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ABSTRACT

The program described in this report is part of an attempt to
solve the neutron transport equation in as general a manner as present
day machine capacity will permit. The simple iterative technique
employed 1is equivalent to the EQUIPOISE method modified by a form of
block relaxation. The block relaxation method is extremely simple and
should be generally applicable not only to transport equation programs
but also to heat conduction problems and neutron diffusion programs in
more than one dimension, 1In terms of mesh sweeps, the procedure is
extremely rapid by comparison with a similar program. Two energy groups,
16 angular directions, and 400 mesh points, are provided. Anisotropic
scattering is permitted, and an arbitrary one-dimensional distribution
of material prcperties can be used., Checks of the results of the program
agairst published anglytical results for both isotropic and anisotropic
scattering have been in excellent agreement.
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SWAPS — AN EXPERIMENTAL PROGRAM FOR NUMERICAL SOLUTION OF
THE TRANSPORT EQUATICN WITH ANISOTROPIC SCATTERING IN
ONE-DIMENSIONAL SLAB GEOMETRY

I. Introduction

The EQUIPOISE methodl has been successfully applied to the problem
of solving the neutron transport equation in slab geometry including
the effects of anisotropic scattering in the laboratory system. The
present program permits the use of an arbitrary distribution of 20 ma-
terials in up to 100 regions over LOO mesh points. Two energy groups
are considered and as many as 16 angular directions may be used. Two
types of anisotropic collision are treated, one of which is scattering
from group to group (both ways) while the other is scattering within a
group. Permitted boundary conditions at either or both faces are zero
return current, zero net current, and arbitrary incoming current.

Succeeding sections of this report will describe the equations
upon which the program is based, the iterative method (including the
new block relaxation technique), a comparison of program results with
published analytical results, and instructions for program input.

It must be pointed out that SWAPS is at the present time an experi-
mental code and does not have built into it all the refinements of a
finished program. It is nevertheless easy to use and the answers are
clearly identified. The program requires between 0.009 and 0.016 sec
per point per angular direction per iteration for anisotropic scattering
problems and about 0,002 sec per point per angle per iteration for isc-
tropic scattering problems. Instructions for input preparation and a

sample problem are given in the Appendix.

IT. Difference Equation Form of the Boltzmann
Equation for Slab Geometry

The basic technique used to treat the Boltzmann equation numeri-
cally is very similar to the methods used in the SNG and DSN codes of
Carlson.2 The difference equations will be derived directly rather

than by differencing the integrc-differential form of the Boltzmann
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equation. This procedure is used to meke certain that the resulting
difference equations are an approximation to the physical process.
(A1l symbols are defined in a table of notation at the end of Sec. VII.)
In one-dimensional slab geometry it is necessary to consider
variation of angular flux in only one of the three coordinates and only
one angular direction., For, if a slab is infinite and uniform in the y
and z coordinates, the angular flux is constant for a given x and in a
cone having a given generating angle & with the x axis. (See Fig. 1)
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Fig. 1. Angular Flux in Slab Geometry

The total of 4x steradians of solid angle in which neutrons can
move is divided into n equal parts each of size 2nA(cost), where
-1 € cosx g 1. For the purposes of calculation, the physical picture of
neutrons moving in all possible directions is replaced by a model in
which the neutrons are permitted to move making one of n possible angles

with the x axis. The directions are chosen by taking them at the



midpoints of the cosine increments. For instance, if two directions are
used, then neutrons are supposed to travel to the right in Fig. 2 at an
angle of 45 deg with the positive x direction or to the left at an angle
of 135 deg with the positive x direction. If 16 directions are used,

one group of neutrons is said to travel with a cosine of —13/16, etc.
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Fig. 2. Volume Element for Neutron Balance

The complete sequence would be —15/16, -13/16, —-11/16, —-9/16, —7/16,...
adding increments of 1/8 until +15/16 is reached. An even number of
anguwlar increments is used, half on one side of a material interface
and half on the other so that possible ambiguities connected with
neutrons moving parallel to an interface are avoided. The interval
along the x axis 1s divided into k parts, not necessarily equal. It is
assumed that the average angular flux in a particular direction in one
of these parts may be estimated by the arithmetic mean of the values
for the angular flux at the ends. Alternatively, one may say that the

neutrons traveling in a given range of solid angle behave on the average
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like that differential fraction of them which have a direction in the
center of that range. It is intuitively obviocus that the accuracy of
the procedure will increase as the number of both angular and space
increments used increases.

The iteration equations used in the SWAPS program are based upon
neutron balances teken over volume elements which are directed along
the n directions and whose length is bounded by the increments along
the x axls. Two energy groups are used in the present program but
extension to larger number of groups 1s easy (lg Brincigle). Consider
a neutron balance taken over the volume element shown in Fig. 2. The
number of neutrons entering at M and traveling in direction “j is

Ng(x

g & (uy = cosTha), (a)

The number leaving at x + Ax 1s
N (x
&

i+l’ “.j) dAl (b)

The number of neutrons removed from direction “J is taken as

N (x,, w,) + N (x,,05 p,)]
g 1’ "3 g 1+1° "J
The number of neutrons scattered into direction “J in the volume
element which were moving in other directions 1is
n N (x + N (x,
) [Ag( i’;ﬁp) g( 141? HP)] 2 (o n) 2 aa @
2 s\hp Myl L
p=1 J

The number of neutrons born from fission in the volume element which

take direction p, 1s

J
2
7\X n [Ng(xi’ p'p) + Ngff&l*?-l’ “E] vz % dA (e)
2n f.ou, °
€ g=1 p=1 g™y

Isotropic generation of fission neutrons is assumed. (In the present

program X; = 1.0 and X, = 0.0.)
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The number of neutrons scattered from the other groups into group
g is
N .(x., up) + Ng'(xi+l’ u)

S i JAY ¢
) = > P (g e uon) Za (9

The balance equation for a given group, direction, and space interval,

(g, uj, and Xs to Xi+1) is then, canceling the factor dA,

Ng(xi, “i) + Ng(xiﬂ, uj)

AX

n Ng(xi; by * NgL(xi*vl’ M) Ax
* Z 2 Z:s(p weg) T

=1 Y d uj

2 n N (x. + N (x.

. g< 19 I-lp) g(lerl’ P-p) - _A_XZ

n N (x,, w) + N .{x, o5 p)

+1 , DX

v ), B pg = . Zplg’ gy w > u,) =. (1)

If there are two energy groups, n angular increments, and k space

intervals, there are a total of 2nk balance equations like (1).

I1IT. The Iterative Procedure

The iterative procedure used to find the angulaer flux distribution
is basically the same as that used in EQ,UIPOISE.l An important modi-
fication has been made by the introduction of a form of block relaxation.

The procedure consists of rewriting Eq. (1) in the forms



zT X -1 z:T X
Nt+l(x p) o= 1+ — Nt+l(x p.) |1 - =8—
g i+1? 7 2Hj g i’ 7 2uj
£ (a) + (o) + <f>} (2)

where the superscript t refers to the iteration number, The program is
written so that the most recently computed values of fluxes are always

used, Bquation (2) is used for the values of u, > 0. For values of

J
uj < O the equation used is:
Zg & -1 Lo O
N (3o my) = %, CER T L Ty
(@) + () + <f>] (5)
The restriction is made that
Ax < —o-, (4)

2

The program assumes a uniform angular flux distribution initially. In
eigenvalue problems, a value of A is then estimated by adding up all

the equations and solving for A, which 1s equivalent to writing

\ = Absorptions + Leakage (5)
- Productions :

This value of A i1s then used vherever applicable in the equations for
one "mesh sweep". The sweep 1s conducted by proceeding from one side
of the slab to the other and returning. The angular fluxes in all
positive p directions at point 2 are computed from those at point 1,
those at 3 from those at 2, etc. On reaching the other side of the
slab (point k + l), the angular fluxes in all negative u directions are
computed at point k from those of k + 1, those at k — 1 from those at
k, etc., until point 1 is reached again. When these computations have

been completed for both groups, the new set of angular fluxes is used
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to obtain a new estimate of A. The process is repeated until the values
of the angular flux cease to change within some preset convergence
criterion.

Subject to the restrictiorn of inequality (4), it is seen that a
set of positive fluxes inserted in the right-hand side of the iteration
Egqs. (2) and (3) will always produce a new set of positive fluxes.
Further, use of a set of positive fluxes in (5) will always produce a
positive eigenvalue estimate. The iterative procedure represented by
Eqs. (2), (%), and (5), which is called here the EQUIPOISE method, is
believed to be stable and always convergent because of these two facts.
While no proof presently exists for this conjecture, an impressive mass
of empirical evidence exists to support it.

Unlike the diffusion codes, no over-relaxation is used. It was
found empirically that suitable over-relaxation coefficients were close
to one and difficult to estimate accurately. (The work of Hageman3 in
this connection is of special interest,) Further, the speed of the
program was sufficiently great in eigenvalue problems that there ap-
peared to be little need to accelerate convergence. Non-eigenvalue
problems, suca as Milne's problem, proved to be quite another matter.
The same procedure that produced convergence in 10 iterations in an
eigenvalue problem appeared to converge with extreme slowness for fixed
incoming current problems. This same difficulty appears in heat con-
duction prcoblems as well as neutron diffusion problems, The remedy
employed. in SWAPS is an extremely simple but highly effective form of
bleck relaxation. The technique consists of finding a number by which
all the neutron fluxes in a given region and group* must be multiplied
to provide a neutron balance. As the problem converges, this number
becomes 1., The number is found as follows. Let ®(IN) denote fluxes
inside a region in a given group and ¢ (OUT) denote fluxes in other ad-
jacent regions or in the same region but other groups. The "driving

factor" DF is found by obtaining the ratic

*
In the SWAPS program, both groups were lumped together for the Dblock
relaxation procedure for simplicity.
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DF {Q(OUT)} + 8D {¢(OG)}
;{MIN)} + LO {@(m)} ’
where

LI {4>( OUT)}
SD {¢(OG)}
R {ds( IN)}

(6)

the formula for caleculating the current of neutrons
into the region. It is a function of fluxes out-
side the region, @(OUT).

the formula for calculating slowing down into the
group inside the region. It is a function only of
fluxes in other groups, ®(0G).

the formula for calculating removals by absorption
and slowing down inside the region. It depends only

on fluxes in the group or region under consideration,
o(IN).

Lo @(IN)}- the formula for calculating the flow of neutrons

out of the region. It depends only on the fluxes
inside the region.

The driving factors are used to multiply all the fluxes in a given
region. It is used only for reglions in which there is no fissionable
material. (Fissionable regions are omitted because the driving factor
could conceivably become negative in such regions.,) In SWAPS, "driving"
is done region by region in the following fashion., Suppose a 50-point
reactor is composed of two materials, one of which covers points 1-17
and the other from 17-50. Region 1-17 could be divided up into two
regions, 8-17 and 1-17, while the other region might be divided 38-50,
21-50, 17-50. A factor is found for points 8-17 and all fluxes in this
range are multiplied by it; another factor is found for points 1-17 and
all fluxes from 1 to 17 are multiplied by it. Similarly, factors are
found for 38-50, 21-50, and 17-50 and superimposed on one another in
the same way. Disposition and the frequency of use of the driving
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regicng ig at the discretion of the user of the program. The authors!
practice has been to use regions about 10 mean free paths thick and
about every 10 iterations. There is no theoretical reason why the
"driving" regione should coincide with material regions; they happen to
do so in this program as a matter ¢f convenience only. It is worth
noting that in certain simple problems, the "driving" procedure, suf-
ficiently elaborated, could lead to an exact solution to the finite
difference equations in a finite number of steps. An exact solution is
not obtainable, however, in more than one dimension by this means.
While the distribution of the driving function regions has been
left to the user, there is nothing of a crucilally optimal nature in
laying out these areas. The effect of their use 1s to affect parts of
the reactor distant from the boundaries as quickly as possible and to

force a condition that must be true at convergence, This condition is

that any subregion of the reactor must satisfy a neutron balance, The

suggested procedure is generally applicable and should prove useful in
more than one dimension, to heat conduction problems as well as to
neutron diffusion problems. Problems such as Milne's problem, previ-
cusly quite intractable, are now solvable in a reasonable amount of

machine time.

IV. Program Speed

At the present time the prcgram takes 0.001875 sec per point per
angular increment per iteration for isctropic problems. For an aniso-
tropic scattering problem the computing rate is 0,009 to 0.016 sec per
point per iteration. These computing rates could deubtless be improved,
but the present program is only a prototype and does not warrant refine-
ments. BSome statistics concerning mesh sweeps required for convergence
are of interest and may be found in Table 1. Comparison with one version
of DSN is also given, Cases % and 4 are Milne's problem cases, where it
is desired to find the angular flux distribution in a very thick slab
having an isofropic source on one face. The effect of using driving

regions 1s evident.



Table 1., Convergence Rates in SWAPS and Comparison with Other Programs

Number of HNumber of Number of Anisotropic Eigenvalue Convergence Number of

Problem Mesh Points  Angles "Driving Regions” Scattering Problen Level Iterations
1 100 16 5 No Yes 6 x 1077 12
2 400 16 0 Yo Yes 8 x 10'1‘ 15
3 100 4 0 No No 2 x 1072 200
4 %00 4 8 No No 8 x 107% 90
5 300 16 0 No Yes 1 x 107%° 8
6 Same as 5 but on DSN program 2 x 1073° 56
7 101 16 1 No Fo 5 x 10-7° 160
8 Same as 7 but on DSN program lO'5b 435
9 51 16 0 Yes Yes 2 x 107% 7
10 51 16 0 Yes Yes 3 x 1077 7
11 51 16 0 Yes Yes % x 1077 1
12 101 16 0 Yes Yes 2 x lO_)+ 60

ot

SThe type of convergence level cited is not exactly the same in SWAPS and DSN but is sufficiently
close to be comparable. The number of iterations cited for DSN are inner iterations.

bThe convergence level cited for SWAPS refers to convergence of the individual angular fluxes.

The program had aprarently reached the limit of machine numerical significance at this convergence
level. The DSN convergence is convergence cn the integral of the flux.
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V. The Treatmert of Arisntropic Scattering and of Anisotropy
in the Cross Sections for Group-to-Group Removal

Anisotropy is accounted for by assuming that the cross section for
transfer from one directicn to another is a cublc polynomial in the
cosine of the angle between the entering and leaving direction of the
colliding neutron. It follows that if N{ x, pi) neutrons per cm? per
second are traveling in a cone having direction Hy in the range
“i - Api/E to pi + Aui/Q, the number of such neutrons having an angle
¢i {see Fig. 1) which will be scattered into direction ¢j and by per
unit path length is expressed by the formula

ﬁifi—ﬁiz e rau +au’c sa 15] d¢i d¢j s dpi (7)
on Au. Mo ks ot T gk I s

where p’ = Hiky +»VE—; u? V& - u? cos ¢ - ¢ is the cosine of the
angle between the initial and final dirac+1ons If (7) is integrated
over y; from p, — My /2 to ug o+ oy /2, over iy from by~ AL, /2 to

hy oty /2, and ¢ and ¢ from O to 21, assuming N{x, ", 1) 1s constant

over the interval of 1ntegratlcny there resuits the formula

y A“J
2 2 ) 2
N o
2 T Ave 2L Ty Ly -2 Ay, 22
i a2[<“i A T e At Rl ik )]
2 2 2 2
vag | (88 2 (2 23 e 2 Iy |
371N i L J J

where Zg(pi* pj) is the cross section for scattering from a cone
having angle cos’"lui to a ¢cne having an angle cos"lpj,

The input numbers to the prcgram which are to be employed to char-
acterize the scattering or the remcval cross sections are a,y 8y, &y
and 55. Calculation cof anisotrcpic scattering is carried cut in the
program according to formula (8). Note that if the scattering or re-

moval is linear, then a_ is the tofal cross section for the process,
v
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(If a Pn expansion had been used, this would have been true for any
degree of non-linearly.) In SWAPS, tuy = cuj and E/Api is the number

of angular increments used,

VI. Checking the Program for Accuracy Against
Known Analytic Solutions

A. Milne's Problem Comparison

The program has been checked against Milne's problem by using the
case of a slab about 78 mean free paths thick with no absorption and
with an isotropic plane source of neutrons at one face and zero incoming
current at the other, Four angular increments were used. The emergent
angular flux of the face of zero incoming current and the total flux are
compared in Table 2 with results obtalned by the Wiener-Hopf method.h’5
The agreement is excellent considering that only four angular increments

were used.

Table 2. Comparison of Results Obtained for Milne's Problem
Using Four Angular Increments with Thecoretical Answer

Distance from Boundary,
Mean Free Paths SWAPS Result Wiener-Hopf Percent Error

a. Total Flux

0 1 1 -
0.2 1.4445 1.4714 -1.8
0.4 1.8491 1.8587 —0.5
0.6 2.2320 2.2271 +0.22
0.8 2.6031 2.5868 +0.63
1.0 2.9680 2.9419 +0.89
2.0 4, 7609 4 ,6902 +1.51

b, Emergent Angular Flux

—

0.25 0.76422 0.773 -1,1
0.75 1.23578 1.2%2 +0.306
Havg 0.55894 0.5774 -3.,2
—(u?) 0.371hy 0.4102 -9}




B. Isotropic and Linear Anisotropic Scattering Eigenvalue Problems

Carlson2 and DTesner6 have published results concerning the criti-
cal thickness of slabs in which scattering was isotropic or linearly
anisotropic. Table 3 compares the results they obtained using vari-

ational methods with those obtained using the SWAPS program.

Table 3. Comparison of Variational Estimates of Critical
Thickness #n Slabs with SWAPS Calculation

Total Slab Thickness, Secondaries per Collision

Mean Free Paths

Analytical Methods2 SWAPS

a., Isotropic Scattering

5,665 1.02 1.020
0.7366 1.k 1.400
0.%108 2.0 2.00%
b, Anisotropic Scattering
b= 0.3
1
f u(va + GS) dp
— -1
where (TR
Jl (vo, + 0) dn
-1
Critical Number of Secondaries
Total Slab Thickness, per Collision
Mean Free Paths Variational Estinate’ Swaps?
0.2 3,931 3.99456
0okt 2.601 2,613k
1.0 1.667 1.67240
2.0 1.312 1.31627
k.0 1.127 1.13077
8.0 1,04k 1.04641
20,0 1,009 1.00969

87 small amount of interpolation was used to place the answers
at & = 0.3,
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C. Thermal Utilization Problem

An ad hoc version of the SWAPS code was used to solve the problem
of thermal utilization in a slab lattice referred to in Table 18.4,
p. 642, of Weinberg and Wigner.lL Using 400 points and 16 angular in-
crements, a value of 0.8557 was obtained, which is in excellent agree-

ment with the text answer of 0.8960.

VII. Conclusions

A simple and efficlent method of computing the flux distribution
and critical eigenvalue in slab geometry using a numerical solution of
the Boltzmann equation has been devised. The iteration procedures used
should be applicable to more elaborate programs involving more energy

groups and dimensions.
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Table of Notation

Cartesian coordinates.

Angle between a line intersecting the x axis and
the positive x direction.

Increment of distance along x axis, cm.

Number of intervals into which the range —1  cosQ (1
is divided.

Number: of intervals into which the thickness of the
slab reactor along the x axis 1s divided.

(cosa),, where the subscript J denotes one of the
n angular intervals; A = 2/n.

Points in Fig. 2.
Differential element of area, cm2.

The distance along the x axis from the origin to
the ith space interval, cm.

Angular neutron flux, neutrons per cm? per second
moving in direction p. at point Xy in neutron
velocity group g.

Total cross section for group g, reciprocal
centimeters.

Cross section for scattering from direction p_ into
direction “j' P

Number of neutrons produced per fission.

Eigenvalue; the number by which p» must be multiplied
to make an assembly critical; the reciprocal of the
effective multiplication constant.

The fraction of neutrons generated by fission which
are born into group g. In the present program

X, = 1.0 and X, = 0.0,

1 2

Fission cross section for group g, reciprocal
centimeters.

Removal cross section from group g° to g from
direction pp into direction “j"

Cosine of the angle between the initial and final
directions of a neufron which has undergone a
scattering collision.

The angle made by the projection of the direction
of neutron motion upon the y-z plane with the
positive z direction.
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APPENDIX

Code Operation

SWAPS was programmed in FORTRAN to be run under control of the
IBM-7090 FORTRAN Monitor System. The only tapes used by the program
are tape 9 for output and tape 10 for input.

Input

Figure A.2 is a SWAPS input form filled out for the sample problem.
In the instructions given below, the number formats are given in FORTRAN
nomenclature and are written in parenthesis immediately following the

input number symbol.

Card 1 — Title Card

Column 1 - blank.

Columns 2 through 72 — any desired information.,

Card 2 — Control Card

A

Colums 1 through 3 — ANG(I3) = 16: number of angles for which
the fluxes are to be computed.

Colums 4 through 6 — PTS(IZ) = LOO: total number of points. The
mesh runs from left to right beginning with 1L for the left-most point
and ending with PTS,

Columns 7 through 9 — REG(I3) S 100: the number of regions into
which the mesh is divided.

Columns 10 through 12 — MAT(I3%)
materials that are specified below.

Columns 13 through 15 — LBI(I%): left-hand boundary condition

indicator. If LBI is O or blank, the left-hand boundary is a zero

WA

UA

20: the number of different

return current boundary. If LBI is +1, the left-hand boundary is a
zero net current boundary. A —1 for LBI specifies an arbitrary incoming
current boundary condition which is specified below.

Columns 16 through 18 — RBI(I%): right-hand boundary condition

indicator. The right-hand boundary conditions are specified in the
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same manner as that given above for the left boundary.

Columns 19 through 21 — FXI(I3): previous flux indicator. If FXI
is a O or blank, the code supplies an initial flat flux guess. A +1
for FXI indicates that the initial flux guess is taken from the preceding
problem, The preceding problem must have the same number of points and
angles, and the same boundary conditions as this problem,

Columns 22 through 24 — ITR(I3): the total number of iterations
the problem is to be run, If a problem has not converged before ITR is
reached, it is terminated automatically and the normal output is written.
Most problems converge in fewer than 100 iterations.

Columns 25 through 27 — DRV(I3): the block relaxation iteration
cycle. The calculation proceeds normally (point relaxation) for DRV
iterations, at which time the block relaxation procedure is applied to
all specified (see below) non-source regions. This cycle is repeated
until the problem reaches convergence., A value of 10 appears to be
reasonable for this number,

Colums 28 through 30 — OUT(I3): output information indicator.
Convergence information, the eigenvalue, the total flux at each mesh
point, and the neutron balance are always printed out., OUT indicates
other output that may be desired., A O or blank for this number indi-
cates no additional output. If OUT is +1, the directional fluxes will
be included in the output. If OUT is —1, the directional fluxes plus
the angular dependent macroscopic removal and scattering cross sections
will be printed out.

Columns 31 through 48 — FACTOR(E12.6): normalization factor. For
output, the total fluxes are normalized by multiplying each flux value
by FACTOR/S, where S i1s the total source,

= Jav e
179

The angular dependent fluxes are not normalized for output.
Columns 49 through 52 — EPI(ElO.4): convergence criterion. The

calculation stops when both of the following conditions are satisfied,
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7\t—DRV
< - 1.0} < EPI, and
A
| t-1
T - 1.0 < EPI,
N(x,, n.)
& 1 max

where t is the iteration number and DRV is as defined gbove.

Columns 5% through 62, and 63 through 72 — Bl(ElO.h), and
52(E10.h)3 extrapolated Liebmann coefficients for groups 1 and 2, If
these mumbers are O or blank, the code uses values of 1.0 for Bl and 52;
otherwise, the input values are used. It is strongly recommended that
these numbers be left blank for input.

Cards 3 and 4

These two cards are used to specify values of constant incoming
angular fluxes if LBI (Control Card) is —1. If LBI is O or +1, omit
these cards.

Columns 1 through 9, 10 through 18, etc., supply values of the
group 1 angular fluxes (E9.5) for all uj > 0 using card 3, BRepeat for
group 2 using card 4. For a two angle problem, only cne number on each
card would be written in columns 1 through 9 corresponding to the
constant angular flux for Hoe For a six angle problem, three numbers

corresponding to My, 2 L_, and be would be written in columns 1 through

D
27 for each group.

Cards 5 and 6

These two cards are used only if RBI is -1, In this case the
numbers are specified as above and apply to the right boundary. These

angular fluxes correspond to all “j < 0.

Cards 7+ — Mesh Specification Cards

The regions are specified beginning with region number 1 (the left-

most region) and ending with region number REG (the right-most region).
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Each card specifies three regioms.

Columns 1 through 3 — LPT(I3): left mesh point number of the
region,

Columns L4 through 6 — RPT(I3): right mesh point number of the
region.

Columns 7 through 9 — SUB(I3): subregions for block relaxation.
This number may be ignored for regions which have a value of vZf. For
regions which have no fissionable material, a O or blank for SUB speci-
fies that this region is not to be "driven". If SUB > 0, the region
will be divided into SUB subregions and the "driving factors" computed
and applied as described earlier. SUB must be less than RPT - LPT,

Columns 10 through 12 — MNO(I3): material number of the region.
The material constants are specified below and are numbered from 1 to
MAT,

Columns 13 through 24 — REG WIDTH(E12.8): +the total width of the

region., The restriction on this number is

(REG WIDTH) _ 2
(RPT — LPT) ANG[ZTg(Reg)]'

Repeat the above specifications using columns 25 through 48 and
columns 49 through 72 for the next two regions, and continue with the

next card until all regions have been specified.

Cards 8 and 9+ — Material Specification Cards

Two cards are required to specify the constants for each different
material and group. For the first card, specify:

Columns 1 through 3 — MAT NO(I%): material number. The materials
are numbered beginning with 1 and ending with MAT; however, the pairs
of cards specifying each material and group may be in any order in the
deck.

Columns 4 through 6 ~ GRP NO(I3): the group number.

Columns 8 through 16 — Za(ElO.6): the macroscopic absorption
cross section for this material and group.

Columns 17 through 26 — vZf(Elo.6): p times the macroscopic

fission cross sections for this material group.
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For the second card of the pair specify:

Columns 1-9, 10-18, 19-27, 28-26 — R, R, R, RB(E9.5): the
constants used in Eq. (8) to compute the angular dependent removal
cross section (ZR(gpe 8 n pj)) for this material and group.

Colums 37-45, 46-5k, 55-63, 64-T2 = S_, ., 5, 35(E9.5)= the
constants used in Eqg, (8) to compute the angular dependent scattering
ecross section (Zs(uﬁ* pj)) for this material and group. If R = R2 =

R5 = Sl = 82 = S5 = 0, then the problem is assumed to be isotropic and
the angular independent removal and scattering cross section are computed
by:

ZR(g’, Ni"’ g “j) = RO/ANG)

zs(pi_wj) = SO/ANG.

Successive Cases

Successive cases may be run simply by stacking the case data decks.
To end the calculation, follow the data deck with two blank cards.

Sample Problem

The diagram of the sample is shown in Fig. A,1. The sample
problem input 1s shown in Fig, A.2, and the output is shown in Fig. A.3.

Zero Net Zero Return
Current Current
Mesh 1 Reg 1 5C Reg 244?0 Reg 3 [° Reg 4 lPO
. T
Pomt‘| Mat 1 " Mat 2 Mat 3 Mat 3 '

‘-*—25 cm———)-\-ﬁélo cm «)—‘-«-10 cm —)-l-<——50 cm

Fig. A.1. Diagram of Sample Problem

)



KEYPUNCHING INSTRUCTIONS
Punch only those cards having

daota in ¢columns 73-80

SWAPS INPUT FORM-1

REQUEST No.

“TITLE

SWAPS CODE SAMPLE PROBLEM FOR REPORT

EEREERG

ANG | PTS | REG | MAT

4 {0

RBI | FXI

19

ITR
22

LBI

DRV
28

ouTt

FACTOR EPI

53

B,

63 BZ

RE0SE

A3

13 [[]
L 1] [ lof [ 1o Is[d

| 2

28
|01

TTRITTTTT

T BoRRIT T

AERENRNE

ERRARRER

3 80
L[] 1102

FIXED X INCOMING FLUX AT LEFT BOUNDARY (4;>0) - CARD | for Group I, CARD 2 for Group 2 —*= FORMAT (8E9.5)
\ 10 19 28 37 46 35 64

ERRRERR

ANEEREN

RERRE

Ll

11

RERRARERRREEE!

HEERREEL

EEEENEN

NERERER

T

ERERAER!

IEEREEN

IRRREN

L

ERENER

REEEREN

ENRERRAR

EREENEN

HERRRRA

HEEEEN]

1

FIXED & lNC%MlNG FLUX ATI:NGHT BOl.JNDI\RzYe (F’i <0)- CASRD | for Group|

, CARD2 for Group 2 — FORMAT
46 585

(8EQ9.5)
64

INERRREN

L]

LIT1]

RAREE!

L]

IENENNRR

[EREEREN

INNENREN!

EEEREEN

INRERRRNA

73 80
HEEER

INEREREN

IRRNRERN

RERRRER|

L]

ENERNRRERERER

HEREREND

[EREENEE

HERERRN

IEREEEEI

LPT} RPT}] sSuB} MNO

REG WIDTH

LPT
25

RPT
28

SUB | MNO REG WIDTH

LPT
49

RPT
52

SuB
55

MNO
58

REG WIDTH

N 4 T 10
Thfisiol ol 1 h

BT

[slo

6|0

TR eI TTTII

1610

|710

12

TR TTTTT]

A TTITo

1.

olof 1 3] | 2

17lo

[Boldol [ TTT]]

[

1

HENRENRREREERENE

I

11

L]

EESEERERRE)

HRENECE

INNENNEREAN

RENRREREEN]

L1

L

HEINENRRERENREER!

L1

[

11

RESRNRRERR

ERAREN

I ENEERARN

HERNEERNRRD

L

[

EEINRARRRRRRERER

L1

Ll

T1]]

INENENNNERE

HEEEE

REERERNEAN

RENRRNRERN

L]

11

HRARRERERERRRERR

1]

1]

EEEERRENER

IRERREN

JEERERNRRRN

[RREEEREEAN]

Ll

L]

RENENERENRRRENEE

B

Il

ANREEREEAN

REAREEE

INNENEREEEN

ERREERENEN

|

L

L ENNRRREEEE

[ |

1]

[IREERRREREE

IRRE

IRERNENEEER

INRRRNNEENEE

L1

[

| NERARRRREE

[

[

IREEREEEEN)

BEEEREN

HENNENNEN

HRRRERERRAN

1NN

T

|l ENRRRRREER

Ll

11

[RREEERENEE

ARRREEE

RERRRARENR

JIRRRERRERN

11

] 1

EENERERENARRERER

L

||

il

1L

[IRERGERNEN

IRRRNRE

IRERRERRENN

NERERENERSI

1]

IR

RENREENNERARARER!

1

L

L

ARERREENEN

RRRRAEI

RRRRERRENN

INNRREREEER

11

Rl

[EEEREENEREERERRA

L1

11

Ll

A1l

IRRREREREN

HRER!

REEEEEE

NERREREEEN

Pl

IRA

REEEERERENERARRN

1

Ll

l

|l

JRRERRERNEE

INNEREE

Fig. A.2.

Input for Sample Problem



KEYPUNCHING INSTRUCTIONS
Punch onlr those curds hoving
datain columns 73-8

SWAPS INPUT FORM -2 REQUEST No

2 CARDS PER } CARD |=—= MAT.No,GRP.No, £, vZ¢. —» FORMAT (213, 2£10.6)
MATERIAL-Grpf CARD 2 —+ R, R,, R, ,R3 » Sg1 S, +S, » S; —™ FORMAT (8E 9.5)

4 7 17 27 73 80
1 il o 000l oi.'0oo2[i’ [ W 05
4.0 [ i-oa] 2.4 | -i05] 3.0t . -0o6[la. ]| ~lo7] 1. T -loid 1.2 [ I-.o[ W.I3 T -ioe] 1[.]a_ -0 06
[T 2] 0.00022 1| 0.0042 1] 1 lor
1.2 -04] 2.2  -05] 3.2 : |-086| 4.2 | i-0o7] 't].]2 | ~l0W4] |il.ia] | —io5] lil.6! 1 I-o8}l I1l.8 | |-07] ' 08
2l ol.oo2ii [t lor T TT T : L1109
3.0 -o03Jo.0o; ' To.0, - ffoofiliij[BL.R]o3fl.loit][} Jol.olTl[To.0o '] 19
2 2TTo 0032 [ J o.0o | 1] RN
3.2 -0310.0 | 0.0, (itlo.o ! T HBLBI] -lodf ool it Toljol L it oo T ; 2
3| | {J'0. 000031 [O.0 (TT]T BN
4.4 -04[ 5.4  -05[ 0.0 ' (JoLOl ] J®BL4 ] -0a] 6.4l [ ~os] ool [ T1jJlo.ol | .1 14
3] | 2] 0.l000062 [ 0.0 1 } 5
6.4 [-o4l 7.4 |-os{o.o | ifloLiof [l Tfsl.a [ -o3]Jio.ol [Tl floliofliljloot] "] 16
! EEEENEEEE SNERRENEEN! | EN

| K i RS AR AN RN RN IR FNENEEERE REENREEE ' EN
? IEREREEN IRERN _ e
| L] 1 IHEEREEER INEEREENA REEEERR R RNEERENEE REREEERN ‘
HERRENEEN HEEREN , i NN
N N ! EEEEE NN EAARANEEERE R RN ERRRA RERENERAR RNREREEE ?

] IEEEEREREE R ‘ L
L RN L llJ1l!HJJWJJlHJKTTFFW[[TT[JJLIP‘JLLL!H[i .
] T T 1 NENEE

f TS PR BEERENI TN EEEEEEE ANEEERE N NN EENEENERR R RNERENRE AN
NARE NEENNENNEE T (
» Ll I I IENREENER A NENNER A NENNE RN AR AN EENE RN RN NN NN |
! HEEE] RN SN I
HREE RN RN 1NN RN RN N RN R IR ERNEE NN NN UE N

Fig. A.2 (continued)



SWAPS COCE SAMPLE PRCBLEM FOR REPCRT

REACTCR SPECIFICATIONS

S{ 6) CALC

1CC MESH PTS

LENGTH T.SCCOE C!

REGICN SPECIFICATIONS

JLFT
1
50
60
70

JRIT CCumP
50 ]
6C 2
7C 3
1cc 2

REG WICTH
2.5C0E 01
).CCOE O
1.CCO0E O
3.CC0E O}

COMPCSITION SPECIFICATICANS

COMP GRP
] }

2

2 }

2

3 1

2

SIGA
1. 1C0E-Ou
2.200E-0y

2.100E-03
3.200€e-03

3.1C00€E-05
6.2C0E-05

NUXSIGF
2.1COE-O4
4.2C0€e-C3

D.
0.

0.
0.

4 REG

3 ComP BND(

MESH WIDTH
5.102£~-01

1.CCCE OO

1.0CCEe 00

1.,CCCE CO

AO{SIGR) A1 (SIGR)
1.833E-05 3.500€E-06
2.000E-05 3.46467E-06
50]67E—D“ Do
5.333e-04 0O,
T.333e-C5 9.0C0OE-06
1.067TE-Cl 1,233€-05

Fig. A.3.

1, 0)

A2{SIGR)
S.167TE-C7
S5.333e-C7

0.
a.

U.
0.

NORM }.CCECE CC

A3(SIGR)
6.833E~08
7.CCOE-C8

Ce
Ce
C.
Ce

Output for Sample Problem

EPI 1C.0CCE-06 BETA! 1.0C0

AC{(SIGS) AI(SIGSY A2(SIGS}
1.833e-CS 2.000€-06 2.167e-07
2.CCO0E~CS5 2.333e-06 2.¢67e-Q7
Se«3336-C4 C. C.
5.500e-Cs C. 0.
S.C00E~CS 1.0676-05 Q.
1.4C0E~-C3 C. 0.

BETA2 1.00
AS(SIGS)
2.33e-08
3.C0e-08
Oe
Oe
O.

G.

62



SWAPS CODE SAMPLE PRCBLEM FOR REPCRT

CONVERGENCE LEVELS EVERY

ITER
2

1C

FLUX CCAVR
1. 16C0E QO

1.3931€-01

lo.4026€-02

1.4039€E-03

2.0367€-04

3.C912€E-0S

5.5209€-06

2 LTERATICA

LAMECA CCNVR

9.C0T6€E-01

1+ 4655€~01

1.6859€-02

1.8787€-03

2.1282€E-04

2.u4877€~-05

2.9355€6-06

LAMBDA
1.0076€ C}

1.1807E [1

1.20C9€E Ct

1.2032€ Ct

1.2034€ Ct

1.2035E C1!

1.2035€ Ci

Fig. A.3 (continued)

ORIVE REG

NNwwE & & NN E NN WWE & MNMNWWE & & NN WW E F

MR W E s

SUB REG

N o= N e NN = N wme PO o N @ N = N= (NN = N mn N e (NN = N =N WA e

N e N= N e

SUBREG BNDS

o - - - — e o~ . e o e o -

e e e

o~ e e e -

SC,100)
8C,1C0)
7C,100)
65, 7T0)
6C, 70}
55, 60)
5C, 60]

9C,100)
8C,1C0)
70,1CH
65, 70)
60, 10}
55, 60)
SC» 60)

90,100}
8C, 1T
70,1C0)
65, 70Q)
60, 70)
55, 60)
5C, 60)

9C»1CD)
80,10}
70,1C0O)
65y TC)
6, 10)
55, 60O}
50, 60)

98, 1C0)
8€,1C0)
7C»100)
65, 1M
60, )
55, 60)
50, 6

90,100)
€d.1C0)
7Cs100)
63, 70)
60, 70)
55. 60)
50, 60)

CRIVE FACTOR

9.,82945E-01
9.79149€E-01
9.771569€~-01
9.86964E-01)
9.86815€6~01
9.87801€-01
9.8£382E~-01

?2.9€857e-01t
9.98u82€e~0t
9.98113e-01
9.99132€-01
9.99211&E-01
9.99CB3E-01
9.98969E-01

9.99B77E-0!
?2.998835E~01
9.998CCE-Q)
?.9691CE-0!
9.99921E-01
?.95895€-01
9.99887e-01

9.99986E~01
9.59981€E-01
9.99977e-01
9.9999CE~-01
9.99992€-01
9.999€E8E—~C}
9.99987e-01

9.99998€e-01
?.99998€E-01
9.99997e~01
9.959992E-01
9.99%99e~01
9.99599=01
P.9%959E~01!

10.0CCCOE-a1
10.GCCCCe-01
10.0CCCCEe-Q1
10.0CCCCE~01
10.0CCCOe~O!
10.0C0CCE-01
1g.0CCcoe-01

9¢



APS COCE SAMPLE PROBLEN

AST FLUX(J),Jd#1,100

belt] BSE
BallEUE
4 UuCSTE
4e3SGE6E
4L.3€3CE
44363CE
JaTUHUUE
3.1998E
2.EES9E
2.2739E
1.8114E
1.UulL6E

199
ct
(53]
£
Ci
Cl
Gl
ct
C1
1
£1
o1

L.ui86E
L.UJ59E
4.4087¢
4,3971¢€
4,.3810€
4, 3605E
3.6364E
3.1890¢
2.8083E
2.2163E
1« 7668E

£
g1
o
01
at
a1
01
al
a1
ol
a1

FOR REPCRY
NCRMALIZATION FACTOR 7.093C7E-02

L.ui85€ O) bB.UJBUE CF h.4J82E 01 L.HIT9E
L.u153E 01 4.41%6E 0! H.LI140E D1 4.4132€
L.u076E 0] 4.4065€ 01 4.4C53E C+  U4.uOuIE
L.3555E 01 4.3939E 0) b.3922E 01 L4.39C5E
4.3789E 01 4.3768E 0OJ bB.3746E L1 4.3724E
L,3579E O} 4.3553€E OF B.3526E C1 L4.2212€
3.5324E 01 22,4323 0 33,2359 €1 3.2430E
3.17B3E C1 2.1677E 01 3.1571E C1 3. 1u465E
2.7334€ Q1 2.6610€8 01 2.5911E €1 2.5234c
2.1604E 0) 2.1062E 01 2.0535€ §) 2.0C24E
1.7232E 01  1.6807E OV 1.63G2E £t 1.5986¢E

Fig. A.3 (continued)

£l
&1
G1
C1
C1
C1
g1
Cl
€1
a1
Gl

L.4176E
L U l24E
4L.,4C28E
4.3EETE
b,37CIE
4.CG49E
3.2322¢E
3.136CE
2.45ECE
1.9527E
1 «5589E

C1
Ci
Ci1
o1
Ci
C1
Ci
Ci
C1
Cl
gl

B 4173E
B 4] 6FE
b U0ILE
L, 3868E
b.34678E
3.9735€
3.2213E
3.0496F
2.39456€
1.9CU43E
1.5200F

1
Cti
Gt
g1
Cl

g1
a1

ct
a1

b.ulo8E
L.uICTE
4 4CCOE
Lb.3849E
Lb43854E
3.8567E

3.21C3E

2.9663E
2.3333E
1.8573E
|1 .4819E

Le



SWAPS CODE SAMPLE PROBLEM FOR REPORT

SLOW FLUX{J),J#1,10C

T.3251E
1.3252¢
7.3253€
T+3255E
T.3257E
T«3261E
7..22C9E
6.7613E
6.3369E
5.7C39€E
4, B7C6E
3.873CE

7.3251%€
7.3252€
7.3253E
7.3255¢
7T.3258¢
T«3261E
T.1813¢€
6, T124E
6.2B17TE
5.6198E
b 76T9E

NCRMALIZATION FACYTOR 7.09307&E-02

7T.3251¢E
T.3252€
7-3253€
T.3255€
T.3258E
Te3262E
T. 1365€E
Ge 6651 E
6. 22L0€
5.5335E
L. 6632E

0o
oo

7.3252€
7.3252€
7.3253¢
7-3256E
7.3258E
7.3262E
7.C867E
6.6193E
6.1550E
5.44S0E
4.5566E

Fig. A-5 >

0o

T.3252E
7.3252E
7.3254E
T3256E
7.3259¢€
7.3263€
7.0222E
6.5751E
6.0868E
5«3543E
B UUT79E

oo
co
o
GO
ga

(continued)

T.3252E
7.3252E
7T.3254€
Te3256E
T.3259E
7.3190€
6.9735E
6.5322E
6.0156FE
5.2616E
4.3372€

Le

cc
tc
-
cC
CC
CC

(G

7.3252€
7T.3252€
71.3254E
T+3256E
1.326CE
71+3ChA4E
6.%178E
6.49C8E
S.9u416E
5. 1668¢€
4.22L48E

7.3252€
7.3253E
T.3254¢E
7.3257€
1.3260E
7.2829¢E
G 8640E
b luU7E
5.86U49E
5.07C1E
4, 1095€

T.3252E
7.3253€
7.3255€
7.3257€
T.3260€
T.2549E
6.8118E
6.3943E
5.7856¢€
K.9713€
3.992uE

82



SWAPS CCODE SAMPLE PROBLEN FOR REPCRT

NEUTRCN BALANCE

REGICN ABSORPTIGCNS AND

REG

EWN -

TOTALS

FAST ABSCRP
1.20907E-0)
T.9C132E-01
9.€865CE-03
}«36506E 00

2.2€598€ OO

BOUNCARY LEAKAGES

LFT
RIT

TOTALS

FAST LEAK
0.
7.11485E 00O

7.11485€E OO

FRCDUCTICNS

SLCW ABSCRP
4.02903e~-C2
2.30300€E~-01
h.16586€E-03
S5.14586E-01

7.89342€-01

SLOW LEAK
C.
l8uULLE €O

1.84444E CO

FAST PROD
2.30822e-01
D.

D.
0.

2.30822€e-~0)

TOTAL
0.
B8.95929€ 0O

B.95929¢ 0O

SLOW PRQD
T.651786~01
U‘

U.
U'

7691 T8E-0O1

Fig. A.3 (continued)

TCTAL
1.1612CE CCO
1.£2043€E CC
ledT524E-C2
1.879¢5E LE

4.C7533e CC

62



SWAPS CODE SAMPLE PRCBLEM FQR REPCRT
DIRECTICNAL FAST FLUXIMU,J),J#1,100

MU 1)
L MI90E Ct  u.3497E 01 4.280uME C) 4.2111E QI hB.3418€ 0} 4.0725€ C1  u.CC31E Ct 3.9338e 01 3.86LLE O}
347G51E CI1  3.7257E 0OF 3.6563€ 01 3.5869E G1  3.5175€ €1 3.4480€ {81 3.,3786€E Ct 3.3C92¢ Ct 3.2357€ 0!
Jo17C28 Ctr 3.1007E €1 3.0313€E 01 2.9618€ 01 2.8922e C1 2.8227€ C1  2.7522€ C1 2.68376 C) 2.6141E B

2.5846E C) 2.4750€ Of 2.4054€ 01 2.3358E Ot 2.2663€ C) 2.1967F €3 2.1271c Tt 240575 C1  1.9E878¢ 01
1.91826 C1 1.8486E 01 1.7790€ 01 1.7093€ 01 1.6397€ C!  1.S57C0€ C) 1.5CC4E C1  V.u307e Ci  $.361CE O
1.2914E C1  1.2217€ 01 1.1520€E 01 1.C823E C1 1.C126€E C1 9.7736E CC 9.42%2E CG 9.C927e GO 8.76%9€ QC

8.4424€E CC R.1280F ON 7.8203€ 00 7.5193e 00 7.2245€ CO 6.9359E CC 6.EE41E CC 6.8325E CO 6.7E8t1E OC
6.7269¢ CO 6.6789€ CO0 6.6281€ 00 6.577T4E 00 4.5270E CO  &.uT6TE CC 6.u266E CC 6.1526E CO S5.E829¢ 0OC
5.62C4E (O 5.36206 CO S5.1C83E 0O H.8594E OO0 d.61u9€ 00 43749 CC u4.1391€ GO 3.9Ur5€ © 3.6759t Q0
3.4562€ CO 3.23628 00 3.02C0E CO 2.8074€ 00 2.5982€E 00 2.3925€e CC 2.19C1E CC 1.%%10E CO t.7951€ QC
1.6C236 CC 1.4126F 00 1.2259€ 00 1.0421¢8 OO0 B8.6134E-CI1 ¢.8343E-C) S.CE36E-L1 3.3612E-Ct |.6¢667€-C)
0.

MUt 21}
1736 CI1 7.C590€ 01 6.9445E O) 6.8299€ O1  6.7152€ C1 €.6CC8E C1  €.4E59€ C1 €.3711E 01 6.2563€ Q!
b.1UISE 01 6.C266F C) 5.9118€ C1 5.796BE C1  5.6819E €1 5.5669E L1 S.45188 C) 5.3368E CI  5.2217€ 01
S.IC66E O 4.9914¢F Q01 4. E762€ 01 U.7610E Q) 8.6457 C1 4.S304E ©) uibu15tc Ot 4.2998E C) uW.1PuuE OI
4.C65CE C1  3.9536E 0) 3.8381E 0) 3.7226€ O1 3.6CT1E Ct 3.4915€ G! 3.3759€ C1  3.2603€ Ot 3.1447E DO}
3.C29Ce C1 2.7133 C 2.7976E C1 2.6819E C1  2.5é61E C1  2.45C3€ C!  2.3345F C1 2.2187E Gt 2.1C28€ Ot

1.98¢9€ C1 187106 Ot 1a755CE C1 1.6391E 01 1.523)€ C)  1.4728E C1 1.4236E C1 13755 CI  1.3284E O1
1.2823€ C1  (.2371E C1  1.1928€ 0} §.1495€E Ot 1.1C69€ €1 1.0652E C1)  1.0572e C1 1.Cu92€ 1 1.0u413E DI
1.C2236 C1  1.C255%E 01 1.C176E Q1 1.0098€ 01 V.CCI9E C1 9.9u16E GC 9.8640E CO 9.u6LOE 0O 9.C7C8BE 0O

8.6€41E CO 8.3C38BE 00 7.9294E 00 7.5609€ 00 7.1979E CO 6.84C3€ CC ¢.4E78E CO ¢.1402¢ CO S.7974E QOQ
5.4561E CO 5.1253F 00 4.,7957E 00 4.u702E OO bw.j1u86E CO 3.83C8BE CC 3.5167e CC 3.2C62E 00 2.E9%92€ 0O
2.5655¢ (2 2.2950€ OC 1.9978E 00 1.7036E OO0 1.4124E CO 1.1242E GE E.3E54e~C) 5.S546S0E-C1 2.7686E-01
a.

MUl 3)

1.9555e C2 1.9224€ 02 1.88928 02 1.8560€ 02 1.8228E C2 1.7896E £2 1.7563e C2 1.7230E C2 1.6896€ 02
1.6563€E C2 1.6229¢ 02 1.5894€ 02 1.5559€ 02 1.5224€ 02 1.4889€ G2 1.4593E €2 1.4217E 02 l.3€81E 02
1«3544E C2 1.3207€ 02 1.2870E 02 1.25932€E 02 1.2194E 02 1.185S€ C2 1.1517€ C2 1.147BE 02 1.0839¢€ 02
1.CMG99E C2 1.C159E C2 9.8188E C) 9.u4782t 01 9.13738 C1  8.7962E C1 B.uSuTt C1 E.1128c CI 7.77CTe 01
T.u2€3€E C) 7.CB55E O) 6.7425E 01 6.3991€ Q! 6.0554€ Ot S.TII14E C1  S5.3470E C1  S5.C22SE C1 u.6776€ O
4.2324E C1  3.9R69€ 01 3.6I1E O} 3,2950E 01 2.94BSE C1I 2.86E€TE 1 2.7SC7€ C1 2.7186E 01 2.464C1E 04
2.561726 C) 2.u4958f 01 2.42S58€E Q1 2.3572€ 0Oy 2.2898E CY 2.2235€ C1 2.2062€ C1 2.1889€ 01 2.1716€ D)

2.15u4€ Ct  2.1372¢8 01 2412086 C1  2.1C28E 01 2.CE8S7E C1  2.C685€ C1 2.CStug C1  1.98uE Q1 1.9181E QI
168523€E C)  14787T1E O 1e7224E 01 146579E 01 145938E C1  1.5298E G 1.4¢€¢60E C1  1.40228 Q1 1.3383€ 01
127438 C1  1.2101€ O) 1456t 0O} 1.CBC7€ O) 1.0153E C1 9.4937E CC 8.82€C€ CO &8.1550¢ 00 7.4739€ 00

6.7E36E CO 6.C833e 00 5.3720E 00 u4.6uMB7E OO0 3.952u€ CO 3.1622€6 GC  2.367CE CO 1.6156E CO 8.16%8E-D)
C.

MUt )
1.9555€ 02 1.9886E 02 2.0216€ 02 2.0586E 02 2.C876E 02 2.12CS5E C2 2.1534E C2 2.1863F 02 2.2192E 02
2.2520€ C2 2.2847€ 02 2.3175€E 02 2.3502E 02 2.3829& C2 2.4155€ C2 2.u4481E U2 2.4807c 02 2.S132€ 02
2.5457E C2 2.5782t 02 2.61C6E 02 2.6430€ 02 2.6753€ C2 2.7077E €2 2.74C0E C2 2.7722e 02 2.80u44E 02
2.8366E [2 2.8688F 02 2.9C09E 02 2.9330€E 02 2.9450E C2 2.9970E C2 3.0260€ T2 3.C609€ 02 3.C928E 02
3.124T€ C2  $.1565€ 02 3.1883€ 02 3.2200E 02 3.2518E C2 3.2834E G2 3.3151E C2 3.3467F D2 3.3783€ 02
3.4C98E C2 3.u413E 02 3.4728€ 02 3.5042E 02 3.5356€ C2 3.3839€ C2 3.236CE C2 3.1C08E 02 2.9687E 02
2.8427E C2 2.7224E 02 2.6075€ 02 2.4977E 02 2.3929c 02 2.2928€ C2 2.2821E C2 2.2714€ 02 2.26C7€ 02
2.25CIE 02 2.2395€ 02 2.2290f 02 2.2186E 02 2.2082E 02 2.1978E C2 2.1E75E C2 2.C964E 02 2.CC94E 02
1.9263E C2 1.8U69E 02 1.T77I1E 02 1.6986E 02 1.6293E D2 1.5631E B2 1.4%99E T2 1.4394E D2 1.3816E 02
1.3264E 02 1.2735E 02 1.2230€ 02 1.1797E 02 1.128SE 02 1.CBU3E 02 1.0419€ C2 1.CON5E 02 9.6272E O
9.2563E 0! B8.9011E 01 8.5611E 01 8.2354E 01 T.9234E Ci 7.6244E C1 7.3379€ 01 7T.C633E 01 6.7$S9€F 01
6.5473E CI
Fig. A.3 (contimued)

ot



MUt 5)
T.1136E
8.2L25E
9.2281E
1.0250€
1.1268E
1.2283E
1.2C5CE
e 1331E
1.CB63E
9.7352€
8.69L2€
T« 7288E

MUL 6)
L.u4i90E
S.UuI7E
S5.6¢632E
6.2E3LE
6.9C19E
7.5188E
T.6)195CE
T.u1E3E
7T.2783E
6-.8%927E
6.4936E
6.09CIE

C1
C1
C1
Gl
o)
C1
Ci
01
01
Gt
c1
ci

7.2880E
8.3166E

"9.34]19F

1 .C363E
1.1381€F
1.2395E
1.1915E
1.1318E
1.C733E
9.6150E
8.5793E

h.u4B882E
5.1108E
5.7322€
6.3522¢
6.9706E
7.5872E€
7.5822E
T.4156E
7T.2366E
6.8u88F
6. 44 B8BE

01
0l
a!
o1
o1
0l
01
Gt
01
Ci
0]

T.4025E
8.4307E
94 U556E
1.0477E
1« 149UE
1« 2507E
1. 1780€
1o 1306E
1. C605E
9.U957E
8. 46IKE

4L.5574E
5.1799E
5.8012€E
6.421CE
7.0392E
7.6557E
T.5448E
l«U4128E
7o 1945E
63 8048E
6. 40U E

al
o1
a1

al
a1
0!
0l
gl
gt
g1

T.5169E
8.5448¢E
9.5692E
1.0590E
1. 1607€
1.2620E
Lo 16UTE
1« 1293E
1.0478€
9.3775E
8.3606E

L.626TE
5.2490E
5.8701E
6UB9TE
7.1077€
T.7240€
7.5068€
7.4 100E
7.1521€
6.7606E
6.3593E

Fig. A.3 (continued)

a1
ail
0l
02

g2
02

02
01
0l

o1
01
01

01
01
g
of}
a1
gt
01

7.6313E
8.6588E
9.6828€
}.0703E
1.1720€
1.2732E
J.I1514E
Te12B1E
1.0352E
9.2604E
8.2527E

§,6G59E
5.3181E
5.9390E
6.5585E
7.1763€
?.7924E
1.4682E
1.u4CT2E
7.1C94€E
6.7163€
6.3144E

Cl
o8]
Cl
o0l
gl
o1
4|
01
it
01
01

T« TU56E
e.7727€
9.7964E
| .0816E
1.1832E
| «2595€
1« 1381E
le1268E
1.C226€E
9. 1Uy2€E
8.1459E

L.7651E
5.38B72E
6.0079E
6.6272E
Te2L49E
T.7593E
TU291E
TL0OW3E
7.0665E
6.6719E
6.2696E

(]
C1
cl
g1
e1
Gl
C1
B1
€l
21
&1

1.856G9E
8.8866E
9.9C99E
1.0929€
1.1945E
1.2458E
1«1369E
1.1255E
1.CIC2E
9.C292€
8.04C2E

4.8343E
5.4562E
6.0768E
6.6559E
7.313u4€
7.7254E
7T.426U4E
7.4CI5E
7.0236¢€
6.6275E
6.2247E

Cl
i
89

£2
c2
c2
C2
g2
C1
Ci

Ci
€1
Ct
Ct
1
Ci
Cy
C1
C1

Ci

T1.974%1E
9.CCa5€
l «C023E
1. 1Cu2E
1.2058€
1.2321€
1+ 1356€
le1123E
9.9788E
8.9151E
7.9354E

4.9034E
5.5252¢E
6. 145TE
6.T86LGE
7.3819€
T.6907E
T.4238€
7.3608E
$.9800¢€
6.5829E
6.1798E

a1
oy
a2

g2
C2

02
Gl
al
g

ci
01
ai
o1
cr
01
0l
01
G1
01
gl

8.CEL3E
9.1143E
1.0137E
1.1155E
|.211CE
1 «2185E
le 1 34LE
| .0993E
9.8565€E
B8.8C21E
7.8316E

4.9726E
5.5942E
6.21U5E
6.8333E
T.u5CUE
7T.6552E
T.4210E
7.3198E
6.9365E
6.5383€
6.1350E

01
01

g2
g2
a2
D2
02
a1

oy

01

21
o1
gl
M|
01
]|
01
01
a1
01
01

Tt



SWAPS CCDE SAMPLE PROBLENM FOR REPCRY

DIRECTICNAL SLOW FLUX(ML,J),J#1,7100

MU{ 1

1«C&COE O 1.C59u€ Q1 1.0589€ Cit 1.0584E 01 1.0578€E C1I 1.CST3E 1 1.C5¢68E Ct 1.0562E Ci1 1 .C557e O}
10552 C 1<CS54T7E C! 1.0541E 01 1.0536E 01 1.0531 O 1.C526E CHi 1.C52Ct 1 1.C515€ C1 1.CSI15E 0Ot
1« QSCSE L1 1 .CU99E O 1« CH9UE O 1.CuB89t 01 y.0uB4E C! 1-CU79€ 1 1.0824E C1 1.Cu68¢c Ct 1.0u¢3E O
10458 C1 | .CUS3E O1 1. 044B8E O1 1.Clk3E O1 1.0437E C1 1« CU32€ 01 1.0427E L1 1.C422E Ot 1.0417E €1
10412 G l.Qu07E Ot 1.0uC2E 01 1.0397€ C) 1.03%2E O} 1.C387€ C1} 1.C382€ Ci 1.0376E Ci 1.3371€E O
1.0366E (1 1.C361E O! 1.C356€ (1 1.C351E 01 1.0246E C1 1.CC022€ C1 9.7C55€ CC 9.3961E CO 9.0939€ 0OC
8.7G85E 00 8.5096E OC 8.2271€E OO0 7.9507E 00 7.68C2e CO 7.4154k GC 7.2923c CC T7.1693E CO T7.Cubéue CO
649234 CO0 46.8C05€ C0 6.4677THE CO 6.5543E 00 6.4309E GO 6.3075e CC 6.1B37E CC 5.9237¢ 00 S.b6685E 03
S«4180E CO 541721 CO u4.9305E OO0 Y4.6932F 00 4.u4599F CO u.23C7F CC u4.CCS3%E CC 3.7336e CO 3.5655€ OO
3.3951CE CN 3.41398E OC 2.932CE 00 2.7274FE CO0 2.5259F CO 2.3275E CC 2.1221E CC  1.9396€ 00 1.75CC€E QC
145631E CO 1.3790E OO0 1.1976E OO0 1.CI188BE OO0 8.4269e~-01 £.6F12E-C1  4.7ECBE-TC! 3.2957€-C1 1.6354E-01
C.

MUl 2)

1.5270€ C! 1.5264€ (1 1.5257E C1 1«5250€ Q1 1.52L4E C) 1.5237€ C1I 1.5230E Ci 1.5224E C1 15217 01
1«5210E CI 1.5204E 01 1.5197€ QI 145190€ Ot 1.5184E C) 1.5177E €3 1.517CE C1 1.5164E O 1.5197€ 0O
1.5)5CE €} t 51844 O) 15137 Q1 1«5131E O1 1.5124E O} «S1ITE Gt 1.5111E (4 1.5104E C) 1 .5C98E Q14
1.5C%1€ C1 I .5085€ 01 1.5078€ 01 1.5072€ Ot 1 .5C45E Ci 1.5059€ 01 }1.5C52€ €1 1.5C45E O 1«5C39E O
1.5C32¢ C1I 1.5026€ C1I 1.5020 O 1.5013€E O 1.5C07TE 0 1« SCCCE T 1.u4S9UE () 1.4987E (1) 1.4G81E O)
1.49TUHE Ci l e 4968E Q! 1. 4962E 01 | «#955E 01 1.4949E GI 1.4UuG6E C2 t.uC54E CI 13622 C1I 1.3199E OI
1.2785E C1 1.,2380€ 01 1.1783€E D1} 1.1594E O l.1213E GI 1«C339E 0! 1.C655E C1 1.055t€ O1 1.04C7E 01
1oC262€ C 1.C1V7€E Ot 9.9709: 00 9.824S5FE 00 9.6775E CO0 9.5297¢ CC 9.3811E CC 9.CC86c 0O 8.6421E CO
8,2812E CO T.9257E COC T.5755E GO 7.2302E 00 6.BB97E 00 €.5537€ CC 6.2221& CC S5.8946E OO 5.5711E QO
5.25)4E CO %.9353F 00 4.6227c 00 %.3)35E OO0 ®8.0C756 CO 2.7045€ CC 3.uCuS5€ CO 3.4C7Tu4E CO 2.813Ct OO
245241€ CO 2.2319E 00 1.945CE O0 1.6606F O0 1.3784E 00 t.£985€E CC 8.2C73c-Ci  S.u4509E-0t 2.7153E-01
a.

MU{ 3)

2.5766€E Ct 2.57T61E 01 2.5755€ Cl 2.5750€ O! 2.5745€ Cy) 2.5739€ C! 2.S573u4E Gt 2.5729€ 01 2.5724¢ QI
2.5718t Ct 2.5713E 01 2.5708E Ci 2.5702€ 01 2.569T7E 01 2.5692E C1 2.5¢87E Ci 2.5681E 0} 2.5476€ 01
2.56T1E C) 2.5666FE D1 2.%660E D) 2.5655€ 01 2.5&50E CI 2.5645€ G1 2.5639F (1 2.5634E 0} 2.5629E D1
2.5624E CI 2.5619€ 01 2.5614E O 2.96C8€E 01V 2.5603€E C1I 2.5598E (! 2.5563€e (1 2.5588E 01 2.5583€ 01
2.5578E C1  2.5573E O© 2.5568f 01 2.5563E 11 2.5558E 01 2.5553E 0t 2.5S48€E C1  2.5543e C!  2.5538€ 0!
2.5533¢e Ct 2.5528€ 0Ot 2.5923€E 01 2.5518E O1 2.5513€ Ct 2.4762€ CI 2.4C29€ L1 2.3299€c C1 2.2585€ 01
2.1EE1E C) 2.1187€E C1 2.0500€ C1t 1.7821€ C1 1.9147E Ci 1.84T9FE (] 1.84¢6E L) 1« 84S59E C1 1 .8459E 01
1.8u¢6E C1 {«EUB0E Ot 1.8502€ O 1.8531E O} 1.8567E C) 1.8612 C1I 1.8666E T} 1.8082E 1.7505€ 0Ot
1.6932€ CI i«6362E O1 1.5796€E 01 1.5233€ Oy 1 «467T0E [ le4ICPE O 1+3547E T} 1.2984E 01 1.2419€ Q!
1.1851 O) 1.1280E 01 1.0703€ 1 1.0122F 0! 9.5335c CO €.9378e CC 8.3235e CO 7.7197E 00 7.0952E OO
6.455CE CO 9.RCP9E Q00 5S.1467E OO0 Uu,.4682E OO0 3.7731E CO 3.C6C1E CC 2.3277€ CC 1.95786E 00 7.9922€6-01
Oe

MUT &)

2.57&6E CI 2.577)E Ot 2.5777e CY 2.5782E D) 2.5787c 0) 2.57%3 Ct 2.579RE [} 2.5803€ 0Ot 2.5808€E O)
2.5814E CI 2.5819€ 01 2.5824€ 01 2.5829f 31 2.5E835E {1 2.5840E C! 2.5E4%E (1 2.5850E G1 2.5856E 01
2.5861€ 0O 2.5B66E 0! 2.5871E€ D01 2.5876F 01 2.5E82E 01 2.58E7E C) 2.5892E [C1 2.5897e Ot 2.5902€ Ot
2.56C7e C1 2.59912€E QI 2.9%17€ 01 2.5923c O 2.5928¢€ C! 2.5933¢€ C1 2.5938e Ct 2.5943€ Ct  2.5944€ QI
2.5653E L1 2.5958E 0!I 2.5963E D1 2.5968BE O) 2.5972€ C1 2.5977€ T) 2.59B2E [l 2.5987€E O) 2.5992& 01
2.5657€ Ci 2.6002€ 01 2.6006E Ot 2.6011E 01 2.6C18E €1 2.6696E G} 2.72€3€ €1 2.7783€ 01 2.8203¢ 01
2.8549€ (1 2.8827€ 0) 2.9043€ 01 2.9201€ 01 2.9306E Ot 2.9362€ 0! 2.87G9E ] 2.8258E 01 2.7739€ 01
247242E CI 2.6765€E 01 2.6306€ 01 2.5866E 01 2.5u8kE O] 2.503BE 01 2.4649E CY 2.4864E C! 2.5022E O)
2.51328¢€ CI 2.5211E Ci 2.5244E 01 2.5242E Ot  2.5206€ C)  2.5140€E Ct 2.5CH7E C) 2.4927e 01 2.4785€ 0!
2.4621E C1 2.443BE D1 2.u4238g 01 2.4021€ 01 2.37G0e C)  2.3546E C) 2.3260E TI1 2.3C23c 0! 2.27u7€ Of
2.2U€2€E Ct 2.2169E 01  2.1870E O 2.156E 01 2.1253¢ 03 2.0937e 1 2.C&17e C1 2.0293€ Q1 | .9968E 01
1a9636E C!

Fig. A.3 (continued]

et



MUL 5)
1.5270€ 01 1.5277E 01 }1.5284E 01 1.5290E 01 1.5297e CI1 1.530%E B2 1.5311€ C! 1.53017€ 01 1.5324€ Q1
1.5331€ 01 1.5337€E 0O) 1.5344E 01 1.53S51E 01 1.5358E 01 1.5364E Q1 1.5371E C1 1.5378E Ot 1.5384E QI

1.53%1€ C1I 1.5398E 01 1.5uC5E C1  1.SWI1LIE O! 1.5418E C1 1.5425€ Ol 1.5432E C1 1.5438 C1 1.54u5€ QL
154526 €1 1.5458E 01 1.5465E 01 1.5472E 01 1.5479E Ci1 1.548SE G1 1.5492E C1 1.5499€ O1 [.5505& 01
155126 01 1.5519€ 01 1.5526E 31 1.5532€ 01 1455396 01 J1.S5546E C1 }1.5552€ C1  1.5559€ 0} 1.5566€ Dt
1655726 C1 1.5579E Q01 1.5586E 0) 1.5592E 01 1.5599E C1 1.6C30E B1 1.6435E C1 1.6813E 01 1.7166E O
J.T496E C) 1.7803E 01 1.8088E O! 1.8352E 01 1.8596E C1 1.68821€E 01 1.EBE21E C! 1.EBI18E 01 1.€814E QI
1.€8C7Te Ci 1.8798E 01 1.8787E 01 1.8774E 01 1.8759E 01 1.8743€ 81 1.8725€ C) 1.8911E 01 1.9C8CE 0OI
1.9234E 01 1.9372€E 01  1.9495E 01 1.9605€E 01 1.9701E O1 1.9785€ GI 1.9856E Cl 1.9915€ 01 1.9963€ O%

2.CCCCE €1 2.CC27€ 01 2.0043€ 0! 2.0050€ 0) 2.C048E C1 2.C037€ B1 2.CCI7E C) 1.9990E C1  1.9954E 01

1.9911E O1 1.9860E 01 1.9803E 01 1.9739E 01 1.9668E C1 1.9591€ R1 1.950C9E Tl 1.9420F 01 1.93%25€ 0L
1.49226E 01}

MUL 6)

1.C6L0E C1 1.0605€E 01 140610 01 t.0616E O1 1.0621€ Q1 Y.C626E C1 1.0632E CI 1.0637E 01 1.0642E 01
toCou8E 01 1.C653E 01 1.C658E 01 1.066%E 01 1.0669€E C) 1.067T4E B1 1.CH68CE C1 1.0685€ Ot 1.C694€ OI
1.C696E C1  1.C7TO0VE Ot 1.0707E O} 1.0712E 01 1.0717€ Q1 1.0723€ Q) 1.0728€ £1 1.0738F O1 1.0739€ OL
10744 C1  1.C750E 01 1.0755€ 01 10761 01 1.0766E C! 1.0772E C1 1.C777€ C) 1.0782E ©OJ 1.0788E QI
1.0793€ 01 1.C799€ 01 1.0804€ Q1 1.0810€ 01 1.0815€6 01 1.0820€ @1 1.0826E L1 1.0831E Q1 1.0837€ 01
1.0842e C1  1.CB48E 01 1.0853€E 01 1.0858€ 01 1.0864E C1 1.1178€ B] 1.1478BE 01 1.1763€ 01 1.2035€E DI
1422938 01  1.2538€E 0} 1.2770€E O) 1.2991€ 0} 1.3200€ 01 1.3398E €1 1.3457€ C! 1.3514E 01 1.357CE 01
13623 0!  1.367ur Q1 1.3724E 01 1.3772€ 0! 1.38¥8E C1 1.3862€E @1 1.39CSE C1 1.48073€ 01 1.4231E 01
1.4379€ O1  1.4518€ 0) 1.464L9E O) 1.4T771E O 1.488SE 01 1.4991E C1 1.5C89E 01 1.5180E Q1  1.5264E 1
15341E C1 1.5410€ 01 1.5474E 01 1.5531€ 01 21.5582€ 01 1.56276 Q1 1.5668E £} 1.5700€ Q! +.5728€ 01
1.5751E €1 1.5769€ 01 1.5782E 01 1.5789€E 01 1.5793€E 01 1.5791E 01 1.5785E L1 1.5775€ Ol 1.5760€ 01
1.5741€E C1

Fig. A.3 (continued)



WAPS CODE SAMPLE PROBLENM FOR REPCRT

FAST GRCUP SIGR(COMP,N) N#1, 21

coMp 1
!« T¢20E-05
149359€E-C5

CoOMP 2
S.1¢667TE-CH
5.166TE-Cu
5. 1¢67E-CUL

CoMp 3
f.9583€-CS
7.1C83€E-C5
7T.5583e-C5

1+5957E-05
l.7012E-05
1 9957E~05

S.1667E-Cl
5.1667E-Cu
5.1667TE-0u4

7.7C83E-0S
6.9583E£~-05
7. 7083€-05

1.8911€-05
1.8673€-05
2.1073e-05

S.166TE-O4
S.1667€-04
5.1667E-0Ou

7.4583€-05
7.3583€-05
7. 9583€-05

1.7930e-05
}.84T7UE-DOS

S.1667TE~-CU
5.166TE~-C4

7.2083€-05
7.3083e~-05

Fig. A.3

1.7C12E-C5
1.8225€E-05

S.1667TE-0QU4
S.166TE-0O4

6.9583€e-05
71.2583e-05

(continued)

1. 7930E-035

5.1667E-CH
5.166TE-LH

¢.7C83E-05%
7.2CE3E-CS

l.9399€-C5
1 «8673E-05

S5.1E6TE-TY
S.1&67E-Ch

7.5583E-CS
7.3583€-C5

1«€820€-05
1.8820€-05

S« 166TE-CH
S.166TE-Ou4

1. 4C83€-05
7T.4C83E-05

1 .8225€E-05
1.8611E-05

5.1667TE-QUu
5.16676-04

7.2583€E-05
7.45836-05

7€



SWAPS CODE SAMPLE PRCOBLEM FOR REPCRY

SLOW GRCOUP SIGRICOMP,N) ,N&1, 21

coMp |}
2.2865E-C5
f«9250E-C5
2. 11 14E-CS5

CoMp 2
5.3333E-Cu
5.3233e-0u
5.3233e-CY4

coMp 3
1.1523E~-Cl
1.C358€E-04
1.C975E-Cu

2.169BE-05
1.8613E-05
2.1698E-05

5.3333e--04
5.3333e-0u
5.3333e-04

T.1181E-04
1.C153€E-04
lo"B!E"Dh

2.0603E-05
2.0352€-05
2. 2865E-05

5.3333E-0b
5.3333e-0u4
5.3333e-04

1.0838€E~04
1.C701e-04
le 1523604

L« 9STTE~-OS
2.0144€E-05

5.3333e-04
53333604

1.CU95£-0k
1.0632€e-04

Fig. A.3 (continued)

1.8613€E-05
l1.9E884E~-O5

5.3333E-0L
5.2233e~0n

1.0153E-0x
1.0564E-CL

! 9577E-C5

5.3333e-Cu
5.3333e-0u

9.81C2E-08
t . CU95E-C4L

2.1 1'i4E-CS
2.0352e-C5

5.33233e~-Cu
5.33336-0M

1 .0975e-Ch
{.CTCIE-CH

2.0507€E-0S
2.C507E-05

5¢3333e~-04
53333g-0u

1.0769E-04
1.0769€-04

1 .9EBUE-DS
2.C6C3E-05

5.32323-04
5.3333e-04

1 .0564€-04
{.083BE-04
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vAPS CODE SAMPLE PRCBLEF FOR REPCRT

"AST GROUP SIGS{COMP,N) N#1, 21

_OMP 1

1. 9849E-05
1.75C2€-CS
1.8512E-C5

.CMP 2

5.3233c-Cu
5.32233c-Ch
5.33336£-Cu

.oMP 3

9.7T4L7e-C5
8. 7333E-C5
92¢6TE-CS

1.9235E-05
1. 7558£-05
1.9235€-05

5.3333g-0u
5.3333-C4
5.3333e-0Cx

9. U4u4E-CS
845556E-05
9 LULBLE-QS

1.8649E~05
1.8491€~-05
1.9849E-05

5.3333€-0y
5¢3333e-04
Se3333E-0u

9« 14B1E-05
9.0296£-05
9. 7uCTE-DOS

1.8091€6~-05
18378E-05

5.3333E-04
5.3333€-04

8.8519£-05
8. 97T0LE-DS

Fig. A.3 (continued)

1.7558E-C5
1.8244E-CS

1.7G51E-C5
} «B091E-CS

5.3333e-Ch
5.3333e-Cu

R.2593€E-05
E.BS19E-C5

1.8612€6-C5
184G 1E-CS

5.3333e-Cu
543233€e-Ch

9.26867TE-CS
G.L296E-C5

1.8581E-05
1.8581E-C5

5.3333E-Ch
5.3333e-Ch

9.C889E-C5
9.L889€E-C5

1.8244E-05

5.3333€e-04
5.32323e-0b

8.9111E-05
9. 1481 E-05

o€



SWAPS CCLCE SAMPLE PRCRLEM FOR REPCRT

SLOW GRCUP SIGS{COMP.N) N#}l, 2!

comMe
2.1 7T1T7E-C5
1« 95C1E-D5
2.C¢EV1E-CS

coMp 2
5.5CCCE-Cu
5.5CC0E-Ck
5.5CC0E-CH

coMp 3
1.4CCOE-C3
l1.4CC0E-C3
1.4CCCE-C3

2.1C56&E-05
1« 9C99€-05

5.5000€e-0u4
5.5000&e-01
5.5C00e-0u

l.4000£-03
IauDUDE“Gs
} »4000E-03

2.C371€E-05
2.CI190€e-05
2.1777e-05

5.5CC0E-Ok
5.5CC0E-Ou
5.5CC0E-O%

}.4CO0E-Q3
1.4000€-03
1.4000€E-03

1.9719E~-05
2.0058¢€-05

5.50006e~04
5.5000€~-0u

1. 4000E-C3
1.4C00€-03

Fig, A.3

1.9C99€E-C5
1.9901€6-05

S.5C00E-C4
5.5CC0E-Cu

1.4CCOE-C3
1.4000€E-C3

{continued)

1.8510E-0358
1.9719E-05

5.50C0E-CY
5.50CCE-CH

|« 4CCOE-C3
1. 4CCOE~-B3

2.Ce81E-CS
2.CIQGE‘GS

5.5CCCE-CH
5.5CCCE-Cy

1e4CLCE-LC3

1. 4CCOE-O3

2.C295€-05
2.C295E-05

5.5000E~-04
5.5CCOe-0%

1-4C00E-C3
1.4C00E-G3

1.99C1E-05
2.0371€E-05

5.5CCCE-Ok
5.5CCCE~Du

.4 CCLCE-D3
1.4CCOE-O3

LE
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