POST

                              POST

                         POST

fortran

.

POST

pde-bc pde-bc-ode

Examples

Simple pde-bc-ode bc a

pde pde with Incorrect ic

Software

pde bc ode

pde, bc or ode

pde bc

pde-bc-ode

bc bc

Simple pde-bc-ode bc

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

POST
ing POST

                                        POST

                                             POST
                                             POST

pde • • • • • • •

• pde • pde • pde-ode • A pde bc • u • u • • pde • pde ( ∇^4 pde • pde, bc ode • u

• •

                                POST was

                                                            POST

POST POST

History. pde pde u f( , , u, u )

where D( , ,u

u ( ) or ( ,u) ( ,u)u ( ,u

u or u ode the pde

POST

pde bc pde-bc formulation.

pde-bc POST u pde pde-bc-ode pde’s

∂ ∂ a( , , u, u , u , u ) f( , , u, u , u , u

where a and f ≤ ≤ of a and f pde u

b ( , u( , u ( , u ( , u ( , b ( , u( , u ( , u ( , u ( , 0 (2.2)

where b and b bc vectors b or b bc pde bc pde the bc ic’s) u bc

( ( 1

) 0. bc and with ( ( 1

pde 2 2 1

pde

POST

ode pde-bc pde-ode

or )

pde ( ( , ),

POST u

( u ( , ) Σ ( ) (

u ( , U ( ). POST putes U ( u ( , ).

POST pde-ode ode variables v( ) pde variables u( , U( u( , , U pde is

∂ ∂ a( , , u, u , u , u , v, v ) f( , , u, u , u , u , v, v bc b ( , u( , u ( , u ( , u ( , v, v ) 0 b ( , u( , u ( , u ( , u ( , v, v ) 0 (2.5)

The ode ode variables v d( , U, U , v, v ) where d d ode variables, v. The pde-bc-ode ode v( pde-bc the ode pde-bc v nor v d v and v d pde solution u

0 ∫ 1 ( , ) 1 pde 0 ∫ 1 ( ) ( ) ,

0 ∫ 1 ( , ) ≡ Σ ( ) 1 pde

Apologia

u ( . , v( U(

POST

Φ ( ( . , ( 0. Φ U and , ∂ U ∂ Φ ( Σ U ( ) ( . ( ≡ ∂ ( . )

∂

Φ ( Σ^{U ( ) ( . v (}

U and v cleaner Φ ( ( . , ( 0 u( , order mesh ≤ ≤ (

where ≥ max ( ( )

max ( , ) ^ ( , ) (^

u( , pde pde ode ( ode ode

a and f b and b d in ode ode

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

POST pde

ode’s.

POST pde-bc pde-bc-ode system.

POST

( , ε

( , (^2 ) ( , )

( ( 1 (4.2)

) 1 (4.3)

The pde

and ( , ) bc

( ( 1

pde ( (^1 ( pde 1 and_2 pde pde pde pde

1 2 for ε

1 2 (^2 ) (4.4)

bc

1 ( 1 ( 1 (4.5)

2 ) 0

1 ) 1 (4.6)

The pde

2 1 and_{2 2}

1 2 and_{1 2} (^2 )

bc

1 ( 1 ( 1

POST pde-bc-ode pde ( ) ( , ε ode ( ) ( , 2 1 where ( , ( , ) ( ) bc

( ) ( 1 (4.9)

0 ) 1 (4.10)

The pde and ( ) ( , ) bc

( ) ( 1

≤ 2 1_1 x

( , 2 1 ) ≡

1Σ^{( ) (}_2^{1 )} ode ( )_1Σ ( ) ( 2 1 )

INTRVR

pde-bc-ode POST pde 3 ( , ε ( ,

( , ) ( , ( , ) ( , where ( , ( , ) ode variable ( ( , ) ( , bc

( , ) ( )

( , ) ( ) (4.13)

( ode v nor v ode ( then ( , ) ( , pde-bc problem

( ( , )_1 and ( , ) U The pde

and^3 ( , ) bc

( , ) ( )

( , ) ( )

ode 1 bc ode bc ode.

bcs, ode bc u u from ( (^1 odes ode

(^1

ode . . .

POST

pde ( ( ) ) ( , ε (

where ( ( ) where

( )_{( )} ( ) (4.16)

pde ∂ ∂ ( ( ) ( , ( α ( ( ,

where

( , ( ≡ 1 ( )

0 ( )

( ( ξ;_1 ( → [_1 (_1 ( to ξ_1 ( (

( ξ;_1 ( ≡ 1 ( )^1 ( ξ (_1 ( ) 1 1 2.

0 (4.18)

pde (ξ, ) ≡ ( (ξ;_1 (_1 ( POST the pde and bc POST w ξ pde and bc u and sys- pde

( , )

( ) ( ,_1 ( α_1 ( )

1 ( d ) 1.

( ξ, ξ

pde bc

pde ( , ε ( ,

( ^ ( , ) ≡_1 ( ) ( , ( before, ( , ( (_1 (

( ^ ( , pde

^_1 ( ) ( , ( ^ ( , ) (4.20)

( ( ξ;_2 ( → [ ,

( ξ;_2 ( ≡ 2 ( ) (^2 (

(_2 ( ) ) ξ 1 0 (4.21)

2 (_2 (_1 (_2 (

d : ( ) ( ( ) , ) ( ( ) , ).

^ ( ( ) , )_0 ( (4.22)

(ξ, ) ≡ ^ ( ( , ξ;_2 ( ),_1 (_2 ( v pde

^ ( , ) ( , (_1 ^

ξ d 2^2 (^2 ( )^1

, )_0 ( (4.23)

2 (_1 (

pde pde bc

POST

pde like

( , ε

where^6 ],

layers.

ξ

( ) ) ≡ 1 (4.25)

( ) ≡ 10^D ode ξ

0 ∫ 1 ( , ) ( , ) for ε

where ( , ode variables_1 ( , (

d v U 0

Then v ≡ U( pde v

0 ∫ 1 ( , ) ( , ) ≡ Σ_0∫ 1 ( , ) ( )

( ) ≡_0∫ 1 ( , ) ( )

1Σ^{( ) (} (

POST

pde tricking POST

POST Form. pde 4 for ε bcs ( 0 ( ( ( (4.29b) . 1 and_2^2 The pde 1 2 2 (4.30a) 2 2 1 (4.30b) However, POST

∇^2_{1 2} 1 given_2 with bc 1 1 where 2 1 and_2^2_{1 1} pde

∇^2_{1 2 1} , 1 2 2 2 1

(4.31)

bc POST_2 appears pde bc

1 and_2 ode_2 1 ode for v

2 (_2

2 (_1

1 ( 0_1 (

ode 1 ( 0_1 (

pde bc_2 2 2 2 2 where ε ∇^2 π^2.

pde ( ) for ε ( pde ε pde bc ε^{30} pde

POST

d d ≡ (u, v (u_0 , v_0 0 d d (u, v) (u_0 , v_0 )^{106} d 0 ≥ 10^4 d ∼ . d d 0.

pde 0^2 (4.32)

      POST

POST

∞ 2 (4.33) ∞

0 . ( ) ( where and , ∇ . ( ) ( ∞ was ( , , ) ∇ and

pde

∞

{

pde ∞

}

pde lutely nothing

tion u

( ) (_1 u_{∞ 2} where_1 and_2 u u x using e u x x u x e ( u u_∞ , because u u (_1 u_{∞ 2} u u_∞ , u u lem.

u u_∞ u u_∞ u u_∞ (4.37)

u u_∞ Σ ( )_∞ ≤ Σ ≤

Σ^{U U} ∞^{U U} ∞ Σ^{U U} ∞

u u_∞ U U_∞ (4.38)

                             POST
            POST
                                             POST.
POST

• • U • • AF a and f • BC b • DEE d ode POSTD

              DEE
• HANDLE

           POST POST

                   tstart,tstop,dt,
                   AF,BC,DEE,
                   errpar,
                   HANDLE)
    POST is
U pde variables u. U( , ),

for , nx-k , , nu.

nu of pde variables u.
k k ≥
X X X(nx k
                                                   UMB and LUMB
                                            k.
nx X.
V ode variables v. V( , , nv
           V V

nv of ode variables v.
tstart tstart.
tstop tstop. tstop
                        POST
dt POST
                                dt dt
                                                  dt
                    POST
                       dt

program.

AF a and f pde (2.4). AF pde tine POSTA AF.

BC b BC

bc

           POSTB BC.
DEE ode (2.6). DEE

                  ode POSTD
                 DEE.
errpar

pde solution u

errpar errpar

where

( , )

( , ) . ode solution v 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 POST
           HANDLE
                                                              POSTH
                           HANDLE.
      POST is

U pde solution u tstop.
V v(tstop).
tstop tstop
        routine HANDLE tstop
                                                         tstop should
                                         POST.
dt

terms, ( ) 3 18

pdes, ode variables.

                   POST pde
                                                              POST

AF, BC and DEE Descriptions.
                         AF, BC and DEE pde-bc-ode
                  POST a and f

              A,AU,AUx,AUt,AUxt,AV,AVt,
              F,FU,FUx,FUt,FUxt,FV,FVt)

Before POST calls AF 0 A through FVt

t
Xe a and f Xe is
               Xe a and f
        POST
nxe
U of u Xe( ), not U U( ,

(t,Xe( )), , nxe and , nu.

     Ux u Xe(
     Ut u Xe(
     Uxt u Xe(
     nu of pde variables u.
     V v( ). V( ( ), , nv.
     Vt v ( ). Vt( ( ), , nv.
     nv of ode variables v.
AF
     A a Xe( ). A( , (t,Xe( , nxe and

, nu.

AU a u Xe( ). AU( , , ∂ ∂ (t,
        Xe( , nxe and , , nu.
AUx a u Xe(
AUt a u Xe(
AUxt a u Xe(
AV a v Xe( ). AV( , ,

∂ ∂ ( ,Xe( , nxe, , nu , nv.

AVt a v Xe(
F f Xe( ). F( , (t,Xe( , nxe and

, nu.

FU f u Xe( ). FU( , , ∂ ∂ (t,
        Xe( , nxe and , , nu.
FUx f u Xe(
FUt f u Xe(
FUxt f u Xe(
FV f v Xe( ). FV( , ,

∂ ∂ ( ,Xe( , nxe, , nu , nv.

     FVt f v Xe(
When POST

              B,BU,BUx,BUt,BUxt,BV,BVt)

Before POST calls BC 0 B through BVt

t
L
R
U - U( (t,L), U( (t,R , nu.
Ux - Ux( u ( , ), Ux( u ( ,
Ut - Ut( u ( , ), Ut( u ( ,

     Uxt - Uxt( u ( , ), Uxt( u ( ,
     nu of pde variables u.
     V v( ), V( ( ), , nv.
     Vt v ( ), Vt( ( ), , nv.
     nv of ode variables v.
BC
     B - B( and B( , , nu
     BU - BU( , ∂ ∂
             BU( , ∂ ∂ (t,R), , , nu.
     BUx - BUx( , ∂ ∂
             BUx( , ∂ ∂ (t,R), , , nu.
     BUt - BUt( , ∂ ∂
             BUt( , ∂ ∂ (t,R), , , nu.
     BUxt - BUxt( , ∂ ∂
             BUxt( , ∂ ∂ (t,R), , , nu.
     BV - BV( , ∂ ∂ and
             BV( , ∂ ∂ , , nv.
     BVt - BVt( , ∂ ∂ and
             BVt( , ∂ ∂ , , nv.

DEE Description.

When POST d

U,Ut,nu,nxmk,V,Vt,nv,
D,DU,DUt,DV,DVt)

Before POST calls DEE 0 D through DVt

t
k
X
nx X.
U pde solution u, U.
Ut u , U .
nu pde variables u.
nxmk - nxmk=nx-k U and Ut U(nxmk,nu)

and Ut(nxmk,nu).

V v( ).
Vt v ( ).
nv of ode variables v.
      DEE
D - D( , nv.
DU d U. DU( , , ∂ ∂U ,

, nv, , nx , nu.

DUt d U
DV d . DV( , ∂ ∂

, , nv.

     DVt d .

HANDLE Description.
                                 HANDLE

                                           POST

POST will

                                                   tstop

End" HANDLE subroutine POSTH

POST HANDLE
                            dt
               t POST t

               POST to HANDLE is
 t0
 U0 - pde solution u U0.
 V0 ode solution v( V0.
 t
 U - pde solution u U t0 = t
                             U
 V ode solution v( V t0 = t
              V
 nu of pde variables u.
 nxmk - nxmk=nx-k U0 and U U0(nxmk,nu)

and U(nxmk,nu)

nv of ode variables v.
k
X
nx X.
dt dt.
tstop
      HANDLE is
t
U

V
dt dt
tstop u is

                   POST.
                     POST

                 POST DPOST DPOST
        POST errpar
                               DPOST

( ) 3 16

        AF, BC or DEE.
                                                                   AF, BC
or DEE POST

Before POST calls AF, BC and DEE Failed = .False.

                  POSTF, POST
                                              POSTF Failed = .True.,
POST
                        AF, BC and DEE
                          POSTF is DPOSTF.

POST ( ξ, v
Nv ( v ) ≡ ( ξ, v ξ Nv-1.

( ξ, v ) ≡ (_1 ).

LPLM POST
  LPLM

The

          LPLM pde and bc to ξ

xi ξ ( ξ, v
nx xi.
V V.
Nv V.
         LPLM is
x nx with x( ) ( ξ , ,v ( , nx.

xxi nx with xxi( )_ξ ( ξ , ,v ( , nx.
xxiv xxiv(nx,Nvm xxiv( , )_ξ ( ξ , ,v ( , nx and

, Nvm.

xv xv(nx,Nv xv( , ) ( ξ , ,v ( , nx and , Nv.

xvv xvv(nx,Nvm,Nvm xvv( , , ) ( ( ,v ( , nx and

, , Nvm xvv ≡ 0.

xt nx with xt( ) ( ξ , ,v ( , nx maps xt ≡ 0.

xtv xtv(nx,Nvm xtv( , ) ( ξ , ,v ( , nx and

, Nvm xtv ≡ 0.

LPLM

and_v

LPLMX LPLM.

v

                    LPLMG is
Nv
x x(Nv ( ξ , v ,nv 1.
         LPLMG is
V v v ≡
                                LPLMG Nv
                                            LPLMG v.

ξ ( , v

                       LPLMI
Nv V.
V V(Nv
x x(nx x points.
nx x array.
         LPLMI is
xi xi(nx ξ (ξ , v ) ≡ , nx.

v v cause POST ment

HANDLE LPLMT dt small

v ( v f must declare LPLMT

LPLMT is
t0 HANDLE
V0 HANDLE
Nv V
t HANDLE
V HANDLE
f v

10^1

dt
          LPLMT is
dt dt.
                                LPLM DLPLM

                          LPLMT

( ξ, , v pde POST. POST ( ξ, , v pde bc u ( , w( ξ, ) ≡ u ( (ξ, ,v(

POST w pde and bc u sys-

The pde w( ξ, ) ≡ u( ( ξ,v( )

w ≡ u u and w_ξ ≡ u_ξ pde ∂ ∂ a ( , , u, u , u , u , v, v ) f ( , , u, u , u , u , v, v )

∂ a ( , ( ,ξ, v w, w_ξ , w w_ξ (_v . v )_ξ , , v, v )

ξ f ( , ( ,ξ, v w, w_ξ , w w_ξ (_v . v )_ξ , , v, v ) where

                  AF
POST w and ξ u and

( ξ, , v ξ AF time, ξ, v xt, xxi

AF AF.

Then

w u

POSTU POSTU POSTU is
xi AF ξ nx.
x nx with x( ) ( ξ , ,v ( , nx.
xt nx with xt( ) ( ξ , ,v ( , nx.
xxi nx with xxi( )_ξ ( ξ , ,v ( , nx.
xv xv(nx,Nv xv( , ) ( ξ , ,v ( , nx and

, Nv.

Vt Vt AF
                    POSTI
nx AF
Nv Vt.
Ux AF w_ξ.
Ut AF w .
nu AF
             POSTU is
Ux u .
Ut u .
Ax Ax(nx,Nu) 0.
Fx Fx(nx,Nu) 0.
               w u POSTU AF

variables, u and .

AF u

tem POST w

      Ux,Ut,Nu,
      V,Vt,Nv,iV,Nvm,
      A,Ax,AU,AUx,AUt,AUtx,AV,AVt,
      F,Fx,FU,FUx,FUt,FUtx,FV,FVt)
AF.
                      v in AF POSTI
  V iVm V
                         Nvm ).

a and f

POSTU and POSTI Ax and Fx below.
                    POSTI POSTU
 xtv xtv(nx,Nvm xtv( , ) ( ξ , ,v ( , nx and

, Nvm.

xxiv xxiv(nx,Nvm xxiv( , )_ξ ( ξ , ,v ( , nx and

, Nvm.

xvv xvv(nx,Nvm,Nvm xvv( , , ) ( ξ , ,v ( , nx and

, , Nvm.

V AF
Vt AF

Nv V.
iV AF array V
                           V
Nvm V(iV).
A AF

Ax Ax(nx,Nu) Ax( , )

∂ ∂ ( ( , , nx and , Nu.

AU AF
AUx AF
AUt AF
AUtx AF
AV AF
AVt AF
F AF

Fx Fx(nx,Nu) Fx( , )

∂ ∂ ( ( , , nx and , Nu.

FU AF
FUx AF
FUt AF
FUtx AF
FV AF
FVt AF
         POSTI is
A - a and ξ
AU a w.
AUx a w_ξ.
AUt a w .
AUtx a w_ξ.
AV a v.
AVt a v .
F - f w and ξ system.
FU f w_ξ.
FUx f w_ξ.
FUt f w_ξ.
FUtx f w_ξ.
FV f v.
FVt f v .
                          POSTI and POSTU DPOSTI and DPOSTU

                          POSTU and POSTI

The bc pde

                   BC
POST w and ξ u and

( ξ, , v ξ BC ξ, v

          xt, xxi BC
                                                BC
BC

Then POSTV bc u and POSTJ

BC.

The bc w( ξ, ) ≡ u( ( ξ,v( )

w ≡ u u and w_ξ ≡ u_ξ bc b ( , , u, u , u , u , v, v ) 0

b ( , ( ,v w, w_ξ , w w_ξ (_v . v )_ξ , , v, v ) 0 where bc .

BC POST coordinates

ξ BC x

w u POSTV is

xi BC 2.
x 2 ) ( ξ , ,v (
xt 2 with xt( ) ( ξ , ,v (
xxi 2 with xxi( )_ξ ( ξ , ,v (
xv xv(2,Nv xv( , ) ( ξ , ,v ( , Nv.
Vt Vt BC
                    POSTJ
Nv Vt.
Ux BC w_ξ.
Ut BC w .
Nu BC
             POSTV is
Ux u .
Ut u .
Bx Bx(Nu,2) 0.
                                        POSTV BC

u and .

BC u

tem POST w

      Ux,Ut,Nu,
      V,Vt,Nv,iV,Nvm,
      B,Bx,BU,BUx,BUt,BUtx,BV,BVt)
BC.

b and POSTV and

POSTJ Bx below.
                    POSTJ POSTV
 xtv xtv(2,Nvm xtv( , ) ( ξ , ,v ( , Nvm.
 xxiv xxiv(2,Nvm xxiv( , )_ξ ( ξ , ,v ( ,
         Nvm.
 xvv xvv(2,Nvm,Nvm xvv( , , ) ( ξ , ,v (

, , Nvm.

V BC
Vt BC
Nv V.
iV BC array V
                           V
Nvm V(iVm).
B BC

Bx - Bx(

∂ ∂ and Bx( ∂ ∂ , Nu.

BU BC
BUx BC
BUt BC
BUtx BC
BV BC
BVt BC
         POSTJ is
B - b
BU b w.
BUx b w_ξ.
BUt b w .
BUtx b w_ξ.
BV b v.
BVt b v .
                          POSTJ and POSTV DPOSTJ and DPOSTV

pde bc 0 and 0 ode LPLM bc

return
end

ode bc ode ode bc

resulting ode

θ 2 1 u , v u, v u ∼ δ u u , u ∼ δ u u and v ∼ δ v v ode bc

∂ ∂ a( θ ) , , θu )u , θu )u , δ u u , δ u u , θv )v , δ v v )

∂ ∂ a( θ ) , , θu )u , θu )u , δ u u , δ u u , θv )v , δ v v )(6.1a)

f( θ ) , , θu )u , θu )u , δ u u , δ u u , θv )v , δ v v )

b ( θ ) , θu )u ( , θu )u ( ,

b ( θ ) , θu )u ( , θu )u ( ,

δ u( , ) u ( , ) , δ u ( , ) u ( , ) , θv )v , δ v v ) 0

b ( θ ) , θu )u ( , θu )u ( ,

b ( θ ) , θu )u ( , θu )u ( ,

δ u( , ) u ( , ) , δ u ( , ) u ( , ) , θv )v , δ v v ) 0

d( θ ) , θU( ) )U ( δ U( ) U ( ) , θv )v , δ v v )

where U( u. u , v with u u( , ), v v( u , v tion u, v w( z u and v 1Σθ_{δ δ}_1Σθ_δ 1Σθ_{δ δ}_1Σθ_δ^{(6.2a)} 1Σθ_{δ δ}_1Σθ_δ

1Σθ_{δ δ}_1Σθ_δ

1Σθ_{δ δ}_1Σθ_δ

1Σ_1Σ^{(θ w}_δ^{w )}_1Σθ_δ^{0 (6.2d)}

w and z to u and v tion u^1 and v^1 form

1Σ_1Σ_1Σ^{(6.3a)} 1Σ^{α ( ) ( ) ( ) ( )}^{( )}_1Σ^{σ ( ) (6.3b)} 1Σ^{α ( ) ( ) ( ) ( )}^{( )}_1Σ^{σ ( ) (6.3c)} 1Σ_1Σ^w_1Σ^{(6.3d)}

0 1Σ^{(6.4)}

where w_0 solves (a w_0 a w_0 ) f f a w_0 a w_0 (6.5) bc’s ( ) w_0 ( )^{( )} w_0 ( )^{( )} ( ) w_0 ( )^{( )} w_0 ( )^{( )} (6.6) ( ) w_0 ( )^{( )} w_0 ( )^{( )} and w solves (a w a w ) g g a w a w (6.7) bc’s ( ) w ( )^{( )} w ( )^{( )} ( ) w ( )^{( )} w ( )^{( )} (6.8) ( ) w ( )^{( )} w ( )^{( )}

ode bc z linearized ode

1Σ_1Σ_1Σ^w_1Σ_1Σ^w0^{(6.9)}

for z z, w w and z ear ode

ode bc bc bc ode bc bc on ( ode for formulated.

The ode

(a u a u) f f a u a u (7.1) bc’s ( ) u( )^{( )} u ( )^{( )} ( ) u( )^{( )} u ( )^{( )} (7.2) ( ) u( )^{( )} u ( )^{( )}

bc bc and , u u (7.3) bc α

(

( where γ α γ , β α and γ β γ .

bc or bc’s" 0

0 Let and bc and β , and , and β ≠ 0. Then × ≤ ≤ bc u Let α ≠ ≥ bc

Q P ( R C ) where Q × P × R × C ×( u P u u of P u ( R C )P u Q

u R^1 Q R^1 (7.5) bc’s. bc u u where and are × ≤ ≤ β ≠ ≥ bc Q P ( R C ).

Let u P u u P u u R^1 Q R^1 Q u R^1 (7.6) bc’s. bc u C u u C u (7.7) u C u C , C and A bc

u bc bc on at ode bc on at last, ode bc ode bc bc ode bc ode is

2 0 1 0 for ε

bc_{1 2} bc 2). bc on ode with

bc_2 above. ( ) in ode at^{( )} at^{( )} lim in ode , in ode ode at , ode ε ode ( ) T^{( )} ×

T^{( )}

bc for at bc for at

T^{( )}

bc for at bc for at

with T^{( )} E^{( )}, E^{( )}, E^{( )} and E^{( )} 7.4)^{( )}_(^{( ) ( )} . 7.5)^{( )}_(^{( ) ( )} . 7.6) E^{( )} ∩ E^{( )} E^{( )} ∩ E^{( )} . bc ode

, E^{( )}, E^{( )}, E^{( )} and E^{( )} T^{( )} , T^{( )} , T^{( )} T^{( )} (^{( )} ,^{( )} ). bc ode ode, ode.

E^{( )}, E^{( )}, E^{( )} E^{( )} ode bc versa.

Σ^{( ( ) , ( ) )} Σ^) Σ^{( ( ( ) )} Σ^{ode )} ,Σ^{bc s,}

ode ode ode bc and . ode ode ode ode system 1 0 1 1 2

has Σ^{order 2 ≠ 4} Σ^{order ode ode} 1 0 1 2 Σ^{order 2 ≠ 3} Σ^{order ode} 2 0 1 2 Σ^{order 2} Σ^{order ode .}

’s. ode bc π linear ode (a u a u) (a u a u) f f (7.8)

bc and , ) ≡ ∫ ( ) ( )_2

1Σ^{( , ) ( , )} 1Σ^{( , ) ( , )}^{(7.9)}

( ) ( , ) ( , )

1Σ (^{( ) , (7.10)}

y structure,

or G

1Σ_1Σ^{( , ) ( , )} (^≡ 1Σ_1Σ^{( , ) ( , )} (^{≡ (7.11)} 1Σ_1Σ ( , ( (^{, , , ,}

Since and G is 1 ( 1 G is 2 1 (7.12) G G G 1 2 1 1 . b ( ( , ) ( , , , , (7.13)

( ), , u^{( )} M C(M M , M C(M ( , ) ≡ ( δG G δ ε^{C(M )}Σ

( (_1 ( )_2 ( ( ) )

1Σ^( ( )^(_1Σ^{( ( ) ( ) (} 1^{( )} 2^(

( ) ( )_{( )} )

δ_,

ε^{C(M )}Σ

( (_{( , 1} ( )_{( , )} ( ( )_{( , )} )

1Σ^( ( )^(_1Σ^{( ( )} ( , )^{( ) (} ( , 1^{( )} ( , )^(

( ) ( )_{( ( )} ≡

( ) ( )_{( ( )}

≡ (7.14)

δ ε^{C(M )}Σ

( δ_, )_1Σ (_1Σ ( δ_, )_{, ( ) ( )} )

δ_,

ε^{C(M )}Σ

( δ_{( , ( , ( , ( , ( , ) ( , )} )

1Σ^(_1Σ^{( δ} ( , ( , ) ( , ) ( , ( , ( ,^)

δ_{( , ( ( ) ( , )} )

where δ δb b

δ_,

( )_1Σ_{( )} ( )γ^{( )}

( )_1Σ_{( )} ( )γ^{( )} ≡

δ_,

( )_1Σ_{( )} ( )γ^{( )}

( )_1Σ_{( )} ( )γ^{( )}

≡ (7.15)

δ_, δ_( δ G side b bc^{( )} ( ), , u^{( ) ( ) ( )} (^{( )} ( bc^{( )}_{( )} ( ), ,^{( )} (^{( )} ( ( bc^{( )}_{( )} ( ), ,^{( )}

Gy b (7.16) y u

G is ( )× ( (

min max ode ∫^{( )} ( ) ( )

0 if 0 (7.17)

)^{2 2} (7.18) b ) (7.19) G b y ( ) operations.

POST POST

                     POST

{

    {

        {

            {
            Solve

            }
        }

    }

}

              AF
              k-1 or k

bc BC ). Get pde ( AF x = L and R pde SCALE ).

ode ( DEE ) ode SCALE ). pde and ode

Both POST and POSTR

mmax

( N(1), N(2), maxit ).

              ERROR, INMI and SCALE POSTR
                      POST. POSTR

         tstart,tstop,dt,
         AF,BC,D,
         ERROR,errpar,
         INMI,SCALE,
         HANDLE)

     ERROR, INMI and SCALE
               ERROR
INMI SCALE).
               POST POSTE for ERROR, POSTN for INMI and POSTP for

SCALE.

gram ERROR
                                                   erputs
           POSTE.
                                    POSTE
                     X
      errpar X(I) +errpar(2)
                               X X U

single v .

                           POSTE

                        X
dt errpar X(I) +errpar

                              dt
                                    erputs
      POSTR POST

ERROR

                               POSTR ERROR POST is
POSTE. POSTR uses ERROR
           POST
               POST ERROR
                      ERROR

                     errpar,
                     erputs,
                     eU,eV)

where valu U pde (nx-k)*Nu and V

  nv ERROR ERROR are
U pde solution u.
Nu pde variables.
nxmk x
                      U(nxmk,Nu
k POST.
x POST.
nx POST.
V ode
Nv V.

t
dt V=V(t).
errpar POSTR
                  ERROR
erputs erputs
                 POSTR POSTW
eU U

by POST U(I,J) is eU(I,J) J=1, ,Nu and

           I=1, ,nxmk
eV V

by POST V(I) is eV(I) I=1, ,nv

          ERROR to POSTR is
    .True. V .False. .
      ERROR is
errpar
eU

vector U. eU(I,J) U(I,J) I=1, ,nxmk and J=1, ,Nu eU(I,J)

eV

vector V. eV(I) V(I) I=1, ,Nv

                         eV(I)
       ERROR POST is POSTE.

                                                 INMI
                  POSTR INMI POST is POSTN

               POST invokes INMI

                 t,dt,
                 Uold,Vold,
                 U,Ut,V,Vt)
        INMI is
Nu pde POST.
Nv ode POST.
nxmk nx-k Uold, U and Ut
              nxmk,Nu).
k POST.
x POST.
nx POST.
t
dt

Uold U t-dt.
Vold V t-dt.
U Uold U.
Ut Ut U.
V Vold V.
Vt Vt V.
         INMI is
U
Ut Ut U - Uold )/dt.
V
Vt Vt V - Vold )/dt.

SCALE

                                            POSTR SCALE subroutine
     POST is POSTP SCALE

        SCALE is
i pde

ode

j

scaled.

 A
                  A(m,n).
 m A.
 n A.
         SCALE is
 A
    SCALE
POST SCALE

                                        POST SCALE imem(i) ≡ SCALE

pde or ode POST

                                         SCALE routine POSTP
                                     POSTP

          POSTN is DPOSTN A9OSTS is D9OSTS.
POSTR POST

alter errpar ERROR.

POSTR is DPOSTR

except errpar POSTP and DPOSTP.

                            POSTW
POST the

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

         POSTW
 f f
                    POST DPOST.
 r hfract, egive ), r
 i i
 l l
         POSTW
                                         POSTW.
 theta theta
                                                   theta
                                     theta ≠ N
            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 POST egive. egive egive

           j egive = r.
kj
                                   kj

Default: kj j kj = i.

minit
                             minit j minit = i.
maxit maxit j
           maxit = i.
kmax
                  POST kmax if theta kmax if theta ≠
                      kmax j
kinit POST
                                                  j kinit = i.
mmax mmax >= kmax
                    mmax >= kmax . j
           mmax = i.
mgq
                      mgq >= k-1 mgq = k-1. j mgq = i.
saveb saveb is
                                                   saveb is
                                      saveb is
                   KJ saveb j saveb = 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.
                             POSTW
theta f
 beta f
gamma f
delta f
hfract r
egive r
  kj i
minit i
maxit i
 kmax i
kinit i
 mmax i
  mgq 2007
saveb i
xpoly 3001
erputs 3002
  N i

 POSTW is DPOSTW

except hfract and egive

                                        POSTW
                                 theta, maxit and xpoly

                 POST uses
( maxit xpoly .false.

1

POST that theta

1

POST.
                             maxit

                                            POST that maxit is

POST.
                              xpoly .true.

     POST that xpoly .true. maxit

inserting

POST.
                                                  and maxit
                                         POST that kj 2,

POST.

            dt

u ode 0 nately and ic ode 0!

approaches ∞

ode ( )^2 1 4 0

with ics ( ) )^2

1 4 0 ( ) ode or pde

ode ic

dt ode ode

ε )^2 with ε, ( ) 0 1 1 1

ε ode ε

1 ε 1

Since ε ε ε take ε 1

u and v u, v or u .

                                                               POST

                      POST

                                        POST

j

 f
 ts
 ss
 nit
 nd
 nf
 r
    If POSTX POST
             POST POST.

             POST.

                                   POST/POSTW/POSTR
POST

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

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

                                   POST, POSTS
and POST1 POST

                 tstart,tstop,dt,
                 AF,BC,D,
                 Equil,
                 kmax,xpoly,kinit,
                 ERROR,errpar,erputs,
                 HANDLE)

where Equil Logical .true. .false. );

.true. POSTS and POST1.

tstart,tstop,dt,
AF,BC,D,
theta,KeepJac,Minit,Maxit,
mgq,
kmax,xpoly,kinit,
ERROR,errpar,erputs,
INMI,SCALE,
HANDLE)

tstart,tstop,dt,
AF,BC,D,
theta,KeepJac,Minit,Maxit,
mgq,
beta,gamma,delta,N,mmax,hfract,egive,saveb,
kmax,xpoly,kinit,
ERROR,errpar,erputs,
INMI,SCALE,
HANDLE)

Acknowledgements

pde

POST

Bibliography

37, 279- 295(1981). 1, 219-235(1968).

6, 50-62(1972). 10, 582- 606(1973). 6, 413-427(1964).

Methods," 8, 1-13(1966). ods," 8, 93-104(1966). 26, 227-254(1976). 9, 394-430(1967). 11, 331- 345(1968). 12, 120-133(1968).

1966.

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

tions," 15, 147-158(1963). tions," 27, 17-28(1973). 22, 99-109(1974).

2, 71-74(1978).

6, 93-99(1982).

15, 10-48(1975).

4, 104-126(1978).

50, 291-302(1979). 14, 176- 179(1971). 12, 516-524(1965).

2, 384-403(1965).

48, 726-729(1982).

21, 239-248(1978).

5, 395-406(1975).

9, 559-566(1983). 2 and^∞ 15, 1151-1160(1978).

Interscience,

Equations," 47, 511-528(1968). 45,

28, 647-651(1969).

1, 232-260(1975).

1, 261-263(1975).

7, 18-31(1965).

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

85, 479-496(1978). 129, 831-837(1982).

B-splines

≥ 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 POST is (^3

minimizing (^3

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.

x f( , x) ≤ 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( ≤ ≤ 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

POST

a and f

PDGEN

                 POST

’s bc u and u or u ( , pde u( , ) (or u( , ode bc

one bc pde

POST.

pde and for some

POST

( ) ( )

( ) ( ) and POST pde 0

AF

pde ( , , u, u ,u , u , u , u , v, v ) 0. pde

a a

of POST

( ∞ ( ) where ( ) ,

(^2 ) ,

Galerkin. ( ) like α α α

POST

pde POST package.

                                         POST
                         POST
                POST

  AF and BC pde-bc

               POST

POST

• • U • • AF a and f • BC b • DEE d ode POSTD

              DEE
• HANDLE

ic u

                                                   UMB

                           LUMB and PUMB. LUMB
                PUMB
LUMB.
                                                LUMB to

LUMB or PUMB
      POST

ic u ic U u ic u is

        ic L2SFF

DL2SF_1 ,_1 ), , DL2SF

ics.

UNIX®

POST

and ( , ) for ε ( , (^2 ) ( , )

( ( 1 (A4.2)

) 1 (A4.3)

POST

2

< &

• ISTKIN
                                  Ds
           CSTAK.
• UMB

• SETR SETR ic

• WRAPUP 3 1 , 2 1 and 3 2 routine POSTD ode ode place-holder V POST

           0e0,tstop,dt,

           errpar,
           HANDLE)

Stop

End

                                 AF, BC and HANDLE

pde-bc examples.

A FVt POST AF a and

f AF AF pde

              A,AU,AUx,AUt,AUtx,AV,AVt,
              f,fU,fUx,fUt,fUtx,fV,fVt)

  {

  }

Return

End

         B BVt POST BC b
                 BC BC bc

              B,BU,BUx,BUt,BUtx,BV,BVt)

Return

End

( , 3 1 , 2 1 3 2

• I1MACH I1MACH(2). • SPLNE

Return

End

2.

                                          EESFF^
            ^ UOFX
                EESFF
UOFX HANDLE

Return

End

2

pde pde is

2 1 and_{2 2} for ε

1 2 and_{1 2} (^2 ) (A4.4)

bc

1 ( 1 ( 1 (A4.5)

2 ) 0

1 ) 1 (A4.6)

POST_2

absolute

           0e0,tstop,dt,
           errpar,
           HANDLE)

Stop
End
               AF pde

  {

  }
               BC bcs

   HANDLE EESFF,

1,

Return
End

2,

Return
End

2 of 1 ( (^1

                                 3.81e-02
2.83e-03

            POST pde-bc-ode

pde and ( ) ( , ) for ε ode ( ) ( , 2 1 ) ≡ ( )

1Σ^{( ) (}_2^1

where ≤ 2 1_1 x ( ,

( , ) ( ) bc

( ( ) ( 1 (A4.9)

0 ) 1 (A4.10)

POST

10^2

           0e0,tstop,dt,
           AF,BC,DEE,
           errpar,
           HANDLE)

Stop

End

The AF pde

              A,AU,AUx,AUt,AUtx,AV,AVt,
              f,fU,fUx,fUt,fUtx,fV,fVt)

              AUt(nx,Nu,Nu),AUtx(nx,Nu,Nu),

              fUt(nx,Nu,Nu),fUtx(nx,Nu,Nu),

  {

            x(i)*Sin(x(i)*t)+t**2*Cos(x(i)*t)-2*Sin(t/2)

  }
Return
End

The BC bc

              B,BU,BUx,BUt,BUtx,BV,BVt)

             BUt(Nu,Nu,2),BUtx(Nu,Nu,2),

Return
End
                                AF and BC

pde-bc-ode examples.

DEE d

• INTRVR
• BSPLN

• SETERR Basis ).

          D DVt POST DEE d terms
                     DEE.

               U,Ut,Nu,nxmk,V,Vt,Nv,
               D,DU,DUt,DV,DVt)

     D(Nv),DU(Nv,nxmk,Nu),DUt(Nv,nxmk,Nu),
           DV(Nv,Nv),DVt(Nv,Nv)

  {

  }

Return

End

        HANDLE

UOFX

    POST

pde and^3 ( , ) for ε ( , where ( , ( , ) bc

( , ) ( )

( , ) ( ) (A4.12)

The ode is u u (A4.13) where pde-bc-ode , 2

           0e0,tstop,dt,
           AF,BC,DEE,
           errpar,
           HANDLE)

Stop
End
          AF

  {

             Cos(x(i))*(Cos(t)+Sin(t)+Cos(x(i))**2*Sin(t)**3)
  }
              BC

             DEE

HANDLE

     UOFX

ing .

pde pde is

( , ) for ε (

( ) ( ,_2 ( α_2 ( ) (A4.14)

with

( ) ≡ ( ( )

3, bc ( ,

( , ) ≡ (^) for ( )

( ) for ( )

with ( ) ≡ .

ode variables_1 ( ),_2 (_3 ( LPLM ξ ( ) ≡_2 ( ( , ) ode is

3 3 2

2 ) 1

1 1 1 (A4.15)

2

• MOVEFR
• ISTKGT
ISTKGT(nmesh-k,3) iU
k-1)

• ENTER and LEAVE

                    ENTER LEAVE LEAVE.
• ILUMB

• IMMM makes k-1 ( ξ, ξ

                       ILUMB
    • L2SFF UOFX
LPLMG v

            k,Ws(imesh),nmesh,dt,tstop)

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

Stop

End

The AF • LPLM ξ to . • POSTU u from ξ to coordinates. • POSTI pde from to ξ coordinates.

 AF

        x,xxi,xxiv,xv,xvv,xt,xtv)

         Ux,Ut,Nu,
         Ax,Fx)

{

  {

  }

  {

  }
Else
  {

  }
}

         Ux,Ut,Nu,
         V,Vt,Nv,1,3,
         A,Ax,AU,AUx,AUt,AUtx,AV,AVt,
         F,Fx,FU,FUx,FUt,FUtx,FV,FVt)

   BC

The DEE
    • INTRVR
    • BSPLN
         DEE is

          {

          }

           HANDLE

          {

          Return
          }

The UOFX nx

• LPLMX ξ to

{

}

pde with_0 ≡ 0.

^ ( , ) ( , (_4 for ε ( , ) ^ (A4.16)

^ ( , (_4 ≡ ) ( )

) ( )

with ( ) ≡ 2 π_1,_2,_3 LPLM

[ ,_2 (_4 ≡ ( ode is

4 2 4 3 3 2 , )_4 1 1 (A4.17)

            k,Ws(imesh),nmesh,dt,tstop)

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

Stop

End

    AF

        x,xxi,xxiv,xv,xvv,xt,xtv)

         Ux,Ut,Nu,
         Ax,Fx)

{

  {

  }
Else
  {

  }
}

         Ux,Ut,Nu,
         V,Vt,Nv,1,3,
         A,Ax,AU,AUx,AUt,AUtx,AV,AVt,
         F,Fx,FU,FUx,FUt,FUtx,FV,FVt)

   BC

The d • R1MACH R1MACH(4) machine.

DEE

{

}

 HANDLE

{

Return
}

    UOFX routine

{

}

 EWE( , , ( ξ, (

position . V V ( ).

                                                        EWE is

Stop

End

seconds.

pde like and ( , ) for ε where_1,_2 and_3 LPLM 4 ≡ in pde

The ode is

4 4 1

3 3 1

2 (_0 , )^1 1 1 (A4.19)

where ξ_0 1 2 10^6.

 k,Ws(imesh),nmesh,dt,tstop)

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

Stop

End
      AF routine

          x,xxi,xxiv,xv,xvv,xt,xtv)

           Ux,Ut,Nu,
           Ax,Fx)

  {

  }

           Ux,Ut,Nu,
           V,Vt,Nv,1,3,
           A,Ax,AU,AUx,AUt,AUtx,AV,AVt,
           F,Fx,FU,FUx,FUt,FUtx,FV,FVt)

where EXPL(_{106}

EXPL POST

The bc_4 the BC

DEE

      {

      }

• LPLMT dt

another.

HANDLE

{

Return
}

   UOFX seconds.

and_0∫ 1 ( , , Σ ( ) ( for ε where ( , , ode is d v U 0 (A4.21) ( , , ) ( , , (

                   0e0,tstop,dt,
                   AF,BC,DEE,
                   errpar,
                   HANDLE)

        Stop

        End

              AF procedure

          {

          }

where INTGRL BC

DEE

{

}
   HANDLE

{

Return
}

 UOFX

INTGRL

0 ∫ 1 ( , , Σ ( ) (

0 ∫ 1 ( , , Σ ( ) ( Σ ∫ 1 ( , , Σ ( ) ( (A4.22)

POST

∫ ( ) 1 ∫ 1 (ξ) ξ

1 ∫ 1 (ξ) ξ ∼ Σ (ξ ) ξ GQM11.

Since

∫ ( )_1∫ 1 ( 2 2 ξ ) 2 ξ (A4.23)

INTGRL POST.

{

  {

    {

           {

                           0.5*(mesh(i+1)-mesh(i))*wgq(j)
           }
         }
       }
     }

   Return
   End

KERNEL

   Return

   End

seconds.

pde for ε

tol bc

is in

∞

{

pde ∞

  }
                                                           x0
       LUMB

          EEBSF

                                         u0 x1
        xx and ewe

u0 at xx x1 ewe.
               u1 x1 using DL2SF.

• POSTX POST.

tol 10^2 is

{

            0e0,tstop,dt,
            errpar,
            HANDLE)

  }
Stop
End
      AF procedure

  {

  }
   BC

     HANDLE

  {

  Return
  }

   UOFX seconds. ≡ ∼

POSTX
errpar

gram

Write(iwunit,9000)

           0e0,tstop,dt,
           errpar,
           HANDLE)

Write(iwunit,9001)

           0e0,tstop,dt,
           errpar,
           HANDLE)

Write(iwunit,9003)

           0e0,tstop,dt,
           errpar,
           HANDLE)

Stop
End

seconds.

tstop.
         POSTX
                    errpar

                     errpar

                                 POST

  POST is

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

The AF

A,AU,AUx,AUt,AUtx,AV,AVt,
f,fU,fUx,fUt,fUtx,fV,fVt)

the BC

                      B,BU,BUx,BUt,BUtx,BV,BVt)
the DEE

                       U,Ut,Nu,nxmk,V,Vt,Nv,
                       D,DU,DUt,DV,DVt)
     HANDLE

                AF POSTA.
                BC POSTB.
                DEE POSTD.
             HANDLE POSTH.
                       POSTX.
                             POST is

                                         POSTW

                       theta f
                       beta f
                       gamma f
                       delta f
                      hfract r
                       egive r
                        kj i
                       minit i
                       maxit i
                       kmax i
                       kinit i
                       mmax i
                        mgq 2007
                       saveb i
                       xpoly 3001
                      erputs 3002
                        N i

                  tstart,tstop,dt,
                  AF,BC,D,
                  ERROR,errpar,
                  INMI,SCALE,
                  HANDLE)

       ERROR

                               errpar,
                               erputs,
                               eU,eV)

the SCALE

     INMI

                       t,dt,
                       Uold,Vold,
                       U,Ut,V,Vt)

               tstart,tstop,dt,
               AF,BC,D,
               theta,KeepJac,Minit,Maxit,
               mgq,
               beta,gamma,delta,N,mmax,hfract,egive,
               kmax,xpoly,kinit,
               ERROR,errpar,erputs,
               INMI,SCALE,
               HANDLE)

The LPLM

The POST AF are

           Ux,Ut,Nu,
           Ax,Fx)

           Ux,Ut,Nu,
           V,Vt,Nv,iV,Nvm,
           A,Ax,AU,AUx,AUt,AUtx,AV,AVt,
           F,Fx,FU,FUx,FUt,FUtx,FV,FVt)

 BC

           Ux,Ut,Nu,
           Bx)

BC

           Ux,Ut,Nu,
           V,Vt,Nv,iV,Nvm,
           B,Bx,BU,BUx,BUt,BUtx,BV,BVt)

                      AF, BC or DEE POST via

SCALE

                                                               POST

          AF, BC, DEE or HANDLE POST
                                                              POST
POST4
         POST POST POST4.
                             POST POSTW
                       POST
            POST POST/POSTW
                                          POST POST
POSTW POST

        POST4
        POST4
        POST4
        POST4
        POST4
        POST4

tstart+dt ≡ tstart.

POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4 - SCALE A9OSTS SCALE
                                    POST SCALE

POST4
POST4
POST4
POST4
POST4
POST4
POST4
POST4

POST4
POST4

POST4 HANDLE
POST4 HANDLE
POST4 HANDLE
POST4 ERROR

POST4

Dirichlet bcs.

POST4

mixed bcs.

POST4 bc pde
POST4 pde

POST4
POST4
POST4 pde

POST4 pde.
POST4 - AF AF
POST4 - BC BC
POST4 - D D
POST4 bc

POST4 bc

POST4 pde pde

POST4 ODE ODE

POST4

POST4

                                                      POST provides

POSTW

A90STA - GLSBP-BC pde bc
         GLSBC GLSBP
A90STC BNDFB pde

A90STD QRQTB ODE

AF evaluates a and f pde. .............................................................. 19-20
 POSTF and A9OSTS. ............................................................................ 22-23

......................................................... 14-15

POSTA AF. ..................................................................................... 18
                   AF, BC or DEE: POSTF. .................................................... 22-23

pde. AF evaluates a and f ................................................. 19-20

                  ISTKGT .......................... A4:16
                                        ENTER-LEAVE ................................ A4:16
MOVEFR .............................................................................. A4:16
       MOVEFR .............................................................. A4:16
            SETR ................................................... A4:2

...... 15

            BC evaluates b bcs. ....................................................................... 20
          LBE ............................................................... 46-48
          NBE ............................................................... 46-48
BSPLN ........................................ A4:12
  POSTB BC. ..................................................................................... 18
                     BC evaluates b bcs. .................................................. 20-21
               POSTV: bc ................. 27-28
               POSTJ: bc .................. 28-29

bc mapping: POSTV and POSTJ. ...................................... 27-30 AF, BC or DEE: POSTF. ........................................................... 22-23 bc placement. ..................................................................... 35-37

BC evaluates b bcs. .................................................................................... 20-21 A pde bc ................................................................. 8-9 Counting bc .............................................. 13-14 pde, bc ode ....................................................... 14 bc ........................................................ 34-35

ENTER-LEAVE ..................... A4:16 pde .......................................................... 13-14 ............................................... 11-12

            ENTER-LEAVE ........ A4:16
   DL2SF ............................................................................ A4:1-2
        BSPLN ......................... A4:12
  EESFF ......................................... A4:5
EEBSF ...................................................................... A4:38
          SPLNE .......................... A4:4
       UMB ................................................................... A4:2
             LUMB ............... A4:16
                        BSPLN ............... A4:12
LPLM LPLMX ............................................................ 23
                 LPLMI LPLM mapping. ..................... 24

bc .................................................................. 34-35 ............................................................................... 11

                   WRAPUP .................... A4:2
                           CN ........................................................ 46-48
SPLNE ....................................................... A4:4

restricts LPLMT .................................................................. 24 ......................................................... A3:2-3

POSTF and A9OSTS. ............................ 22-23 ............ 39 .. 39 pde ......................................................................... 13-14

DL2SFF u: L2SFF, SETR, ....................................... A4:1-2 or ode pde, bcs .......................... 14 pde, bc odes. ..................................... 14

SETR ............................................................................. A4:2
  R1MACH ........................................................................... A4:24
I1MACH ........................................................................... A4:4
 INTRVR .................................................... A4:12

........................................................................ 9 ........................................................................ 9

                       POSTW POST. ............... 44-46
                       POSTR POST. ............................ 40-41
                        SCALE .................................. 43-44
                        ERROR ....................................... 41-42
                       POSTI pde from to ξ coordinates. .......................... 26-27
                        POSTU converts u from ξ to coordinates. .................................... 24-26
         POSTU converts u from ξ to coordinates. ........................................................................ 25-26
    POSTI pde from to ξ coordinates. ........................................................................ 25-27
POSTV: bc ........................................................................ 27-28
POSTJ: bc ........................................................................ 28-29
                       MOVEFR .................................... A4:16

................... 39 Counting bc ............................... 13-14 pde-ode ................................ 8 pde, ∇^4 pdes. ................................................ 12-13 pde .................................. 7-8

 CN ............................................................... 46-48
UMB ....................................... A4:2

............................... 39

        DEE evaluates d ode. ....................................................................... 21
     DL2SF ............................................................. A4:1-2
POSTD DEE. ................................................................................... 18
                   DEE evaluates d ode. ............................................... 21
           AF, BC or DEE: POSTF. ..................................................................... 22-23
             POSTE ERROR routine. ...................................................... 41-42
             POSTN INMI routine. ........................................................ 44
             POSTH HANDLE routine. ................................... 21
             POSTP SCALE routine. ...................................................... 39

pde-bc problem. ..................................... 3 pde-bc-ode problem. .............................. 3-4

LPLMX LPLM ........................................................ 23 u ................................................. 10-11 u ................................................. 11

DL2SF ................................................ A4:1-2 ..................................................................... 31-33 ..................................................................... 34-39

LUMD ................................................................... A4:38
                             DL2SF ............................. A4:1-2

u: L2SFF, SETR, DL2SFF ................................................................. A4:1-2

       LPLM .. 23-24
                        DPOST. .................................................. 22
    POST and DPOST. .............................................................................. 19
            DPOST. .............................................................................. 22
LPLMT restricts .......................... 24
            EEBSF ................. A4:38
            EESFF ................. A4:5
            ENTER-LEAVE ......................... A4:16

pde ......................................................... 7 Counting bc ........................................................................... 13-14

ERROR .................................................................................. 41-42

ERROR .......................... 41-42 ..................... 15-16

EESFF .......................... A4:5
EEBSF ................................................... A4:38
                         POSTE .......................... 41-42
    POSTE ERROR routine. .................................................................. 41-42
   SETERR .......................................... A4:12

........................................................................ A5:4-6 WRAPUP ..................................... A4:2 function. EESFF .................... A4:5 EEBSF .............................. A4:38 ............................... 15-16

LBE ................................................................................. 46-48
 NBE ................................................................................. 46-48
     SIE ................................................................................. 47-48
                AF evaluates a and f pde. .............................................. 19-20
             SPLNE ....... A4:4
                BC evaluates b bcs. ........................................................ 20-21
               DEE evaluates d ode. ....................................................... 21

points. BSPLN ............... A4:12 ERROR .................................................................. 41-42 pde ......................................................................... 7 ....................................................................... 15-16 pde ......................................................................... 7-8 pde-ode ......................................................................... 8 A pde bc ......................................................................... 8-9 u ......................................................................... 10-11 u ......................................................................... 11 ......................................................................... 11-12 pde ......................................................................... 12 ......................................................................... 15 .......................................... 9

EXPL EXP( .............................. A4:29 negative. EXPL EXP( ............................... A4:29 ..................................................................... 46-48

AF evaluates a and f pde. ....................................................................... 19-20 pde .................... 13-14

         L2SFF ................................................................. A4:16
  EESFF ........................................................ A4:5
EEBSF ..................................................................................... A4:38
                       DL2SF .......................................... A4:1-2

..................................................... 9 ..................................................... 9 bc .................................................................................. 34-35 .............................................................................. A4:2 pde pde, ∇^4 ................................. 12-13 u .................................. 10-11

L2SFF ............................................................................. A4:16
                                EESFF ............................................................... A4:5

.............................................................. 10 BSPLN ................................................ A4:12 ode’s. ................... 37-39 .............. 9

GQM11 ........................................... A4:34-35
LPLMG values. ............... 23-24
       GQM11 ............................. 39

pde pde, ∇^4 .......................... 12-13 process. HANDLE ....................... 21-22

POSTH HANDLE routine. ............................................................... 21 pde, bc ode ............... 14 pde .................................................. 7 ............................................ 10 ............................................................................ 10

             I1MACH ...................... A4:4
             ILUMB LUMB ...................... A4:16
             IMMM ................ A4:16
SETR, DL2SFF u: L2SFF, ........................................ A4:1-2

bc ode pde, ....................... 14

INMI ............................................ 42-43
       ISTKIN ............................. A4:2
  POSTN INMI routine. .................................................................... 44

iterate. INMI ......................... 42-43 I1MACH ................................................. A4:4 pde .................................................... 12

POSTJ: bc .......................................................... 28-29
     POSTV: bc .............................................. 27-28
       INTRVR ....................................... A4:12
                        INTRVR ................... A4:12
        LPLMI LPLM mapping. ............................................ 24

stack. ISTKGT ..................... A4:16 length. ISTKIN ......................... A4:2

INMI ................................................................................ 42-43
     SCALE ............................................................................ 43-44

................................................................ 39 ................................................................................ 40-44 ................................................................................ 44-46

L2SFF .................... A4:16 u: L2SFF, SETR, DL2SFF. .................................................. A4:1-2 ............................................................... 11-12

LBE ...................................... 46-48 .................................. 46-48 ..................... 46-48

                          L2SFF ................................ A4:16
   ISTKIN ................................................................................ A4:2
    SETERR .............................................................................. A4:12
      ISTKGT ..................................................................... A4:16
      LUMB ILUMB ....................................................... A4:16
            ISTKIN .......................................................... A4:2
LPLM ................................................................ 23-24

ode’s. ..................................................... 37-39

                     LBE ............................................... 46-48
                 LPLM .......... 23-24
                              ENTER-LEAVE ........................................................ A4:16
               LUMD ......................... A4:38
            LPLMX LPLM .................... 23
                          LPLM ................... 23-24
LPLMI LPLM mapping. .................................................................. 24

values. LPLMG ............. 23-24 mapping. LPLMI LPLM ....................... 24

     LPLMT restricts ................... 24
     LPLMX LPLM ........................... 23
UMB, LUMB and PUMB. ............................................................... A4:1

stack. ILUMB LUMB ..................... A4:16 LUMB .................. A4:16 points. LUMD ............. A4:38

  R1MACH ............................................................. A4:24
I1MACH ............................................................. A4:4
                        UMB, LUMB and PUMB. ....................................... A4:1

               LPLMT restricts ................................... 24
LPLMI LPLM mapping. ............................................................................ 24
                     POSTV: bc ...................... 27-28
                     POSTJ: bc ....................... 28-29
                                     LPLM ................................................................ 23-24

pde mapping: POSTU and POSTI. ........................................... 25-27 bc mapping: POSTV and POSTJ. ........................................... 27-30

          LPLMG values. ...................................... 23-24
    UMB ................................................................................. A4:2
         LUMB .............................. A4:16
             INTRVR ............................. A4:12
                     PUMB UMB, LUMB and ......................................... A4:1
    LUMD ..................................................... A4:38
ILUMB LUMB ......................................... A4:16
 IMMM ............................................. A4:16
     LPLMT restricts ................................................ 24

........................ 15

SPLNE .................................................................... A4:4
 LUMB ................................................................... A4:16

ode’s. ................................... 37-39 .............................. 9

INMI ................................................................... 42-43 ............................................................................ A3:2-3 stack. IMMM ........ A4:16 MOVEFR ..................... A4:16 .................................. 11-12 u ..................... 10-11 u ............ 11

IMMM ................... A4:16
              NBE ........................................ 46-48

of EXP( EXPL ................................................. A4:29

INMI ...................................................... 42-43
      POSTH HANDLE routine. ................................................ 21

u ........................................................ 14 NBE ................................................ 46-48 ........................................................ 44-46

LPLMT restricts ......................................................................... 24
                POSTA AF. ............................................................................ 18
                POSTB BC. ............................................................................ 18
                 POSTW POST. ................................... 44-46
                POSTD DEE. .......................................................................... 18
        LPLMG values. ........................................................ 23-24
               DEE evaluates d ode. .................................................................................... 21

ode’s. ................................................................................. 37-39 pde, bc ode ....................................... 14

       MOVEFR ............................................... A4:16
    POST solves pde ............................................................. 17-21
                         POSTE ................................... 41-42
                                         POST. ............................. 49-50
     POSTH HANDLE routine. .................................................... 21
            HANDLE ......................... 21-22
    LPLM ........................ 23-24
AF evaluates a and f pde. .................................................................................... 19-20

pde, bc odes. ............................................................... 14 POSTI pde from to ξ coordinates. .............................................. 26-27 order pde pde, ∇^4 ........................... 12-13 pde mapping: POSTU and POSTI. .................................... 25-27 pde .................................... 7 A pde bc .................................... 8-9 pde .................................... 13-14 pde-bc problem. ................................................................ 3 pde-bc-ode problem. ......................................................... 3-4 pde-ode .............................................. 8 ∇^4 pde pde, .................................................. 12-13 pde ............................................................... 7-8

POST solves pde ................................................ 17-21 A pde bc ................................................... 8-9 ......................... 9

LPLM ................................................ 23-24 bc placement. .......................................................................... 35-37

     IMMM ...................................................... A4:16
                                       INTRVR .................................................................. A4:12
LUMD ................................................................................ A4:38
                                        BSPLN ................................................................... A4:12
         LPLMT restricts .......................................................... 24

.................................................. 46-48

          SETERR ...................................................................... A4:12
            ISTKGT ............................................................. A4:16
            LUMB ILUMB ................................................ A4:16
                  ISTKIN ................................................... A4:2
     POSTR POST. ................................................................................ 40-41
POSTW POST. ................................................................................ 44-46
                                  POST. ................................................................................ 49-50
   POSTX POST. ................................................................................ 49
                                  POST and DPOST. ............................................................. 19
                                  POST: POSTS POST4. ................................................ 49-50
                                  POST solves pde ........................... 17-21
                     POST: POSTS POST4. .............................................................................. 49-50
                                  POSTA AF. ......................................... 18
                                  POSTB BC. ......................................... 18
                                  POSTD DEE. ....................................... 18
                                  POSTE ERROR routine. ........................................ 41-42
                                  POSTE ................................................. 41-42
                       AF, BC or DEE: POSTF. .............................................................................. 22-23
                                  POSTF and A9OSTS. ........................................................ 22-23

routine. POSTH HANDLE .................................. 21 pde mapping: POSTU and POSTI. .............................................................................. 25-27 coordinates. POSTI pde from to ξ ................................ 26-27 bc mapping: POSTV and POSTJ. .............................................................................. 27-30 coordinates. POSTJ: bc ........................ 28-29

      POSTN INMI routine. .......................................... 42
      POSTP SCALE routine. ........................................ 39
POST. POSTR ......................... 40-41
POST: POSTS POST4. ........................................................... 49-50

pde mapping: POSTU and POSTI. ........................................................... 25-27 coordinates. POSTU converts u from ξ to ........................................... 25-26 bc mapping: POSTV and POSTJ. ........................................................... 27-30 coordinates. POSTV: bc ....................... 27-28

                    POST. POSTW ............. 44-46
                    POST. POSTX ..................... 49
                                DPOST. ............................................................... 22
                 POSTX POST. ............................ 49
WRAPUP .............................................................. A4:2

pde-bc-ode problem. ............................................................................. 3-4 pde-bc problem. ............................................................................. 3 u ......................................... 14 ................................................................ 40-44

HANDLE .............................................................................. 21-22

 UMB, LUMB and PUMB. ................................................................................ A4:1
GQM11 .......................................................... 39
             R1MACH .......................... A4:24

.................................................. A4:2 ................................................................. A4:2

MOVEFR ...................................................... A4:16
     SETR ........................................... A4:2
  R1MACH ..................................................... A4:24

pde, ∇^4 pdes. ....................... 12-13 bc .................................. 34-35 ................................. 15

POSTF and A9OSTS. ............................................ 22-23 ...................................................... 15-16

          I1MACH ..................................... A4:4
          R1MACH ......................................... A4:24
           LPLMT restricts ............. 24
  HANDLE ........................................... 21-22
POSTX POST. ............................................... 49
                 SCALE ...................... 43-44
     POSTP SCALE routine. .................................................................. 39
  SCALE ...................................................... 43-44
                              POST and DPOST. ............................. 19

order pde, ∇^4 pde .............................................. 12-13

SIE ........................................................... 48
              BSPLN ......................................................... A4:12
     SETERR ................ A4:12

u: L2SFF, SETR, DL2SFF. ................................................................ A4:1-2

       SETR ....................... A4:2
  SETR ................................. A4:2
SETERR ............................... A4:12

u ......................... 11 SIE .................................................. 47-48 pde ........................ 7

HANDLE ................................................................ 21-22
                   POST solves pde ..................................... 17-21

.................................................... 39

     ISTKGT ......................................... A4:16
                          POST and DPOST. .......................................... 19
POST solves pde ................................................................... 17-21

......................................................... 34-39

                          INMI ....................... 42-43
                                     POST. ................................................................. 49-50

L2SFF ....................................................... A4:16

SPLNE ............................... A4:4

ISTKGT .................................................................................. A4:16

ENTER - LEAVE ................................................. A4:16

as LUMB ILUMB ........................................................ A4:16

IMMM ....................................................................... A4:16

ISTKIN ....................................................................... A4:2

WRAPUP ........................................................................ A4:2

SETERR ................................................... A4:12

................................................................................. A5:4-7

WRAPUP ............................................. A4:2

POSTX POST . .............................................................. 48

u ..................................... 14

...................................................... 39

pde-ode ............................................................ 8

pde ............................................... 7-8

ode ’s. ............................................................... 37-39

...........................................................

31-33

ERROR ..........................................................

41-42

u .........................................................

14

POSTF AF, BC or DEE: ................................................

22-23

.......................................

44-46

..............................................

40-44

pde ...................................................

13-14

EEBSF ................................................................

A4:38

pde, ∇^4 pdes. .........................................

12-13

u ..............................................

11

POSTU converts u from ξ to coordinates. ..................................................

25-26

u: L2SFF, SETR, DL2SFF. ..............................................

A4:1-2

u .............................................................

14

u ............................................

10-11

UMB ...............................

A4:2

UMB, LUMB and PUMB. ......................................................

A4:1

UMB ......................................................

A4:2

LUMD ......................................

A4:38

LUMB .................................................................

A4:16

LUMB ..................................................

A4:16

WRAPUP .................................................................................

A4:2

POST. ....................................................

49-50

POSTR POST. ...................................................................

40-41

POSTW POST. ...................................................................

44-46

POST and DPOST. ....................................................

19

POSTV: bc ...............................................................

27-28

POSTJ: bc ...............................................

28-29

POSTA AF. .............................................................

18

POSTB BC. .............................................................

18

POSTD DEE. ...........................................................

18

LPLMG values. ................................................................................

23-24

POST solves pde .............................................................................

17-21

POSTW POST. ....................................................

44-46

of EXP( EXPL .........................................

A4:29

u ....................................

11

usage. WRAPUP ...............

A4:2

POSTU converts u from ξ to coordinates. .....................................................................

25-26

EXP( EXPL: ..............................................

A4:29

POSTI pde from to ξ coordinates. ..............................................................

26-27

LPLMG values. .............................................................................

23-24

POSTI pde from to ξ coordinates. .....................................................................

26-27

POSTU converts u from ξ to coordinates. ..............................................................

25-26