TTGR

                               TTGR (Transient

                                 TTGR

fortran

.

TTGR

pde cally. pde u, u , u , u , u , u , u , u , u , u , u , u pde u, u , u , u , u , u bc u pde u denotes ∂u ∂

pde • • • • • • •

• pde • pde • • • •

TTGR was

                                TTGR very

find TTGR TTGR erably.

                                                        TTGR

TTGR

                            TTGR

                                 TTGR
                                 TTGR

pde ode solver IODE pde bcs: IODE

TTGR

research!lck research!nls

fortran

.

TTGR

divergence-form pde bc

pde-bc TTGR u pde pde form ∂ ∂ a ( , , , u, u , u , u , u , u )

∂ ∂ a ( , , , u, u , u , u , u , u ) (2.1)

f( , , , u, u , u , u , u , u

where a and f ≤ ≤ and ≤ ≤ a and f pde tor u b ( , , , u, u , u , u , u , u ) where b bc vector b bc pde bc’s pde bc ic’s) u , bc

×

( , , ) ( , )

, ) 0. bc ( , ) ≡ , and with bcs b 0 pde 2 2 1

History. pde pde u f( , , , u, u , u , u , u , u u ( ) or ( , , ,u) ( , , ,u)u ( , , ,u where u ∂ ∂ ∂^2 u pde u bc pde u or u bc

u( , , order and on meshes ≤ ≤ ( ≤ ≤ ( ≥ ( and ( ( , , ) Σ Σ_{, ,} ( ) ( ) ( ) (3.1)

max ( ( ) ^_∞ ≡_,max ( , , ) ^ ( , , ) (^ and u( , , pde pde’s ode_{, ,} ( ode ode

a and f b ode ode

TTGR

δ (δ^γ γ δ and δ (δ^{2γ} δ^γ (δ^γ), (δ^{2γ} , (δ^γ δ γ δ.

TTGR pde

ode’s.

TTGR.

 TTGR

u u 1 u u u 1 u ( , , × ( , , function, ( , ) . .

( , , ) . . (4.2)

, ) 0 (4.3) The pde 1 , 1 , ( , , ) bc b ( , , )

2 2 2 1 2 2

1 1 1 1 2 1

(4.4) ×_1 and_2 1 ( , , )^{( )} and_2 ( , , )^{( )}

1 ( , , )^{( )} and_2 ( , , )^{( )} (4.5)

1 , ) 1_2 , The pde 1 1 ,_{2 2} , 1 1 ,_{2 2} ,

1 1 1 2 1 , 2 2 1 2 2 bc 1 1 ( , , )^{( )} and_{2 2} ( , , )^{( )} ode . . .

TTGR

κ ( ,

u . ( κ ( , ) ∇ u ) ( , , × κ

1 32 ≤3

1 21 ≤2 10≤ ≤1

and

≡ 3 ( ≤3 ≤2 0≤ ≤1

The bc u where u u ( , , . The pde

u ( , ) u

( , ) u

bc b

b u ( , , ) u κ pde u ∂ ∂ ( 10 ) ∂ ∂ ( 10 ) (4.9)

y

x

(0,-1)

(0,0)

(1,1)

(1,0)

where ≡ ×

1 (4.10) ξ,η^2 ( , ξ, η ) ≡ ( ( ξ, η ( ξ, η × TTGR for w( , ξ, η ) ≡ u ( , ξ, η ,

2 pde and bc

pde pde

× pick bc 0.

) 2 ( ( (

) ( ( ( 0 (4.12)

0. The pde

0 u u

b ) 2 π ( ( (

) ( ( (

u TTGR

pde lutely nothing

tion u ( ) (_1 u_{∞ 2} where_1 and_2 u u x×y using e let u x ×y x×y.

u x×y e ( u u_∞ , because u u (_1 u_{∞ 2} u u_∞ , u u lem.

u u_∞ ≤ u u_∞ u u_∞ (4.14)

u u_∞ ≡ Σ ( )_∞ ≤ Σ ≤

Σ^{U U} ∞^{U U} ∞ Σ^{U U} ∞

u u_∞ ≤ U U_∞ (4.15)

TTGR

pde

TTGR

• and . • U • • AF a and f • BC b • HANDLE

              TTGR TTGR

                   tstart,tstop,dt,
                   AF,BC,
                   errpar,
                   HANDLE)
    TTGR is
U pde variables u.
           U( , , , nx-kx, , ny-ky ,

, nu TSL2W.

nu of pde variables u.
kx . kx ≥
X X X(nx kx,
                                                             UMB and
           LUMB kx.
nx X.
ky . ky ≥
Y Y Y(ny ky,
                                                             UMB and
           LUMB ky.

ny Y.
tstart tstart.
tstop tstop. tstop
                        TTGR
dt TTGR
                                dt dt
                                                  dt
                    TTGR
                       dt

program.

AF a and f pde (2.1). AF

BC b BC

bc TTGRP may

                        BC.
errpar

pde solution u

errpar_∞ errpar

Thus, errpar errpar(2), and errpar errpar(1).

errpar errpar

errpar(1) 10^2 ; errpar(2) 10^2 × S

2 ×

                              errpar(2)

HANDLE TTGR
           HANDLE
                                                              TTGRH
                           HANDLE.
      TTGR is

U pde solution u tstop.
tstop tstop

subroutine HANDLE tstop

                                                              tstop
                                              TTGR.
dt

, , and pde, tstart, tstop and dt must

                  dt

TTGR

              HANDLE − STOP right

there. TTGR dt

≡ ( ( Jacobian, pdes, , , and and^{2 2}

 TTGR
TTGR pde
                      TTGR

Run-time.

   TTGR (^2
TTGR
            TTGR

of^3 and^4 by (^2

space.

                      TTGR DTTGR DTTGR
             TTGR errpar
                                    DTTGR

AF and BC Descriptions.
                         AF and BC pde -bc
            TTGR a and f

A,AU,AUt,AUx,AUy,AUxt,AUyt,
F,FU,FUt,FUx,FUy,FUxt,FUyt)

Before TTGR calls AF 0 A through FUyt values

     t
     Xe where a and f Xe is
                    Xe a and f
            TTGR
     nxe
     Ye where a and f Ye is
                    Ye a and f
            TTGR
     nye
     nu of pde variables u.
     U of u Xe( Ye( ), not U
            U( , , (t,Xe( ),Ye( )), , nxe, , nye and , nu.
     Ut u Xe( Ye(
     Ux u
     Uy u
     Uxt u
     Uyt u
AF
     A a Xe( Xe( ). A( , , (t,Xe( ),Ye(

, nxe, nye and , nu.

AU a u Xe( Ye( ). AU( , , ,

∂ ∂ (t, Xe( ),Ye( , nxe, nye and , , nu.

AUt a u
AUx a u
AUy a u
AUxt a u
AUyt a u
F f Xe( Ye( ). F( , , (t,Xe( ),Ye(

, nxe, nye and , nu.

FU f u Xe( Ye( ). FU( , , ,

∂ ∂ (t, Xe( ),Ye( , nxe, nye and , , nu.

FUt f u
FUx f u
FUy f u
FUxt f u
FUyt f u

When TTGR

U,Ut,Ux,Uy,Uxt,Uyt,nu,
B,BU,BUt,BUx,BUy,BUxt,BUyt)

Before TTGR calls BC 0 B through BUyt

t
Xe where b Xe is

points Xe b TTGR to

nxe
Ye where b Ye is

points Ye b TTGR to

     nye
     Lx
     Rx
     Ly
     Ry
     U - U( , , (t,Xe( ),Ye( , nu, nxe and , nye.
     Ut - Ut u
     Ux - Ux u
     Uy - Uy u
     Uxt - Uxt u
     Uyt - Uyt u
     nu of pde variables u.
BC
     B - B( , , b, , nu, nxe and , nye
     BU - BU( , , , ∂ ∂ (Xe( ),Ye( ), , , nu and nxe and

, nye.

     BUt - BUt( , , , ∂ ∂
     BUx - BUx( , , , ∂ ∂
     BUy - BUy( , , , ∂ ∂
     BUxt - BUxt( , , , ∂ ∂
     BUyt - BUyt( , , , ∂ ∂

HANDLE Description.
                                 HANDLE

                                           TTGR

TTGR will

                                                   tstop

End" HANDLE subroutine TTGRH

TTGR HANDLE
                            dt
               t TTGR t

               TTGR to HANDLE is
 t0
 U0 - pde solution u U0 Real of

length lU U0

        (nx,ny,Nu) nx Nu pdes.
t
U - pde solution u U t0 = t
                            U
lU U.
dt dt.
tstop
   lU IODE
                                                              nx, ny

and Nu Common TTGR

             TTGR.
      HANDLE is
t
U

dt dt

tstop u is

                       TTGR

      TTGR

shows TSD1 p

            TSD1 is
p
k k, it, nt, ie, ne and m
        p k(1)=kx and k(2)=ky.
t t(it(1)),...,t(it(1)-
        1+nt(1)) ), t(it(2)),...,t(it(2)-
        1+nt(2))
it
nt
a .

e t, it and nt.
ie it above.
ne
m f below.
         TSD1 is
f

order m(1) m(2)

f(i,j)

∂ ∂ ∂ ∂ ( ,

a i ne(1) and j ne(2)

                 TSD1 is DTSD1

U ≡

           TTGR
                                    p TSL2W is
p
k k, it, nt, ie and ne

t
                                       t(it(1)),...,t(it(1)-1+nt(1)) con-
                                  t(it(2)),...,t(it(2)-1+nt(2))

it
nt
e t, it and nt.
ie
w e (i1,i2,...) w(iw(1)-1+i1)

iw
ne
f (ne(1),...,ne(p)).
         TSL2W is
a .
                         TSL2W is DTSL2W

                        TTGR.
                      TTGR

AF or BC.
                                                       AF or BC are
                   TTGR

Before TTGR calls AF or BC Failed = .False.

TTGRF, TTGR
                          TTGRF Failed = .True., TTGR will

       AF and BC
               TTGRF is DTTGRF.

pdes.

like

f(t,x) g(t,x)

x y

and ( , ) ( ( , ) ( ,

( ) ( ( ) ( (4.1) ξ ,η ξ ,η

TTGR

ξ ,η ,

t .

c ξ
e η
nx ξ array.
ny η array.
LR External BTMAP

( ( ). When BTMAP ( (

                 LR is
         t .
                    LR is
         L ( ).
         R ( ).
         Lt ( ).
         Rt ( ).
BT External BTMAP

( , ( , ). When BTMAP and

        BT is
t .
x ( , ( ,
          BT is
f ( , ).
g ( , ).
fx

∂ ∂ ( , ).

gx

∂ ∂ ( , ).

ft

∂ ∂ ( , ).

gt

∂ ∂ ( , ).

          BTMAP is
x - x( , ) (ξ( η ( nx and ny.
y - y( , ) (ξ( η ( nx and ny.
D and wrt. ξ, η and

pde

D( , ∂ ( ,ξ( η (
D( , ∂ ( ,ξ( η (
D( ,

∂ ∂ ( ,ξ( η (

D( , ∂ ( ,ξ( η (
D( , ∂ ( ,ξ( η (
D( ,

∂ ∂ ( ,ξ( η (

   Ratfor BTMAP

  {

    {

    }
  }
Return
End

domains.

, ξ ,η , pde TTGR. TTGR , ξ , η , pde bc u ( , , w( , ξ , η ) ≡ u ( , ξ , η , , ξ, η

TTGR w pde and bc u sys-

The pde w( , ξ , η ) ≡ u( , ξ , η ,

w ≡ u u u , w_ξ ≡ u_ξ u_ξ , w_η ≡ u_η u_η pde ∂ (_η a_η a ) ∂ (_ξ a_ξ a ) (_{ξ η η ξ} ) .f , ξ ,η

                  AF
TTGR w and ξ ,η u and ,

, ξ ,η , ξ ,η AF ξ, η AF

, ξ , η , AF

w u

    TTGRU TTGRU TTGRU is
nx ξ points.
ny η points.
D BTMAP.
Ux AF
Uy AF
Ut AF
Nu AF
             TTGRU is
Ux u .
Uy u .
Ut u .

w u TTGRU AF

variables, u and , .

AF u

tem TTGR w

   AF.
           TTGRG TTGRU above.
TTGRG is

A - a and ξ ,η
AU a w.
AUx a w_ξ.
AUy a w_η .
F - f w and ξ ,η system.
FU f w.
FUx f w_ξ.
FUy f w_η .
                          TTGRG and TTGRU DTTGRG and DTTGRU

                          TTGRU and TTGRG

The bc pde

                   BC
TTGR w and ξ ,η u and ,

, ξ ,η , ξ ,η BC time, ξ, η TTGRU bc u and , TTGRB

      BC.
BC TTGR coordinates

ξ ,η BC x,y

w u TTGRU above. w u TTGRU BC u and , .

BC u

tem TTGR w

BC.
       TTGRB

∂w ∂b

         TTGRB, TTGRG, TTGRU BTMAP

TTGR TTGR

                     TTGR

{

    {

        {

            {

            }
        }

    }

}

              AF

bc BC ). Get pde ( AF pde system.

mmax

( N(1), N(2),

maxit ).

          ERROR TTGRR
       TTGR. TTGRR

      tstart,tstop,dt,
      AF,BC,
      ERROR,errpar,
      HANDLE)

ERROR

          TTGR TTGRE for ERROR.

gram ERROR

              IODE ERROR TTGR

erputs TTGRE.
                      TTGRE

( , , errpar U_{. ∞} +errpar(2)

where U_. u.

TTGRE

( , ,

dt errpar U_{. ∞} +errpar

                              dt
                                    erputs
        TTGRR TTGR

alter errpar ERROR.

TTGRR is DTTGRR

except errpar TTGRE and TTGRP.

                            TTGRV
TTGR the

             TTGR TTGRV j
                      f, r, i or l j one of f, r l
                                    0d0, 0e0, 0 or .true.
              TTGRV TTGRV is
 j j all

         TTGRV
 f f
                    TTGR DTTGR.
 r hfract, egive ), r
 i i
 l l
         TTGRV
                                         TTGRV.
 theta theta
                                                               theta
                                                theta ≠ N

6, gamma theta 2 1 N gamma

<= theta < theta j theta = f.

beta t1-t0)**beta
           beta j beta = f.
gamma dt**gamma gamma =

1. j gamma = f.

delta dt**delta delta j delta =
           f.
hfract dt.

Default: hfract j hfract = r.

egive

pde to TTGR egive. egive egive

           j egive = r.
kj
                                   kj

Default: kj j kj = i.

minit
                             minit j minit = i.
maxit maxit j
           maxit = i.
kmax
                  TTGR kmax if theta kmax if theta ≠
                      kmax j
kinit TTGR
                                                  j kinit = i.
mmax mmax >= kmax
                    mmax >= kmax . j
           mmax = i.
mxq
                      mxq >= kx-1 mxq = kx. j mxq = i.
myq
                      myq >= ky-1 myq = ky. j myq = i.
LA

− −

Default: LA j LA = i.

Pieces

pde terms. − Default: Pieces j Pieces = i.

PC

Default: PC j PC = i.

Accel

Default: Accel j Accel = i.

xpoly
                          xpoly j xpoly = l.
erputs
                                                                erputs =

False. j erputs = l.

N mmax

lation. N N j 4000 i. If N N N

      N N
              N(i) ≡ (^1 N N N N(i) (
N(2)/N N N(i) N N N N
       theta N values. j N i.
                             TTGRV

           theta f
            beta f
           gamma f
           delta f
           hfract r
           egive r
             kj i
           minit i
           maxit i
            kmax i
           kinit i
            mmax i

                 mxq 2008
                 myq 2009
                  la i
                pieces i
                  pc i
                accel i
                xpoly 3001
                erputs 3002
                  N i

mxq kx myq.
                    TTGRV is DTTGRV
  hfract and egive

_________________________________________ _________________________________________ _________________________________________ _________________________________________ _________________________________________ Pivot/Band _________________________________________ (^2 log ) _________________________________________ 2 where ≡ ( ( ≡ Pieces pde

table

(^2 (^2 (^2 ) (^2

where ≡ ( ( ≡ Pieces should pde (^{25} pde

×

fill-in (^4 (^6 by

worst-case

                                       TTGRV
                         maxit, mxq, myq, LA, Pieces, PC Accel.
                  TTGR
maxit

                                             maxit

                                                          TTGR that maxit is

              TTGR.
                                         mxq kx-1 and myq ky-1

         dt

and

TTGR

that mxq kx-1 myq

TTGR.

u and u pde u

                                                     TTGR that Pieces is
0

           TTGR.
                            LA 2, PC Accel

LBE.q0m.

TTGR that LA

 TTGR.

grid.

UNIX® 2

Pieces=0

                                                           TTGR

                                                       TTGR

                      TTGR

                       TTGR

                                        TTGR

j
f
ts
ss
nit
nd
nf
r

If TTGRX TTGR

             TTGR TTGR.

             TTGR.

                                   TTGR/TTGRV/TTGRR
TTGR

                 tstart,tstop,dt,
                 AF,BC,
                 errpar,
                 HANDLE)
tstart,tstop,dt,
mxq,myq,
AF,BC,
ERROR,errpar,
HANDLE)

                  TTGR, TTGRS

and TTGR1 TTGR

tstart,tstop,dt,
mxq,myq,
LA,Pieces,PC,Accel,
AF,BC,
ERROR,errpar,
HANDLE)

Acknowledgements

Bibliography

1, 219-235(1968). 6, 50-62(1972).

6, 413-427(1964).

Methods," 8, 1-13(1966).

ods," 8, 93-104(1966).

1966.

17, 71-107(1966). 3, 27-43(1963).

tions," 15, 147-158(1963).

15, 10-48(1975). 4, 104-126(1978). 14, 176- 179(1971).

2, 384-403(1965).

(1980). BIT 5, 395-406(1975). Interscience,

∞ - ", 6, 161-183(1969). 10, 378-396(1985). 7, 106-125(1981).

7, 18-31(1965).

Waves," 23, 289-303(1975).

129, 831-837(1982).

B-splines

≥ 2 1 , , 1 ≤_2 ≤ ≤ grid multiplicity of π order π

,_1 1, 1 ( )^1 , ≡ , ]. ≤ ≤ 2 2 a 1 ,_1^{1 1}

, π, π, when_1 :

Let through^{( )} ,^{( )} derivative of_{1 1} of π, ( ) ( )^{( )} ( ) ≤ ( , ) ≤ ≤ ( , and . →_1 π advantage.

2^8 TTGR is (^4 minimizing (^4

π, π, is and (

1 and 1 , ( , 1 1 and_1 ,_1 ].

1 ( ) ( ≤ ( ) ≤ ( ≤ , ( ) ≠ ( ) ≠_{π,} and_1 and are_1 and 1 ( ) ( ) 1. is π, π, from π , . 1Σ^≤ a from_1 , ,

≤_{10} ( a_1Σ

1Σ^{≥ a (A1.8)}

where upon ≤_{10} (^1 ).

∼ 10^5 (A1.9)

≥ 0 1 ≡ 1 1 (_1 ) 1 ( )

1 ∫ ,_1 if

1Σ^{( ) ≡}_1Σ^{( )}

≡_1Σ ( )

( )_{1 1}1 (_{2 1} ) and ( ) 1 (_1 )

Extrapolation.

ode initial x f( , x) ≤ (A2.1) x( ) x where f( , x and x

(_{1 0} )_0 to_1 x(_1 T( T( ) x(_1 )_1Σ^∞ T^γ (A2.2) where γ T 1.

0 , (A2.3) where_{0 1 0} T( T( , T^0 determined T_0 T( ≤ ≤ (A2.4) T T_1^1 (T_1^1 T_1 )

( )^γ 1 ≤ ≤ ≤ tableau

T(_5 )

T(_4 )

T(_3 )

T(_2 )

T(_1 )

T(_0 )

T_0^5

T_0^4

T_0^3

T_0^2

T_0^1

T_0

T_1^4

T_1^3

T_1^2

T_1

T_1^0

T_2^3

T_2

T_2^1

T_2^0

T_3^2

T_3^1

T_3^0

T_4^1

T_4^0

T_5^0

1. 0,

T T ∼ 1 (_1 )^γ 1 1 T^1 T (A2.5)

ε T T in T_0,

ε_0^β d ( )^γ (A2.6) d γ β 1. 1 level order γ 0 1 0 time-step

sub-steps. x(_1 approximate x( .

Wish-List

TTGR

pde

Speed

pde solver POST TTGR pde ode

                                         TTGR
                         TTGR
                TTGR

    AF and BC pde-bc

               TTGR

TTGR

• • U • • AF a and f • BC b • HANDLE

ic u

                                   UMB

           LUMB and PUMB. LUMB
PUMB

using LUMB 90,000

TTGR

ic u ic U u ic u is ic TSL2W

UNIX

TTGR

1 , 1 ( , , ) bc b ( , , ) (A4.2) ≡

TTGR

2

           Fortran
Fortran.

< & • ISTKIN

                       Ds
CSTAK.

• ENTER and LEAVE

ENTER LEAVE LEAVE.

• IUMB • ISTKGT

ISTKGT(L,3) iU

• SETR SETR ic

• WRAPUP , 2 1

           AF,BC,
           errpar,
           HANDLE)

Stop
End
                                 AF, BC and HANDLE pde-bc examples.

A FUyt TTGR AF a

and f AF AF pde (A4.1) is

              U,Ut,Ux,Uy,Uxt,Uyt,
              a,AU,AUt,AUx,AUy,AUxt,AUyt,
              f,FU,FUt,FUx,FUy,FUxt,FUyt)

          U(nx,ny,Nu),Ut(nx,ny,Nu),Ux(nx,ny,Nu),Uy(nx,ny,Nu),
          Uxt(nx,ny,Nu),Uyt(nx,ny,Nu),

  {

    {

      {

      }
    }
  }

Return

End

          B BUyt TTGR BC b terms
                    BC BC bc

              U,Ut,Ux,Uy,Uxt,Uyt,Nu,
              b,bu,but,bux,buy,buxt,buyt)

          U(nx,ny,Nu),Ut(nx,ny,Nu),Ux(nx,ny,Nu),Uy(nx,ny,Nu),
          Uxt(nx,ny,Nu),Uyt(nx,ny,Nu),
          b(nx,ny,Nu),bu(nx,ny,Nu,Nu),bux(nx,ny,Nu,Nu),buy(nx,ny,Nu,Nu),
          but(nx,ny,Nu,Nu),buxt(nx,ny,Nu,Nu),buyt(nx,ny,Nu,Nu)

  {

    {

    }
  }

Return

End

( , , , 2 1

• I1MACH I1MACH(2). • TSD1 • ILUMD

Common TTGR and and Nu
                                     IODE

  {

  Return
  }

Return
End
      GERR

        KA(2),ITA(2),NTA(2),IXA(2),NXA(2),MA(2),iFA,
         ILUMD,ixs,iys,nxs,nys

Return
End

      GERR

  {
  }

Return
End
    EWE

  {
    {
      {
      }
    }
  }
Return
End

pde pde is 1 1 ,_{2 2} , 1 1 ,_{2 2}

1 1 1 2 1 , 2 2 1 2 2

with bcs 1 1 ( , , )^{( )} and_{2 2} ( , , )^{( )} (A4.4) 1 ≡^{( )} and_2 ≡^{( )}.

TTGR_2

abso-

           AF,BC,
           errpar,
           HANDLE)

Stop

End

             AF pde

{
  {

  }
}
             BC bcs

{
  {

  }
}

The HANDLE

      KA(2),ITA(2),NTA(2),IXA(2),NXA(2),MA(2),iFA,
       ILUMD,ixs,iys,nxs,nys,iEwe

{

Return
}

{

  {

  }

  }

Return
End
                      EWE

  {
    {
      {
      }
    }
  }

  TTGR.

pde

u ( , ) u

( , ) u (A4.5)

where

1 32 ≤3

1 21 ≤2 10≤ ≤1 ,

with bc b (A4.6a)

b u ( , ,

TTGR

10^2 solution.

• ILUMB • IMMM makes k-1 u ( , ,

ILUMB

           AF,BC,
           errpar,
           HANDLE)

Stop

End

           AF pde

          {
            {
              {

              }
            }
          }
           BC bc
          {
            {
              {
              }
              {
              }
              {
              }
            }
          }
                  HANDLE or GERR
EWE pde

u u 10 u u 10 u

(A4.7)

y

x

(0,-1)

(0,0)

(1,1)

(1,0)

with bc b ( ,

b u ( , , where , and . pde-bc_2

           AF,BC,
           errpar,
           HANDLE)

Stop

End

The AF • SETERR

             AF

{

  {

    {

    }
  }
}

     LR and BT BC

{
  {

    {
    }
    {

    }
    {

    }
  }
}

          HANDLE and GERR
             EWE

.

  {
    {

      {

      }
    }
  }
  LR is

Return
End
     BT is

Return
End

pde

0 u u (A4.9)

× bc b (A4.10a)

b u ( , , where ( ( pde-bc

10^2 ≡ ( 1 1 ) , ( where (^1

AF,BC,
errpar,
HANDLE)

Stop
End
          AF

  {
    {
      {

      }
    }
  }
          BC

  {
    {
      {

      }
      {

      }
    }
  }
            HANDLE and GERR
               EWE

.

{
  {
    {

    }
  }
}

        ixr,iyr,nxr,nyr,iUr,iUe

Write(iwunit,9000)

           AF,BC,
           errpar,
           HANDLE)

Write(iwunit,9001)

           AF,BC,
           errpar,
           HANDLE)

Write(iwunit,9002)

           AF,BC,
           errpar,
           HANDLE)

  {

  }

Stop
End

  {
  }

End

                                                             3.44e-02 and
2.68e-02 (

(^1

errpar

u u_∞ ≤ ×10^2 (A4.11) ( u u_∞ ≤ u u_∞ × 2 ∼ ×10^3 (A4.12)

u u ( one.

tstop

                TTGR

                                 TTGR

  TTGR is

tstart,tstop,dt,
AF,BC,
errpar,
HANDLE)

The AF

A,AU,AUx,AUy,AUt,AUtx,AUty,
f,fU,fUx,fUy,fUt,fUtx,fUty)

the BC

                 B,BU,BUx,BUy,BUt,BUtx,BUty)

HANDLE

       HANDLE TTGRH.
       BC TTGRP 0.
                  TTGRX.
                        TTGR is

                                    TTGRV

                  theta f
                  beta f
                  gamma f
                  delta f
                 hfract r
                  egive r
                   kj i
                  minit i
                  maxit i
                  kmax i
                  kinit i
                  mmax i
                   mxq 2008

  myq 2009
  la i
pieces i
  pc i
accel i
xpoly 3001
erputs 3002
  N i

where mxq kx myq.

           tstart,tstop,dt,
           AF,BC,
           ERROR,errpar,
           HANDLE)

ERROR

                        errpar,
                        erputs,
                        eU,eV)

The TTGR AF are

           A,AU,AUx,AUy,
           F,FU,FUx,FUy)

BC TTGRU AF BC

                    AF or BC TTGR via

              TTGR

                                                               TTGR

          AF, BC or HANDLE TTGR
                                                        TTGR
                                                      TTGR
                TTGR.
                             TTGR TTGRV
                       TTGR
            TTGR TTGR/TTGRV
                                          TTGR TTGR
TTGRV TTGR

≡ tstart.

     HANDLE
            HANDLE
               ERROR

                                                  pde
pde pde.

bc pde

pde pde

bcs. bc bcs.

bc

pde

small.

             HANDLE
AF, BC AF or BC

state.

non-uniform.