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This report contains the listings for HELM?2, a hierarchical element method for
computing the potential induced by a collection of point or ‘blob’ charges, or the
velocity field induced by a collection of point or ‘blob’ vortices. For a general descrip-
tion of the method, one should consult “An Implementation of the Fast Multipole
Method Without Multipoles”. This report also contains a sample test program as
well as the program which 1s used to compute the timing constants.

The first step in getting the code running consists of compiling the program helm?2
along with the test code h2test. The test code should be run and the accuracy of
the fast method checked. (This is done by specifying the appropriate parameter for
h2test.) A sufficient number of particles should be used so that the fast method is
actually employed for the computation. The fact that the fast method was actually
uged can be determined by considering the output in the file “runout”, and verifying
that a level greater than one was selected for the computation.

Once an accuracy check has been accomplished then one needs to obtain the
correct timing constants. The timing constants are set in the subroutine getcon - if
the machine one uses happens to be listed there, then one should use the appropriate
constant assignment. If the machine you are using is not listed there, then the timing
program h2tmng.f should be compiled and run. This program generates two files -
htime.con and htime.dat. The file htime.con should be copied into the subroutine
getcon and used to set the timing constants in that routine. The file htime.dat
provides data about the timing run. In order to run h2tmng.f one needs to specify
a system CPU timing routine. This is done by modifying the routine eltime. The
timing routine needed is one which computes the elapsed CPU time since the start
of a program. With the timing constants set, one should then recompile helm2 and
verify it’s accuracy.

If one doesn’t want to bother with the timing constants the program should still
run acceptably. If the machine used happens to have relative timings similar to a
SUN Sparstation (the default timings) then the correct level will be selected, but
the estimate of the running time will be off by a constant factor. If the machine
used has very different relative timings, then the program will still run, but probably
inefficiently.

Notes on program implementation :

1) One component in the program is the calculation of the direct interaction between
source and receiver particles in adjacent boxes at the finest level of discretization
chosen. In order to enhance computational performance, the source and receiver
particles are sorted. Particles in the same finest level box are put in consecutive
array locations. This sorting requires the arrays linkr, links, tmps, and tmpr. The
sorting is accomplished in the subroutines srcsrt, recsrt, sreput, recput and cmpput.

2) The user specifies a finest level of discretization. It is desirable to have the program
pick a level which is less than this finest level specified - one is then certain that
2



increasing the levels will not reduce the work. If the level actually chosen is the finest
level specified, then one might want to consider increasing the specified finest level.
One can obtain the information about the level chosen from the file “runout”.

3) The evaluation of the kernel for both the inner and outer ring approximations
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cos(f —s) cos(M(6—s)) and cos((M +1)(0 — s))

where § = j68, j = 0,1,2,.... To speed up the computation of the kernel (by
avoiding the computation of these trigonometric functions) I use the trigonometric
identity

cos(t — 3) = Cos(t) cos(s) — sin(t) sin(s).
For the terms under consideration we have

cos(@ — s) = cos(f) cos(s) — sin(f) sin(s)
cos(M (8 — s)) = cos(M8) cos(Ms) — sin(M8) sin(Ms)

cos({M + 1)(8 ~ s)) = cos{(M + 1)8) cos((M + 1)s) —~ sin((M + 1)8) sin{(M + 1)s).

In the program, the values of cos(#), sin(8), cos(M @), sin(M8), and cos((M+1)8), sin(( M+

1)8) are precomputed for § = 60, j=0,1,2,.... The evaluation of the kernel re-
quires one computation of cos(s), sin(s) etc. and the product of these values with the
precomputed constants.

4) The computation for the storage of the nested pointer arrays is as follows. Assume
that n > m where n and m are the levels chosen in each direction. We have that the
amount of elements of the nested grid is

g = (2m2n 1 gm—1lgn-1 et Qm—(m—l)zn—(m—l}) + (2n~m + 2(n~m)—1 o 2)

The second part of the sum is just

while for the first part of the sum

— 2n—m(2m+n—(n—m) 1 2m+n-—(n~m)—2 e 94 4 22)
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v 2n—m(4m +4m-—1 EEPINNT 4) = zn—m(243)

i=1
Therefore,

S=2"( 4+ 2 Y
=1

=1

or

S = %(4*“ -1 +2(2~ ™ -1)
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subroutine helw?2(xsrc,ysrc,str,nsre,xrec,yrec,
* nrec,iwflag,pot,velx,vely,delta,iterms, icor, mliev,tol,
* linkr,links,tmpr,tmps,ngsiza,ngsizb,nrealw,nintw,
*  realwk,intwk,iprint)

implicit real*8{a-h,o—z)

Anderson's Hierarchical ELeMent method in 3 dimensions

March 31,1990

This code uses : DOUBLE PRECISION real variables
: INTEGER*4 integers

CUTPUT
pot = the potential at the evaluation points
{should be of dimension >= nrec)
velx,vely = the wvelocity at the evaluation points
{should be of dimension >= nrec¢)
iterms = the actual number of terms used in the expansion

{equal to "p" in the original 6. — R. method)

OUTPUT ERRCR FILE = UNIT 12 = errcut

RUN TIME INFO = UNIT ¢ * rumout (caly if iprint .ne. 0)

INPUT PARAMETERS

NQANOCACA00O00GaANAR0O00NCRNCO0N0NAQQCR00QAQ0aRQOanNCann

xsre,ysrce = the source particle location vectors
{should be of dimension »>= nsrc)

str = the source particle strength vector
{should be of dimension >= nsrc)

nsre = number of source particles

xrec, yrec = the evaluation point vectors
{should be of dimension »>= nreq)

nrec = the number of evaluation points
iwflag = work flag = 0 : just potentials are calculated

= 1 : just velocities are calculated
= any other value — both are calculated
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tol = tolerance desired for the ¢computation

mxlev = maximum number of levels scanned for hierarchical
computation

icor = correction distance (in box units at finest level)

{set equal to 1 usually)

iprint = flag for whether or not timing estimates get printed
{set to 0 for no printing, non-zero for printing)

INPUT STORAGE AND STORAGE PARAMETERS

links = integer*4 array used for sorting sources
(should be of dimensicn >= nsro)

linkr = integer*4 array used for sorting receivers
(should be of dimensicn »= nrec)

tmpes = real*8 array for sorting sources
{should be of dimension >= nsre)

tmpr = real*d array for sorting receivers
{should be of dimension »= nrec)

DATA STRUCTURE ARRAYS

intwk = integer work array - it should be dimensicned
of size nintw (as described below) in the calling
program.
realwk = real work array — it should be dimensioned
of size nrealw (as described below) in the calling
program.
ngsiza = mumber of points in pointer array at finest level
ngsizb = number of points in nested pointer array
nintw = total integer work space allocated

orealw = total real work space allocated

aoecaQNeRO0eEQACaARRQANRQQARAQQCCRQA00COa0000NQaCRQQACQORRQAQQQQROCO0DN

HOW TO SELECT THE VALUES :

If levx = refinement level chosen in the x direction
levy = refinement level chosen in the y direction

ngsiza needed is equal to 27 (levx) * 27 (levy)
CHOOSE ngsiza » 27 (levk) * 27 {levy)
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SET ngsizb > (4/3)*ngsiza + (1/3)*27 (level+l)
vhere level=max(levx,levy)
SET nintw > 4*ngsiza + 2*ngsizb

The worst case amount of storage for the ring approximation
values is 4*iterms*ngsizb — so

5ET nrealw on the order of 4*iterms*ngsizb
IF INSUFFICIENT SPACE IS ALIOCATED THE PROGRAM WILL GENERATE

AN BRROR MESSAGE AND THEN STCP. THE ERRCR MESSKGE WILL
INDTCATE THE STORAGE NEEDED.

QOO NQOORAQQEAQARQRRCQAREROCARR000aaN0o00RERQOORORQACRRQRAQONARNN

polval

powval

isrcsz

The Following Arrays are used in the program and the space
for these arrays is obtained from either realwk or intwk.

ipole = NESTED array pointing to outer ring approximation
values. At any given level ipole{i,j) points to the
starting address where the outer ring approximation
values are located in the vector polval.
Required size : ngsizb

ipow = NESTED array pointing to inner ring approximation
values. At any given level ipow(i,j) points to the
starting address where the inner ring approximation
values are located in the vector powval.
Required size : ngsizb

vector in which the values needed for the
outer ring approximations are stored.
Required size : ngsizb*2*iterms (worst case)

vector in which the values of the inner ring approximations
are stored,
Required size : ngsizb*2¥iterms (worst case)

isrc = the value in isrc{i,j) points to the first address in

the link list associated with the source particles in the
{i,j)th box.

The dimension should be larger than that needed for the
finest refinement.

Required size : ngsiza

the value in isrcsz is the number of source

particles in the (i,j)th box. ’

The dimension should be larger than that needed for the
finest refinement.

Required size : ngsiza

irec = the value in irec(i,j) points to the first address in

the link list associated with the source particles in the
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an

aaQan

{i,3)th box.

The dimensicn should be larger than that needed for the
finest refinement. ’

Required size : ngsiza

irecsz = the value in irecsz ls the number of source
particles in the (i,7)th box.
The dimension should be larger than that needed for the
finest refinement.
Required size : ngsiza

particle and evaluation point vectors
real*B xsrc(l),ysrofl),str{l}

real*8 xrec(l),yrec(l)

real*B8 tmpr(l),tmps{l)

real*8 pot(l),velx(l),vely(l)

integer*4 linkr({l},links{l)
integert4 iwflag

work arrays

real*8 realwk(l)
integer*¢ intwk(l)

local arrays, for timings and pre—computed constants

real*8 totime(20)
real*8 v({101,2),cn(101,3),sn(101,3)

COPEN STATEMENTS

LagaoaQgaa

open(12,file='errout')
if{iprint.eq. 1) then

cpen(9, file="runcut')
endif

aaanao

Set up polnters into @ata structure arrays

iptl=l

ipt2=iptl + ngsiza

ipt3=ipt2 + ngsiza

ipté=ipt3 + ngsiza

iptS=ipt4 + ngsiza

ipt6=ipt5 + ngsizbh

ilim={ipt6 + ngsizb) ~ 1

if({ilim .gt. nintw) then

write(l2,*}' Error : Insufficient Storage Space : '
write(12,*}' Integer Work Array (intwk) Size : ',nintw
write(12,%)' Needed Allocation (value of nintw) : ',ilim
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write(*,*) 'fatal Error : See errcut '
stop
endif

$pl=1
jpt2=jptl + (nrealw/2)
npolsz={nrealw/2)
npowsz=(nrealw/2)

Relation between Work Arrays and
Arrays used in the Program

isrc{ngsiza} = intwrk({iptl:ipt2-1)
isrcszi{ngsiza) = intwrk{ipt2:ipt3-1)
irec{ngsiza) = jnmtwrk(ipt3:iptd-1)
irecsz(ngsiza) = intwrk(ipt4:ipt5-1)
ipole{ngsizb) = intwrk(iptS5:ipt6-1)
ipow{ngsizb) = intwrk(ipt6 :nintw)

powval{npolsz) = realwk{jptl:jpt2-1)
polval{npowsz) = realwk{Jjpt2:nrealw)

BEGINNING OF PROGRAM

Estimate the number of terms needed to achieve the
approximate error of tol.

DO ZFOOHNOOGONDROOONQA0O0Q

iterms=0

if(icor.eq. 1) then
denom=dsqrt(2.0400)/3.0400
zterms=dlog({tol) /dlog(denom)
iterms=Int(zterms)

endif

if{icor.eq. 3} then
denom=dsqrt (2. 0300} /5. 0400
zterms=diog(tol) /dlogtdenom)
iterms=Int(zterms)

endif

if{iprint.eq.l) then
write(9,*) 'Number of terms : ',iterms
write(9,%*) '

endif

Determine the limits of the computational domain - i.e.

put a box around the damain to use in determining the
refinement. Also find the refimment possible in each direction
if the region is not a rectangle.

aRaeaa0

call boaxsizn(xsre,ysre,nsre,Xrec,yrec,nrec,
* mlev,mclevy mlevy, xmin xmax , ymin , ymax)

if(iprint.eq. 1) then
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write(9,*) 'Demain Limits Selected : '
write(9,%*} ' '
write(9,5) xmin,smax,ymin,ymax
5 format(lx,’ xmin : ',£8.2,' xmax : ',£8.2,' ymin : ',
* £8.2," ymax : ',£B.2,//)
write(9,*) ' !
write(9,*) 'Max. Levels Selected For Timing Estimates : !
write(9,%) ! !
write(9,6) mtlevx,mlevy
6 format(lx,’ Max. X Level : ',13,' Max. ¥ Level : ',13,//)
write(9,*) ' !
write(9,*) 'Number of Sources : !,nsrc
write(9,*) 'Number of Reclevers : *,nrec
write(9,*) ' !
endif

Perform timing estimates of the work on each level

4n

call esttim(xsrc,ysre,str, nsre,xrec,yrec,nree,iwflag,delta,
* intwk(ipt3),intwk({ipt6),ngsizb,iterms,mxlevx, mxlevy,
*  xmin,ymin,xmax,ymax,icor,totime,iprint)

Select the optimal level

oo

idepth=max0(mxlevk ,xxlevy)
To skip automatic level selectlon, uncomment

the following goto. This 1s usually only done in
order to check the timing estimates.

Goto 1999

ibeg=1
ttt=totime(ibeq)

anaoaoanaoan

scan the levels — use a level if it takes less work
and the mesh size is greater than delta.

agana

do 15 k=2,idepth

if (ttt.gt.totime(k)) then
et levie~{ idepth-k)
my-mxlevy—{idepth-k)
if{me .1t. 0 ) mx=0
if{my .1t. 0) my=0
mfine=2%%m
h={xnax—xmin)/dble({mfine)
if{delta .le., 1.5400%h} then
ibeg=k
ttt=totime(k)
else
write(l2,*) 'Delta too large for Optimal Refinement : !
write(12,*) 'Delta : ',delta, 'Box Limit : ',1.5+*h
endif

endif

15 continue



May 17 10:31 1990 heln2.f Page 7

c
1555

acao

o}

mxlevx=melevx—{idepth-ibeqg)
mxlevy-mxlevy—(idepth—ibeq)
if(mlevx .1t. 0 ) mxlevx=0
ifimcddevy .1t. 0) mtlevy=0
idepth=max0 {mxlevx mxlevy)

PHC.MHPEH .ne.0) then

write(9,* )} 'Chosen H_QEH of Refinement : °’

write(9,*) !

write(9,*) ' X Level : ' ,mxlevx

write(9,*) ' ¥ Level : ', mdlevy

endif

continue

niine=2%*mlevx

nfine=2*+mxlevy

If idepth = 1 — do the direct interaction

if(idepth.eq.l} then

if(iwflag.ne.l)} then

call potex({xsrc,ysro,str, hsrc,xrec,yrec, nrec,pot,delta)

endif

if({iwflag.ne.0) then

call veloex(xsxye,ysr¢,str, nsre,xrec,yrec,nrec,velx,
vely,delta)

endif

return

endif

Sort the source and receiver particles :

The sort consists of ¢ombining into contiguous array

locations particles which are in the same box at

the finest level of discretization

call sresrt(xsre,ysre,str,tmps,nsre,links,intwk(iptl),
intwk(ipt2),mfine,nfine,xmin,ymin,xmax,ymax)

call recsrt(xrec,yrec,tmpr,nrec, ”_,H%\Hs.wawﬁ_.m.wwv,
intwk{ipt4),mfine,nfine,xmin, ymin,xmax, ymax}

compute the pre—computed constants for use in the kernel

call makcon({iterms,v,cn,sn)

call dwnpas(Xsrc,ysrc,str,nsre,xmin,yoin,xmax, ymax,
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mxlevx,mlevy,mfine, nfine, intwk(iptl),intwk(ipt2),
intwk(ipt5),ngsizb, realwk({jptl),npolsz,lterms,v,cn, sn)

call uppas{xsrc,ysrc,str,nsrec,xmin,ymin, xmax, ymax,
mxlevx,mlevy,mfine,nfine intwk{ipt5) ,ngsizh,realwk{jptly,
npolsz,iterms,xrec,yrec,nrec,intwk(ipté) ,realwk(jpt2),
npowsz,icor,intwk(ipt3),intwk{ipt4),v,cn,sn)

Evaluate the potential from the local interactions
and the power series

if{iwflag.ne.l) then

call potevl(xsre,ysrc,str,nsre,xrec,yrec,nrec,
pot,intwk(ipt6) ,realwk(jpt2),items,tol,

xmin, xmax, ymin, ymax , ioor,deita,mfine, nfine,
intwk{iptl),intwk{ipt2),intwk{ipt3),intwk(ipt4),
v,cn, sn)

endif

Evaluate the velocity from the local
interactions and the inner ring spproximations

if{iwflag.ne.0) then

call wvelevl(xsre,ysro,str,nsro,xrec,yrec,nreq,
velx,vely, “_.bwr.wn..wmﬁmu (realwk{jpt2},itemms, tol,
Eb\unﬁk\ﬁhu,mﬁﬁxhuoﬁmmwﬁwhﬁpwm nfine,
intwk{iptl}),intwk{ipt2),intwk{ipt3),intwk(iptd),
v,cn,snj

endif

put the particles back in their original order

call srcput(xsre,ysre,str,tmps,nsre,links)
call recput(xrec,yrec,tmpr,nrec,linkr)

put the computed quantities back in their original order

if(iwflag.ne.l) then
call empput{pot,tmpr, nrec,linkr)
endif

if{iwflag.ne.0) then

call empput{velx, tmpr,nrec,linkr)
QM“_.W cmpput{vely,tmpr nrec,linkr)
endi

done

return
end
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subroutine getcon{tcon,scale) [}
implicit real*B(a-h,o~z) 100
real*8 toon(10,2) c

In this subroutine the timing constants are
initialized a

Assigoment Initialization — you should uncomment
the correct block to get the appropriate constants.

If vou use the wrong constants — the program will still
funotion properly as long as the relative timings for
the operations on the machine in use are similar to that
for one of the timings given belcnr.

SUN Sparcstation :

scale= 0.100000D+04
teon(l,l)= 0.158189E-01
teon{l,2}= 0.2023098-03
tcon(2,1)}= 0.198674E~0L
toon(2,2)= (0.324907E-02
toon{3,1)= 0,.197324E-01
tcon{3,2)= 0.313568E-02
toon{4,1}y= 0.}96765E—01
tcon{4,2)= 0.276008E-02
teon(5,1)= 0.5181488-01
teon(5,2)= 0.0
teon{6,1)= 0.45223%E-01
teon{6,2)= 0.455900E-02
teon{7,1)= 0.235182E-01
teon{7,2)= 0.415860E-02
teon{B,1)= 0.5394928-0]
teon(8,2)= 0.338150E-02

On An Alliant F¥-BO with a single CE

gote 100

scale= 0.100000D+04
teon{l,1}= 0.215534E-01
teon(l,2)= 0.153142E-02
teon{2,1)= 0.210423E-01
teon(2,2)= 0.148380E-02
teen{3,1)= 0.202719E-01
teon(3,2)= 0.171566E-02
teon({4,1)= 0.212157E~01
teon(4,2)= 0.115326E-02
teon{5,1)= 0.230024E-01
teon(5,2)= 0.
teoon(6,1)= 0.2535288-01
tcon(6,2)= 0.239412E-03
tcon{7,1}= 0.208908E-01
teon(7,2)= 0.765751R-02
tcon(8,1}= 0.662837E-01
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toon(8,2)= | 0.650708E-02
continue

return
end
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200

250

Laoaand

subroutine boxsiz(xl,yi,npart,xtst,ytst,ntst,
mxlev mxlevx axlevy , Xmin , Xmax , ymin , ymax)
implicit real*g (a—h,c=z)

This routine figures ocut the dimensicns of the computational box
as well as determing the levels to be used in each direction

naoaeaa

real*8 x1¢1),yv1(1),xtst{1l}),vtst(1)

xmin=x1{1)

ymin=y1{1)}

rax=x1{1)

ymax=y1l{1)

do 100 i=2,npart
sin=dminl {xmrdn =T (1))
xmast=drmax] {xrax %1 (1))
ymin=dminl {yrdin,y¥I (1))
ymaw=dmax] {yrax,yL(i))

continue

do 200 i=1,ntst
xmin=dmin] {xmin,xtst(i))
amax=dmax]. (xmax,xtst (1))
Mﬂwﬂﬂ&ﬁﬂp@dp?ﬁmﬂﬂ b
ymax=dmax]l {ymax ,ytst (1))

continue

add a little padding

Axemax—xmiln

dy=ymax—ymin

xmin=xmin — (.001400)*dx

ymax=ramax + (. 001d00)*dx

yiin=ymin -~ (.001300)*dy c

ymax=ymax + (.001d00)*dy

dx=max-xmin

dy=ymax-ymin

if({(dx.eq.0.0d400}.and. (dy.eq.0.0d400)) then
write{12,250)
format(1x,' Computational Box of Zeroc Size ')
stop

endif

now scale the sides - the largest side remains invariant:, while the
amaller sides are increased in order that the resulting region has
an aspect ratic which is a power of 2

if(dx.ge.dyy then

call rscale(dy,dx,ymin,ymax,mxlev,mxlevy, mlevy)
else

call rscale({dx,dy,xmin,xmax mxlev, mclevy, nelevy)
endif

return
end
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subroutipe rscale{da,db,astrt,aend, mxlev,mxleva,mlevb}
implicit real*8 (a-h,o-2)

Given two sides of length da and db (da <= db ) this

routine scales the smaller side (side a) so that the resulting
sides are in a ratio which is a power of two. This routine also
figures out the maximm level of refinement for each side.

ratio=da/db
if{ratio .eg. 0.0d400) then
metlevb=mxlev
nxleva=0
ifine=2*mmlievhb
danew=db/dble(ifine}
alse
levoff=Int{dlog({ratio}/dlog(0.5d00))
mlevh-neelev
nxleva=mxlevb—levoff
if{mxleva.lt.0) then
xleva=0
ifine=2**mxlevb
danew=db/dble(ifine)}
else
danew=({1.0d400/2.0400)**}evoff)*db
endif
endif
diff={danew—da)
astrt=astrt—(diff/2.0400)
aend=aend+(diff /2. 0a00)
da=({aend—astrt)
return
end
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subroutine makcon{iterms,v,cn,sn}
jmplicit real*8 (a—h,o—z)
real*8 v{101,2),cn(10%,3),s0(101,3)

This subroutine precomputes the integration points
for the Poisson kernel (in v}, and certain constants

acaoaon

pi=3.14159265353300
pi2=2.0d00%pi
itot=2*iterms + 1
dtheta=pi2/dble(itot)
nn={itot—1)/2

Integration Points

aoa

do 10 i=1,itot
v{i,1)=dcos(dble(i-1)*dtheta}
Vi, D=dsin{dble(i-1)*dtheta}
continue

Constants for the Modified Polsson Kernel evaluation

Qo
(=)

do 20 i=l,itot
on{i,l)=decos({dble(i—~1)*dtheta)
an{i,dy=deos{dble(i—1)*dule(nn)*dtheta)
cn{i,3)=deos(dble(i~1)*dble(nn+1)*dtheta)
sn(i,l)~dsin{dble(i~1)*dtheta)
sn{i,2)=dsin{dble(i-1)*dble(nn)*dtheta)
sn{i,3)=dsin(dble(i-1)*dble{nn+1)*dtheta)

20 continue
return
end

used in the evaluation of the integral of Poisson Kernel.
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subroutine dwnpas(x1l,yl,str,npart,xmin,ymin,xmax,ymax,
mxlevx meclevy mfine, nfine,isre,isresz,ipole, ngsizb,
polval ,npolsz,iterms,v,cn,sn)

implicit real*8({a—h,o—%z)

On the basls of the particles located at (x1,yl) this subroutine
computes the outer ring approximations at all levels of a nested
set of boxes.

real*B x1{1),y1(1),=tr(l)
integer*4 lsrco(mfine,nfine),isrecsz(mfine,nfine)
integer*4 ipole(l)

real*8 polval(l)

nested grid information arrays (maximum depth of 20)

integer*4 npanx(20),npany(20) ,aptr(20)
real*8 hpanx(20) /hpany(20)

integration and constant arrays
real*8 v(101,2),cn(101,3),sn(101,3)
idepth=max0 (mxlevx ,mlevy)

set up the indicies for the nested grids
and check to see if there is encugh space

call setptr({mclewt,mxlevy,mustor,npanx,npany,nptr)

if{mxstor .gt. ngsizb) then

write(12,*) ‘Error : Insufficient Integer Wrk. Space : '
write(l2,*) 'Storage Needed (value of ngsizb) : ' ,mstor
write{l2,*) 'Storage Allocated (value of ngsizb) :',ngsizb
write(*,*) 'Fatal Error : See errout !

stop

endif

Initialze the ring approx. pointer arrays — set all entries
to ~9 to indicate the absence of a ring approximation.

do 130 level=1,idepth
nx=npanx {level)

ny=npany({level)
nstrt=nptr{level)

call niner({nx,ny,ipole(nstrt))
continue

get tesh sizes figured out

hxstrt=(xmax—sxmin} /dble(mfine)
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hystrt=(ymax—ynin)/dble(nfine) if(nvals.gt.npolsz) then
hpanx{idepth)=hxstrt write(l2,*) 'Error Insufficient Real Wrk. Storage :'
hpany{idepth)=hystrt write(l2,*) 'Storage Allocated : ',2%npolsz
do 140 i=1,idepth-1 write(l2,*) 'Storage Necessary (value of nrealw) : ',2*nvals
level=idepth~i write(*,*) 'Fatal Error : See errout '
ix=min0{i,mxlevx} stop
iy=mind{i , mxlevy} endif
hpanx{level y=hxstrt* (2**ix) ¢
hpany({level)=hystrt*(2+*iy) c Zero Coefficients of Storage Array
140 continue c
a do 400 i=1,nvals
c Allocate space and designate locations for cuter ring values polval(i)=0.0400
c {2*iterms+2) values for each representation are needed. 400 continue
[ c
c The first 2#*jterms +1 values are the potential values on c Form outer ring approx. on the finest level
o] the ring about the center. c
a The 2*iterms + 2 value is the strength of the log temm. level=idepth
c =npanx(level)
[e] iptr = pointer to next available address location in the array polval ny=npany (level)
a nstrt=nptr{level)
a Finest level — use information from isrcsz hy=hpanx(level)
c hy=hpany(level)
if(idepth.gt.1} then call f£stpol({nx,ny,ipole(nstrt),mfine,nfine,isrc,isrcsz,
level=idepth ' *  xmin,ymin, hx, hy,opart,xl,yl,str, polval,items,v)
nstrt=nptr{level} s}
iptr=1 ¢ Form outer ring approx. on the coarser levels
isize={2*iterms)+2 c
call fstale{mfine,nfine,ipole(nstrt), isresz,iptr,isize) do 430 i=1,idepth—2
endif levela=idepth—i
c oxa=opanx(levela)
a Allocate on succesively coarser levels nya=npany({levela)
c nstrta=nptr{levela)
c levela= level where we need allocation hxa=hpanx{levela)
c hya=hpany {levela)
[ levelb= previous level levelb~levelatl
[ nxb=ppank({levelb)
do 300 i=1,idepth—2 nyb=npany(levelb)
levela=idepth-i hxb=hpanx(levelb)
mxa=npanx{levela) hyb=hpany{levelb)
nya~npany{levela) nstrtb=nptr({levelb)
nstrta=nptr{levela) call mrgpol{nxa,nya,ipole(nstrta),nxb,nyb,ipole(nstrthb),
levelb=levelatl * xmin,ymin, hxa, hya, hxb hyb,polval ,,items,v,on,sn)
mxb=npanx{levelb) 430 continue
nyb=npany{levelb} c
nstrtb=nptr{levelb) « Downward Pass is Complete
call alloc{nxa,nva,ipcle{nstrtay),mxb,nyb,ipole(nstrtb) , iptr, c
* isize) c
300 continue return
c end
- Bach non—negetive entry of ipole points to the address of ]
c the array polval where the cuter ring approximation values
[} for that grid pode are going to be stored.
c
c Check to see if there is eancugh space allocated
c

nvals=iptr—1
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subroutine niner(nx,ny,iu)

This subroutine initializes the pointer arrays
to -9.

aQaa

integer*4 iu(nx,ny)
do 10 i=1,nx
do 10 j=1,ny
iufi,Jy=—2

10 continue
return
end
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subroutine setptrimxlevx,mlevy,mistor,npanx,npany,nptxy)
integer*4 npanx(20),npany{20),nptr({20}
integer®4 mxlevx axlevy mxstor

This subroutine sets up the pointer structure for the
nested grids. Maximum number of grids is 20.

mxlevy => 2%*mxlevx panels on the finest grid in the i direction
mxlevy =} 2*'mxlevy panels on the finest grid in the 3 direction
mxstor =} the murber of points taken up by the nested grid
npanx(level) => i dimension of grid at level level.

npany(level) => j dimension of grid at level level.

nptr(level) => index of first component of grid at level level.

idepth=max0 (mlevxk ,mlevy}

level=idepth

levx=mlevx

levy=-mxlevy

nptr(level)=l

npanx(levelj=2**lavy

npany(level)=2**levy

do 10 i=2,idepth
level=1evel~1
levx=levx—1
levy=levy—l
pptr(level)=nptr{level+l) + npanw(level+l)*npany{level+l)
if(levx.2e.0) then

npanx(level)=1
else
npanx(level y=2**lavx
endif
if({levy.le.0) then
npany({level)=1
else
npany({level)=2**levy
endif
continue
level=1
mxstor=nptr(level} + npanx{level)*npany({level)
return

end
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subroutine allec(nxa,nya,iua,nxb,nyb,iub,iptr,isize)

This subroutine determines at which points of the grid
there will be a ring approximation.

The rule used in the construetion is "if a child of any
box has a ring approx. in it, then that box will need
a ring approximation."

iua array = current level needing allocation

iub array = previous (finer) level

iptr = pointer to location where the ring approximation
values start.

integer*4 iuva{nxa,nya),iub(nxb,nyb)

leop over children and set flag if an approximation is needed.

do 10 i=1,nxb

do 10 j=1,nyb

if(iub(i,}) .gt. 0 ) then
ind=Int({i~-.13/2) + 1
Jné=Int((j—.13/2) + 1
iua(ind,jnd)=5

endif

continue

now allocate storage

do 20 i=I,nxa

do 20 j=1,nya

if{iva({i,j) .gt. 0) then
iva{i,j)=iptr

iptr=iptr + isize

endif

continue

return

end
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subroutine fstale(mfine nfine,jva,iub,iptr,isize)

This subroutine determines at which points of the

finest level grid there will be outer ring approximations
and inper ring approximations.

The rule used in the construction is "If there are any
particles in the box, then an approximation will be required.'!

iua array = finest level grid pointer array

iub array = array which indicates the presence of particles in
box.

iptr = polnter to location where the storage of the ring values
starts.

aoooaogaecoaoQeaaan

integer*4 jua(mfine,nfine},iub(mfine,nfine)

Q

do 10 j=1,nfire

do 10 i=1,mfine

if¢iub{i,j).gt. C) then
iva(i,j)=iptr
iptr=iptr+{isize)

endif

10 continue
return
end
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subroutine fstpol(mfine,nfine,ipole,nxb,nyb,isrc,isrcsz,
xmin,ymin,hx hy,nsrc,xsre,ysrc,str,polval , iterms, v)
implicit real*8{a—h,o—z)

This subroutine camputes potential values on rings whose
centers are the finest level bores. This potential is that
which is induced by source the particles in those boxes.

beta = radius {in units of mesh lengths) of ring approwimations.

integer*4 ipole{mfine,nfine)
integer*4 isrc{mfine,nfine)
integer*4 isyesz{mfine, nfine)

real*8 wxsre(l),ysro(l},str(l)
real*8 polval{l)

real*8 v(101,2)
real*8 vposx(101) ,vposy(101)

Ioop over all boxes,

beta=2.0400
hmax=dmax] (hx,hy)
rad=beta*hmax
Arad=dlog{rad)
itot=(2*iterms)+1
pi=3.14159265359400
piz=pi*2.0d4G60

do 100 i=1 mfine

do 100 3=1,nfine

if(ipole(i,j).eq.0) goto 100
xpole={dble(i~1)*hx + xmin) + {(kx/2.0400)
ypole=({dble(j-1)*hy + ymin) + {(hy/2.0d00)

do 10 k=1,itot
vposx{kj=rad*v{k,1} + xpocle
vposy(k)=rad*v(k,2) + ypole
continue

Get the addresses and limits for the loop over the particles
in the boxes.

isrcom=isresz{i,]j}
isbeg=isrc(i,Jj)
istrt=ipole(i,j)
jend=istrt + itot

accumulate strengths
do 15 m=1,isrcnm

isind=isbeg + (m1)
polval(iend)=polwval({iend) + str{isind)
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25
100

continue

In the formation of the outer ring approximations we

eanpute values on the ring which are the difference

between the values a given source particle induces and the
value of a particle centered at the origin with the

same strength. This calculation

must be done carefully to avoid problems with round off - i.e.
in the following loop one should do the subtraction of the
term str{ll)*drad/pi2 inside the loop and not bring it outside.

For more general type distributions (cther than point particles)
the .5*log{rr} term would be replaced with the other potential
function.

do 25 k=1,itot

de 25 1=1,isrcom

Kk=istrt + (k-1}

ll=isbeg + {1-1)

rr={xsrc{ll)—vposx(k))**2 + (ysre{ll)—vposy(k))**2
polval{kk)=polval(kk)+str{ll)*(0.5d0*dlog{rr)—drad)/pi2
continue

continue

return

end
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subroutine mrgpol {nxa,nya,iva,nxb, nyb,iub,enin, ymin,
hxa hya b, hyb,polval ,iterms, v, cn,sn)
fmplicit real*8 (a-h,o%)

This subroutine computes the potential wvalues for an outer
ring approwximetion whose center is an 'a' level box.

The potential is that induced by the outer ring approx.s assoc.
with 'b' level boxes contained within it., (It's children.)

a level = level at which the ring approximation values are ccmp.

b level = children

integer*4 iua{nxa,nya},jub(nxb,nyb}
real*8 polval{l)

real*8 v({101,2),cn(101,3),sn{101,3)

Loop over all children. Giwve the values of the children
to the parent

beta=2.0400
hmaxa=dmax1{hxa , hya)
rada~beta*hmaxa

do 100 ind=1,nxb

do 1909 Jnd=1,nyb

if{iub{ind,9ynd).gt.0) then
i=Int{{float{ind)-.53/2.0) + 1
J=Int{ (float(jnd)—.5)/2.0) + 1
xapole=(dble(i~1)*hxa + xmin) + hxa/2.0d900
yvapole=(dble(j~1)*hya + ymin) + hya/2.0d00
istrta=iua(i,])
xbpole=(dble{ind—1)*hxb + xmin) + hxb/2.0300
yhpole={dble(jnd-1)*hyb + ymin) + hyb/2.0800
istrtb=iub{ind,jnd)
call polpol(polval({istrta),xapole,yapole,rada,

polval(istrtb) ,xbpole,ybpole,radb,iterms, v, cn,sn)

endif

continue

return

end
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function polevl(xpos,ypos,itot,pol,xpole,ypole,rpole,cn,sn)
implicit real*8{a-h,o—z)

real*8 pol{l)

real*8 ak(l01)

real*8 on(101,3),sn(101,3)

This procedure evalutes the outer ring approximation from
the itot boundary values in pol. The dimension of ak should
be more than itot.

val=0_0d00
pi=3,14159265359400
pi2=2.0400*pi

a=rpole
dtheta=pi2/dblefitot)
on={itet~1)/2

xtrns=xpos—xpole
ytras=ypos—ypole
r=dsgrb(xtrns**2 + ytrns**2)
thetd =Gatan?({ytrns,xtrns)

aipha=a/r

a2=alphax*2

an=alpha**nn
anpl=an*alpha
anpl=anpl*alpha
cl=decos(thet()
cad=dcos(dble{nn)*thet)
c3=dcos(dble{nntl)*thetl)
si=—dsin(thetQ)
s2=—dsin(dble{nnj)*thet0}
s3=—dsin(dble{nn+l )} *thet0)

In the caleuwlation of the kernel — I avoid computing cosines
by using the fact that

cos{t — s)=cos{ti*cos{—s) ~ sin{t)*sin{—-s)
This makes the code unreadable, but it runs much faster.

eps=0.0001400
if({dabs({alpha—-1.0300) .gt. eps} then

do 250 4=1,itot

val=val + (pol{j)*dtheta*

{1.040 — a2 + 2.40*

(anp2*(cn(},2)*c2-sn{],2)*s2)— anpl*(cn{j,3)*c3-sn(]j,3)*s3)))
/(1.400 — 2.400*alpha*{cn{j,1y*cl —sn(j,1l)*sl) + a2))
continue

polevl=(dlog{r)*pol{itot+l) + val)/(pi2)}
else
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c evaluate the kernel in long form

ak({1ly=alpha
do 325 j=2,nn
ak{ij=alpha*ak({i-1}
325 continue
do 400 j=1,itot
theta=dble(j—1)*dtheta
zker=0.0d400
do 350 i=1,nn
zk=gble(i)
zker=zkert+ ak{i)*dcos(zk*(theta—thet0))
350 continue
val=val + zker*pol{j)*dtheta
400 continue
polevl=dlog(r)y*pol{itot+l)pi2 + val/pi
endif
return
end
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subroutine polpol{pola,xapole,yapole,rada,
* polb,xbpole,ybpole,radb,iterms,v,cn,sn}
implicit real*8(a-~h,o-z)
real*8 pola{l),polb(l}
real*8 v{101,2),on(101,3),sn(101,3)

Cuter Ring Approximation to Outer Ring Approximation Shift

This subroutine evalutes the potential of

an outer ring approximation (pola) at the node
points of another outer ring approximation. These
values are stored in (polb)

increment leg term

pi=3.14155265359400

pi2=2,0d400%pi

itot=2%iterms + 1
pola{itot+l)=pola{itot+l) + polb{itot+l)
cons=polb(itot+l)*(dlog{rada) /pi2)

aonaoafaooaaa

now add all the other values

aan

do 100 i=1,itot
xpos=rada*v(i,1l) + xapole
ypos=rada*v(i,2) + yapole
pola{i)=pola(i) +
*  (polevl(xpos,ypos,itot,polb,xbpole,ybpole, radb,cn, sn) ~ cons)
100 continue

c —> new values in polb are orthogonal to a constant

return
end
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subroutine uppas(xl,yl,str,npart,anin, ymin,xmax ,ymax ,
mxlevx mxlevy,mfine,nfine,ipole,ngsizb,polval  npolsz,
iterms ,xtst,ytst,ntst,ipow,powval,npowsz, icor,
irec,irecsz,v,on,sn)

implicit real*8(a-h,o—z)

Upward Pass — outer approx. known at all levels, so compute
the inner ring approximations.

real*8 x1{1),y1(1),stxr(l)
real*8 xtst(1),ytst(l)

integert4 ipole(l)
integer*4 ipow(l)

integer*4 irec(l),irecsz(l)
real*8 polval(l)

real*B powval(l)

real*8 v{101,2),en(101,3),sn{101,3)

nested grid information arrays (maximm depth of 20}

integer*4 npanx(20),npany(20) ,nptr(20)
real*B8 hpanx{20) hpany(20)

idepth=max0(mxlevx,mlevy)
set up the indicies for the inner ring approx. pointers

call setptr{mxlevx,mxlevy,mtstor,npanx,npany,nptr)
if(mxstor .gt. ngsizb) then

write(l2,*) 'Error : Insufficient Integer Wrk. Space : !
write(l2,*) 'Storage Needed : ' ,mxstor

write(l2,*) 'Storage Allocated (value of ngsizb) :',ngsizb
write(*,*) 'Fatal Error : See errout !

stop

endif

Initialze the inner ring pointer arrays — set all entries

to -9 to indicate the zbsence of an ipner ring approximation.

do 130 level=l,idepth
nx=nparx(level)
ny=npany{level)
nstre=nptr(level)
call niner(nx,ny,ipow{nstrt))
continue
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set up mesh sizes

hxstri={xmax-xmin)/dbleimfine)
hystri={ymax—ymin) /dble{nfine)
hpanx (idepth)=hxstrt
hpany (idepth)=hystrt
do 140 i=1,idepth-1
level=idepth—i
ix=min0{i,mxlevx)
iy=minQ¢i,mxlevy)
hpank (level)=hxstrix (2**ix)
hpany(level)=hystrt*(2+**iy)
continue

Allocate space and designate locations for inner ring values.
(2*iterms+]l) values for each representation are needed.

iptr = pointer to next available address location
in the array powval.

level=idepth

nstrt=nptr{level)

iptr=1

isize=2*iterms + 1

call fstalc{mfine,nfine,ipow{nstrt},irecssz, iptr, isize)

Allocate on succesively coarser levels
levela—~ level where we need allocation

levelb= previous level

levela= level where we need allocation
levelb= previous level

do 300 i=1,idepth-2
levela=ldepth—i
rxa=npanx{levela)
nya=—npany ( levela)
nstria=nptr{levela)
levelb=levela+tl
rmb=npanx { levelb)
nyb=npany{levelb)
nstritb=nptr(levelb)
call mu.u.onauwm-uuww\u..moiumﬁﬂwmv nxb,nyb,ipow{nstrtb),iptr,

isize)
continue

Each non-negetive entry of ipow points to the address of
the array powval where the power values
for that grid node are going to be stored.
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Check to see if there is enough space allocated

nvals=iptr—1

if({nvals.gt.npowsz) then

write(l2,*) 'Error Insufficient Real Wrk. Storage :f
write(12,*) 'Storage Allocated : ',2*npowsz

write(l2,*) 'Storage Necessary {(value of nrealw) : ',2*nvals
write(*,*) ‘Fatal Error : See errout '

stop

endif

Now form all of the required inner ring approximations
Zero Storage Array

do 400 i=1,nvals
powval({i)=0.0d400
continue

Form irmer ring approx. for all the other levels

do 410 level=2,idepth

nxa=npanx{level)

nya=npany {level)

hxa=hpanx{ilevel )

hya=hpany({level)

nstrta=nptr({level)

nxb=npanx({level—1)

nyb=npany({level-1)

hxb=hpanx(level-1)

hyb=hpany(level—1)

nstrib=nptr{level-1)

call mrgpow(nxa,nya,lpow({nstrta),lpole{nstrta},pxb,nyb,
ipow({nstrtb) ,xwin,ymin, hxa, hya, hxb hyb,powval,
polval,iterms,v,cn,sn,icor)

continue

Done — Inner ring approximations available at all lewvels.

raturn
end
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subroutine mrgpow{nxa,nya,ipowa,ipole,nxb,nyb,ipowb,
xmin,ymin, hxa hya, hxb, hyb,pow,pol,lterms,v,cn,sn, icor)
implicit real*8 (a—h,oz)

This subroutine computes the inner ring approx. from the parent
inner ring approx. and the outer ring approx. which are well
separted but contained under the parents neighbors.

a= leve] where we need the inner ring approximation
b= previous level (coarser) at which the ring approx.
have already been obtained.

integer*4 ipowa(nxa,nva),ipole(nxa,nya),ipowh{nxb, nyb)
real*8 pol{l),pow(l)
real*8 v(101,2),cn({101,3),sn(101,3)

beta=2.0300
hmaxa=dmax] {hxa hya)
hmaxb=dmax1 (hxb,hyb)

Loop over current level inner ring approximations.

do 1000 i=1,nxa

do 1009 j=1,nya

if{ipowa(i,j) .gt. 0) then

ind=Int((float(i)—.5)/2.0) +

jnd=Tnt((float{])—.5)/2.0) +
if{ipowb(ind,jnd) .gt. D )

obtain values from parent

xpar=(dble{ind-1)*hxb + (hxb/2.0d400)) + xmin

yrax=(dble{ind—-1}*hyb 4+ (hyb/32.0400)) + ymin

rpar=hmaxb/2. 0400

ippar=ipowb{ind,jnd)

xchld={dble{i—1)*hxa + (hxa/2. 0400)) + xmin

yohld=(dble{j~1)*hya + (hya/2.0400)) + ymin

rchld=hmaxa /2 . 0d00

ipehla=ipowa{i,i} .

call powpow(Xpar,ypar,rpar,pew{ippar),
xchld,ychld,rchld, pow{ipchld) ,iterms,v,cn,sn)

endif

1
1
then

obtain values from nearby outer ring approx. (but not neighbors)

indbot=ind-icor
Jadbot=ind-icor
ibot={indbot*2 -1)
Jbot={jndbot*2 -1}
itop=ibot+{d*icor) + 1
Jtop=jbot+{4*icory + 1
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200

1000

ibot=max(ibot,1)
jbot=max(jbot,1)
itop=min( “_...ﬂom_ ,n¥a)
Jtop=min(jtop,nya)

do 200 k=ibot,itop
do 2060 m=jbot,jtop
kd=abs (k1)
md=abs (m—7)
if((kd.ge.{(icor+l)).or.{md.ge. (icor+l))) then
if{ipele(k,m) .gt. 0) then
xpole=(dble(k-1}*hxa + xmin} + (hxas/2.0d400)
ypole=({dble(m-1})*hya + ymin) + (hya/2.0d00)
rpole=beta*hmaxa
%chld=({dble{i-1)*hxa + (hxa/2.0d0C)) + xmin
vehld={dble({j-1)*hya+ (hya/2.0300)) + ymin
rehld=hmaxa/2. 0800
ipchld=ipowa(i,})
iplptr=ipcle(k,m)
call polpow(xpole,ypole,rpole,pol{iplptr};
xchld,yehld, xchld, pow(ipchld) , iterms, v, on,8n)

endif
endif
continue

endif
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subroutine powpow(xpar,ypar,rpar,powb,
xchld,ychld,rchld,powa,iterms, v, cn,sn)
implicit real*8 (a-h,o-z7)

Inner ring approx. to Inner rying approx. shift.

In this subroutine the inner ring approx. located at the
parent center, (xpar,ypar)

with radius rpar is evaluated at the points of a ring about
for a child with

center (xchild,ychild) with radius rchild

child = a
parent = b

real*8 powa(l),powb{l)
real*8 v(101,2),cn(101,3),sn{101,3)
npow=2*iterms + 1

do 100 i=1,npow

¥xpos=rchld#*v{i,1) + xchld

ypos=rchld*v(i,2) + ychld

powa(i)=powa{i) + powevl(xpos,ypos,npow,pawb,
) Xpar,ypar,rpar,cn,sn)

contipue

return

end
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100

subroutine polpow({xpole,ypole,rpole,pol,
L XpOow, YPOW, Tpow, pow, 1terms, v, o, en)
implicit real*8 {a—h,o0z)

Inner ring approx. to Cuter ring approx. shift.

In this subroutine the inner ring approx.
at (xpole,ypcle) with radius rpole

is evaluated at the points of a ring about
{rpow,ypow) with radius rpow.

real*8 pol{l),pow(l)

real*8 wv(101,2),en(101,3),sn(101,3)
npol=2*iterms + 1

npow=2%iterms + 1

do 100 i=l,npow

xpos=ypow*v(i,1l) + xpow

YpoS=rpow*v{i,2) + ypow

pow(i)=pow(i) + polevl(xpos,ypos,npol,pol,
xpole,ypole,rpole,cn,sn)

continue

retiurn

end
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double precision function powevl(xpos,ypos,itot,pow, xpow,
YPOW, XPOW,Cn, Sn}

implicit real*8 (a~h,o-z}

real*8 pow{l)

real*8 ak({101}

real*8 cn(l10l,3),sn(101,3)

This procedure evalutes the inner ring approx. from

the itot houndary values in pow. It uses the first nn terms
of the Poisson Kernel. If the point is too close to the
ring on which the points are stored, then the n—terms of the
Poisson kernel are evaluated in long form.

val=0.0d00
pi=3.14159265359400
pig=2.0d00*pi

a=Tpow
dtheta~pi2/dble{itot)
nn=(itot-1)/2

XErns=xpos—xpow

YEIRE=ypoS—ypow

r=dsgrt({xtrns¥*2 + ybrms**2)

thet0=0, 0400

if{r .gt. 1.0d-12) thet0 =datan2(ytrns,xtrns)

alpha=r/a
a2=alpha**2

an=alpha**nn

anpl=an*alpha
anp2=anpl*alpha
al=dcos(thetld)
c2=deos(dble(nn) *thet0)
c3=dcos(dble{nn+l)*thet0)
sl=—dsin(thet0)
s2=-dsin(dble(nn)*thet0)
s3=dsin(dble{nn+l)*thetd)

eps=0.0001400

if{dabs(alpha—1.0d00).gt. eps) then

do 250 j=1,itot

val=val + (pow(])*dthetas*

{1.040 — a2 + 2.d40*

{anp2*{en(},2)*c2-sn(},2)*s2)— anpl¥(cn{J,3)*c3—en{j,3)*sd)))
/¢1.400 — 2.d400*alpha*(cn(d,l}*%cl —an{j,1)*sl) + a2))
continue

powevl=val/(2.0d00%pl)
else

evaluate the kernel in long form
ak({l)=alpha

do 325 i=2,mn
ak(d)y=ak({i-1)*alpha
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325 continue
do 400 j=1,itot subroutine powdrv(xpes,ypos,itot,pow,xpow,
theta=dble(j—1)*dtheta * YDOW,Xpow, on,sn , powds , powdy'y
zker=0.5d00 implicit real*8 (a—h,o-z)
do 350 i=1,nn real*8 pow{l)
zk=dble(i) real*8 ak(l0l).
zker=zkert+ ak{i)*dcos(zk*(theta—thet0)) real*8 on(101,3),sn(101,3)
350 continue
val=val + zker*pow{j)*dtheta
400 continue
powevl=val /pi
endif
return
end
c powdx=0. 0400
powdy=0. 0400
powdr=0. 0400
powdt=0. 0d00
pi=3.14159265359400
piz2=2.0d00*pi

This procedure evalutes the derivatives of an inner approx. from
the itot boundary values in pow. It uses the first nn terms

of the Poisson XKernel. If the point 15 too close to the

ring on which the points are stored, then the n—terms of the
Polsson kernel are evaluated in long form.

aoaaoaaoaa

a=rpow
dtheta=-pi2/dble(itot)

no={itot—1)/2

xtrns=xpos—xpow

yEms=ypos—-ypow

r=dsqrt(xtrons**2 + ytrns**2)

thet0=0.0d00

if(r .gt. 1.08-12) thet0 =datan?2(ytrns,xtrns)

alpha=r/a

aZ=alpha**2

an=alpha**nn
anpl=an*alpha
anp2~anpl*alpha
cl=dcos(thet0)
o2=doos(dble{nn}*thet0)
c3=dcos(dble(nn+l)*thetl)
sl=-dsin(thet0)
s2=—@sin(dble(nn)*thet0)
s3=—gsin(dble(nn+l)*thetd)

[eele]

eps=0.00001400
if(dabs(alpha—1.0) .gt. eps) then
do 250 j=1,itot
bot=1.4d0~-2.d0*alpha*{cn(j,1)*cl — sn(j,li*sl) + a2
top=1.40 — a2 + 2.040%
* (anp2*(on{j,2)*c2-sn(},2) *s2)—anpl*{cn(j,3)*c3—sn(],3)*s3))

d/dr derivative

dtop= —({2.d0/a)*alpha
* + (2.d0/a)*{dble(nnt2)*anpl*(cn{j,2)*c2 — sn(j,2)*s2))
* - (2.d0/a)*{dble(nntl)*an*({cn(i,3)%*c3 — =n{j,3)*s3))

[t v el
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325

350

400

dbot=—(2.40/a)*{cn({j,Ly*cl — sn{j,1l)*sl) + {2.40/a)*alpha
powdr=powdrt
{ {dtop*bot — top*dbot)/(bot**2)) *dtheta*pow(])

1/r*({d/dtheta) derivative

dtop= {2.d0/a)*anpl*dble{on)*(sn(j,2)*c2 + on(j,2)*s2)
—{2.40/a)*an*dble{mn+l)*(sn(3,3)*c3 + en(j,3)*s3)

dbot=—{2.d0/a)*(sn(j,1)*cl + cn(j,1)*sl)

powdt=powdt+

{ (dtop*bot — toprdbot)/({bot**2})*dtheta*pow(])

continue

form x and y ccmponents from polar components — note 1/r factor
in the 4 theta derivative has already deen accounted for.

powdx=deos {thet0)*powdr — dsin{thet()*powdt
powdy=dsin{thet0)*powdr + dcos(thet()*powdt
gﬂ%\aw.mcﬁm@
powdy=powdy/(2.d0%p1)

else
evaluate the kercel in long form

ak(1)=1.0400

do 325 i=2,nn
ak(i)=alpha*ak{i-~1)

continue

do 400 j=1,itot
theta=dble({j-1)*dtheta
zkerdx=0.0d400
zkerdt=0_0d400
do 330 i=1,nn
zk=dble{i}
zkerdr=zkerdr+(1.d0/a)*ak(1i)*zk*dcos{zk* (theta—-thet0))
zkerdt=zkerdt+{1.40/a)*ak (i) *zk*dsin{zk* {theta—thet0))
continue
powdr~powdr + zkerdr*pow({j)*dtheta
powdt=powdt + zkerdt*pow!j)*dtheta
continue

powdx=dcos { thet.0) *powdr — dsin{thet0)*powdt
powdy=dsin{thet0)*powdr + dcos(thet0)*powdt
powdx=powdx,/pi
powdy=powdy /pi.

endif
return
end
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subroutine velevl({xsrec,ysrc,sir,nsrc, xrec,yrec,nrec,
velx,vely,ipow,powval ,iterms,tol ,xmin, xmax ,ymin,ymax,icor,
delta, mfine,nfine,isre,isrcsz,irec,irecsz, v, cn,sn)

implicit real*8 (a—h,o—z)

This subroutine computes the velocity at the test partiele locations
from the inner ring approx. values in powval and the local particles
which are pointed to by ilink and ipart.

real*B xsre(nsre) ,ysre{nsra},str(nsrc)
real*B xrec{nsrc),yrec{nsrc),velx{nsrc),vely{nsrc)

integer*4 ipow(mfine,nfine)

integer*4 isrc(mfine, nfine)},isrcsz{mfine,nfine)
integer*d irec(mfine,nfine},irecsz(mfine, nfine)

real*8 powval(l)
real*8 v({101,2),cn{101,3),sn{l101,3)

pi=3.14159265359400
pi2=2.0d00+*pi
hx=(xmax—xmin}/dble(mfine)
hy=(ymax—ymin}/dble(nfine)
hmaze=dmazl {ha, hy)

Loop over all the hoxes on the finest level

do 100 j=1,nfine

do 100 i=l,mfine
irecnme=irecsz(i,j)
if(irecom .eq. 0) goto 100
¥beg=irec({i,]}

do 10 kkk=1,irecnm
knd=kbeg + (kkk-1}

evaluate velocity from power expansions

iptr=ipow{i,]}

xpow=(dblef{i—1)*hx + (hx/2.0400)} + xmin
ypow={dble(j~1)*hy + (hy/2.0400})} + ymin
rpow=hmax /2. 0300

npow=2*titerms + 1

get derivatives

xa=xrec{knd)

ya=yrec(knd)

call powdrv{xa,ya,npow,powval (iptr) ,xpow, ypow, Ipovw,
cn,sn,powdx, powdy} -

¥ velocity
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vely(knd)=vely{knd) + powdx

x velocity

velx (knd)=velx(knd) — powdy
continue

now do local direct Interactions

ibot=i—icor
itop=it+icor
Jbhot=j—icor
jtop=j+icor
ihot=max.{ ibot, 1)
itop-min{itop,mfine)
jbot=max{jbot,1)
jtop=min{itop,nfine)

do 20 jjj=jbot,jtop
do 20 idi=ibot,itop
isremme=isresz(iii,ji3)
if(isrcom.eq.0) goto 20
Jbegmisro(iii,ji3) L
call veloex{xsrc{jbeg},ysrc(jbeq),stxr(jbeg),isrcom,
xrec({kbeg) ,yrec({kbeg) ,irecom,velx{kbeg) ,vely{kbeg}, deita)
continue
continue

return
end
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subroutine potevl{xsrc,ysrc,str,nsrc,xrec,yrec,nrec,
pot,ipow,powval ,iterms, tol ,xmin,xmax,ymin, ymax,icor,
delta,mfine,nfine,isre,isress, irec, irecsz, v, on,sn)

implicit real*8 (a—h,c—2)

This subroutine camputes the potential at the test particle locations
from the inner ring approx. values in powval and the local particles
which are pointed to by ilink and ipart.

real*8 xsro{nsrc),ysrc(hsre),str(nsre)
real*8 xrec{nrec),yrec(nrec),pot(nrec)

integer*4 ipow(mfine,nfine)
integer*4 isrco(mfine, nfine),isrcsz(mfine,nfine)
integer*4 irec(mfine,nfine),irecsz(mfine,nfine)

real*B powval(l)
real*8 v{101,2),cn({1C1,3),sn(101,3)

pi=3.14159265359d400
pi2=2,0400%pi

Joe= (xmace—¥amin) /dble (mfine)
hy=(ymax—ymin}/dble(nfine)
hmax=dmaxl (hx,hy)

Loop over all the boxes on the finest level

do 100 j=1,nfire

do 100 i=1,mfine
irecmme=irecsz{i,j)
if{irecnm .eq. 0) goto 100
kbeg-irec(i,])

evaluate potential from local power expansion

do 10 kkk=1,irecnm

knd=kbeg + (kkk-1)

iptr=-ipow(i,})

xpow=({dble(i-1)*hx + (hx/2.0d400)) + xmin

ypow={dble(i-1)*hy + (hy/2.0d400)) + ymin

rpow=hmax/2. 0400

npow=2*%iterms + 1

val = powevl(xrec(knd) ,yrec(knd) ,npow,powval (iptr),
KEPOW, ypOW, Tpow,cn , 8n)

pot(knd)=pot(kndy + val

continue

now do local direct interactions

ibot=i-icor
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itop=iticor
jhot=4-1cor
jtop=3+icor

ibot=max {ibok, 1)
itop=min{itop,mfine)
Jhot=max {jbot,1)
jtop=min{jtop,nfine)

do 20 jjj=ibot,jtop

do 20 iii=ibot,itop
isronme=isrosz(iii,3{)
if(isrcom.eq.0) goto 20
jbeg=isro(iii,ji])

call potext{xsrc({ibeg),ysrc(jbeg) .,m._nﬂawmm.v silsrenm,
xrec(kbeqg) , yrec(kbeqg) ,irecnm, pot{kbeg) ,delta)

continue

continue
return
end
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call fstnmom(x1,yl,npart,nx,ny,ipole(nstrt) h,2min,ymin}

subroutine esttim{xl,vl,str, nopart,xtst,ytst,ntst,iwflag,delta, call fstoum(xtst,ytst,ntst,nx,ny,ipow({nstrt), h,xmin,ymin}
* ipole,ipow,ngsizh, iterms mileve,mxlevy, c
* xmin, ymin,xnax, ymax,icor,totime, iprint} c
implicit real*8{a~h,o—z) do 200 i=1,idepth-2
[ : levela=idepth—i
a This subroutines purpose is to determine the time it takes to oxa=npanx { levela)
a carry out the hierarchical element nya=npanyf{ levela)
c routine for each level up to the maximum nstrta=nptr{levela)
[ levels prescribed. levelb=levela + 1
¢ nxb=ppanx(levelb)
real*8 x1(}),¥y1{1),stx(l) nyb=npany{levelb)
real*8 xtst(l),ytst(l} nstrtb=nptr{levelb)
a call nxtnum{nxa,nya,ipole(nstrta),nxb,nyb,ipole{nstrtb))
real*8 dwrk(20),uwrk(20),uinc(20) call nxtnum{nxa,nya,ipow(nstrta),nxb,nyb,ipow({nstrtb))
c 200 continue
integer*4 npanx {20} ,npany(20),nptr(20} [+
integer*4 ipole{l),ipow(l) c
integer*4 iwflag ] first level treated differently - put -9's into entries
c [+] (We don’t need inner or outer ring approx. at the flrst level.)
c a
real*8 totime(20) nxa=npanx{l)
real*8 teon(l0,2) nya=npany{l}
c nstrta=nptr{l)
c call miner(oxa,nya,ipole(nstrta))
c Obtain the timing constants call niner(nxa,nya,ipcw{nstrta))
c (=]
call getcon(tcon,scale) a Each of the non—zerc entries of ipcle and
c <] ipow at a given level indicate how
c a many particles there are in that box
c Set: up the nested grid parameters for the finest mesh. c
c c Estimate the time in the downward pass
mfine=2**mxlevs. a
nfine=2**mxlevy do 205 i=1,idepth
he{xmax—xmin}/dbletmfine) dwrk{iy=0.0d00
c 205 continue
c set up the indicies for the nested grids <]
c and check to see if there is enough space if{idepth .gt. 1) then
c level=idepth
call setptr{mlevx,mxlevy,mistor,npanx,npany,nptr) nx=npanx(level)
if{mxstor .gt. ngsizb) then ny=npany (level)
write{l2,*} 'Error : Insufficient Integer Wrk. Space : ' nstrt=nptr(level}
write{l2,*} ‘Storage Needed : ',mxstor call fstdwn{ox,ny,ipole{nstrt),iterms,dwrk{level),
write{l2,*} 'Storage Allocated (value of ngsizb) :’,ngsizb * tcon,scale)
write{*,*} 'Fatal Error : See errout ' endif
stop a
endif c now estimate the work on all the coarser levels —
<] c
c First determine the number of particles in do 300 i=1,idepth-2
c each box at each level levela~idepth-i
[} nxa=npanx(levela)
idepth=max0 (mxlevx,mxlevy) nya~npany(levela)
nx=npanx {1depth) nstrta=nptr{levela)
ny=npany({idepth) levelb=levela + 1
nstrt=nptr({idepth) mxb-npanx{ levelb)

c nyb=npany{levellb)
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nstrib=pptr(levelb) *  ipow({nstrth),iterms,icor,iwflag,utmp,uwrk(levela),
dtmp=0. 0400 * toon, scale)
call nxtdwn(nxa,nya,ipole(nstrta},nxb,nyb,ipole(nstrtb), uine(kk)=utmp—uine(kk-1}
iterms,dtmp,dwrk(levela),tcon,scale) 500 eoptinue
a ¢
c add current level work to previous level work c
c if(iprint .ne. 0) then
do 250 kk=levelatl,idepth write(9,*) ! !
dwrk(kk)y=dwrk(kk) + dtmp write(9,*) ' Timing Bstimates : °
250 continue write(9,*y ' !
300 ccnticue endif
c do 600 i=l,idepth
c dwrk(il) now contains the work estimate for forming the tot=dwrk(i) + uwwrk(i)
51 outer ring approximations down to totime{i)=tot
o level (i) — (i.e. the entries are cumulative) if(iprint.ne.0) then
a . write(9,550) i,8wrk(i),uwrk{i),tot
c Now estimate the amount of work in the construction and 550 format({lx,il,' Down Tm.: ',£8.1,' Up Tm. B
a evaluation of the inner ring approximations. * 8.1, Tot ¢ ',f8.1)
c At every level we have two times, endif
c the amount of time it takes to go to the next step 600 continue
o or the time it takes to use that level. if(iprint.ne.0) then
a write(9,*) ! !
do 400 i=1,idepth write(9,*) ! '
uwrk(1)=0.0400 endif
winefiy=0. 0400 return
400 continue end
c c
level=1
<!
-1 amount of work at this coarsest
a level is just the fast direct interaction
(=3
wina(1l)=0.0400
uwrk (1)=
{dble(ntst)*dble{npart)*(tcon{5,1)+tcon(6,1))) /acalet
teon(5,2) + teoon{6,2)
if{iwflag.eq.0)uwrk{l)=
{dble(ntst)*dble{npart)*tcon{5,1)}/scale +
toon(5,2)
if(iwflag.eq.l)wmak{l)=
{dble{ntst)*dble{npart)*tcon{6,1))/scale +
toon(6,2)
wtmp=0.0400
c
c Determine the work at all finer levels
c

do 500 kk=2,idepth
levela=kk
nxa=npapx (levela}
nya=npany{levela)
nstria=nptr{levela)
levelb=levela - 1
oxb=npanx{levelb)
nyb=npany{levell)
nstrib=nptr{levelb)
call mxtup{mxa,nya,ipow{nstrta),ipole(nstria),mxd, nvb,
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subroutine nxtup(nxa,nva,ipowa,ipol,nxb,nyb,ipowb,
iterms,icor,iwflag,utmp ,uwrk, tcon,scale)
implicit real*8 {a—h,o2)

call so that this runs on a parallel machine

cvd$r noconcur

CoCOCON0Aa000000n

noeaa [¢]

nea a

0aaQ

In this subroutine I compute the work to travel up in levels
Here utmp is incremented by the amount of work necessary to get

to the next step, while uwrk is the amount of work
which is necessary
if one stops the method at this level

utmp contains all the work from the previous levels
so increment utmp by the amount of work of forming
inmner ring approx.s from parent as well as getting
data from nearby outer ring approx.

uwrk = the local utmp + whatever amount of work there is

in local direct intertion

integer*4 ipowa{nxa,nya),lpol{nxa,nya)
integer+*4 ipowb{nxb,nyb)
integer*4 iwflag

real*s8 tcon(10,2)

set the current work level to the accumulated work level

1wrk=utmp

itot=2*iterms+l

do 1000 i=1,mxa

do 1000 j=1,nya

if(ipowa(i,3) .gt. 0) then
ind=Int((float(i)—.5)/2.0) + 1
jnd=Int((float{j)—.5)/2.0) + 1

if(ipowb(ind,jnd} .gt. 0 ) then

obtain values from parent

uwrk=uwrk + (dble(itot)*dble(itot)*tcon(4,1))/scale
+ tcon{4,2)

utmp=utmp + (dble(itot)*dble(itot)*tcon(4,1))/scale
+ tcon(4,2)

endif

cbtain values from nearby outer ring approx. (but not neicghbors)

indbot=ind-icor
jodbot=jnd-icor
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ibot={indbot*2 —1)
jbot={Jjndbot*2 —1)
itop=ibot#({4*icor) + 1
jtop=jhot+(4*icor) + 1
ibot=max{{ibot, 1)
jbot=max0{Jjbot,1)
1top=mind{itop,nxa)
jtop=mind{jtop,nya}

do 200 k=ibot,itop

do 200 m=jbot,jtop

kd=abs(k-1}

md=abs(m—3j)

1f{(kxd.ge.{icor+l)).or. (md.ge. (icor+l)}} then
1f(ipolik,m} .gt. 0y then

uwrk=uwrk + (dble(itot)sdble(itot)*tcon(d, 1))/ scale

+ teon(3,2)
utmp=utmp + {dble(itot)*dble(itot)*tcon(3,1))/scale
+ tecon(3,2)
endif
endif
continue
endif
continue

If we stop at this level — add loecal interactions
plus one evalution of
the inner ring approximations.

factl=tcon(5,1}+tcon(6,1)

factla=tcon{5,2} + tcon(6,2)

if(iwflag.eq.0) then
factl=tcon(5,1}
factla=tcon(5,2)

endif

if{iwflag.eq.l) then
factl=tcon(6,1)
factla=tcon{6,2)

endif

fact2= tcon(7,1) + tecon(8,l)

fact2a=tcon({7,2) + toon(g8,2)

if(iwflag.eq.0) then
fact2=tcon{7,1}
fact2a=~tcon(7,2)

endlf

if(iwflag.eg.l) then
fact2=tcon(8,1)
factZa~tceon(8,2)

endif

do 2000 i=1,nxa

do 2000 j=1,nya
if({ipowa(i,j) .gt. 0) then
ibot=i—icor

jbot=j—icor
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itop=iticor

Jtop=Jj+icor

ibot=max{ibot, 1}

Jbot=max(jbot,1)

itop=min{itop,nxa)

Jtop=min(jtop,nya)

do 1750 L=ibot, itop

do 1750 M=jbot,jtop

if(ipol(L,M)y .gt. 0) then

wrk=uwrk + (dble{ipcl(L,M))*dble(ipowa(i,])*factl) scale)
+ factla

endif

continue

cost of inner ring approx. evaluation —
the number depending on whether
one wants the potentials or the velcecities or both.

uwrk=uwrk + (dble(itot)*fact2*dble{ipowa(i,]))/scale)
+ fackta

endif

continue

return

end
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200

subroutine nxtdwn{nxa,nya,iua, nxb,nyb,iub,iterms,
dwrka,dwzkb, teon, scale)
implicit real*B8 (a~h,o~%)

This subroutine computes the time to cbtain the parent outer
ring approx. from the children (dwrka)

{dwrka) or the time it takes to create cuter ring approx.
frem all the particles at that particular level (dwrkb)

a = coarser level

b = fipner level

integer*4 fua{nxa,nya),iuvb({mdb,nyb)
real*8 toon(l0,2)

outer ring — outer ring

itot=2%lterms + 1

do 100 i=1,mxb

do 100 j=1,nyb

if{diub(i,j) .gt. 0 ) then

dwrka=dwrka + (dble({(ltot*itot))*tcon(2,1))/scale
+ toon(2,2)

endif

continue

particle — outer ring

do 200 1=1,nxa
do 200 j=1,nya
if{iuva(i,j) .gt. 0) then
dwrkb=dwrkb + ((dble{iuva{i,j))*dble{itot)*tcon(l,1))/scale)
+ teon{l,2)
endif
continue

return
end
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subroutine fstdwn{nx,ny,iua,iterms,dwrk,tcon,scale)
Implicit real*8 (a~h,o—z)

This subroutine computes the time
to construct the outer ring approx.s on the finest level

NG00

integer*4 jua({nx,ny)
real*8 tcon(lo0,?2)

e+

itot=2*iterms + 1
do 100 i=1,nx
do 100 j=1,ny
if{iva(i,j) .gt. 0) then
dwrk=dwrk + ((dble(iua(i,j))*dble(itot)*tcon(l,l))/scale)
* + toon(l,2)
endif
100 continue
return
end
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subroutine mxtnum(nxa,nya,jiua,nxb,nyb,iuvb}

c
c This subroutine determines the number of particles in the iua boxes
c from the number of particles in the iub boxes
c
[+] a2 = level needing numbers = coarser level
a
c b = previous level which contains the numbers.
¢
integer*4 jua(nxa,nya),iub(oxb,nyb)
a
do 100 i=1,nxa
do 100 j=1,nya
iua(d,j)=0
100 continue
c
c leop over finer ones and then increment the coarser values
¢
do 200 ind=]l,nxb
do 200 jnd=1,nyb
i=Int( (float{ind) -~ .5)/2.0) + 1
J=Int((float(jnd) -~ .5)/2.0) + 1
iva{i,j)y=1ua(i,j) 4+ iub(ind,jnd)
200 continue
return
end
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subroutine fstnum{xp,yp,npoint,nx,ny,iu,h,xmin,ymin)
implicit real*8({a—h,o—z)

This subroutines purpose is to put in each (i,])th entry the
number of particles (xp{*),yp{*)} which are in the (i,j)th box.

integer*4 iu{nx,ny)
real*8 xp(l),yp({l}

do 100 i=1,nx

do 100 j=1,ny
iu(i,3r=0
continue

do 200 kk=].,npoint
i=Int({xplkk)—xmin)/h) + 1
J=Int((yp{kk)-ymin)/h) + 1
iu(i,jy=iu{i,j) + 1
continue

return

end
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Gooaan

[+]

190

110

naao

300

350

subroutine sresrt(xsrc,ysre,str,tmp,nsre,links,isre,
isresz,mfine,nfine,xmin, ymin, xmax,ymax}

implicit real#*8 (a—h,oz)

dimension xsre(nsre) ,ysrc(nsre),stri{nsre),mp(nsre)

dimension links(nsre)

dimension isrce(mfine,nfine),isrcsz{mfine,nfine)

The purpose of this subroutine is to sort the socurce
particles in the same box into contiguous memory locations

hx={xmax—gmnin) /dble{mfine)
hy={ymax-ymin) /dble{nfine)

do 1060 i=1,nsre
links{i)=-9
continue

do 110 j=1,nfine

do 110 i=-1,mfine
isre(i,3)=2
isreszii,3)=0

continue

Link list the particles in a box and
form a populaticn count

do 300 i=1,nsrc¢
ind=Int((xsre{i) — xmin)/hx) + 1
Jnd=Int((ysre(i) - ymin)/hy) + 1
if(isrc({ind,dnd)} .gt. 0) then
iptr=isre{ind,jnd)
isrc(ind,jnd)=1
links(i)=iptr
isrcsz(ind,jnd)=isrcsz(ind,jnd) + 1
else
isre(ind,ind)=1
isrcsz(ind,jnd)=isrcsz(ind,jnd) + 1
endif
continue

Sort the Particles by mucking with the pointers

iptr=0
do 400 jnd~l,nfine
do 400 ind=]1,mfine
if{isrc(ind,jnd).gt.0) then
iptr=iptr+l
iewrr=isrc(ind,ind)
isre({ind,jnd)=iptr
inext~links{icurr)
links{icurry=iptr
if¢inext .gt. 0) then
iptr=iptr+l
jourr<inext
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inext=1inks{icurrs)
links(icuxr)=iptr
goto 350
endif
endif
409 continue

c Now rearrange the vector elements

do 500 i=1,nsre
tmp({links (i) )=nsre(i)
500 continue
do 510 i=l,nsrc
%xsrofi)=tmp{i)

510 continue

do 600 i=},nsrc
tmp(links(i))=ysrc{i}
600 continue
do 610 i=1,nsrc
ysre(i)=tmp{i)

610 continue

do 700 i=1,nsxc
tmp{links(i))=str{i}
700 continue
do 710 i=1,nsxe
str({i)=tmp(i}
710 continue

return
end
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subroutine srcput(xsre,ysrc,str,tmp,nsrc,links)
implicit real*8 (a~h,o-z)

dimension xsrc(nsrc),ysre(nsrc),str{nsrc),tmp(nsrc)
dimension links{nsrc)

The purpose of this subroutine is to un—sort the scurce
particles from contiguous memory locations to their
orlginal locations

do 100 i=1,nsrc
tmp(i)=xsrc{links(1i))
100 continue
do 110 i=1,nsrc
Xsro(iy=tmp(i)
110 continue

[elt R eiee

do 200 i=1,nsrc
tmp({i)=ysro(links(1i}))
200 continue
do 210 i=1,nsrc
ysroe{i)=tmp(i)
210 continue

do 300 i=l,nsrc
tmp(i)=str(links(i))
300 continue
do 310 i=1,nsrc
str{i)=tmp(i)
310 continue

return
end
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N0

100

300

350

subroutine recsrt(xree,yrec,tmp,nrec,iinkr,irec,
irecsz,mfine,nfine,xmin, ymin  xmax, ymax)

implicit real*8 (a—h,c—3z)

dimension xrec{l),yrec(l),tmp(l)

dimensicn linkr(l)

dimension irec{mfine,nfine),irecsz(mfine,nfine)

The purpese of this subroutine is to sort the receiver
particles into contiquous memory locations

hx={xmax—xmin}/dble(mfine)
hy={ymax—ymin}/dble(nfine)

do 100 i=1,nrec
linkr{i)=2%
continue

do 110 j=1,nfine

do 110 i~1,mfine
irec(i,j)=9%
irecsz{i,J)=0

continue

Link List And Form a Population Count

do 300 i=l,nrec
ind=Int((xrec(l) — xmin)/Ax) + 1
u.._ﬁmwgﬁ ?ﬂmm;v - ymind/hy) + 1
if{irec{ind,jod} .gt. 0) then
iptr=irec({ind,ind)
irec(ind,jnd)~i
linkr(i)=iptr
irecsz{ingd,jnd)=irecsz{ind,jnd) + 1
else
irec(ind,jndj=1i
irecsz{ind,jnd)=irecsz{ind,jnd) + 1
endif
continue

Sort the Particles by mucking with the pointers

iptr=0
do 400 jnd=l,nfine
do 400 ind=1,mfine
if{irec(ind,jnd).gt. 0y then
iptr=iptr+l
icurr=irec({ind,jnd)
irec(ind,indy=iptr
inext=linkr{icurr)
lirky(icurr)=iptr
if{inext .gt. 0) then
iptr=iptr+l
icurr-inext
inext=Iinkr{iourr)
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400

500

510

600

610

linkr{icurr)=iptr
goto 350
endif
endif
continue

Now rearrange the vector elements

do 500 i=1,nrec
tmp({ linkr(i) )y=xrec(i)
continue
do 510 i=l,nrec
xrec{i)=tmp(i)
continue

do 600 i=l,nrec
gﬁaww%ﬁzlﬁmﬁs

continue

do 610 i=1,nrec
yree(i}=tmp(i)

continue

return

end
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100

subroutine recput(xree,yrec,tmp,nrec,iinkr)
implicit real*8 (a—h,o=)

dimension xrec{l},yrec(l),tmp{l}

dimension linkr(l)

The purpose of this subroutine is to uvn-sort the source
particles from contiguous memory locations to their
original locations

do 100 i=l1,nrec
tp ( iy=xrec{linkc(i))
continue
do 110 i=1,nrec
xrec{ij=tmp{i)

continue

do 200 i=1,nrec
tmp{i)=yrec(linkr(i))

continue

do 210 u“,uw snrec
yrec(i)=tmp(i}

continue

return
end
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subroutine ampput{cmp,tmp,n,link)
implicit real*8 (a-h,o-z)
dimension cmp(n),tmp({n)
dimension link(n)

The purpose of this subroutine is to un—sort the vector cmp
from contiguous memory locations to their
original locations

aoaan

do 160 i=1,n
tmp(di)~cmp(link{i))

100 continue

do 110 i=1,n

amp(i)=tmp(i)

110 continue

return

end
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program h2test

implicit real*8 (a—h,o—=)

This program performs times and tests subroutine
helm2

helm2 = A heirarchical element method based on Poisson's
formila.

agoaoeoaoaaeaoan

Standard declarations for variables :
(649 8 0 550088584558 88 488880880000 000 088888888888 0884008006888 888888880.0,

o]
real*8 xsra(5000),ysrc{5000},str(5000)
real*B8 xrec{5000),yrec{5000}
real*8 tmpr(5000),tmps{5000})
real*8 pot(5000),velx({5000) ,vely(5000)
integex*4 Linkr(5000),1inks(5000)

c Data Structure Parameters and Workspace Allocation

parameter(ngsiza=2000)
parameter(hgsizb=6000)
parameter(nintw=20000)
parameter(nrealw=30000)
dimension intwk(nintw)
dimension realwk(nrealw)
[o]
O o o R O o o o D D o o e D o o o o o O S e S O o o D O S D O O U O o O ooy

test program variables

aocaQa

real*B potst(5000),velxts(5000),velyts(5000)

2}

external xrand
real*8 xrand
charactersl cspeed

initialize test particles

aanoaan

open (18, file="tinput')

write(*,*) 'Enter Number of Particles : '
read(*,*) nsrc

write(*,*}'Enter Maximum Ievel of Refinement : !
read(*, %) mlev

write(*,*) ' Enter Correction Radius : '
read{*,*) jcor

write{*,*) 'Enter Tolerance : '

read(*,*) tol

write({*,*)'Enter f)ast s)low or b)oth '
read{*,10} cspeed

write{*,*) 'Enter Work Flag 0) pot l)vel 23 both'
read(*,*) iwflag
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4] format(al)

generate the test vortices in the box

GOaQk

delta=0.01d00
nrec=nsrc

construct random source particles

do 100 i=I,nsrc
xsre(iy=xrand{0.0d00)*({1,0)}
ysro(i}=xrand{0.0d00)%*(1.00)
str{iy=xrand{0.0d00) ~ 0,35d00
100 continue

c set up receiver particles

do 105 i=i,nrec
rec(iy=xsro{i)
yrec(iy=ysrc{i)
pot(i)y=0.0d400
velx(1)=0.0d400
vely(1)=0.0d400
105 continue

a make the strength average the same

avg=0. 0400
do 110 i=1,nsre
avg=avg + str{i)
110 continue

do 120 i=1,nsrc
str(i)y={str(i) — avg/dble(nsrc)} + 1.0400/dble{nsra}
120 continue

c call the fast method and time the calculation

if((cspeed.eq.'f'}y .or. {(cspeed.eq.'b')) then
call eltime{rvala)
iprint=1
call helm?(xsrec,ysre,str,nsro,xrec,yrec, nrec,
* iwflag,pot,velx,vely,delta,iterms,icor,mtlev,
tol,linkr,links,tmpr,tmps,
* ngsiza,ngsizb,nrealw,nintw,realwk,intwk,iprint)
endif
call eltime(rvalb)
write(*,*) ‘Multipole Time : ',rvalb-rvala

*

a0

error checking — compute the interactions the slow way

if((cspeed.eg.'s')y .or. (cspeed.eq.’'b')) then

call eltime(rvala)

if(iwflag .ne. 1) then

call potex(xsrc,ysrc,str,nsrc,xrec,yrec,nrec,potst,delta)
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1000

900

901

endif

if(iwflag .ne. 0) then

call veloex(xsrc,ysrc,str,nsro,xrec,yrec,nrec,
velxts,velyts,Gelta)

endif

call eltime(rvalb)

write{*,*)'Direct Time : ', rvalb-rvala

endif

if(cspeed .eqg. 'b') then

ermax=0,0300

erxmax=0, 0300

erymax=0. 0400

do 1000 j=1,nsre

if(iwflag.ne.l) then
err=dabs (potst(3) ~ pot(]))
ermax=dmaxl(err,ermax)

endif

if(iwflag.re.0) then
erx=dabs(velxts(]) — velx(i))
ery=dabs(velyts(j) — vely(3))
erxmax=dmax] (erx,,erxmax}
erymax=dmax] {ery erymax)

endif

continue

if(iwflag.ne.l) then

write(*,900) ermax

format(lx,' Error Pot : ',el5.6,//)

endif

if(iwflag.ne.0) then

write(*,901) erxm:at,erymax

format(1x,' Err Velx : ',el5.6,' Err Vely : ',el5.6)

endif

endif
stop
end
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double precision function xrand{r)
implicit real*8(a—h,o—=z)

integer*4 ix0,ixl,ia0,ial,ialmal,ic,iy0,iyl

save ix0,ix1

data ial, jal, ialma0O /1536, 1029, 507/
data ic 1731/

data ix1, ix0 /0, O/

if (r.1t.0.0d400) go to 10

if (r.gt.0.0400) go to 20

iy0 = i1a0*ix0

= fal*ix] + {lalmal*(ix0-ix1) + iy0

1y¢ = iy0 + ic

mod (iy0, 2048)

iyl = iyl + (1y0—ix0)/2048

ixl = mod (iyl, 2048)

£
H

xrand = dble(ix1*2048 + ix0)
%xrand = xrand / 4194304.400
return

i1x1 = dmod(r,1.400)*4134304.400 + 0.5400
ix0 = mod(ixl, 2048)

ixl = (ix1-ix0)/2048

go to 10

end
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subroutine eltime(rval)
implicit real*8 (a—h,o—z)

This subroutine gets elapsed time in seconds from
the start of program execution, and returns it as
a real variable.

real*4 tarray(2)

Mac I timing Call

call time(ival)

rval=dble(ival)

return

Unix timing Call

call etime(tarray)
rval=dble(tarray{l))
return

end
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program h2tmng
implicit real*8 (a—h,o2z)

This mbomﬂm:_ performs timing of the various routines
used in helm? - a heierarchical element method based
on Poisson's formula.

This program calls subroutines which call the
various helm? routines with dumny parameters.

This code should be linked to helm2 subroutines
used so that accurate timing results.

The parameters used to call the timing subroutines can

he changed. They should be chosen so that the coefficients

for the work estimate are reliably estimated. One can get

an idea of the reliability of the coefficients by locking

at the output file htime.dat which contains an estimate for each
nunber of timing samples taken. If the estimate appears

constant then that is a good sign.

The result of each call is an alpha and beta — to be used
in a work estimate of time = (alpha/scale)*x + beta
where the variable x is the appropriate count of the
mmber of particles, terms etc.

aaooooaoQecaENanReOReEQO00an

real*8 alpha, beta
integer*4 repeat{l0)

Q

integer*4 prtbeqg,prtend,prtjmp
integer*4 tribeqg,trmend,trmjmp

c
c htime.dat contains the timing data used to
c estimate the coefficients — i.e. the timings of the
<l routines for the range of parameters specified.
[s]
c htime.con contains the estimated timirng constants
=1
open{10,file="htime.dat")
open(ll,file="htime. con’)
c
[
c
<
c a) 1) fstpol — particle to cuter ring
[+ b) 2) mrgpol — outer ring to outer ring
¢ ) 3) polpow ~ outer ring to inner ring
o )] 4) powpow — inner ring to inner ring
o) e) 5y potex — exact potential calculation (n "2 method)
[+ £y 6) velex - exact velocity calculation (n”2 method)
¢ ) 7) powevl — evaluation of potential approximation.
c hy 8) powdrv — evaluation of the derivatives of the potential
c approximation.
o
c
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a The following vales determine how many instances of the
sl particular operation are to he performed. They should
c be chosen large encugh so that the constants are well
c determined (which can be seen fram an analysis of htime.dat)
c but small enough so that you don't have to spend excessive
c amounts of CPU time to obtain them.
(s}
repeat(1)~80
repeat(2)=80
repeat{3)=80
repeat(4)=80
repeat(3)=80
repeat(6)=80
repeat(7)=80
repeat(8)=80
a
c The following parameters determine the range and step size
e for the nunber of particles used in the constant estimation
c
c prtbeg = beginning number of particles
c prtend = ending mmber of particles
c prtjmp = particle number increment used in loop
prtbeg=40
prtend=200
pritimp=40
I
c The following parameters determine the beginning, ending and
c jump of the number of terms used in the hierarchical element
a approximations.
<
trmbeg=8
trmend=14
trmimp-2
c
c The folling factor is a scale factor for the timing
c constants s¢ that they are more convienient to
c deal with.
c
seale=1000.0800
[«]
c
write(1l,5) scale
5 format{lx,' scale=',314.6)
(o]
[a]
c Call to time PSTPOL — source particles to outer ring approx.
<]
c ntimes=the mmber of times the routine is called for
[¢] a fixed nuwber of terms and particles.
o]
ntimes=repeat(l)
call tmsega(ntimes,scale,prtbeg,prtend,prijmp,timbeg,
* trmend, trmimp,alpha,beta)

write{11,10} alpha
if{beta .lt. 0.0d400) beta=(.0d0o0
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write¢1l,11) beta

formatflx,
format(ix,’

teon(l,1)=",el4.6)
teon(l,2)="',eld.6)

Call to time VALPOL — outer ring to outer ring shift.

ntimes=repeat({2)

call tmsegb(ntimes,scale,trmbeq, trmend, trnjmp, alpha, beta)
write(l11,20) alpha

if(beta .1t. 0.0d00) beta=0.0d00

write(1l,21) beta

format(lx,"' toon(2,1)="',eld.6)

fomat(lix,’ teon(2,2)="',e14.6)

Call to time POLPOW — outer ring to inner ring shifting.

ntimes=repeat({3)

call tmsegc(ntimes,scale,timbeq,trmend, trmjmp,alpha, beta)
write({11,30) alpha

if(beta .1t. 0.0400) beta=0.0d00

write(ll,31) beta

format{ix," teon(3,1)="',e14.6)

format(ix,* teon(3,2)=',e14.6)

Call to time POWPOW — imner ring to inner ring shifting.

ntimes=repeat(4)

call tmsegd{ntimes,scale,trmbes,trmend, trmimp,alpha , beta)
write({11,40} alpha

if(beta .1t. 0.0400) beta=0.0d00

write(il,41) beta

format (1%, teoon(4,1)=",eld.6)

format(lx, ' teon(4,2)=',eld.6)

Call to time POTEX — n”2 potential evaluation

ntimes=repeat(5)

call tmsege(ntimes,scale,prtbeqg,prtend,priimp,alpha,beta)
write(11,60) alpha

if(beta .1t. 0.0d003) beta=0.0400

write(1l,61) beta

format(lx,' toon(5,1y="',eld.6)

format (1x, ' toon(5,2)=",eld. 6)

Call to time VELOEX — n"2 velocity evaluation
ntimes=repeat(6)

call tmsegf(ntines,scale,prtbeq,prtend,prtjmp,alpha,beta)
write{11,70) alpha
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110
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if{beta .1t. 0.0400) beta=0.0d400
write{ll,71) beta

format(lx,' teon(6,1)~',eld.6)
format{lx,' toon(6,2)="',eld4.6)

Call to time POWEVL — inner ring potential evaluation

ntimes=repeat(7)

call tmsegg{ntimes,scale,prtbeq,prtend,prtimp,trmbeyg,
* trmend , trmjmp,alpha,beta)

write(11,100) alpha

if{beta .1t. 0.0400) beta=0.0d400

write({11,101) beta

format(ix,’ teon(7,1)="',el4.6)

format(ix,’ toon(7,2)=",el4.6)

Call to time POWDRV — inner ring potential derivative calculation

ntimes=repeat({8)

call tmsegh{ntimes,scale,prtbeg,prtend,prtimp,trmbeg,
* trmend, trdmp, alpha, beta)

write(11,110) alpha

if({beta .1t. 0.0d400) beta=0.0400

write(11,111) beta

format(ix,' teon(8,1)=',el4.6)
format(ix, ! teon(8,2)=",214.6)
stop
end
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subroutine tmsega(ntimes,scale,prtbeg,prtend,prtjmp,trmbeg,
trwend, trmjmp, alpha  beta)

implieit real*8 (a~h,o—z)
This subroutine times fstpol

real*8 resul(2,100)
integer*4 pribeqg,prtend,prijmp
integer*4 trmbeg,trmend, trmimp

real*8 xsrc{l000),ysrc(l1000),str{10GC)

real*8 v{101,2}

real*8 polval(100}
integer*4 ipole{l}
integer*4 isrc(l),isresz(l)

set up constants

nxa=1

nya=1

nxb=1

nyb=1

Foe=1., 0A00

hy=1.0a00

*min=0.0d00

vmin=0.0d00

ipole({l)=1

isre(l)=1

nvals=100

write({10,350)

format(1x, 'Timing Data from fstpol')
write(l0,%) '

write(10,9513

format(lx, 'Particle —> Quter Ring Construction')
write(l0,*y ' !

Loop over iterms and the number of particles

icnt=0
nl={trmend-trmbeq)/trmjmp
n2=(prtend-prtbeg}/prtimp

do 1000 K=1,n1+1
iterms—trmbeg + (K-1)*tmmjmp

campute integration points for the cirele

pi~3.14159265359300
pi2=2.0a00*pi
itot=2*iterms +1
dtheta=pi2/dble{itot)
do 10 i=1,itot

Apr 20 14:28 199¢ h2tmng.f Page 6

aa

30

500

c
1000

1500
2000

theta=dble(i-1)*dtheta

v{i,l}=dcos{theta)

v{l,2)=dzin{theta)
continue

do 1000 I=1,n2+1
iont=icnt+1

npart=prtbeg + (I~1)*prtijmp
compute the test points

do 30 i=1,npart
xsrc{i)=.5d00
ysre(i)=.5d00
str({i)=0.0d400
continue

isrcsz(l)=npart

call eltime(rvala)

do 500 iii=1,ntimes

call fstpol(nxa,nya,ipole,nxb,nyb,isrc,isrcsz,
¥min,ymin, o, hy,npart,xsre,ysre,str,polval ,iterms, v)
continue

call eltime(rvalb)
resul{l,icnt)=dble(itot*npart)/scale

resul (2, ient)={rvalb—rvala) /dble(ntimes}

if{icnt.eq.1l) then

alpha=resul (2,icnt)/resul (1,icnt)
bata=0.0d00

endif

if{ient.gt.1) then
call fit(ient,resul,alpha,beta)
endlf

write(10,*) ‘alpha = ',alpha,' beta = ', ,beta
continue

write(1l0,*y * ?

write(l0,*) ! Punction Values '
write(10,*) ' !

do 2000 i=1,ient

write(10,1500) resul(l,i),resul{2,i)
format{ix,el5.6,2x,e15.6)

continue

write(10,*y * ?

return

end
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do 15 i=1,200
subroutine tmsegb{ntimes,scale,trmbeg,trmend,trmjmp,alpha, beta} polval(i)=0.C4c0e
a 15 continue
implicit real*8 (a—h,o—z} c
c c compute the test points
c This program times the routine mrgpel in my c
c fast multipole code. call eltime{rvala)
c do 500 11i~1,ntimes
[+l call mrgpol (nxa,nya,iva,mxb,nyb,lub,
real*B resul(2,10G) *  xmin,ymin,hxa, hya, hxb, hyb,polval,iterms,v,cn,sn)
integerx4 trabeqg,trmend,trmijmp 500 continue
c call eltime(rvalb)
c resul(l,icnt)=dble{itot*itot)/scale
real*8 v({101,2),cn({101,33,sn(101,3) resul(2,iocnt)y=(rvalb-rvala) /dble{rntimes)
[o] c
real*8 polval(200) ' if{icnt.eq.l) then
integer*4 iuva{l) alpha=resul(2,icnt)/resul(l,icnt)
integer*4 iub(l) beta=0.0400
c endif
c set up constants a
c if{icnt.gt.l) then
nxa=1 . call fit(iopt,resul,alpha,beta)
nya~l endif
nxb=1 c
nyb=1 write{1l0,*} 'alpha = ',alpha,' heta = ’,beta
hxa=1.0d00 1000 continue
hya=%.0d400 c
Taxb=0. 5400 write{10,%) * !
hyb=0.5d00 write{10,*) ' Function Values '
xmin=0,0d00 write(10,*) * °*
ymin=0.0400 do 2000 i=],icnt
iua(1)=100 write(10,1500) resul(l,i),resul{2,1)
iub(E)=1 1500 format(ix,el5.6,2x,el5.6)
write(10,950) 2000 continue
950 format (1x, 'Timing Data from mrgpol') write(l0,%y ' !
write(10,*y ' return
write(10,931) end
951 format (1x, 'Outer Ring > Outer Ring ') c
write(19,*)' '
c
c Loop over iterms
<]
icnt=0
Nl=(trmend—timbeq) /trmimp
[
do 1000 K=1,N1+1
iterms=trmbeg + (K—1)*trmjmp
itot=2*iterms + 1
ient=icnt+l
a
[
<] campute integration points for the circle
c and precomputed constants
a

call makcon{iterms,v,on,sn)

Q
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subroutine tmsegc(ntimes,scale,trmbeg,trmend,trmjmp,alpha, beta)

implicit real*8 (a-h,o-z}

This program times the routine polpow in my
fast multipole code.

real*B resul(2,100)
integer*4 trmbeg,trmend,trmimp

real*8 pol{100),pow{100}
real*8 w(101,2),en(101,3y,sn{101,3)

set up constants

xpole=0. 0400

ypole=0.0400

rpole=0.25d00

%chld=0.,0400

ychld=1. 0400

rchld=0.25400

write(10,950)

format (1x, 'Timing Data from mou.moa )
write(10,*) ' !

write(10,951)

format(1x, 'Outer Ring —> Ynner Ring')
write(10,*y ' !

Loop over iteyms

ilent=0
N1=(trmend—trmbeq) trmjmp

do 1060 i=1,100
pol(i)=0.0400
pow{i)=0.0400
continue

do 1000 K=1,Nl1+1

HﬁmHn_.mHEEmQ + ZAIHV *trmimp
itot=2*iterms +
jent=icnt+l

compute integration points for the circle
and precomputed constants
call makcon{iterms,v,c¢n,sn)

call eltime{rvala)
do 300 iii=] ,ntimes

call polpow{xpole,ypole,rpole,pol(l),xchld,
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ychid,rchld,pow(l) ,items,v,cn,sn)
continue

call eltime{rvalb)
resul(l,icnt)=dble(itot*itot)/scale
resul(2,icnt)=(rvalb-rvala)/dble(ntimes)

if(ient.eq.l) then

alpha=resul (2,iont)/resul{l,iont)
beta=0.0400

endif

if(icnt.gt.l) then
call fit{icnt,resul,alpha,beta)
endif

write(10,*) 'alpha = ',alpha,’' beta = ' ,beta
continue

write(10,*) * !

write(10,*) ' Function values '
write(10,*) * !

do 2000 1=1,icnt

write(10,1500) resul(l,i),resul(2,i}
format(1lx,el5.6,2x,el5.6)

aontinue

write(l0,*)y * °f

return

end
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subroutire tmsegd(ntimes,scale,timbeg,txmend, timimp, alpha,beta)
inmplicit real*B {a-h,o-2)

this program times the routine powpow in my
fast maltipole code.

real*8 resul(2,100)
real*8 v({101,2),0n¢101,3),sn(101,3)
integer*4 tmbeg,trmend,txmimp

real*8 powa{l00),powh{100)
set up constants

xpole=0.0d00

ypole=0._0d00

rpole=0. 25300

xchld=0. 0400

ychld=1. 0400

rchld=0. 25400

write(10,950)

format{lx, 'Timing Data from powpow!')
write{10,%) ' °*

write{10,951)

format{lx, 'Inner Ring—> Inner Ring')
write(10,%y '

Loocp over jterms

icnt=0

Nl1={trmend—tmmbeqg) /trmjmp
do 100 i=1,100

powa {1)=0. 0300

powb({i)=0. 0800

continue

do 1000 ¥=1,N1+1
iterms=trmbeg + (K-1)*tymjmp
itot=2%iterms + 1
ient=icnt+l

compute integration points for the circle
and precomputed kernel quantities

call mekcon{iterms,v,cn,sn)

call eltime(rvala)

do 500 iii=1,ntimes

call powpow(xpole,ypole,rpole,powa{l),xchld,
ychid, rchld, powb (1), iterms, v, on, sn)

continue

Apr 20 14:28 1990 h2tmng.f Page 12

[+]

1000
c

1500
2000

call eltime(rvalb)
resul (1,icnt)=dblefitot*itot)/scale
resul (2,icnt)={rvalb—rvala)/dble(ntimes)

if{icnt.eq.1) then

alpha~resul (2,icnot)}/resul{l,icnt}
beta=0.0d00

endif

if{ient.gt.1) then
c¢all fit({icnt,resul,alpha,beta)
endif

write(l0,%*) 'alpha = ',alpha,' beta = !, beta
continue

write(10,%*y ' !

write(10,*) ' Fuanction Values '
write(10,%) ' !

do 2000 i=l,iecnt

write(10,1500) resul{l,i),resul(2, i)
format (1x,e15.6,2x,e15.6)

continue

write(10,%) ' !

return

end
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¢
subroutine tmsege{ntimes,scale,prtbeq,prtend,prtjmp,ailpha,beta) if{icnt.eq.l) then
c alpha=resul(2,icnt)/resul({l,icnt)
implicit real*8 (a—h,o-z) beta=0.0400
c endif
[} This program times potex — the direct potential ccde c
1 if(icnt.gt.1l) then
c call fit(iecnt,resul,alpha,beta)
real*8 resul(2,100) endif
integer*4 prtbeg,prtend,prtimp c
c write{10,*) 'alpha = ',alpha,’ beta = !, beta
real*8 x1(1000),y1{1000),5tr{1000) 1000 continue
real*8 xtst(1000),ytst(1000),pot({1000) c
c write(lo,*) ' !
a set up constants write{1l0,*) ' Function Values '
o write{10,*) ' !
delta=.1400 do 2000 i~]1,ient
write(10,950) write{10,15003 resul{l,l),resul(2,1)
350 format (1%, 'Timing Data from potex';} 1500 format{lx,el5.6,2x,el5.6)
write(10,*) ' ' 2000 continue
write(10,951) write{l0,%) ' !
951 format(1x, 'Particle —> Particle Potential Calc. ') return
write(lC,*) ' ! end
c c
1
c Loop over number of receiver and test particles
[
iont=0
n2={prtend-prtbeq)//prtimp
<
do 1000 K=1,n2+1
npart=prtheq + ;A_.v*mﬂﬂsm
ntst=prtbeg + (K-1)*prtimp
iont=icnt+1
c
c ccmpute the test points
a
do 30 i=1,npart
x1{iy=.25d60
¥1{i)=.25d400
str(i)=0.0400
30 continue
¢
do 40 i=1,ntst
xtst(i)=0.75d400
ytst{i)=0.75d00
pot{i)=0.0400
40 continue
¢

call eltime(rvala)

do 500 iii~-1, ntimes

call potex(xl,yl,str,npart,xtst,yvtst,ntst,pot,delta)
500 continue

call eltime(rvalb)

resul{l,icnt)=dble({ntst*npart)/scale

resul{2,icnt)=(rvalb-rvala)/dble(ntimes)
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subroutine tmsegf(ntimes,scale,prtbeq,prtend,prtjmp,atpha, beta)

implicit real*8 (a—h,o—=2)

This program times veloex — the direct velocity ecode

Teal*B8 resul({2,100)
integer*4 prtbeg,prtend,prtimp

real*8 x1({4000),y1{4000),str(4000)

real*8 xtst(4000),ytst(4000),velx(4000),vely(4000)

set up constants

delta=.1400

write(10,950)

format(lx, 'Timing Data from veloex®)
write(l0,*) ' !

write(10,951)

format(1x, 'Particle ~> Particle Velo. Calc.')
write(i0,*) ' !

Loop over munmber of receiver and test particles

icnt=0
N2=(prtend-prtbeg) /prtjmp

do 1000 X=1,N2+1
npart=prtbeg + nml“_.u*wu.ﬁ._ﬁﬁ
ntst=pribeg + (K-1)*prtimp
iont=icnbtl

cappute the test points

do 30 i=1,npart
x1 {1)=. 25300
v1{i)=.25800
str{i)=0.0800
continue

do 40 i=1,ntst
xtet{iy=0_75400
yest{1)=0.75400
velx{i}=0.0d00
vely{i)=0. 0400

continue

call eltime(xrvala)
do 500 iii=1,ntimes

call veloex{xl,yl,str,npart,xtst,ytst,ntst,velx,
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vely,delta)
continue
¢all eltime(rvalb)
resul{l,icnt)=dble(ntst*npart)/scale
resul(2,icnty={rvalb-rvala)/dble({ntimes)

if{iont.eq.1l) then
alpha=resul(2,icnt) /resul(l,icnt)
beta=0.0400

endif

if{ient.gt.1l} then
call fit(icnot,resul,alpha,beta)
endif

write(1G,*) 'alpha = ',alpha,' beta = ! ,beta
continue

write(1l0,*y ' !

write(10,*) ' Function Values '
write(l0,*y * '

do 2000 i=1,icnt

write(10,1500) resul{l,i),resul.(2,1i)
format(ix,el5.6,2%x,el15.6)

continue

write(l0,*y * !

return

end
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subroutine tmsegg(ntimes,scale,prtbeq,prtend,prtjmp,trmbeg,

trmend, +ymimp ,alpha, beta)
implicit real*8 {(a—h,o—2z)

This program times powevl — evaluation of the local power

expansion

real*8 resul(2,100)
integer*4 prtbeg,prtend,prtimp
integer*4 {rmbeg,trmend,timimp

real*8 xtst(1000),ytst(1000)

real*8 powval(100)
real*8 v{101,2),cn(101,3),sn(101,3}

write(10,950)

format (1w, 'Timing Data from potevl')
write(10,%) * !

write(10,951)

format{lx,'Inner Ring—> Particle Pot. Calc.')
write(1l0,*) * !

Loop over nurber of test particles and iterms

al={trmend—tmbeg}) \g”.._nﬁ
n2=({prtend-prtbeg)/prijmp
xpow=0. 0400

ypow=0.0400

rpow=0.5300

jent=0

do 1000 K=1,nl+l
iterms=tmwbeg + (¥—1)*trmjmp
itot=2%*iterms + 1

do 10 i=1,itot
powval{i)=0.0400
continue

do 1060 T=1,n2+1
ntst=prtbeg + (L~1)*prtimp
ient=icnt+l

ccmpute the test points
do 40 i=1,ntst
xtst(1)=0.25d00
yist(1)=0.25300
continue

get precamputed kernel constants
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call makcon{iterms,v,cn,sn)

call eltime(rvala)
do 500 iii=1,ntimes
do 400 i=1,ntst
val = powevl{xtst({i),ytst{i),itot,powval(l),
, XDOW, YPOW, FDOW, €I, S0 )
continue
continue
call eltime(zrvalb)
resul{l,icnt)=dble(ntst*itot)/scale
resul (2,1lcnty={rvalb—rvala) /dble(ntimes)

if{icent.eq.1) then
alpha=resul(2,icnt) /resul{l,icnt)
beta=0.0400

endif

if{ieat.gt.1) then
call fit(ient,resul,alpha, beta)
endif

write{l0,*) 'alpha = ',alpha,' beta = ',beta
continue

write{l10,*}y ' !

write{10,*) ' Function Values !
write{l0,*) ' !

do 2000 i=],lent

write(10,1500} resul(l,i),resul(2,i)
format(lx,el5.6,2x,el5.6)

continue

write(10,*) ' !

return

end
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subroutine tmsegh{ntimes,scale,prtbeg,prtend,prtimp,trmbeg,
* trmend , trmimp, alpha, beta)

Q

implicit real*8 (a—h,oc—z)

This program times powdrv — evaluation of the local power
expansion derivatives

aaoanaQa

real*B resul(2,100)
integer*4 prtbeg,prtend,prtimp
integexr*4 tmbeq,trmend,trmimp

real*8 xtst{1000),ytst(1000)

real*8 powval(l00)
real*8 v({101,2),cn{101,3},sn(10C1,3)

write(10,950)
950 mOHEmﬁﬁpxx.eHavnm Data from potdrv')
SHHﬂmnHo\*v '
write(10,951)
951 format{lx, 'Inner Ring —» Particle Pot. Deriv. Calc. ')
write(l0,*y ' !

Locp over maber of test particles and iterms

aaa

nl=(trmend—trmbeqg) trmimp
n2={prtend-prtbeqg) /prtimp
scpow==0 . 0300
ypow=0.0300

rpow=0.5400
icnt=0

do 1000 X=1,nl+1

ygmlg_dm@ + alu.v*gunﬁ
itot=2*iterms + 1

do 10 i=1,itot
powval (1)=0.0400
1c continue

do 1000 I=1,n2+1
ntst-prtbeg + (L—1)*prtimp
icont=icnt+l

campute the test points

oaca

do 40 i=1,ntst
xtst(i)=0.25d300
ytst(i)=0.25300

continue

(e el
(=]

get precomputed kernel constants
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call makcon(iterms,v,cm,sn)

call eltime(rvala)

do 500 iii=l,ntimes

do 400 i=1,ntst

call powdrv{xtst(l),yist({l), itot,powval(l),

* XpOW, YPOW, IpoW, on, s, powdx, powdy)

4900 continue
500 continue

call eltime({rvalb)

resul(l,icnt)=dble{ntst*itot) /scale

resul({2,icnt)=(rvalb—rvala)/dble{ntimes)

if{icnt.eg.l) then
alpha=resul{2,icnt)/resul{l,icnt)
beta=0.0d400

endif

if(icnt.gt.1) then
call fit(icnt,resul,alpha,beta)
erdif

write(10,*) 'alpha = ',alpha,' beta = ', beta
1009 continue

write(10,*) ' !

write(10,*) ! Function Values '

write(10,%) ' !

do 2000 i=1,icnt

write(10,1500) resul(l,i),resul(2,i)
1500 format (1x,e15.6,23X,e15.6)
2000 continue

write(10,%*) ' !

return

end
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subroutine fit(nsamp,resul,alpha,beta)
implicit real*8 {a-h,o-z)

This subroutine computes the linear least

squares fit of the form y = alpha + beta*x

for the data in resul.

real*8 resul{2,100)
real*8 s(2,2),sinv(2,2)
real*8 b{2)

real*8 alpha,beta

form the normal makbrix

sume=(0, 0400

do 10 1=1,nsamp

sum=sum + resul{l,i)*resul(i,i)
continue

s(l,1)=sum

sumn=0, 0400

do 20 i=-1,nsamp
sumr=sum + resul{l,i)
continue

s(1,23)=sum
s(2,1)=sum
s({2,3)=dble(nsamp}

construct right hand side

b(1)=0.0d400

b{2)=0.0d00

do 30 i=1,nsamp

b(1)=b(1l) + resul[2,i)*resul(l,i)
b{2)=b{2) + resui(2,i)

continue

sclve the nommal eguations

det=s({1,1)*s({2,2) - s(1,2)*s(2,1)
sinv{l,1)=5(2,3)/dat
sinv(2,2)=~s(1,1)/det
sinv(l,2)==s(l,2)/det
sinv(2,1)=s5(2,1}/det

alpha=sinv(1,1)*b(l) + sinv(l,2)*b{2)
beta= sinv(2,1)*b(l) + sinv(2,2)*b(3)

return
end
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subroutine eltime{rval)
implicdt real+v8 (a-h,o~z)
real*4 tarray(2)

Mac II timing Call

call time(ival)
rval=dble(ival}
return

Unix timdng Call

This subroutine gets the current time in seconds and returns
it as a real variable

call etime(tarray)
rval=dble(tarray(l))
return

end






