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CIP

An accurate scheme for hyperbolic equations based on the memory saved

Cubic Interpolated Pseudo-particle Method

Kosei KOMATSU*

Abstract A new scheme for hyperbolic equations was developed based on the Cubic
Interpolated Pseudo-particle method (CIP) which is one of the most precise among
schemes with third-order accuracy in space. The CIP, however, requires memories of
spatial derivatives of solutions while it is more efficient than another accurate
schemes, which is a serious shortcoming especially for use in complex models such as
current ocean ecosystem models composed of more than 10 compartments. The new
scheme, named the simplified CIP method (SCIP), requires no memory of supplemen-
tary parameters and uses only one step for time integration. Moreover compared with
previous lower-order accurate schemes, the scheme has both of higher stability and
higher performance without remarkable diffusions and dispersions caused by finite-
difference approximations, although it is second-order accurate in space and it con-
tains neither additional diffusivities nor temporal smoothing.

Key words: accurate advection scheme, Cubic Interpolated Pseudo-particle (CIP)
method, numerical diffusion and dispersion, SCIP method
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Table 1. Comparison of advection schemes

scheme accuracy Sinax® Sain®
Upwind 1% order 0.24 0.00
Lax-Wendroff 2" order 0.74 -0.30
Adjusted Lax-Wendroff 2 order* 0.77 0.00
QUICKEST 3" order 0.83 -0.04
CIP 2 order’ 0.95 0.00
SCIP 2 order 0.80 0.00

*. with a diffusive and an antidiffusive terms, #: with spatial derivatives, &: fuw and fu. are

the maximum and minimum value of the solution at 1000 time-step for the hyperbolic equa-
tion with initial distribution of f exp( 0.01(x 60)%), respectively.
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Fig. 1. Comparison of solutions for the hyperbolic equation (1) calculated by the upwind scheme (a), the
Lax-Wendroff method (b), the adjusted Lax-Wendroff method (c), the QUICKEST method (d), the CIP
method (e), and the SCIP method (f), whereA x u 1, At 0.2 and the cyclic boundary condition was set.
Thin and thick lines denote the spatial distributions at the initial time and at 400 time-step, respectively.
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Fig. 2. Spatial distributions of solutions at 200 time-step calculated by the SCIP method for C 0.1 0.8.
Thin and thick lines denote the initial distributions and the solutions, respectively. Dashed line in Fig. 2(e)

denotes the solution calculated by the adjusted Lax-Wendroff method.
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Fig. 3. Attenuation of the maximum value of the solution f... with increasing of Courant number, where

the initial distribution is f(x,0) exp( 0.01(x 60)*).
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Fig. 5. Attenuation of the maximum value of the solution f... with increasing of time-steps, where the ini-

tial distribution is same as in Fig. 3.



Fig. 4 Spatial distributions of solutions calculated by the SCIP method at 100 time-step (a), at 200 time-step
(b), at 400 time-step (c), at 600 time-step (d), at 800 time-step (e), and at 2000 time-step (f) for C=0.1. Thin
and thick lines denote the initial distributions and the solutions, respectively.
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Appendix
SCIP
1 fnz 1 fni f i1 13 l fxni 11 fxni 1
fnz 1 fni 1 fxni 1y fxi ) s 6 a;, bi
fni 2. a;, bi 10 2 !
L1 3 3 JARIRE
no1
5 4 £ fint 18 19 fot

SCIP Fortran

///111111717717771771771777777777177777777777717777771777777777177177777777717777777777

c . scip.f
c CIP (SCIP )
c 2002 7 8

///11111171771777777777177777777777777777777777777777777777777717717777777771777777777

program sim

dimension fn(300) !
dimension ff(300) !



CIP

u 1. I x

dx 1. I x

im 200 I x

dt 0.5 !

Im 200 !

¢ abs(u)*dt/dx ! Courant

doi 1, im

fn(i)  exp(-(0.01*(1-80)*(1-80))) ! Gauss

end do
doi 15, 30

fnd) 1. !
end do
doi 31, 50

fn@) 0.5 !
end do

doi 1, im
ff(i)  fn()
end do

dol 1, 1Im
call scip(fn,ff,u,dx,dt,im) I SCIP
doi 1, im
fn(i) ff@) !
end do
end do

doi 1, im
write(10,%) 1,fn(i)
end do

stop
end
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subroutine scip(fn,ff,u,dx,dt,im)

dimension fn(im),ff(im)

x -u*dt
giml 0.
doi 2, im-1
gi  ( 0.5* (fn(i+1) -fn(i-1))
& + 0.5*x*(fn(1+1)-2.*fn(1)+fn(i-1))/dx )/dx

gn -u* gi

a ( girgiml - 2.%(fn(i)-fn(i-1))/dx)/(dx*dx)

b (2.*gi+giml - 3.*(fn(i)-fn(i-1))/dx)/ dx

gl (3.*a*x + 2.*b)*x + gi

giml gi

gf -u* gl

ff(i)  -(0.5%(gf-gn)/dx)*dt*dt + gf*dt + fn(i)
end do

return
end

I dfn/dx at 1

!'dfn/dx at 1
I dfn/dt at 1

I dff/dx at 1
I dfn/dx at i-1
I dff/dt at 1
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