 D 3)

1
Yijk = 3 {Yic1j—1k+1 + fij—1h41 X Az}

+ {Vit1 41641 — fit1,jk+1 X Ay}
+{Vir1j—1h—1 + fit1j-1,6 X Az}]

1
=3 (Vi 1-1k+1 T Vit1j+ 1kl T Vir1j—1k-1)
1

+ 3 [fij—th+1 X Az — fir1jre1 X Ay + fir1j-16 X AZ]
REME -19(B 5.5 D 4)

1
3
Vi1 j41ke1 — fic1 k1 X Ay}
i1 1 k-1 + ficrjo1k X Az}

1
=3 [Vit1 -1 h+1 + Vic1j1h4+1 T Vie1j—1,k—1]

1
+ 3 [—fij—1 k41 X Az — fi1 k1 X Ay + fim1 -1k X AZ]

HYig1,j—1k+1 — fij—1 k41 X Az}

ik =

REME -23(F 5.5 D 5)

1
Yijk = 3 Hic1je1p—1 + fijrip—1 X Az}

+ {Yiy1j-1,k—1 + fit1,jk—1 X Ay}

+{ir1 41,641 — fig1, 41,6 X Az}
1
=3 (Vi1 ja1 k=1 + Vit1 j—1,k—1 T Vit1 j+1,k+1)

1
+ 3 [fij1h—1 X Az + fiv1 k-1 X Ay — fit1 41,6 X Az]
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REE -29( 5.5 D 6)

1
3
+{i1j—1 k-1 + fic1j k-1 X Ay}

+{Vi1j+1,k41 — fic1j41,6 X Az}]

1
=3 Vi1 j41,k—1 + Vi1 j—1k—1 + Vi1 j+1 k+1)

1
+t3 [—fijrih—1 X Az + fi1jk—1 X Ay — fic1j41,6 X AZ]

HYit1j+1.6—1 — fijrih—1 X Az}

Vijk =

REME -31(B” 5.5 D7)

1
Vijk = 3 {Yic1j—1k—1+ fij—1k—1 X Az}

+ {Vit1j+1,6—1 — fir1,jh—1 X Ay}
F{Vit1,j-1,k+1 = fir1j—1,6 X Az}]
1
=3 [Vic1j-1h—1+ Vit1jr1,k—1 T Vit1j—1,k+1)
1
+ 3 [fij—1h—1 X Az — fit1jk—1 X Ay — fiz1j-1k X AZ]

REME -37(” 5.5 D 8)

1
Yijk = 3 HWit1j-1,6—1 — fij—1,6—1 X Az}

+{ic1j416—1 — fic1,jk—1 X Ay}
+{Vi—1j—1k41 — fic1j—1k X Az}]

1
=3 [Wit1j-1h—1+Vic1jr1h-1 T Vim1j-1k41]
1
+ 3 (= fij—1 k=1 X Az — fi1jk—1 X Ay — fi—1j—1.6 X Az]

ZZT. fijk & bound opt THHEINDMETH D, ZODEFUAIEEE X 1D B SM:
WL TRAETREDNRL D, EEHBEROL JIZTOEEHEMEEZRL, HHWEEEAD
LEE BERTOLAMMEZRT, Z0LE, ARUILTEDHMIZEREING Z LITHE,

BB, FHEMHESROME KO, WEREEOMEIE EE LI, BLXUTEEULLIFET 2@
DOBERGEMENZREINT VDS, TOEE, HAINDERLMOELE I
1>3>42 +4, 48

Thp, DFY. FEMERDE > & & EREIEN 5,

PHIZIE, SISO AR BED S EBEO ROBIREMI & o TET B, & UABEDEE T LB E
HTHD2 5, ETFRIREERSMEE UTRHAEIND,
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1 it i
Jijtth+1  Vitlj+1k+1
— °

)/ Jit1,jk+1
7 A
— —
/
/ f1'+1,j+1,k
Vi gk
4
Ji1,4k+1

Jic1,j—1k

7
Vi jk

L M it 1,-1k

X Jit1,j k=1
>

fij—1k=1 Vit1,j—1k—1

2
Vic1j+1,k+1 fij11,k41
[ ] e—
fim14k+1

Jit1 j k41

fig—l, 11

A \

[\ _ 4 _
\ Vi j R
Jictj41k \

[ ]
_ Pit1-1k+1

| Sig+1k—1

Vi jk

Vi jk Jit1j-1k
5 6
fic1,j+1k
A A
| fist 1,541,k |
' [
‘ ! a Vig1 k-1 Pic1g+1k-1 '
/ f’L,]—|—17 -1
/
fit1,jk—1 fim14k—1
8
Pijok y

A
fici -1 A/ ‘
|

Jic1 -

L

Viclj—1h=1  fii1p—1

X 5.4: RN—F 2V THR—-HFINTVDHHEmEASEME, TR0, k) ICB T2z 2
D fCHHE I N 72554l bound_opt & BEE AT o 225 3Red 2 FSEH, KANIER I D AL

D] E.
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1 2 3
- L Ll o -
flv]_JruC;Ll 7/}1+ ,J+1,k+ 7/11 1g+1,k+1_fzi4;1,k+1 fi+1,j,k+1
fif]-:jv +1
)/ Jit1 5 k+1 ' fig1, +1@
yi _ __“ “_ % | i1 -1 k41
/ \ Pij R
/ fivrgeie ficijik \
Vi gk Vi gk Jit1,5-1k
4 5 6
Jim1,jk+1 fiz1,j+1,k
A A
| fi+1,j+1,k |
d‘z’, C1k+1 Vijk/ | |
| o
PYio1-1k+1 L i L 1/1‘@17341,1@71 ¢z—1,g+1é—1 U fijaieet
S figrikot \
/ \¢
fit1,5k—1 fic1jk—1 Lok
Jicij—1k
7 8
Yisjk y
Vi gk |
ficij—1 6/
|
L MMit1-1k |
n Jic1jk— Z
X fit1,jk-1 ®© —
| ViLj1hk-1 fij 151

Jij—1k—1 Pig1,j—1,k—1

5.5: 5.4 LFIU, 722U, WERERBED H2GAEDEFHE, BRRTHR NS
72 U ARRE I,
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5.1.4 T HIL NEZZRIUAADEE

ellip_slv DML AREARIEN —F 281D HRENET IV b FERER % B S i &
LTHHLTWS. UL, IN6DN—F VTHWS HRERK. — b X - MR
MR THD, TDD, FWAHMHREEZHEUIIHRET I L TINLDIV—F ViF—
P T 22 AR R CREE SN D EE ORI A G RIEHTEETH B,

PURIZiE, oDV —F V& T 70 SRR A DKM B ARRRIEHA T 20 THh 5,
AT 2 EEARERIYHZTISHOLND AV IV A - D CIVRGRR (H SRfER
FHFER) -

V- (oVg)=p

ERET D, TIT, VIX3RITDHBEHFETFNT M, o, p |3 3RTTHEEZ ZHUZE D
RO, ¢ 1ZKRODZNADN T —YHETH D,

FH)L b EER
FUShHEETS 3 HAOMEE (2,y,2) & UL X, F0H ChME AR

0 19J0) 0 19J0) 0 o .
oz (0(%) T oy <"ay> "o (082) =7
~ . <a2¢ 0*¢ a%) dod¢p 000y 0o0¢

02 " o2 " 0:2) Tonor Tayoy T oz 0:

LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

Oo Oo Oo

X=Y=Z=0, a=b=c=0, d—%, e—a—y, f—g

EVWOBRIIARD, £oT, HAMMERARAZ AN —F UV TRETIBIZI DL
DBRE R UTEZANIZ LW,

I EEAR R
BURADEIRE A, R, SRS R TR (r,0,2) ¥ L& ¥,
R2¢ 10% 0%
U(aﬂ*ﬂaefraz?)
+<80+0> (9<Z>+ 1 do0d¢ Do dg

or  r) or

or 120000 0202 '
EERTEDDT, (5.1.6) ROBKBHEMNIGIED &,

X=Z=0, Y=2, a=b=c=0,
r
Jo o 1 0o Oo
d= — — - — -
8T+r’ € r2 00’ / 0z

EWVIOBRICAD, Ko T, HEMMHERGEAZ AN —F Y TRETDEREID &
D BRI UTHE R T L0,
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BREERZ R
L HRREEAI, S AT, CERATIEREE ThTh (A, 0,r) L Lz E X,
1 8% 109% 0%
“<ﬂwﬂmv+wa¢+mﬁ
1 9docd¢p 1 (0o oo do 20\ 09
ﬂmwmm+ﬂ<%_ﬁm®&ﬁ(m+r>m_p
EERTEDDT, (5.1.6) RDOEFREEHMIGIED L,

o o

= oo Y =0 asb=e=0
1 Oo 1 (0o do 20
Zcos20ON 12 < g 7 )’ / <8r L )

EWVSBERIIARD, £oT, HOMMERAREAZAL—F U TRETIEREZID &
S BB R L UTHE R T LN,

5.2 KE=MAX

Z ZTClZ, map_function EYV a2 — WZEHRINT WD ERE ETOME - REROFE T,
BRI MO HEETHOONTW D ZEFIERIIDOWT, BRI =AIRIC L 28 217 5.
E9, KH =M 1T EBFAEHIIUATOBY THD.

1E A% E B
sina sin b sinc
= = 211
sinA sinB sinC (5 )
ZIN j‘I_._'f
- RILEH N
cosb = cosccosa + sincsinacos B, (5.2.12)
cosc = cosacosb+ sinasinbcosC, (5.2.13)
cosa = cosbcosc+ sinbsin ccos A (5.2.14)
N J
S RAL A
- IERARILE P ~
sinbcosC' = coscsina — sinccosacos B, (5.2.15)
sinccos A = cosasinb — sinacosbcosC, (5.2.16)
sinacos B = cosbsinc — sinbcos ccos A (5.2.17)
N J
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D& E a,bc,A,B,CIEX56DEYTHD.

5.6: F£ 1 DHEMNERIZEWTER INDEKA =AM ABC. ZOEKMAE =A% KT 5
AZHINEEROFLZELHDOIRNTH 5.

INOGDEHIIH 5.7DEHICHEZD L, TDF FERAEBIERDEEREIEHT S Z
EMTES.
B 112radi XX 5.7 IZBWT,
¢17 )‘17 ¢27 AQ

2ERMOMEE U, 2o D 2 (RO r 2 RODIEBTHS. ZhzRDDITIE,
(5.2.14) KIZHBWT,

b=g—doc=3 L, A=do— A, a=r
LBk,
COST = COS (g—qﬁg) cos (g—qﬁl) + sin <%—¢2> sin (g—qﬁl) cos (A2 — A1)
= sin ¢ sin ¢ + cos Pa cos ¢ cos (A2 — A1)
LR85, &oT, kddAix

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (A2 — A1)] (5.2.18)
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5.7 ToM%E 2 ICEDEREI =M. ThoDLDE DS —~HDUDES r 2RdD2D
MK 112radi THD. THMHE 250I2EDDT, TNODET &L 2 WOREEX L 74
D, T AU 3T 5.

main.tex 2014 £ 10 A 1 H GEHEHR)



STPK ¥~ =27/l 5 % 270

&85, ZIT, riFBEMAEKICBE T AAETHLDT, PR RDIKIZEWTIX, rRET5
Y THAEr SOREMETOMIMOEI2ROLND L WVD I LILEETSE 0. RERS,
B = MK DR MHINEENTN, BROFLEEDHED—~EENSLTHD 7.

5.8: 5.7 LRU=ZMAE. 2L, 2 5.0 58 LU= ~ELU,
ZTIE (¢, Ag) BRHOEHTH B Wi T/2 < 0y < 3m/2, —1 < 6y < —m/2
JERIS BRI AR L TR (o, Ao) IR ORI DIREE.

NERD, MEERLT (rg 6) &85

INDREERRSE (pr, \o) ZEHHRT D, 2

ZT, 0DV DBHIF —7/2 < Oy <

/2, 3w/2 < Oy < 27

W, BTN —F > rt211 IFHEE ¢o, BE N ICBWTHFS%E E D, MEERE (g, 0y) Tx
XNDIHLTOREE ¢, EREN, ZRODDEDTHD. ZZTEZTV DG 5.8 D
EOBEETHD. ZOREREOFR A M OERIFERTIER S, BRHE LIZH > M0k
HCHIOND . /2, FAAGEOMEIXERE LD ¢o, \o COEFHEEZ - X8,
FARMALR S & 0y = . TR S % ) = 37” LLTEBNG. THD, d= . 3T
LOEEOERE rg IFRETHAZLEE, N EWVWOIRETETHD (FFMRECES>TH
%) EWND ZEIZERETD. Lo T, 0y =0, +m,2r EOILEDEEHE ro (3FEEM FI25E
ZIZ—HET, ALITND. ZDOED BREERIZBE T, 19,0) TDRfE ¢pp, Ay TRTD L
FEATRE S, FIHMOMEIX

®0, Mo, to, To

ROT,
A:)\m—)\g,B:g—eo,a:m,b:g—%,c:g—% (5.2.19)

YOS RSB E S D, I THELATNIES S AVDE, ERIBERASABOL B A
WD E S LABa0RTHSE. 2%, ZORIT 6, @@zﬁ‘% < By < g FTLM

TOEPRO) 112radi IZMEE ¢ & RDE, HERD KR E DT TEBOFEMICEL TV,

THIER EOMETE A DNBEM L IERR S Z L IR, EMOBAIEM ORISR TR L T2
T3,

TERDL, COVEIEROTODE A (g0, Ao) (MK L EH L AT 5.
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WY @E. BL, T < 9037” DI 0o Db B & 3%, 51 C &AL LCfi%
ANBETHRENDH L. 20 XONCERIX

A:/\o—)\x,Cz@o—g,a:ro,b:g—qﬁo,c:g—% (5.2.20)

LR35, EoT, ARTI, —g <y < g F COHEE % regl, g <y < 3% DHiFH % reg?,
0 = ig % reg3 £ LCZNTENERMET S,

regl XIGT2HDIIX 58 THD.
T, HEICAE C ZHOARVDT, (5.2.12) 12 (5.2.19) ZHWT,

sin ¢, = sin ¢g cos rg + cos ¢ sin rg sin Hy, (5.2.21)

PELND. IN%E ¢ ITDOVWTEHT S L,

¢, = arcsin [sin ¢ cos g + cos ¢g sin r sin fp), —g < By < g (5.2.22)
BB, G WEOENZDT, ZOEE (5.2.19) L& HIT (5.2.11) IZRAT D &,
. _ cos 6y .
sin (A — A\og) = p— sin

ERBOT, 2Tk N\ I

0
Ae = Ao + arcsin [COS % sin 7«0} (5.2.23)
COS

RANSY

reg2 Mg 5DIEXN59 TH5.
2T, BHEICAE B 2 HVARWODT, (5.2.13) 12 (5.2.20) ZHWWT,

sin ¢, = cos rg sin ¢g + sin rg cos ¢g sin fy, (5.2.24)
WEOLND. TNk ¢, ITODWTEHETE L,

¢ = arcsin [sin ¢ cos 1o + cos ¢g sin 7 sin O], % < By < 37%, —m < 0y < _r
(5.2:25)
5. FFEZDOAL (5.2.22) LR UARDT, ¢pp DEHIZENTIE, 6y DHEIFH % 5
232 2B A—DRTHET DI ENARETH . ¢, BELNZDT, ZOMHE
% (5.2.20) L HIZ (5.2.11) ITRATD L,

) sinfy .
sin (Mg — A\z) = ~oos ¢70 sin g
X

ERBOT, ZH&D N\ I

Az = g — arcsin [— O in ro] (5.2.26)

AN
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reg3 Z DT, KD D mMEIEF L LA URE L 25, DAIZ,

Az = Xo. (5.2.27)
/2, FHBLETHD e, BRI 2 HHHE - 137 0 £ B 55 T O
JEAil % W,
(ﬁx = ¢0 + To- (5228)
SIT, 0= OWIKER, 6= 37” DIFEE L5,

PAUEASERIEG 11285 1) 2 JEROHLEMTH L. 22T, LOFEMIEETHRARZRKEL T
WB DT, BAERE EOBEREE rad BALOME LML 25, ko T, EEOHHEZE KD
S0, BONDALITEKROERENTD L TEIHETES.

5.3 Statistics D{F5x

5.3.1 =/MNBEZE

BT A, ©.y VTS, ZOF—AOM% z ZERETE L,

y =y(z)

WO BBREED, ZOEDIBRT—ROME 2 IZDOVTOERDLEAZ L DEEFEST
KIILEEZD, LU, TOEBIEZ s TOyDIHEZTD L EOBBOMED 2 Fxsh
INETRBD KD ITEIIND LT D,

I3 BHEOZDOIZ 2 IZDOWT 1 IRBERTERHTEZIL2E25, 20 XOEK%E
F(z) =ao+ a1z (5.3.29)

¢35, ZIT., ap, a1 Wz, y IRFELRVWERTH D, EBROT—RITEERT—X Tdh
DT, x4,y LD T—RDMAEDLELRD, ThbLL, ( HHDOT— XM
yi = y(z4)

Thd, AT 1 IREEE

L85, COEMF(x;) Ly D2 R/ELRNETDHLDIIEDILEERD, DEY, Z
NHOEEE RETD L,

N N
R=>{yl) - Fa)}* =Y {y(z;) — ap — ax;}> (5.3.30)
i=1 i=1
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MERNERD EDIZEENBITNER LB, ZO5RMEMZTEEE 2RkD5I12E, F
DR ZERD B 2,y TR 2 EH ag, a1 % (5.3.30) BN RD D ICeniE L e
WO ZEIZRD, ZD&DRMEE RNEREMEE OV, RO & D BTFEE TR
nad,

1. %% R % ag,a1 IZDWTHAT 5,
2. TNOHENRLEIIXOERD LD R ag, a1 DIEN R DWETH S,

3. RIZFZTDEBEMND. ag,a; D/NT A—RZEFIZEWT, EfE% L D NITMAREKT
HB77D, BENMEETNE TIDRBRMETHD L ND I LIZBR D,

ZDFMEIZ U 72 D3,

8&1
2729 ag,a1 KD B, (5.3.30) Ao,

N
g{i = Zl {y(z;) —ao —arzi} =0
- N (5.3.32)
B, ;xl {y(z;) —ap —a1z;} =0
Thd, INEBHETH L,
N N
agN + a1 sz = Zy(xl)
=1 =1 (5.3.33)

N N N
2
%5 m+a1§xi—§ ziy(z;)
i=1 =1 =1

WD ag,ar WDWTOD 1 PGEN. FRRAPEOLNDE DT, ZNEMBITIE ag, a1 PMESN,
BANARBEMRBEOND, (5.3.33) AEM L,
YR a2 y(w) = N @ N wiy()
2
NZfil *73? - (Zz]\;l xz)
NN ay(m) - S w on y()
- 2
N Zz‘]\il 9512 - (Zij\il xz)

NEOEND, FARDEZ 2 FEIED L, EEOERRBOLIEAMIRIZED 71V T 1
VIMWNHERETH D Z L bnd,

apg =

(5.3.34)

ai
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FTIT, ZITI Fla) =Y apat LOISZHERATT7 v T v 7§22 8% E R
%, ZICHR/NHBETHONZTENEHTE2 Y, EE R
N M 2
R= Z{yz (x)} :Z{yi—Zakxf} (5.3.35)
i=1 k=0
Y, ZOMEERBNMNITEIZIE. ap, (k=0,1,--- , M) DEBEIZONT, Thizkd
BEOMANEO L BT LN, DFY,
OR o

EWND M4 1D 1 YGELGREREZL TR IENTE S, RABRE M + 1{#i2o0T,
WL M+ 1 EOEN. FRERPLTOENDDT, ZRIZFAUAZRTHD I LIFHLMNT
HB, THIIFFEIZ-RILINTHDZDT, £ED M+ 1IREEATELLTEH, FEROD
FIRETT7 4y T4V INTEDILERBLTVD, (5.3.36) A& BAICEIET S &,

N ' M
Ziﬂz{yz—Zakxf}:O, (]ZO,l,QaM)
i=1 k=0

ERY, INEBETS L,

N ' N M A
doalyi—y > ar =0, (j=0,1,2--M) (5.3.37)
=1

i=1 k=0

L%, FEE 2 BIZOWTIE, MAEEDIEE B AT H S 720,

2}% ZWZFﬂ*7 (j=0,1,2,--- M) (5.3.38)
1=

L%, Ihe BARIIZETD L. RO LS BB ELNS,

N N N
jZOIGON+G1Z%+"'+CLMZCUZM=Z%
i=1 i—1

i=1

N N N N
j=1 :agin+alzx?+-~+aMZx£V[+l :Z:z:iyi
i=1 i=1

i=1 i=1 (5.3.39)

N N N N

; ) M M1 2M _ M

j:M.CLQZl'i +a12xi+ —I—---—i—aMZaci —in Yi
i=1 i=1 i=1 i=1

INERDE, k=M+117j=M+15DEHITFIE M + 1 EOFEE a; 1IZDWTOH
N7 MVOREE T D &, ESTHONTI2RDODDH & T, 5B a; WROLNDZ &
285, ZOLE, EATHBRIMIFIE BoT0d Z LITHER,

*Q,U\B:#:—C &, RELOBEI NS, y(a:z) =Y ERELT D,
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5.3.2 RENE

ZZTlE, RI—F VT TN HIEIZDWTEEA U, A T DN AL
WZDWTHEEHZLT D,

I3, AKNV—F VTR, TRTORFIL—F BT, MENFE2IT>TWVS, 20D
W HIEIE. 2 2 A0S ZORIOMEE 2 SMOEMTHREY, TOEM EIEIFET
5L MHELZNFIETH D, 1 IRTDBERFIEK?IRINT NS, DMy, y: DIE
HBINKERD 2 Hai,x 26212, TOMITIFIET B WSz, TOMIBAHOE y,
I T2 2 A OEtEINAZEMROMES %2 de &35 L,

Yp = Yi +dx * (zp — ;)

T%ﬁ?é:&ﬁ?%éo:@&%\mﬂi%ﬂ;%ikﬁéo
+1 — Lg

ZDFZ % 2 IRTTCZEMITHEE L 72D h, MERENFEE RIS FiEThHY . TORAX
BER?UIRINT VB, 2 POLZEM 2y, y; CEBINAE 2; O, B BB 2y, y, TO
I 2,0 1. BUFO & 5 1S3 S h3,

+ Zpj+1 — ij(

Yg — Yj)
Yji+1 — Yj 1 !

Zpq = Zpj
Z i, Yis Yj+1 D 2 )f—'ﬂ DWW, %th%;h/l’p 7‘6?\]?@@ Zp.j+1, 2p,j %§+%:L/\ &
NEDIEN S y FEIHIENEL T, 2, 2 kDD LS FHEXICES, EXEEMT 2
ELATRDEDIZR B,

Zpj+1 — Zpj
oo = g+ EEL Iy
e TR—— j
Zit1j — Zij
=zij+ ———(Tp — 24
Y mi — (2 =)
Zilinl — Ziii1
+ Zij+1 + —H_xjil _ J:']-i_ (:L‘p - xl)
7 (2
gy P T )
? 7
Towig P Yj+1 — Y5
Zit1j — Zij Zij+1 — Zij
=zij+ ——L(wp— ) + LT—(yg—y;
Y mi - (= % Yi+1 — Yj e = 05)
[2is1 g oy (zp i) (yg — ) 5.3.40
Zit1j+1 = Zij+1 — Zit+1j + Zz]] x o )(y]_"_1 ) ( -9. )
7

&Y, BEEWARE. F(r,y) = a+ bz + cy + dry &\ Kl EICHIFEFIET S
VWD ZEEMRELEZNFETHD VWD ZERIND,

FIRED TR T 3 RTORBEANFRZFHE T 5 & 10 3 RouEM i, v), 2 CEBZI N7MH
wijp D, HDEMK 2p, yg, zr CONIE upgr 1F. BAFD LS IFIRING,

Upgk+1 — uqu(
Rk+1 — %5

Upgr = Upgk + Zr — 2k)

MORERIFM IR I N TN S,
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ZOHEFHFEZIL 2 TONHFZ I HIZ
AZILITHEY S &,

3RITICHFHLE L 2720 Th b, £oT, Lk

Upgk+1 — Upgk
Upgr = Upgl + —— ——— (20 — 2i)
Rk+1 — %5
Upj+1k — Upjk
= Upjp + L2 (yy — y;)
Yi+1 — Yj
Upj+1k+1 — Upjk+1 Upj+1k — Upjk (Zr - Zk)
+ e + (9 — U5) — gyt — D20y | 22 ER)
» Yi+1 — Yy ! pj Yji+1 — Yj 7 Zk4+1 — Zj
Yg — Yy Zr — Rk
= Upjk + (Upj+1k — Upjk) (,q J), + (upjk+1 — Upjk) {or = o) ),
Yj+1 — Yj Zk+1 — Zj
Yqg — Yj) \(Br — 2k
+ (upj+1k+1 — Upjk+1 — Upj+1k T upjk) ( K J> G )
Yi+1 — Yj Zk4+1 — %
(zp — ;)
— Wi Wis it — Uis
ijk ( i+1jk Uk) Tiv1 — T;
[ (zp — x3) (zp — xl)] (Yq — Y5)
+ | Uij+1k T (Uit 1j+1k — Uij+1k — Uijk — (Uit+1jk — Wijk
I 1j+ ( i+1j+ ij+ )Il‘z+1 — 2 ] ( i+1j ] )$i+1 — i | Yir1 — Y
+ Uk 1+ (Wit 1jps1 — Wikg1) (2 — 2:) — Uik — (Wit1jk — Wijk) (@, = i) | (2 = 2)
I 1jk+ 1+17k+ 1k+ Tit1 — g i i+1j iJ Tit1 — T | Zhe1 — 25
[ Tp — T4 Tp — T4
+ | Wijt k1 T (Uit 1541041 — Uijt1rt1) (rp = i) Uigk41 — (Wit1jh+1 — Wik+1) oy — 1)
L Ti+1 — L5 Titl — T
(zp — 1) (7p — «’Ei)} (Yq — vj) (2r — 21)
—Uij1k — (Uit1j41k — Wij+1k 7+u ik + (Wit1jk — Uijk
17+ ( 1+17+ 17+ ) Tit1 — 2 1) ( i+1j 1) ) Tiv1 — Ti | Yje1 — Uj Zhil — 2
(zp — ) (Yq — Y;)
= Upip + (Wig1ik — Wisk) ——— + (Ujin1p — Ujik) ————
ij (Uit1; ij )$i+1 — (wij+ ij )yj+1 —y;
(20 — 21)
Wit — Uiar) T — k)
+ ( ijk+1 z]k) Zhil — 2%
(zp — i) (yg — Yy5)
+ (Uit 141k — Uij+1k — Wit1k T Uijk
( i+1j+ 1]+ 1+1y ] ) Tit1 — TiYjr1 — Uj
_|_(u . yy Wi qib - Ui ) (xp_xi) (ZT_Zk)
i+15k+1 tk+1 i+15k ijk Titl — Ti Zhel — 2
(Yg — ;) (2r — 21)
+ (Uijr1kt1 — Uikl — Wij41k + Uijk)
Yj+1 — Yj Zk+1 — 25
F (Ui 1 1h1 — Wi 1hA1 — Wik k1 + Uikl — Uit 1j+1k T Uij+1k + Uit 1jk — ijk)
o (2p = i) (g —y5) (5 — =) (5.3.41)
Tit1l — T4 Yj+1 — Yj Zk4+1 — 25
ER5,
ZZTRUZAFORIZT AN MERRZIE L TWD N, EREERD DB, £ HEE

B AT —IVIHTNTNTNOMEREER A BB R 2R & S BERER T ThHd R b,

*11ﬁi U, 4%%@@5 ﬁ%i (xl,xg,xg) 73‘?)97":(‘_’.—‘3_5
(h17h27h3) 7b§7
h’l = hl(IEQ,IIJg),

BB EDRIERRDZ & HlAIE, FIFAT AR

ha = ha(z3, 1),
RSB RAIL Z NIZE LT 5.

]’L3 = h3($1,1}2)

IDEE, INSDEERIINT S AT — VKT
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2T LEOBZEXTHFMEZFRTL I LA TES.

5.4 Braun (2002) IZ& 2B FEIEDOHOABHE

Z ZTi&, Braun (2002) THWHNT WS, BUHE T IVIZE T 2 B SE D HLML E
R T D HIEICDVWTHRRD.

ZETH, FAMORRLATEIFE I UTHAPNT VAL TN DT, BV EL
FED UL, W 5 E L DRIKEZ & S K FHEFRTE SREI NG, KEMREED 10
km BL_EO#E S FHAEE 7L Cld Z O 1 58 1F 5T O IR S B S D il 56 B 24 o
AFRUTO UL, IBETIIBUEE VOIS AL - BRI, B ERKTE
DM T (HD2 5 100 km FEEE) D% - BUIZERGIE 2 36 ICKBIT © 2 & AVlfg
RO T RIS B BUEE TV & B BHERE DR TR ERE(L L A ho 7z,
HUOMIE T ORI AR ST EB AN HE 12 R 5N & 5124572 "12(Braun, 2002). ZOJF
AT SREZEFNZ L D DT D & 2 RBHSEORBRATHLOZ EET 2 FEE AV &,
HOUD ST 2 DU U T E DA 2 59 % & WO IREIER R 51D & 514
% (X5.13 2H). Braun QW =FEE, ZOHLROIRE 2 HIH T 5818 20 5.

FHEOMEIILLTDO L1225,

a N
1. WHEEEREOREMEEZ & 5 K2 B —HEs (5.11 D fg) £ 95.

2. K511 IZBWT, H-HEmEduhe UTEY L OIEHFHEEN (K 5.11 O
PR IR D F T AN T2 EREM N E 9 5.

3. BERIBERIAORAITONT, TOKME AL UTRE R OFARN (5.1
DI IAFAET DK T DR T IZ DV TEHOES (I 5.12) 25 DR 4
2R L, A N AR O T2 T RS % B L ADE 2.

4. ZOWRT, HREMARERIIOWT, 5 R OB O AR 2 O fE
PEIELTWD DT, ZONMNR/NE BRI FREEDHFINVREERETS. Zh
&, JEIEOWT, R (HEE) e 2o TVWAIREHRELTHWE 2
285,
- %

ZOTORAEITZ2ENTA—REEEOY TN —F VORI HEMIGIED &,

fg = HB—HEE M, var dis = ¥fE R, search dis = #REREMHIE L

EWVD KIRBERIZE S,
12 - DRI ST EBNIE, BUEE FVCB T 2RI F BT ERT2EDTH .
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pressure and precipitation [mm h™!] (016:50)
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5.10: FEFFDFEAEE TIOVICE W THEL S A7z B2 B U 35 1T 2 W UE O AR AT
(fks) & Braun (2002) OFEICEWTHEE I 72 B2 d0D AL (FRAL). SRR I HE
SUED G, 717 —IFBAKSM. ZORIDRT &SI, WEa 7IRIZE T 5 /AT R KED
ZENZE T, B R DL BARRE R ITRRD 2 e hnd.
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+ 4+ 44+ R4+
HHERE SR s
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COFHEHADE T REMRR

e L R R

++ + o+ TR
++++++++;

>

5.11: Braun JEOME&M 1. % —#EE S % HZ search dis DE X DIEHBMHEE (4
W) NITIFAET 2T R TR AIRRT L 25 . ZOHUD B2 TIZOWT, M 5.12
DL TEMEYIRA % 5H T2 (LR TIERAROFPH A Z IS T 5).

+ o+ 4+ + o+ 4+
+ + 4+

RITA > TER Y

_|_

+ + o+
+ ¥ + o+

THILNERR (B)DERTOELEREHE,SRELSE

+ + + + 4+ + 4+

s
s
s
s

5.12: Braun EOBERE 2. b rUEFM DO TIZOWTIHE U SR TR A 2 5H5R
LT ORMEEEZ L2 (D F D, G ROZFHN—RDBRORK) 2RI L. BT
DEIFE T A& T RGO T 7V M & T RO & F UIZT 5.
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(degree)
8 ]_ | T T T T T T T T T T T T T T T T T T T T T T T T T T

min—PS—(LAT), TC—(LAT)

2 2 | I N | |11 | | |11 | | |11 | | |11 | | |11 | | ||

125 126 127 128 129 130 131
(degree)

min—PS—(LON), TC—(LON)

¥ 5.13: X 5.10 OFBGFHRICE T Sk (EKER) L7888 (Braun F%) OB
M2k, Z O TIEEENRELSTE SO %, 77 5A Braun FIEO LS O#BI% & L
TWd., ZOMENSE, BARKTEAILBEE ITIRE L TWD ZEBHLMNTH S,
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5.5 I8k : > 7T
5.5.1 XRKABRARDOEH

- - L LN e N e IR = S o S VR D B e o o T S T A S O LI R S R s B

Z,W

SN

P e ——

P= CONSTANT |
p= o AW h(x,y,t) D
’/' lha(x,y)
’ > | : i
X,u -

Figure 3.2.1 The shallow-water model.

B 5.14: &K AT LADOBEEM (Pedlosky, 1987 & 1).

B?77 1ZHOk Y AT AOBBR TH S, ITFTR, ZORE IR EMET 5,
ZClE UFOREESB <.

o HEIX—RE,
o RIZy AN DWTRIEAEELFIP LI L TS (B HELL .

THE, Tk ETOEE LR

du 19p
@ (5.5.42)
~1op
+ fu = (5.5.43)

t@éo%Eﬁﬁﬁ@%*ﬁﬁ%ﬁ%ﬁ%ﬂ7/bewétﬁﬁﬁéoZCT‘

f=fo+ By, B =Const.,
4o 0 0 0
dt Ot oz oy 0z
Thd, £/, pldIFHNFHS. DFVRIEEZE P=p+p & LLE,
Opo
0z
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272 g pg ZRWZIENZEY, Z0& &, 2 POz ARk
oP 0dp Opo _ Opo

92 0z 9z 0z
LEBTED T, ERE 2 HAICEN TR, pld—ERDT,

P(:Evya Z7t) = —ng+A(ZE,y,t)
E2%, ZIZT, AIFEDERTH D, »=hilBT22TE2HETp, LTD L,

(P(z,y,h,t) =) pr(z,y, h,t) = —gph + A(z,y,t).

E-oT., EXRZ PIZOVWTORD AITRAT DL,

P(xuyaz)t) = —gpz + gph’ +p1”(xay)h7t) = gp(h - Z) +p7“($7yvha t)

R85, pr(x,y, ht) IFRAE EHEEICBT2ENZET, 22T, WAKROZITENT,
LHTCOENZANFIFHEAT E D L WO E (BUMRIRORE) 25< L. p iTEHE
HBIEMNTE,

P(z,y,z1) = gp(h — 2) + pr

L%, 22T, #EARENITB D EIHEE IXE 1T po DY 2 DADEBTH S
ZlIIEETL e M

op OP  Oh dp OP _ 0oh

or  or  Por
ZIT, 2 E o,y NI THD &0 D FHEICER, Lo T, #EBEHRER (5.5.42), (5.5.43)
kzheTh

oy oy oy

du oh
o~ fo=—g5", (5.5.44)
dv oh

LR, T EERRCTEE - MR RV OT, ‘Z;ﬁﬁ@%lﬁ'ﬁﬁ?ﬂ:fﬁ#ﬁ%ﬁ@b\ (e HAR
u v

) ChBERETHE. T4T—T5 0 Ky oEEms 15, U

= —_— = 7’“
‘ % =~ 5, 0&Z5D
T, EXE
ou ou ou oh
v v ov oh
En + uas + Ua—y + fu= 95 (5.5.47)

BRERG, HEMIEENDEIEEINEART 2 HADOZBADOKREIIWNIONLTHD, IN% EH
2R U 72E DIE Pedlosky (1987) 2,
UL o M—ETHDHDOT, BHHFEFRER

SRR ASE E B EARAE L 2D &0 S B, 3L < 13 Pedlosky (1987) S,
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b, IHIT, BE-ETHH-0H, HEioAIx
ou Ov Ow
ar T oy t5, =0 (5.5.48)
ThHY., KEFEIEEIZOVTHTH B0, ERIF 2 IZOVTHATE,
ou Ov
w($»y,2—h,t)—W(:U,y,z—hB, ) (h hB) (a$+ay>

ThHdIehbhrd, ZIT. w(x,y,z = h,t) XK LEHTOZEENAED EE, w(z,y,z =
hp,t) ERATHTCOEFHI S HETH D, FoT. EXEZ
_ g s ou o

w(z,y,z =h,t) —w(z,y,z = hp,t) = pn el (h—hp) (8:E+8y> (5.5.49)
B, BIKREZBETINEEZD5G41F. ZOREMERE BRI &b TE
ExegniELv, 22T, Tﬁ#ﬂﬂﬁ:(liﬂ%fu\éi BEFZEZD, TOHE, hplk
A7 —WIZHAD ERZL L RN D T,

dhp Ohp Ohp

at " ox v dy

536, £ EHIZAMZERESHT L.

dh _oh, oh on
dt ot oz oy

LR, INHEEETDE, (5.5.49) &

Oh _ (ua N v8> (h—hp)+(h—hp) <8“ ; 8) O tu(h hB>}+§y {olh — hg)}

ot Oz oy 0 oy oz
(5.5.50)
WS AP OND, AEDEIZ HEdDE,
H(‘T7y’t) = h(:E’y?t) - hB(.’E,y)
THhdDT, FERIIIHFELND LRI
ou ou ou oh
o Tugs tia, V=95, (5.5.51)
ov ov ov oh
il il il - —g— .5.52
ot T lar ey T T a0 (5.5.52)
oh  O(uH) O(vH)
5= o T oy (5.5.53)

Th, hp WEKEERIZB T S HDEEME 1 HERTOT, INLOEEUE 2 ILOWTHNLTHD I LITHE

=
/Gho
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5.5.2 NMO1 ICB T2 ETILOEFM

BAKARIZE T 5 KKDO XK HREARIK
dv
Efz_kav_th+F’
oh
Eﬁf+f‘7-(h10 = Src.
THhd, ZIZT, v,h, f,gld3KEEERY ML, FAOEX, JVAVINT A& ESf
MEETHD, 72, X7 MBS EAFIZIKE2 K5DHAE LTS, F, Src 171
TR T 24N EY —ATHD, INEMHEBIERTERLTLIIL2ERD, 77
T Y A E DSR2 B4 Tddr B 728,
d_0 0 v
at ot “or T roe
THhd, ZIT, r,0TNTNEE, FAAARTHY ., BEEAFII DO TIZE SN S A0
X% IE, BN ALRIZOWTIEKREHRY 2 1E& 95, F£/2, HENRY MUt v =ue,+vey
TRLTDIENTED, ZDL X, e, e XTNTNEIE, FALAHRODENNRT NV
THY, u,v I ZTNTNDOHHEDOEETHD, §5&, LOLEHEERX

ou ou vou w2 oh

a"‘Ua‘F;%_?:fv_gE""Frv (5554)
ov ov wvov uv g Oh

Z+u§iﬁl+ig}0ﬁ+h[g§ﬂ‘+ﬁ+igz} — Sre. (5.5.56)
L85,

AT TOVIGEIR G RN ISMEE PSR IZH Y . B EARBOH IR DO IZ DI £
7 IEH R R ) DI RIRE 2 E T2 ETINTH D720, BB EBULIFA A 1 —kk
TD, RS U R WA & FALA 5 NS FE— Rk TR RS R A3 X 5 FEfle FRsk
HZRTTRIHTL20MEFTH S, T2 TIOHERZHFRA & IS FRRIZO T 5,
DFY, BHEER p %

@(r,0,t) =5(r) +¢'(r,0,1)
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YAFBE (5.5.54) - (5.5.56) Rk

%+ﬂ@+u%+u/@+u/aul+§877/+Ui/87u/_2@_£
ot or or or or r 00 r 00 r r
Oh'

=fo' =95+ (5.5.57)

871)/+ﬂ@+a%+u,@+u,iﬁ+§%+£%+@+@+@+UIUI

ot or or or or r 00 r 00 T T r r
(g 99N
= —fE+u) =25+ Fo, (5.5.58)

on'  _oh __oW 0k 0N won _Jow

o Tl Tl Tl T T e T e

a2y, @) 10
= (h+h)8r@+u)+ + 50

+ Src. (5.5.59)

L%, ZIT, BERITIICIE, EEESEAT ORI

_ w2 0h
fo+ 9%,

RNz, 20 RETITIR #4410 V—ARE UT, #f%, FALAHEIO 2 IROKF-
Lz diff r, diff ¢ CWOIEMRETIEY, /2, fSOMITEL 1Y) —Z ey
A

5.5.3 adjust ICBITBETILOZEM

[ 1 RoTR KRR R R 1

o’ , on’
o0 =g,
/
881; + fou/ =0.
oh o'
ot Ty =

Thd, ZONIEAGIIFHIREBEZINEL, TOL IOREKOEIMN H & U THARY
DY) THIEAELZEDTHD, 2D I, YIHHEICAEGER Y D707 74 IVE5 X5
AN W 0 PR TH - TE MRS & WO ERICE > TH ONT VA% fEL
IO CHEBT RN X —2EETE L85, Y TNTOTOT T AETOEERFE%
VIal—bhFREDTHD, ZOHBERNRTHERFALGPIERN T 254, HEIRIR
T VY Y IVIRERT &R 729 DT, FAFIEROEFREBODMHEIZFEITOIMEN S BFEE 2 2
EMTE D,
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