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Chapter 1

Introduction

1.1 Prostate Cancer

Prostate cancer is the most common cancer that affect Canadian men. It is
basically a disease where the prostate cell undergoes uncontrolled growth, ab-
normal structure, and the ability to move to other parts of the body, which
essentially make it no longer function as a healthy cell. [3]

1.2 Prostate Cancer Radiation Therapy

The treatment planning for patients diagnosed with prostate cancer starts after
the patient is diagnosed, then completes the necessary CT (Computed Tomog-
raphy) scans, and then the tumour volume and radiosensitive or critical organs
are mapped out. At this point the patient’s specific radiotherapy treatment is
planned, which is delivered daily over six to eight weeks.

1.3 Identifying the Clinical Target Volume

For the purpose of treatment planning, critical organs and the tumour volume
are identified. The clinical target volume (CTV) is the tumour volume plus all
the surrounding areas that might be at risk. Later the Planning Target Volume
(PTV) is obtained and this would be the are exposed to the prescribed dose.
Later we identify the organs at risk (OAR). These are the organs that might be
in close proximity to the treatment volume. For prostate cancer, the OARs are
the bladder, rectum and femoral heads as shown in figure [I.1] Based on this
information the treatment planner could make the decision of which parts needs
to be targeted and the accurate doses of radiation for the different areas. [4]
In an ideal scenario the radiation therapy treatment is done in way such the a
high dose of radiation is sent out to the cancerous tissue and minimizing the dose
of radiation on the healthy ones. Conventional radiation therapy treatments
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Figure 1.1: CT Slice representing the CTV, PTV, and OARs

take a trial and error approach by the radiation oncologists’ supervision, which
could be a very lengthy process or not necessarily the optimal solution.

1.4 Intensity-Modulated Radiation Therapy

In this document we will be dealing with Intensity-Modulated Radiation Ther-
apy(IMRT). IMRT combines two techniques for the dose delivery, non-uniform
intensity of the radiation beams, and inverse treatment planning via computer-
ized optimization. [5] Basically, Modulating the intensity of radiation through-
out the patient while delivering a highly-conformal dose of radiation to the
target volume. This would help to better preserve normal tissues when com-
pared to the conventional radiation therapy. Intensity Modulation is achieved
by dividing the radiation beam into smaller beamlets that vary in intensities.
The further it moves away from the tumour the radiation intensity decreases.
By utilizing the different angles of delivery and the various beamlets would help
to achieve the desired conformal dose distribution. [4]

1.5 Radiation Delivery

The radiation is delivered to the patient through a Linear Particle Accelerator
(LINAC) equipped with a multi-leaf collimator (MLC). Multi-leaf collimators
are suitable for IMRT delivery due to the existence of the tungsten leaves that
are used to control the radiation going out of the lead box. Moreover, during
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the treatment the LINAC’s gantry rotate to shoot the radiation from different
angles. The dosage builds up to the prescribed amount in PTV.



CHAPTER 1. INTRODUCTION



Chapter 2

Implementation

2.1 Method

The CT scan of patients body is divided into Voxels (Volume Pixels). The
complete radiation beam is discretized into numerous beamlets. Each beamlet
has an associated intensity and angle with respect to its neighbouring beamlet.
This approach for IMRT follows the pencil beam algorithm. [2]

dij =294 Dotijwe

In the above equation d;; represent the dose in a voxel ¢,7. Whereas,
Zo + Da.¢i,; represents the amount of the dose deposited per wg ;. Also, wg, is
the unit weight of beamlet 6, ¢.
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Figure 2.1: Fluence map beamlet and voxels in the discretized region of interest.

2.2 LP Formulation

The general form of a linear minimization problem is given by:

min Tz

st Ar =1
x>0

¢TIz is the cost of the function that shall be minimized.

Ax = b is a constraint for the objective function
x > 0 is another constraint for the objective function being minimized.

As discussed, the variables for the problem are as follows:

wg,¢ is the beamlet weight, proportional to photon fluence measured at a
line of isocentre for a beam angle 6 .

t is the offset along the line.

d; ; dose, the radiation dose delivered to voxel (i, 7).

Deg ;4 finite size pencil beam dose distribution, represents the dose de-
posits in voxel 4, j per unit weight of a beamlet 6, .

Fluence
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e T is the set of voxels belonging to the PTV.
e R is the set of rectum voxels, with M, maximum average dose.
e H is the set of femoral heads voxels, with M} maximum average dose.

e B is the set of bladder voxels, with M}, maximum average dose.

Now, our optimization problem is defined as follows:

min ZG,t Tot
s.t We,t — Wh,t+1 S To,t, V9,t
—Wp .t + W41 < Tot, VO,
dij =2 g+ Dotijwe, Vi,j
0< wo ¢ < Waz, V0,1
Wo .t = 07 Vo
U}g’tmin = 0, V9
95 <d;; <105, Vi,j €T
Zi,jeR dij < M, |R|
d; j < My|H|
dij < My|B]

max

i,jeEH
i,jEB

2.3 Karush-Kuhn-Tucker conditions

The Karush-Kuhn-Tucker (KKT) are first order conditions for a solution of
nonlinear programming to be optimal, provided that some regularity conditions
are satisfied.

General non-linear constrained minimum:

min: f(z)
s.t: h(z) = 0 (m equality constraints)
g(z) <0 (k inequality constraints)

Introduce slack variables s; for the inequality constraints: g;(z) + s? ==
and construct the Lagrangian: L(z,\, p) = f(z) + M(z) + 3 pi(g:(z) + s?)

The gradient of the objective function must be perpendicular to the tangen-
tial plane of the constraints. That is the projection of the gradient f f onto the
space of directions tangent to the constraints surface is zero.

The KKT conditions are as follows:

e Gradient of the Lagrangian A =0

e Constraints h(x) = 0 (m equality constraints) and g(z) < 0 (k inequality
constraints)

e Complementary slackness (for the s; variables) u.s ==

Feasibility for the inequality constraints s > 0

Sign condition on the inequality constraints: g > 0
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2.4 Modelling Software

NEOS online server was our modelling software of choice. The reason we picked
NEOS was due to the fact we test our optimization using the various solvers
available on NEOS. For the purpose of this problem we used MOSEK. MOSEK
is a well-know tool for solving mathematical problems such as linear programs,
quadratic, conic problems and mixed integer problems. MOSEK was of great
fit for the project because implements the interior-point method. [1]

2.5 AMPL Code

The code initially finds an optimal solution with no constraints set on neighbour-
ing beamlets. This gives an optimal solution but would require many exposures
which would be impractical in the real world due to the physical limitations of
the hardware. In this solution, the 10, 50, 90, and 170 angles had 13, 15, 19,
and 7 fluence steps, respectively.

The modified code looks at this original solution for each angle, and finds
the pair of neighbouring beamlets with the smallest difference between them.
A constraints is added to set this pair of beamlets to be equal, and the solver is
run again. This process repeats until there are no neighbouring beamlets whose
difference is less than the tolerance level.

We found that the problem became infeasible if run on the every angle at
once, and decided to run it on angle 10 first. After it run, angle 10 went from
13 fluence steps, down to only 6, which is more much more feasible in the real
world. This solution was taken, and the method was applied to angle 50. After
running, it dropped from 15 down to 11. The process was repeated on angle 90,
which went from 19 to 17 fluence steps. Finally, the process was run on angle
170 and the new solution was worse than the original, resulting in a jump from
7 to 13 fluence steps. The number of constraints on neighbouring beamlets, as
well as the beamlets from other angles, resulted in decreasing returns in terms
of fluence step minimization.

It is possible that applying the constraints to difference angles first might
result in better results.

2.6 Input Reconstruction

Initially the input data was reconstructed using matplotlib (Python plotting).
In the reconstruction, important organs were mapped and not the actual body
shape. Also the dosage information from the constraints were identified in the
plot’s legend. The reconstruction can be seen in figure The reconstruction
was generated using the code referenced in Appendix B for generating the plots.
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mmm Other body tissue/Plot surface

mmm Tumour: 95 <= Dose <=105

Bl Tissue type 1: Total Dose*(0.00179856115) <= 25
Tissue type 2: Total Dose*(0.00321543408) <= 25

g Tissue type 3: Total Dose*(0.00355871886) == 25
Tissue type 4: Total Dose*(0.00534759358) <= 25

Figure 2.2: Input Data Reconstruction

2.7 Beamlet Exposure Intensties

In figure it shows the calculated beam intensities for each angle. This was
done using the code referenced in Appendix B for generating the plots.
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Figure 2.3: Beamlet Exposure Intensties

2.8 Heat Map

In figure it shows the calculated dosage represented as a heat map. This
was generated using the code referenced in Appendix B for generating the plots.
Moreover, the image scale matched the reconstruction image scale.
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Figure 2.4: Heat Map/Dosage

2.9 Minimizing the varying exposure intensities

The solution was optimal, but not feasible in practice. The beamlet intensities
varied which would take too much time to implement, and possibly causing po-
tential patient distress. The goal was to minimize number of different exposure
intensities. The solution was to iterate the optimization calculation. After each
computation, set neighbouring beamlets to be the same intensity if difference is
within a threshold. Represented in the figure the solution after.
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Figure 2.5: Beamlet Exposure Intensties - After

In figure 77 it shows the calculated dosage after the the varying intensities were
minimized. This was generated using the code referenced in Appendix B for

generating the plots.
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Figure 2.6: Heat Map/Dosage After

2.11 Future Work

Future work to our project could include the implementation of the simplex
method. The simplex method would be very useful in our application in terms
of minimizing the computation runs. In our problem when we first obtained
the optimal solution we went through different iteration to further decrease
the variation in beamlet intensities and essentially decreasing the number of
exposures. The simplex method would have been beneficial in such scenario
such that it deals with such problem given that we have a solution.

Moreover, this project could be further enhanced by making use of the var-
ious solvers offered by NEOS. In our runs we heavily depended on MOSEK.
With our current implementation we fell in certain cases where NEOS returned
infeasible solutions. Therefore, next iterations for this project shall include try
outs with various solvers supported by NEOS.
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Appendix A

AMPL Code

param pi := acos(—1);

param odm_radius_cm := 35;

param odm_per_cm := 4;

param dose_per_cm := 4;

param max_odm := odm_per_cm * odm_radius_cm*2;# to
param source_distance_cm := 100;

param n := T7;

set ANGLES := {10, 50, 90, 130, 170, 200, 340};

var difference := 100;
3| var tmp-offset := —25;
param tolerance := 3;

set constraint_set_10;
let constraint_set_-10
set constraint_set_50;

{};

let constraint_set_50 := {};
set constraint_set_90;

let constraint_set-90 := {};
set constraint_set_170;

let constraint_set_170 := {};

set constraint_check;

#

avoid error

var rad{angle in ANGLES, offset in {-max_odm..maxodm}} >= 0;

param t{i in {—53..53},j in {—75..75}, angle in ANGLES} = (i/
dose_per_cm=xcos (anglexpi/180)+j/dose_per_.cm=sin (anglexpi/180))
/(i/dose_per_cm=cos (anglexpi/180)+j/dose_per_cmx*sin (anglexpi

/180)—source_distance_cm) ;

param s {i in{-53..53}, j in {—75..75}, angle in ANGLES} :=
odm_per_.cm % (—sin(anglexpi/180)*(i/dose_per_cm+t[i,j,angle]=(
source_distance_cm#*cos(anglexpi/180)—i/dose_per_cm)) + cos(
anglexpi/180)*(j/dose_per_cm+t[i,j,angle]x(source_distance_cmx

sin (anglexpi/180)—j/dose_per_cm)));

17
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param s_int {i in{-53..53}, j in {—75..75}, angle in ANGLES}
floor (s[i,j,angle]);

param s_frac {i in{—-53..53}, j in {—75..75}, angle in ANGLES} := s]|
i,j,angle]— s_int[i,j,angle];

param s_fracl {i in{—-53..53}, j in {—75..75}, angle in ANGLES}
— s_frac[i,],angle];

var dose {i in {-53..53}, j in {—75..75}};

| param geom {i in {—53..53}, j in {—75..75}, angle in ANGLES}

source_distance_cm#*source_distance_.cm/ (((source_distance_cmx
cos(anglexpi/180)— i/dose_per_cm) "2)+
(source_distance_cmx*sin (anglexpi/180)—j/dose_per_cm) "2);

var t2{angle in ANGLES, offset in {-max.odm+1..maxodm}} >= 0;
subject to constT12 {angle in ANGLES, offset in{-max.odm+1..max odm

M
t2[angle , offset] >= rad[angle,offset] — rad[angle, offset
—1];
subject to constT21 {angle in ANGLES, offset in {—max.odm+1..
max_odm } }:
—t2[angle,offset] <= rad[angle,offset] — rad[angle, offset
—1];

subject to test{i in {ANGLES}, j in{—max.odm..maxodm}}: rad[i,]]
<= 36;

subject to const3 {i in {—53..53}, j in {—75..75}}:

dose[i,j] =sum {angle in ANGLES}geom|[i,j,angle]|*((s_fracl|[i,]j,
angle])«rad[angle,s_int [i,],angle]]+(s-frac[i,],angle])*rad]
angle,1+s_int [i, j, angle]]);

#

subject to const_68 {(i,j) in {(-2,-4),(-2,-3),(-2,-2),(-2,-1)
7(7270)v(7271)7(7272)7( 2 3) (7274)7

(_17_8)7(_1’_7)a( 1 _6) ( ’ 5) ( 1’_4)a(_17_3)7(_17_2)7(_1)_1)
7(_170)7(_171)7(_1 2) ( 173)7(_174)

(7175)7(07710)7(0 79) ( 8)»( 777) (0 ) (0775)7(0774)a(0773)
7(07_2)7(07_1) (O 0)7(071)7(072)7

(073) »(074) 7(075) 7( )7(17 11):(17710)’(1779)7(1778)7(1:77)
7(17_6)7(17_5) (1 _4)1(17_3)7(17_2)

(1771)7(170)7(171 ) ) )7(173) (174) (1 5)7(176)7(177)7(27712)

,(27_11)7(27_12)

(27_6)v(27_5) (2 -
(2,4) ,(2,5) ,(2

(3,-13), (3 —12),(3,—11),(3,—10)
( 4) (3 73)7(3772)7(3a71)

(3,0) .(3,1) (3 )( :3) 5 (3,4) ,(

4

(1
)’(2)_9))(27 8)7(27_ )
4) ( -1

7(27_3)7 27_2)7(27
,6),(2,7),(2,8),
(37 ) (3 _8) (3 _7)7(37_6)7(37_5)

3,5),(3,6) ,(3,7) ,(3,8) ,(3,9)

),(2,0) ,(2,1) ,(2,2) ,(2,3)

(4,—14) (4, 7)1 (4,-12),(4,—11),
(41_10) (4 _9) (41 )1(47_7)7(47_6) (47_5)7(47_4)7(4’_3)1(47_2)
(4,-1),(4,0) ,(4,1) ,(4,2) ,(4,3),
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(474) 7(475) ’(4’6) 7(477) 7(478) 7(479) 7(4710) 7(57714) 7(57713) 7(57712)
1(5,_11)7(57_10)7(5’_9)’(5)_8)7

(57_7)7(57_6) 7(57_5) 7(57_4) 7(57_3) 7(57_2)7(57_1) 7(570) 7(571) 7(572)
:(5,3) ,(5,4) ,(5,5) ,(5,6) ,(5,7),

(5,8),(5,9),(5,10) ,(6,—15) ,(6,—14) ,(6,—13) ,(6,—-12) ,(6,—11) ,(6,—10)
’(6779)7(6778)7(6777)7(6776)7

(67_5)7(67_4) 7(67_3) 7(61_2) 1(67_1) 7(670) 7(671) 7(672) 7(673) 7(674)
,(6,5) ,(6,6),(6,7),(6,8),(6,9),

(6110)?(77_15)7(77_14)1(7)_13)7(77_12)7(7a_11)1(7>_10)7(77_9)
7(77_8)7(77_7)7(77_6)7(77_5)7(77_4)7

(77_3) 7(77_2) 7(77_1) 7(770) 7(771) 7(772) 7(773) 7(774) 7(775) 7(776)
(7,7) ,(7,8) ,(7,9) ,(7,10) ,(7,11),

(8,-15) ,(8,—14),(8,—13) ,(8,-12),(8,—11),(8,-10),(8,-9) ,(8,—8)
7(87_7)7(87_6)7(87_5)7(83_4)7(87_3)7

(8772) 7(8771) (8 0) (8 1) 7(872) 7(873) 7(874) 7(875) 7(876) 7(877)
[(8.8) ,(8,9) ,(8,10) (8,11) ,(8,12),

(97_15)v(9 _14)7 _13)7(97_12)7(9 _11)
’(9)_7) (9 —6 97_ )7(97_4)a(9 _3)7

9 ) (

, ,(9,-10),(9,-9),(9,-8)
7(

(97_2)7(97_1) ( 3)7( )7(972) ( )
7(’

(

¥

b 974) 7(975) 7(976)7(977)
,(9,8),(9,9),( ),(9,11),(9 12)

(10,-15),(10,-14),(10,-13),(10,-12) ,(10,—11) ,(10,-10),(10,—-9)
,(10,-8),(10,—-7),(10,—6) ,(10,-5),

(107_4) 7(107_3) 1(107_2) 7(107_1) 7(1070) 7(1071) 7(1072) 7(1073) 7(1014)
,(10,5) ,(10,6) ,(10,7) ,(10,8),

(10,9) ,(10,10) ,(10,11) ,(10,12) ,(11,-15),(11,—14),(11,—-13) ,(11,—12)
,(11,-11),(11,-10) ,(11,-9),

(11,-8),(11,-7),(11,-6) ,(11,-5) ,(11,—4) ,(11,-3) ,(11,—-2) ,(11,-1)
,(11,0) ,(11,1) ,(11,2) ,(11,3),

(11,4),(11,5),(11,6) ,(11,7) ,(11,8) ,(11,9) ,(11,10) ,(11,11) ,(11,12)
,(12,-15) ,(12,-14) ,(12,-13),

(12,-12),(12,-11),(12,-10),(12,-9),(12,-8),(12,-7) ,(12,-6) ,(12,—5)
(12,-4),(12,-3),(12,-2),

(12,-1),(12,0) ,(12,1) ,(12,2) ,(12,3) ,(12,4) ,(12,5) ,(12,6) ,(12,7)
,(12,8),(12,9) ,(12,10) ,(12,11),

(12,12),(13,-15),(13,—14) ,(13,-13),(13,-12) ,(13,—-11) ,(13,—-10)
,(13,-9),(13,-8),(13,-7),(13,-6),

(137_5) 7(137_4) ’(137_3) 7(137_2) 7(131_1) 7(1370) ’(1371) 7(1372)
,(13,3),(13,4) ,(13,5) ,(13,6) ,(13,7),

(13,8),(13,9),(13,10) ,(13,11) ,(13,12),(14,—15),(14,—14) ,(14,-13)
,(14,-12),(14,—-11) ,(14,-10),

(14,-9),(14,-8),(14,—-7) ,(14,-6) ,(14,—5) ,(14,—4) ,(14,-3) ,(14,-2)
,(14,-1) ,(14,0) ,(14,1) ,(14,2),

(14,3),(14,4) ,(14,5) ,(14,6) ,(14,7) ,(14,8) ,(14,9) ,(14,10) ,(14,11)
,(14,12) ,(15,—-15) ,(15,—14),

(15,-13),(15,-12) ,(15,—-11) ,(15,—-10) ,(15,—-9) ,(15,-8) ,(15,—7)
7(157_6) 7(157_5) 1(157_4) 7(157_3) )

(15,-2),(15,-1) ,(15,0) ,(15,1) ,(15,2) ,(15,3) ,(15,4) ,(15,5) ,(15,6)
,(15,7) ,(15,8) ,(15,9) ,(15,10)

(15,11) ,(15,12) ,(16,—15) ,(16,—14) ,(16,—13) ,(16,—12) ,(16,—11)
,(16,-10),(16,-9),(16,—8) ,(16,—7),

(16,—6) ,(16,—5) ,(16,—4) ,(16,—3) ,(16,-2) ,(16,—1) ,(16,0) ,(16,1)
,(16,2) ,(16,3) ,(16,4) ,(16,5),

(1676) 7(1617) 7(1678) 7(1679) 7(16710) 7(16711) 7(16712) 7(177_15)
(17,-14) ,(17,-13) ,(17,-12) ,

(177_11) 7(171_10) 7(177_9) 7(177_8) 1(177_7) >(177_6) 7(171_5) 1(17’_4)
7(177_3) 7(177_2) 7(177_1)7
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o3| (17,0) ,(17,1) ,(17,2) ,(17,3) ,(17,4) ,(17,5) ,(17,6) ,(17,7) ,(17,8)
,(17,9) ,(17,10) ,(17,11) ,(18,—14),

oi| (18,-13),(18,-12),(18,—-11),(18,—10),(18,—9),(18,—8) ,(18,—7)
,(18,—-6),(18,-5),(18,—4),(18,-3),

os| (18,-2),(18,—1),(18,0) ,(18,1) ,(18,2) ,(18,3) ,(18,4) ,(18,5) ,(18,6)
,(18,7),(18,8) ,(18,9) ,(18,10),

06| (18,11) }}: dose[i,j] >= 95;

os| subject to const1.68 {(i,j) in {(-2,-4),(—2,-3),(—-2,-2),(—-2,-1)
,(=2,0),(-2,1),(-2,2),(-2,3),

99 (—2,4),(—1,—8),( 1,-7),(-1,-6),(-1,-5),(-1,-4),(—-1,-3),(—-1,-2)
7(_17_1)7(_170) (_1 1)7(_172)7

ol (-1,3),(-1,4),(-1,5),(0,-10),(0,-9),(0,-8),(0,—-7),(0,—6),(0,—5)

7(07_4)7(07_3)7(0 _2) (07_1)

101 (070)7(071)7(072)7(073) ( )7(075)7(076)7(17711)7(17710)7(1779)

>(17_8)7(17_7)7(1 _6) (1 _5)

102 (17_4)7(17_3)7(17_2) ( 1) 7(17

)(1)6) )(1,7) 7(27_12) (27_11)

103 (27_10)7(27_9)7(27_8)7(27_7)7(27_6)7(27_5)7(27_4)7(27_3)7(27_2)

7(2771) 7(270) 7(271) 7(272) 7(273) )

4| (2,4),(2,5) ,(2,6) ,(2,7) ,(2,8),(3,-13),(3,-12),(3,—-11),(3,—10)

7(3779)7(3778)7(3777)7(3776)’(3»75)7

105 (37_4) 7(3 _3) (3 _2) (3 _1) 1(370) 7(371) 7(372) 7(373) 7(374) 7(375)

7(376) ( )y( ) )7( ) )7(47714)7

106 (4’_13)7(4 _12)a(47_11)7(47_10)7(47_9)a(4a_8)7(4)_7)7(47_6)7(47_5)

7(4 _4) (4 _3)7(47_2)7(47_1)7

7| (4,0),(4,1) ,(4,2),
,(5,—-14) ,(5,-1

s (5,-10),(5,— ) (5,

0) ,(1,1),(1,2) ,(1,3) ,(1,4) ,(1,5)

3) ,(4,4) ,(4,5) ,(4,6) ,(4,7) ,(4,8) ,(4,9),(4,10)
(5 _12)7(57_11)7

)’(5777)»(57 6)7(5775)7(5774)7(5773)a(5772)
(5,-1),(5,0),(5,1) ,(5,2) ,(5,3) ,(5,4)
109 7(575) (5 6) ( ’ )7 5,8 )7( s )7(5710)7(67715)7(67714)7(67713)
>(67_12) (6 _11) (6 _10)7(67_9)7(67_8)7(6a_7)7
110 (67_6)7(67_5) (67_4)7( _3)7(67_2)7(67_1)7(670)7(671)7(6v2)v(6v3)

(4
)7
-8
5,
(

67

,(6,4) ,(6,5) ,(6, ),(6,7),(6,8),(6,9),

L (6710)7(77_15) (77_14)7(77 )7(77_12)7(77_11)7(77_10)7(77_9)
7(7778)7(7 77) (7 6)7( ) 5)a(7» 4)7(7773)’

vzl (7,-2),(7,-1) ,(7,0) ,(7,1) ,(7,2) ,(7,3) ,(7,4) ,(7,5) ,(7,6) ,(7,7)
7(7 8) (7 9) 7(7 10) (7711)7(87715)’(87714)’

113 (8 _13) (8 _12) ( 7_11) (87_10)7(8 _9) (87_8)7(8?_7)7(87_6)7(87_5)
7(8 74) (8 73)7(8772)7(8771)7( ’ )7

e (8,1),(8,2),(8,3) ,(8,4) ,(8,5) ,(8,6) ,(8,7) ,(8,8) ,(8,9),(8,10)
7(8711) (8 12)7(97_15)7( ) 14)7(97_13)

115 (9’712) (9 711)a( 771 )7(9 9) (97 )7(97 7)’(9’76)»(9775)7(9774)
(9,=3),(9,-2),(9,-1),(9,0) ,(9,1),

116 (972) (9 3) ( ’ )7( ’ )7( ) ( ) (9 8) 7(979) 7(9710) 7(9711)
,(9,12) (10 —15)7(10,—14) (10 —13) (10,-12),

7| (10,-11), (10 -10),(10,-9),(10,-8),(10,-7),(10,—6) ,(10,—5) ,(10,—4)

,(107_3) (10 _2)’(10 _1)’(10a0) )(10)1)7

vs| (10,2),(10,3) ,(10,4) ,(10,5) ,(10,6) ,(10,7) ,(10,8) ,(10,9) ,(10,10)
7(10’11)a(10712)’(117_15)7(117_14)’(117_13))

1o (117_12)7(117_11)7(117_10)7(117_9)7(117_8)7(117_7)7(117_6)7(117_5)
7(11774)7(11773)’(11772)7(11771)7(1170)7

120 (1171) 7(1172) 7(1173) 7(1174) 7(1175) 7(1116) 7(1177) 7(1178) 7(1179)
:(11710) ’(11 11) 7(11712) 7(127715) 7(127714)7

21| (12,-13),(12,-12) ,(12,-11) ,(12,-10),(12,-9) ,(12,-8) ,(12,—7)
7(127_6) (12 _5)7(12y—4)7(127_3)7(127_2)7(127_1)7
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(12,0),(12,1) ,(12,2),(12,3) ,(12,4) ,(12,5) ,(12,6) ,(12,7) ,(12,8)
,(12,9),(12,10) ,(12,11) ,(12,12),(13,—-15),

(137_14) 7(137_13) 7(137_12) 7(137_11) 7(137_10) 7(137_9) 7(137_8)
,(13,-7),(13,-6),(13,-5) ,(13,—4),(13,-3),

(13,-2),(13,-1),(13,0) ,(13,1) ,(13,2) ,(13,3) ,(13,4) ,(13,5) ,(13,6)
,(13,7),(13,8),(13,9) ,(13,10) ,(13,11),

(13,12) ,(14,-15),(14,—14) ,(14,—-13) ,(14,-12) ,(14,—-11) ,(14,-10)
,(14,-9),(14,-8),(14,-7) ,(14,-6) ,(14,-5)

(147_4) 7(147_3) 7(147_2) 7(147_1) 7(14)0) 7(1471) 7(1472) 7(1473) 1(14a4)
,(14,5) ,(14,6) ,(14,7) ,(14,8) ,(14,9),

(14,10) ,(14,11) ,(14,12) ,(15,—15) ,(15,—14) ,(15,—13) ,(15,—12)
,(15,—-11) ,(15,-10),(15,-9) ,(15,—-8) ,(15,—-7) ,

(15,-6),(15,-5) ,(15,—4) ,(15,-3) ,(15,—-2) ,(15,—-1) ,(15,0) ,(15,1)
7(1572) 7(1573) 7(1574) 7(1575) 7(1576) 7(1577) ’

(1578) 7(1579) 7(15710) 7(15711) 7(15712) 7(167715) 7(167714) 7(167713)
,(16,—-12) ,(16,—11) ,(16,—10) ,(16,—9),

(16,-8),(16,-7),(16,—6) ,(16,—5) ,(16,—4) ,(16,—-3) ,(16,—2) ,(16,—1)
,(16,0) ,(16,1) ,(16,2) ,(16,3) ,(16,4),

(16,5) ,(16,6) ,(16,7) ,(16,8) ,(16,9) ,(16,10) ,(16,11) ,(16,12)
,(17,-15) ,(17,—-14) ,(17,-13) ,(17,-12) ,(17,—11),

(17=_10) 7(177_9) 7(177_8) 7(177_7) 7(177_6) 7(177_5) 7(177_4) 7(177_3)
,(17,-2),(17,-1) ,(17,0) ,(17,1) ,(17,2),

(17,3) ,(17,4) ,(17,5) ,(17,6) ,(17,7) ,(17,8) ,(17,9) ,(17,10) ,(17,11)
,(18,—-14),(18,—-13) ,(18,—-12),(18,—-11),

5] (18,—10),(18,-9),(18,—8) ,(18,—7) ,(18,—6),(18,—5),(18,—4),(18,-3)
7(187_2) 7(187_1) 7(18,0) 7(1871) 7(1872) ’

55| (18,3),(18,4) ,(18,5) ,(18,6) ,(18,7) ,(18,8),(18,9) ,(18,10),

136] (18,11) }}: dose[i,j] <= 105;

param max.s := 25;

subject to const_2:(sum {(i,j) in {(-25,-2),(—25,-1),(—24,-9)
»(724778)7(724777)7(724776)7(724775)7(724974)7
(_247_3)7(_243_2)7(_247_1)7(_2470)7(_24=1)7(_2472)=(_2473)7(_2474)
7(7237710)7(723779)7(723778)7(723,77)’
(=23,-6),(-23,-5),(-23,-4),(-23,-3),(-23,-2),(-23,-1) ,(-23,0)
7(72371)v(72372)7(72373)7(72374)7(72375)7
(_2316)7(_22)_11)7(_22a_10)’(_22’_9)7(_227_8)’(_22)_7)7(_227_6)
7(_22y_5)7(_227_4)y(_227_3)7(_227_2)7
(722771)7(72270)a(72271)7(722,2)7(72273)a(72274)7(722»5)7(72276)
7(_2277)7(_2278)7(_217_12)3(_217_11)7
(7217710)7(721779)9(721778)7(721,77)7(721776)’(721775)7(721774)
7(_217_3)7(_21’_2)7(_217_1)7(_2170)7
(72171)7(72172)7(72173)7(72174)7(72175)7(72176)7(72177)7(72178)
1(_2179)7(_21)10),(_207_13)’(_207_12)’
(_207_11)7(_207_10)7(_207_9)7(_207_8)7(_207_7)7(_207_6)7(_207_5)
)(_207_4)7(_207_3)7(_207_2)7(_20’_1)7
(_2070)7(_2071)7(_2072)7(_2073)7(_2074)7(_2075)7(_2076)7(_2077)
’(72078)9(720»9)7(720710)7(719»713):
(-19,-12),(-19,-11),(-19,-10),(-19,-9),(-19,-8) ,(—-19,-7),(—19,-6)
7(719775)7(719774)7(719773)7(719772)7
(—19,—1),(—19,0),(—19,1),(—19,2),(—19,3),(—19,4),(—19,5),(—19,6)
,(—1977),(—19,8)7(—1979),(—19710),




22 APPENDIX A. AMPL CODE

(719711)7(7187713)7(7187712)7(7187711)7(7187710)7(718779)y(718778)
7(_187_7)a(_18a_6)7(_187_5)’(_18’_4)’
(_187_3)7(_187_2)7(_187_1)7(_1870)7(_1871)7(_1872)7(_1873)7(_1874)
7(718’5)7(71876)’(71877)7(718’8)7
(_1879)7(_18710)7(_18711)7(_177_13)7(_177_12)7(_177_11)7(_177_10)
7(717979)7(717,78)9(717777)’(717’76)’
(_177_5)1(_177_4)7(_177_3)7(_177_2)7(_177_1)7(_1770)7(_1771)
7(71772)7(71773)7(71774)7(71775)7(71776):
(_17>7)7(_1778)’(_1779)7(_17710)a(_17711)7(_167_13)7(_16a_12)
7(_167_11)7(_167_10)7(_167_9)7(_167_8)7
(_16a_7)7(_16’_6)7(_167_5)a(_16a_4)7(_167_3)’(_16»_2)7(_167_1)
7(_1670)7(_1671)7(_1672)7(_1673)7(_1674)7
(71675)7(71676)’(71677)7(716,8)7(71699)a(716710)7(716711)
7(_157_13)7(_157_12)7(_157_11)7(_157_10)7
(715,79)7(715778)7(715777)7(715,76)7(715775)’(715774)7(715773)
7(_155_2)1(_151_1)7(_1570)7(_1571)7(_1572):
(_1573)7(_1574)7(_1575)7(_1576)7(_1577)7(_1578)7(_1579)7(_15710)
7(_14’_12)’(_147_11)’(_147_10)7(_147_9)7
(_147_8)7(_147_7)7(_147_6)7(_147_5)7(_147_4)7(_147_3)7(_147_2)
7(714771)7(71470)»(71471)7(71472)7(71473)7
(_1474)7(_1475)7(_1476)7(_1477)7(_1478)7(_1479)7(_14710)7(_13a_12)
7(713,711)»(7137710)7(713779)7(713778)7
(-13,-7),(-13,-6),(—-13,-5),(—-13,—-4),(-13,-3),(—-13,-2),(—-13,-1)
7(71370)7(71371)7(71372)7(71373)7(71374)7
(_1375)7(_1376)’(_1377)7(_1318)7(_1379)7(_13710)a(_127_12)
,(—12,-11),
(—12 710) (-12,-9),(-12,-8),(-12,-7),(-12,-6) ,(—-12,-5),(—12,—4)
(—12,-3),(-12,-2),(-12,-1), (—12,0)7
(—12,1),(—12,2),(=12,3) ,(—12,4) ,(~12,5) ,(~12,6) ,(~12,7) ,(—12,8)
7(_1279)7(_12710)7(_117_12)7(_117_11)7
(7117710)’(711779)7(711778)7(711777)7(711776)7(711775)7(711774)
,(—11,—3),(—11,—2),(—11,—1),(—11,0),
(_1171)7(_1172)7(_1173)7(_1174)7(_1]-’5)7(_1176)v(_1177)7(_1178)
7(_11’9)7(_11710)7(_10’_12)’(_107_11),
(_107_10)7(_107_9)7(_107_8)7(_107_7)7(_107_6)7(_107_5)7(_107_4)
7(710773)7(710’72)9(710771)7(71070)7
(_1071)7(_1072)7(_1073)7(_1074)7(_1075)7(_10=6)7(_1077)=(_1078)
7(71079)7(710710)7(79»712)7(797711)7
(=9,-10),(=9,-9),(—=9,-8),(=9,-7),(—=9,-6),(—=9,-5),(=9,-4) ,(—9,—3)
7(79772)7(79771)7(7970)7(7971)7(7972)»
(_973)7(_9’4)7(_9)5)7(_976)a(_977))(_978)7(_9a9)7(_9)10)’(_8a_12)
7(_87_11)7(_87_10)y(_87_9)7(_87_8)7
(78777)7(78’76)’(78775)7(78774)7(78773)’(78772)7(78771)7(7870)
7(_871)7(_872)7(_873)7(_874)7(_875)7
(7876)9(78’7)7(78»8 7(7879)’(78710)7(777713)a(777712):(777711)
7(_77_10)7(_77_9)7(_77_8)7(_71_7)7
(77776)7(77775)7(77774)7(77773)7(77772)7(77771)7(7770)7(7771)
,(_772)7(_7’ )7( 7)4)7(_775)u(_776)7
(_777)7(_778)7( 7 )7( 7 10)7(_67_13)7(_67_12)7(_67_11)7(_67_10)

)(_67_9)7( 6a_8) ( 67 7) ( 67_6)7

(_67_5)7(_67_4)7( 6,— )7( 67_2)7( 6, 1)7(_670)7(_671)7(_672)
7(7673)9(76’4)7(76»5)7( ’ )’( )7

(_678)7(_679) ( 10) 57_13) (_57 2)7(_57_11)7(_57_10)7(_57_9)
7(75778)7( 5’ )7( 5776)7( 5775)7

(_57_4) ( 5 _3) ( 57 )7( 57_1) (_ ) (_571)1(_572)7(_5a3)7(_574)
7(_ )7( 576)7(_ 7)7( ’ )




180

181

209

23

(7579)7 75710)7(747714)7(747713)7(747712)7(747711)7(747710)
’(_47_9)7(_4’_8)7(_4,_7))(_47_6 7(_4a 5):

(_47_ )7(_47_3)7(_47_2)7(_47_1)7(_470 7(_471)7(_472)7(_473)7(_474)
) 7475)7(7476)7( 4a7)7(7478)7(7479)7

(_4710)7(_37_13)7(_37_12)7(_37_11)7(_37 10) ( 3 _9) ( 37_8)
’(73777)9(73776)7(737 5)»(73774)7(73’73)7

(_37_2)7(_31_1)1(_370)7(_371)7(_372)7(_ 3)7(_374)1(_375)7(_376)
’(7377)7(7378)7(73,9)7(73710)’(73711)7

(_27_1 )7(_27_12)’(_2)_11)7( 27_10)7( 27 9)7(_21_8)a(_27_7)
7(_27_6)v(_27_5)7(_27 )7( 276)7( 277)7(_278)7

(_2’9 7(_2710 7(_2711)7(_1a_14)7( 17_13))(_1a_12)7(_17_11)
7(_17_10)7(_17_9)7(_176)7(_177)7(_178)7(_179)7

(71710) 9(71’11) 7( ’714 »(07713) 7(07712) 7(0’711) 7(077) 7(078) 7(079)
(0710) 7(0711)7(17_14)7(17_13)7(17_12)7

(1,8),(1,9),(1,10) ,(1,11),(2,-14),(2,-13) ,(2,9) ,(2,10) ,(3,10)

Yrdose [i,j])*(0.00179856115) <= max.s;

subject to const_3:(sum {(i,j) in {(-8,-35),(—8,—34),(—8,-33)
,(—8,-32),(—8,-31),(—-7,-37),(—7,-36),

(=7,-35),(—=7,-34),(-7,-33),(-7,-32),(=7,-31),(=7,-30),(—=7,—-29)
,(—6,—-39),(—6,-38),(—6,—-37),

(-6,-36),(—6,—35),(—6,—-34),(—6,—33),(—6,-32),(—6,—-31),(—6,—30)
( 6 729)7( 6 728)7(767727)7

( 5 _40) ( 57 39) ( 5)_38)7(_57_37)7(_5)_36)a(_57_35)7(_57_34)
( 5 _33)7( 5 _32)7(_57_31)7

( 5 730) ( 57 9) ( 5»728)7(757727)7(75)726)7(747741)7(747740)
( —4 _39)7( 4 _38)7(_47_37)7

( 36) ( 47 35) ( 4»734)7(747733)7(747732)7(747731)9(747730)
7(_47_29) ( 47_28)7(_47_27)7

(—4,-26),(—-3,—41),(—3,—-40),(—-3,-39),(-3,-38),(—3,-37),(—3,—36)
7(_37_35)7(_37_34)7(_37_33)7

(-3,-32),(-3,-31),(—3,-30),(—3,-29),(-3,-28),(—3,—-27) ,(—3,—26)
,(—3,-25),(—2,-42),(-2,-41),

(_27_40)7(_27_39)7(_27_38)7(_27_37)7(_27_36)7(_27_35)7(_27_34)
(—2,-33),(—-2,-32),(-2,-31),

(_27_30)7(_27_29)7(_27_28)3(_27_27)7(_27_26)7(_2=_25)7(_17_42)
,(—1,—-41),(—-1,-40),(-1,-39),

(_1>_38)7(_ 7_37)>(_17_36)1(_17_35)7(_1>_34)1(_17_33)7(_17_32)
,(-1,-31),(-1,-30),(-1,-29),

(-1,-28),(-1,-27),(—-1,—26),(—1,—25),(0,—43) ,(0,—42),(0,—41)
,(0,—-40),(0,-39),(0,—-38),(0,-37),

(07736) 7(07735) 7(0a734) »(07733) 7(07732) 7(0’731) 7(07730) 7(07729)
7(07_28) 7(07_27) 7(07_26) )

(07725) 9(07724) 7(17743) »(17742) :(1:741) 7(1’740) 7(17739) 7(17738)
7(17_37) 7(17_36) 1(17_35) )

(17734) 7(17733) 7(17732) 7(17731) 7(17730) 7(1’729) 7(17728) 7(17727)
1(1,_26) 7(17_25) 7(1’_24) )

(27_43) 7(27_42) 7(27_41) 7(27_40) 7(27_39) 7(27_38) y(27_37) 7(27_36)
’(27_35) 7(27_34) 7(2’_33) )

(2,-32),(2,-31),(2,-30),(2,-29) ,(2,-28),(2,-27) ,(2,—26),(2,—25)
’(27724) 9(37743) 7(3’742) )

(31_41) 7(37_40) 1(37_39) 7(37_38) 7(37_37) 7(37_36) 7(37_35) 7(33_34)
’(37733) 7(37732) 7(37731) ’

(3a_30) 7(37_29) 7(31_28) 7(37_27) 7(37_26) 1(37_25) ’(37_24) 7(47_43)
7(47_42) 7(47_41) 7(47_40) )




23| subject to const_4:(sum {(i,])

24

(4,-39),(4,-38),(4,-37),(4

36),(4,—35),(4,—34),(4,—33

—25),(4,-24),(5,—42) ,(5
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),(4,-32)

,—41) ,(5,—40)

(5,-25),(5,—24) ,(6,—42) ,(6,—41) ,(6,—40),(6,-39) ,(6,—38) ,(6,—37)

J(4,-31), (4 —-30),(4, —29)

(5,-39), (5 —38),(5, 737)

(5,-28),(5,-27) ,(5,—26),

(6,-36), (6 —35),(6,—34),
(61_33)7(6

,(6,—-25),(7,—-41) ,(7,—40),

),

),
(5,-36),(5,-35),(5,-34),(5,-33),(5,-32),(5,-31) ,(5,-30) ,(5,—29)

)

),

32),(6,—-31),(6,—30),(6,—29),(6,—28),(6,—2

7),(6,—26)

(7,-39),(7,-38) ,(7,-37) ,(7,-36) ,(7,—35) ,(7,—34) ,(7,-33) ,(7,—-32)

(7,-31),(7,-30) ,(7,-29) ,
(7’728)7(77727) ( ’
7(87_36)7(83_35) (8 _34)7
(87733)7(87732) ( 7731) (
>(97_39)7(97_38) (9 _37)
(97_36)7(97_35) ( 7_34) (
7(97_28)7(97_27) (10 _38)

—-30),(8,-29),(8,—28),(8,—

—-33),(9,-32),(9,-31),(9,

—26),(7,—25),(8,—40),(8,—39),(8,—38),(8,—-37)

27),(8,—26)

—30),(9,-29)

(10,-37) ,(10,—-36) ,(10,—35) ,(10,—34) ,(10,—-33) ,(10,—-32) ,(10,—31)

7(107730) 7(10’729) 7(107728) )

(11,-36) ,(11,-35),(11,—34) ,(11,—-33) ,(11,-32) ,(11,-31),(11,—30)

}} doseli,jl)

,(_7732)7(_7)33)’(_6727)7(
(_6729)7(_6730)7(_6731)7(
7(75727)7(75)28)’(75729)’
(_5730)7(_5731)7(
7(74725)7(74726)’(74727)7
(_4728)7(_4729)7(_4730)7(
7(74736)7(74737)7(73723)7
(_3724)7(_3725)1(_3726)7(
7(_3732)7(_3733)7(_3734)7
(_3735)7(_3)36)’(_3737)7(
7(_2727)7(_2728)7(_2729)7
(72730)7(72»31)’(72732)7(
7(_2138)7(_1722)7(_1723)7
(-1,24),(—-1,25),(—-1,26),(—
>(_1132)7(_1?33)1(_1734)1
(71735)7(71736)7(71737)7(71738)
,(0,27),(0,28) ,(0,29),
(0,30),(0,31),(0,32) ,(0,33)
,(0,39) ,(1,21) ,(1,22)
(1,24),(1,25) ,(1,26) ,(1,27)
,(1,33),(1,34) ,(1,35)
(1,37),(1,38),(1,39) ,(2,21)
(2,27) ,(2,28) ,(2,29)
(2,31),(2,32) ,(2,33) ,(2,34)
1(3,21) ,(3,22) ,(3,23)
(3,25),(3,26) ,(3,27) ,(3,28)
1(3,34) ,(3,35) ,(3,36)
(3,38),(3,39),(4,21) ,(4,22)
7(4728) 7(4729) 7(4730)
(4,32) ,(4,33) ,(4,34) ,(4,35)
,(5,22) ,(5,23) ,(5,24)
(5,26) ,(5,27) ,(5,28) ,(5,29)
,(5,35) ,(5,36) ,(5,37)

in {(=7,28),(=7,29) (
—6,28),
—6,32),(—6,33) (

-5,32),(-5,33),(—5,34) ,(

—4,31),(—4,32) ,(

—-3,27),(-3,28) ,(

—2,22),(—-2,23) ,(

—2,33),(—2,34) ,(

1,27),(—-1,28),(—1,29) ,(
,(0,22)

,(0,34)
(1,23),
,(1,28)
,(1,36),
(2,22)
,(2,30) ,
,(2,35)
(3,24),
1(3,29)
,(3,37)
,(4,23)
,(4,31),
7(4736)
,(5,25),
,(5,30)
,(5,38)

,(0,35)
,(1,29)
,(2,23)
,(2,36)
,(3,30)
,(4,24)
,(4,37)

,(5,31)

%(0.00321543408) <= max.s;

—7,30),(—-7,31)

—-6,34) ,(-5,25),(—5,26)

—-5,35),(—5,36),(—4,24)

—4,33),(—4,34),(—4,35)

-3,29),(—-3,30),(—3,31)
—2,24) ,(—2,25) ,(—2,26)
—-2,35),(—2,36),(—2,37)
~1,30),(-1,31)
,(0,23)

,(0,24) ,(0,25) ,(0,26)

,(0,36) ,(0,37),(0,38)
,(1,30),(1,31),(1,32)
,(2,24) ,(2,25) ,(2,26)
,(2,37),(2,38) ,(2,39)
,(3,31) ,(3,32) ,(3,33)
,(4,25) ,(4,26) ,(4,27)
,(4,38),(4,39) ,(5,21)

,(5,32),(5,33) ,(5,34)
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260
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266
267
268
269

270
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(6,21),(6,22) ,(6,23) ,(6,24) ,(6,25) ,(6,26) ,(6,27) ,(6,28) ,(6,29)
,(6,30),(6,31),(6,32) ,(6,33),

(6,34) ,(6,35) ,(6,36) ,(6,37) ,(6,38),(7,22) ,(7,23) ,(7,24) ,(7,25)
(7,26) ,(7,27) ,(7,28) ,(7,29),

(7,30),(7,31) ,(7,32) ,(7,33) ,(7,34) ,(7,35) ,(7,36) ,(7,37) ,(8,23)
,(8,24) ,(8,25) ,(8,26) ,(8,27),

(8,28),(8,29) ,(8,30) ,(8,31) ,(8,32) ,(8,33) ,(8,34) ,(8,35) ,(8,36)
,(9,24) ,(9,25) ,(9,26) ,(9,27),

(9,28),(9,29),(9,30) ,(9,31) ,(9,32) ,(9,33) ,(9,34) ,(9,35) ,(9,36)
,(10,25) ,(10,26) ,(10,27),

(10,28),(10,29) ,(10,30) ,(10,31) ,(10,32) ,(10,33) ,(10,34) ,(10,35)
,(11,27) ,(11,28) ,(11,29),

(11,30),(11,31) ,(11,32) ,(11,33) ,(11,34)}}

dose[i,]j])*(0.00355871886) <= max._s;

subject to comnst_5:(sum {(i,j) in {(19,-4),(19,-3),(19,-2),(19,-1)

7(1970) 7(207_7)7(207_6)7(207_5)7

(207_4) 7(207_3) 7(20’_2) )(207_1) )(20’0) 7(2071) 7(2072) ’(217_8)
7(217_7)7(217_6)7(217_5)7

(21,-4),(21,-3),(21,-2),(21,-1) ,(21,0) ,(21,1) ,(21,2) ,(21,3)
7(227_9)7(22a_8)7(227_7)7

(22,-6),(22,-5),(22,—-4) ,(22,-3) ,(22,-2),(22,-1) ,(22,0) ,(22,1)
7(2272) 1(2213) 7(2274) )

(237710)7(23779)7(23778)7(23777)7(23776)7(23775)7(23774)7(23773)
:(237_2)7(237_1) 7(2370)7

(2371) 7(2372) 7(2373) 7(247_10) 7(247_9) 7(247_8) 7(247_7) 7(247_6)
7(24775)7(24774)7(24773)7

(247_2) 7(247_1) 7(2470) 7(2471) 7(2472) 7(2473) 7(2474) 7(257_10)
7(25779)9(25778)7(25777)7(25976)»

(257_5) 7(257_4) 1(257_3) 7(257_2) 7(251_1) 7(2570) a(2571) 7(2512)
:(2573) 7(2574)7(267711)a(267710)»

(267_9)7(267_8)7(267_7)7(267_6)7(261_5)a(267_4)7(267_3)7(26a_2)
7(267_1) 7(2670) 7(2671) 7(26,2) )

(2673) 7(277_11)7(277_10)7(277_9)7(27a_8)a(277_7)7(277_6)7(277_5)
7(277_4)7(277_3)7(277_2)7

(27771) 7(27’0) 7(2771) 7(2792) 7(2773) 7(287711) 7(28’710) 7(28779)
7(287_8)7(287_7)7(287_6)=

(28,-5),(28,—-4),(28,-3),(28,—-2),(28,—-1),(28,0) ,(28,1) ,(28,2)
,(28,3),(29,-11) ,(29,-10),

(29779)7(29778)7(29777)7(29776)7(29775)7(29774)7(29773)7(29772)
1(297_1) ’(29’0) 7(29,1) )

(29y2) y(307_10)7(307_9)7(307_8)7(307_7)7(307_6)y(307_5)7(307_4)
7(30773)7(30772)7(30771)7

(3070) 7(3071) 7(3072) 7(317_9) 7(317_8) 7(317_7) 7(317_6) 7(317_5)
7(31774)7(31773)7(31772)7

(317_1) 7(31 70) 7(31 71) 7(31 72) 7(327_8) 7(327_7) 7(327_6) 7(327_5)
7(32774)7(32773)7(32772)7

(327_1) )(32’0) 7(32,1) a(33)_7) )(337_6) 7(33a_5) ’(33,_4) 7(337_3)
7(337_2)7(337_1) 7(33,0)

}} dose[i,]j])*(0.00534759358) <= max.s;

7#

#we want to use the second one when we use many angles.

25

#subject to llodm{angle in ANGLES}:rad[angle,—max-odm]| + rad[angle,
max_odm| + sum{off in {—-max.odm+1..max.odm}}t2[angle,off] <= 2x

max_rad ;
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26 APPENDIX A. AMPL CODE

minimize amount :

( sum {angle in ANGLES, off in {-max.odm+1..maxodm}} t2[angle, off
1) + ( sum {angle in ANGLES} (rad][angle,—max_.odm] + rad|[angle,
max_odm])) ;

solve;

i| #START OPTIMIZING

ANGLE

10

subject to dynamic_constraint_-10 {i in constraint_set_-10}: rad[10,i
] — rad[10,i+1] = 0;
let constraint_check := {};

for {derp in {1..40}} {
let difference := 100; #reset difference to be arbitrarily large
for iteration

for {i in {—25..24} diff constraint_set_10} {
if rad[10,i] = 0 or rad[10,i4+1] = 0 then {

} else {

if abs(rad[10,i] — rad[10,i41]) <= tolerance then {
if abs(rad[10,i] — rad[10,i+41]) < difference then {
let difference := abs(rad[10,i] — rad[10,i+1]);

let tmp_offset := i;
}
}
}
}
let constraint_set_10 := constraint_set_10 union {tmp_offset };
solve;
4 ANGLE
50

subject to dynamic_constraint_50 {i in constraint_set_50}: rad[50,1i
] — rad[50,i+1] = 0;
let constraint_check := {};

for {derp in {1..15}} {
let difference := 100; #reset difference to be arbitrarily large
for iteration

for {i in {—25..24} diff constraint_set_50} {
if rad[50,i] = 0 or rad[50,i+1] = 0 then {

} else {
if abs(rad[50,i] — rad[50,i+41]) <= tolerance then {
if abs(rad[50,i] — rad[50,i4+1]) < difference then {
let difference := abs(rad[50,i] — rad[50,i+1]);
let tmp-offset := 1i;
}
}
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}
}

let constraint_set_50 := constraint_set_-50 union {tmp_offset };

solve;

" ANGLE
90

subject to dynamic_constraint_90 {i in constraint_set_90}: rad[90,1i
] — rad[90,i+1] = 0;
let constraint_check := {};

for {derp in {1..5}} {
let difference := 100; #reset difference to be arbitrarily large
for iteration

for {i in {—25..24} diff constraint_set_-90} {
if rad[90,i] = 0 or rad[90,i41] = 0 then {

} else {
if abs(rad[90,i] — rad[90,i+4+1]) <= tolerance then {
if abs(rad[90,i] — rad[90,i41]) < difference then {

let difference := abs(rad[90,i] — rad[90,i+41]);
let tmp_offset := 1i;
}
}
}
}
let constraint_set_90 := constraint_set_-90 union {tmp_offset };
solve;
# ANGLE
170

subject to dynamic_constraint_-170 {i in constraint_set_-170}: rad
[90,i] — rad[90,i+1] = 0;
let constraint_check := {};

for {derp in {1..5}} {
let difference := 100; #reset difference to be arbitrarily large
for iteration

for {i in {—25..24} diff constraint_-set_-170} {
if rad[90,i] = 0 or rad[90,i41] = 0 then {

} else {
if abs(rad[90,i] — rad[90,i+41]) <= tolerance then {
if abs(rad[90,i] — rad[90,i+41]) < difference then {
let difference := abs(rad[90,i] — rad[90,i+1]);
let tmp-offset := ij;
}
}
}
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}
let constraint_set_170 :=
solve;

APPENDIX A. AMPL CODE

constraint_set_170 union {tmp_offset};

#printing output

printf "%7s: (7, 7 Offset”;
for {offset in —25..25} {
printf "%7.2f, 7 offset;
}

printf 7)\n”;
for {i in —25..24} {
printf "—m "

printf ”\n”;

#print out beamlet values

for {angle in ANGLES} {
printf ?%7.2f: (7, angle;
for {offset in —25..25} {

printf ?%7.2f, ” ,rad[angle, offset |;
}
printf 7)\n”;

}
printf 7\n \n”;

#print out Doses for all voxels
printf ”Dose: (”;
for {i in {—53..53}}{
printf 7 (7;
for {j in {—75..75}}{
printf 7%7.2f, 7 ,dose[i,j];

printf 7) ,\n”;

}

printf

7)\n”;

optimizer_final_ampl.py




Appendix B

Plotting Code

2| tumour =

Author: Ryan Martin
Last Modified by: Sari A.Latif

import matplotlib.pyplot as plt
import numpy as np

#Inputs

<= dose <= 105

#Tumour: 97
((-2,-4),(-2,-3),(-2,-2),(-2,-1),(—-2,0),(—-2,1),(—2,2)

5
(
’(7273)7
1
1
1

(_274 7(_ ’ 8)7(_17_7)1(_17_6)7(_17_5)7(_17_4)7(_17_3)7(_11_2)
7(7177 )7(7170)7(7171)7(7172)7
(_173) ’(_ 74) 7(_1a5) 7(07_10) ’(O)_g) )(07_8) 7(07_7) 7(07_6) 7(0’_5)

7(07_4)7(07_3)7(07_2)7(07_1)7

(070) ’(0’1) ’(0’2) ’(073) 7(0»4) »(0»5) »(0)6) 7(17711) 7(17710) ’(1’79)
7(17_8)7(17_7)7(17_6)7(17_5)7

(1774) 7(1773) 9(1772) 7(1771) 7(170) 7(171) 7(172) 7(173) 7(174) 7(175)
7(176) 7(177)7(27_12)7(27_11)7

(27710)7(2779)7(2778)7(2777)’(2776)7(2775)7(2774)7(2773)7(2772)
1(2>_1) 7(2’0) >(2’1) ’(272) 7(273)1

(274) 7(275) 7(276) 7(277) 7(278) 7(37_13
’(3)_9)7(37_8)7(37_7)7(37_6)7(3’_

(37_4)7(37_3)7(37_2)7(37_1)7(370) 7(3
’(3’6) ’(3’7) ’(378) 7(3»9) »(47714) )

(41_13)7(47_12)’(47_11)7(47_10)7(47_9)7(47_8)7(47_7)7(47_6)7(47_5)
’(4774)7(4773)7(4772)7(4771)7

(4,0) ,(4,1) ,(4,2) ,(4,3) ,(4,4) ,(4,5) ,(4,6) ,(4,7) ,(4,8) ,(4,9) ,(4,10)
’(57714)7(57713)7(57712)7(57711)7

(57_10)7(57_9)7(57_8)7(5’_7)’(5)_6))(57_5)7(57_4)7(57_3)7(5a_2)
7(57_1) 7(5y0) 7(5y1) y(5 2) 7(573) 7(574)7

(575) ’(5’6) ’(5’7) ’(578) (5 9 7(5710)7(6 715) (6 714)7(67713)

),(3,-12),(3,-11) ,(3,-10)
5),
71) 7(372) 7(373) 7(374) 7(375)

)
(6,-9),(6,-8),(6,-7),
(6,-2),(6,—1),(6,0) ,(6,1) ,(6,2) ,(6,3)
(6,8),(6,9),

(67_12)7(67_11)7(6 _10)
(6776)7(6775)7(6774)7( )
,(6,4) ,(6,5) ,(6,6) , (6 7)

29
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(6710)7(7 )7(77 4) (7 713)7(7 )7( 711) (77710)7(7779)
,(77_8) (7 7)7( )’( 3 5)’(7 _4),( )

(77_2)7(7 ) (770) (7 1) 7( ’ )7(7 3) 7(774) (7 5) (776) 7(777)
)(7 8) ( )’(7710) (7711)7(87715)’(8 714)

(8 _13) (8 _12)7(87_11) (87_10) (87_9)7( ) ) (87_7)7(87_6)7(87_5)
7(8 4) (8 3)7(8772)7(8771)7(8a0):

( )7( ) ( 3)7( ) )7(875)7(876)7(877)7(878)7(879)7(8710)
7(8711) (8 12)7(97715)7(9»714)7(97713)

(91_12) (9 _ll)a( 1_10)7(97 9)7(97 8)7(9a ) (9 _6) (9?_5)7(97_4)
7(9 ) (9 _2)7(97_1)7(970) 7( ) )7

(9,2),(9,3) ,(9,4) ,(9,5) ,(9,6) ,(9,7) ,(9,8) ,(9,9) ,(9,10) ,(9,11)
(9,12),(10,-15) (10, —14) ,(10,-13) ,(10, -12) ,

(10,—11),(10,-10),(10,-9) ,(10,—8) ,(10,~7) ,(10.—6) ,(10,—5) ,(10,—4)

(9

2

,(10,-3) ,(10,-2),(10,~1) ,(10,0) ,(10,1) ,

(10,2) ,(10,3) ,(10,4) ,(10,5) ,(10,6) ,(10,7) ,(10,8) ,(10,9) ,(10,10)

((10,11) ,(10,12) ,(11,—15),(11,~14) ,(11,-13),

(117_12) (11 _11)7(117_10)7(117_9)7(1]-’_8)7(117_7)7(117_6)7(117_5)

7(117_4) (11 _3)a(11 _2)7(117_1)7(1170)7

(11,1) ,(11,2) ,(11,3) ,(11,4) ,(11,5) ,(11,6) ,(11,7) ,(11,8) ,(11,9)
7(11’10)’(11711) 7(11712)7(127715)7(12»714)’

(12,-13),(12,-12),(12,—-11),(12,-10) ,(12,-9) ,(12,-8) ,(12,-7)
7(12776)7(12775)a(12774)7(12773)7(12,72)7(12771)’

(1270) 7(1271) 7(1272) 7(1273) 7(1274) 1(1215) 7(1276) 7(1277) 7(1278)
,(12,9) ,(12,10) ,(12,11) ,(12,12) ,(13,-15),,

(13a_14)7(13’_13)7(137_12)’(13)_11)7(137_10)a(13)_9)7(137_8)
7(137_7)7(137_6)7(137_5)7(137_4)7(137_3)7

(13,-2),(13,-1),(13,0) ,(13,1) ,(13,2) ,(13,3) ,(13,4) ,(13,5) ,(13,6)
L(13.7) ,(13,8) ,(13,9) ,(13,10) ,(13,11) ,

(13,12) ,(14,—15) ,(14,—14) ,(14,-13) ,(14,—12) ,(14,—11) ,(14,—10)
7(147_9)7(147_8)7(147_7)7(147_6)7(147_5)7

(14774) 7(14773) 7(14772) 7(14771) 7(1470) 7(1471) 7(1472) 7(1473) 7(14’4)
,(14,5) ,(14,6) ,(14,7) ,(14,8) ,(14,9),

(14,10) ,(14,11) ,(14,12) ,(15,—15) ,(15,—14) ,(15,-13) ,(15,—12)
7(157_11)7(15’_10)7(15 _9) (15a_8) ( 5 7)

(15,6, (15,~5) ,(15,—4) ,(15,—3) ,(15,-2) ,(15, 1) ,(15,0) ,(15,1)
,(15,2) ,(15,3) ,(15,4) ,(15,5) ,(15,6) ,(15,7) ,

(15,8),(15,9),(15,10),(15 11), (15,12),(16,—15),(16,—14),(16,—13)
(16,-12),(16,-11),(16,—10),(16,-9) ,

(167_8)7(161_7) (16 _6) (16 _5)7(161_4)7(167_3)7(167_2)1(167_1)
,(16,0) ,(16,1) ,(16,2) ,(16,3) ,(16,4) |

(16.5) ,(16.6) ,(16.7) ,(16.8) ,(16.9) ,(16.10) ,(16,11) ,(16,12)
7(177_15)7(177_14)7(177_13)7(177_12)7(177_11)7

(177710)7(17’79)»(17778)7(17777)7(17»76)7(17775)7(17774)a(17773)
7(177_2) 7(177_1) 7(1770) 7(17,1) 7(1772) )

(17,3) ,(17,4) ,(17,5) ,(17,6) ,(17,7) ,(17,8) ,(17,9) ,(17,10) ,(17,11)
,(18,—14) (18,—13),(18,—12),(18,—11),

(187710)7(18’79)7(18778)7(18777)7(18776)7(18775)7(18774)7(18773)
,(187_2) 7(18’_1) 7(1870) ,(18,1) 1(18’2) )

(18,3) ,(18,4) ,(18,5) ,(18,6) ,(18,7) ,(18,8) ,(18,9) ,(18,10) ,(18,11))

#Tissue type 1: Total Dosex(0.00179856115) <= 25

52| tissuel = ((—25,-2),(—25,—-1),(—24,—9),(—24,-8),(—24,-7),(—24,—6)

( 24 73) ( 4 72) ( 24 71)7(72470)7(72471)7(72472)7(72473)7(724’4)
,(=23,-10),(-23,-9),(-23,-8),(-23,-7),

( 23 _6) ( 23 _5) ( 23 _4) ( 237_3)v(_237_2)7(_237_1)v(_2370)
(—23,1),(—23,2) ,(—23,3) ,(—23,4) ,(—23,5) ,
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(72376) 7(7227711) 7(7227710)7(722779)7(722778)7(722777)7(722776)
)(_227_5)7(_227_4) 7(_227_3)7(_22a_2)7

(_227_1) 7(_2270) 7(_2271) 7(_2272) 7(_2273) 7(_2274) 7(_2275) 7(_2276)
’(72277) 7(722»8) a(7217712)7(7217711) )

(_217_10)7(_217_9)7(_217_8)7(_217_7)7(_217_6)7(_217_5)7(_217_4)
»(721773)7(721772) 7(721771) 7(72190) ’

(_2171) 7(_2172) 1(_2173) 7(_2114) 7(_2175) 1(_2176) 7(_2177) 7(_2178)
’(72179) 7(721710) 7(7207713)7(7207712)7

(_207_11)1(_207_10)7(_207_9))(_20?_8)7(_207_7)7(_207_6)7(_2()’_5)
7(_207_4)7(_207_3) 7(_207_2)7(_207_1)7

(_20a0) 7(_20)1) 7(_2072) )(_2()’3) 7(_2074) ’(_2075) 7(_20a6) 7(_2077)
7(_2078) 7(_2079) 7(_20710) 7(_197_13) )

(7197712)’(7197711)7(7197710) 7(719779)7(719778)7(719777)7(719,76)
7(_197_5)7(_191_4) 7(_197_3)1(_197_2)1

(719771) 7(71970) 7(71971) 7(719,2) 7(71973) ’(71974) 7(719»5) 7(71976)
7(_1917) 7(_1978) 1(_1979) 7(_19110) )

(_19711) 7(_187_13)7(_187_12) 7(_187_11)7(_187_10)7(_187_9)7(_187_8)
)(_187_7)7(_187_6) 7(_187_5)7(_18a_4)7

(_187_3)7(_187_2)7(_187_1) 7(_1870) 7(_1871) 7(_1872) 7(_1873) 7(_1874)
’(71875) 7(718»6) 7(71877) »(718,8) )

(-18,9),(-18,10),(—-18,11),(=-17,-13) ,(—-17,—-12) ,(-17,-11) ,(—17,—10)
7(717779)7(717778) 7(717777)7(717776)7

(=17,-5),(-17,-4),(-17,-3) ,(-17,-2) ,(-17,-1) ,(—=17,0) ,(—17,1)
’(71772) 5(71773) 7(71774) 7(71775) 7(71776) ’

(_1777) 7(_17)8) 7(_1779) )(_17’10) 7(_17711) 7(_16a_13))(_167_12)
7(_167_11)7(_167_10)7(_167_9)7(_167_8) )

(716777)7(716776) 7(716775)7(716774)7(716773)7(716’72)7(716771)
7(_1670) 7(_1671) 7(_1672) 7(_1673) 7(_1674) ’

(71675) 9(716»6) 7(71677) »(71678) 7(71679) 7(716710) 9(716»11)
,(=15,-13),(—-15,—-12),(—-15,—-11) ,(—15,—10),

(715779)7(715778) 7(715777)7(715776)7(715775)7(715774)7(715773)
7(_157_2)7(_157_1) 7(_15a0) 7(_15’1) a(_1572) )

(_1573) 7(_1574) 7(_1575) 7(_1576) 7(_1577) 7(_1578) 7(_1579) 7(_15710)
7(_147_12)’(_147_11)7(_147_10) 7(_147_9) )

(_147_8)7(_147_7)7(_147_6)7(_147_5)7(_147_4)7(_147_3)7(_147_2)
»(714771) 7(71470) ’(71471) 7(71472) 7(71473) )

(_1474) 7(_1475) ’(_1476) 7(_1477) 7(_1478) 7(_1479) 7(_14710) 7(_137_12)
,(7137711)’(7137710)7(713779)’(713,78) )

(=13,-7),(-13,-6),(—-13,-5),(-13,-4) ,(-13,-3),(-13,-2) (=13, -1)
’(71370) 7(71371) 7(71372) 7(71373) 7(71374) ’

(_13a5) 7(_13)6) 7(_1377) )(_13a8) 7(_1379) a(_13710) 7(_12,_12)
7(_127_11) ’

(7127710)7(712’79)7(712778)a(712a77)7(712776)’(712»75)7(712774)
7(_127_3)a(_127_2) 7(_127_1) 7(_1270) ;

(71271) 9(712»2) 7(71273) »(71274) 7(71275) 7(71276) 7(712,7) 7(71278)
(=12,9),(—=12,10),(—=11,-12) (—11,—11),

(7117710)7(711779)7(711778)7(711,77)7(711776)’(711775)7(711774)
)(_117_3)7(_117_2) 7(_117_1) 7(_1170) )

(_1171) 7(_1172) 7(_1173) 7(_1174) 7(_1]-?5) 7(_1176) 7(_1177) 7(_1178)
’(_1179) 7(_11)10) 7(_107_12)’(_107_11)’

(_107_10)7(_107_9)7(_107_8)7(_107_7)7(_107_6)7(_107_5)7(_107_4)
»(710773)7(710772) 7(710771) 7(71090) )

(_1071) 7(_1072) 1(_1073) 7(_1074) 7(_1075) 7(_1076) 7(_1077) 7(_1078)
’(71079) 7(710710) 7(797712)7(797711) ’

(_97_10)7(_91_9)1(_97_8)7(_97_7)7(_97_6)7(_97_5)7(_9a_4)7(_9?_3)
7(_95_2)7(_97_1) 7(_970) 7(_971) 7(_972) )
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8 (7973)7(7974)7(7975)7 7976)7(7977)7(7978)7(7979):(79710)’(787712)
,(—8,-11),(-8,-10),(—8,-9),(—8,-8),

! (_87_7)7(_87_6)7(_87_5)7(_87_4)7(_87_3)7(_87_2)v(_87_1)7(_870)
7(7871)7(78’2)7(78’3)7(7874)’(78:5)7

(_876)7(_877)7(_878)7(_879)7( 8710)7(_77_13)7(_77_12)7(_77_11)

(=7,-10),(—-7,—-9),(=7,-8) (—-7,-7),

€ (_77_6)7(_77_5)7(_77_4)7 _77_3)7(_77_2)7(_77_1)7(_770)7(_771)
7(7772)7(7773)7(7 74)7(7775)7 77: )

sl (=7,7),(=7,8),(=7,9),(-7,10),(-6,-13),(-6,-12),(-6,-11),(—6,-10)
(—6,-9),(-6,-8),(—-6,-7),(—6,—6),

ss| (=6,-5),(=6,-4),(=6,-3),(-6,-2),(-6,-1),(-6,0),(-6,1),(—6,2)
,(—-6,3),(—-6,4),(—6,5),(—6,6),(—6,7),

89 (7 ) ( 6 9)7(76»10)7(75’713)7(757712)»(75%711)7(757710)7(75779)
7( 5 _8) ( 57_7)7( 57_6)7(_53_5)7

90| (= 4)( 5,-3),(=5,-2),(=5,-1),(=5,0),(=5,1),(=5,2),(=5,3) ,(—5,4)
>(_575)7(_516)7(_577)1(_578)7

o1 (=5,9),(-5,10),(—4,—-14),(—4,-13),(—-4,-12),(-4,-11),(—4,-10)
(—4,-9),(—4,-8),(—-4,-7),(—4,-6),(—4,-5),

92 (_47_4)7(_47_3)7( 4,— )7(_47_1)7(_470)7(_471)7(_472)y(_473)7(_474)
7(7475)7( 4a6)7( 4»7)7 - 78)a(7479)7

o3| (—4,10),(-3,-13),(-3,-12),(-3,-11),(-3,-10),(-3,-9),(—3,-8)
(-3,-7),(—3,-6),(-3,-5),(—3,—-4),(—3,-3),

94 (_37_2)7(_37_1) ( 370 7(_371)7(_312)7(_373)7(_374)1(_375)7(_376)
7(7377)7( ’ )7( 3,9 )7(73,10)7(73711)7

os| (—2,-13),(— 2,—12),( 2,-11),(-2,-10),(-2,-9),(-2,-8),(—2,-7)
7(_27_6)7( 27_5)7(_ 75)7(_276)7(_277)7(_ 78)7

o6l (—-2,9),(—-2,10),(-2,11),(-1,-14),(-1,-13),(-1,-12),(—-1,-11)
7(_17_10)7( 17_9) (_176)7(_177)7(_178)7(_179)7

o7 (-1,10),(-1,11),(0,—14),(0,-13),(0,—-12),(0,—11),(0,7) ,(0,8) ,(0,9)
7(0 10) 7(0711) (1 _14)7(17_13)7(17_12)7

os| (1,8),(1,9),(1,10),(1,11),(2,—14),(2,-13),(2,9) ,(2,10) ,(3,10))
wo|#Tissue type 2: Total Dosex(0.00321543408) <= 25

01| tissue2 = ((—8,-35),(—8,—34),(—8,-33),(—8,-32),(—8,-31),(—7,—37)
7(_77_36)7

02| (=7,-35),(—=7,-34) ,(=7,-33),(—=7,-32),(=7,-31) ,(=7,—30),(—7,—29)
7(_67_39)7(_6=_38)7(_67_37)7

03| (—6,-36),(—6,—35),(—6,—34),(—6,-33),(—6,—32),(—6,—31),(—6,—30)
7(_6>_29)1(_67_28)a(_67_27)a

01| (=5,-40),(—5,-39),(—5,—38),(=5,-37),(—5,-36),(—5,-35),(—5,—34)
7(_5,_33)’(_57_32)7(_57_31)7

ws| (=5,-30),(=5,-29),(—5,—28),(=5,-27),(=5,—-26) ,(—4,—41) ,(—4,—40)
7(747739)7(747738)7(747737)7

106 (_47_36)7(_43_35)7(_47_34)7(_47_33)7(_47_32)7(_47_31)7(_47_30)
7(747729)7(747728)9(747727)9

wr| (—4,-26),(—3,—41),(-3,-40),(-3,-39),(-3,-38),(—-3,-37),(—3,-36)
7(737735)7(737734)7(737733)7

08| (=3,-32),(=3,-31),(—-3,-30),(—3,-29),(—3,-28) ,(—3,-27),(—3,—26)
7(_37_25)7(_27_42)7(_27_41)7

10| (—2,-40),(—2,-39),(—2,-38),(—2,-37),(—2,-36),(—2,-35),(—2,—34)
7(_27_33)7(_27_32)7(_27_31)7

10| (—2,-30),(—2,-29),(—-2,-28),(—2,-27),(—2,-26),(—2,—25),(—1,—42)
7(_17_41)7(_1=_40)7(_17_39)7

1] (=1,-38),(=1,-37),(—=1,-36),(—1,-35),(—1,—34) ,(—1,-33),(—1,-32)
7(_1>_31)1(_17_30)7(_17_29)7

ve| (=1,-28),(=1,-27),(—1,-26),(—1,-25),(0,—43) ,(0,—42) ,(0,—41)
7(07_40)7(07_39)’(0»_38)7(07_37)7




(07736) 7(07735) 7(07734) 7(07733) 7(07732) 7(07731) 7(07730) 7(07729)
1(0,_28) 7(07_27) 7(0’_26) )

(07_25) 7(07_24) 7(17_43) 7(17_42) 7(17_41) 7(17_40) y(17_39) 7(17_38)
’(17737) 7(17736) 7(1’735) )

(17_34) 7(17_33) 7(17_32) 7(17_31) 7(17_30) 7(17_29) 7(17_28) 7(17_27)
’(17726) 9(17725) 7(17724) )

(2,-43),(2,-42),(2,—41) ,(2,-40) ,(2,-39) ,(2,—-38),(2,-37) ,(2,-36)
’(27735) 7(27734) 7(27733) ’

(2,-32),(2,-31),(2,-30),(2,-29) ,(2,—-28),(2,-27) ,(2,—26),(2,—25)
7(27_24) 7(37_43) 7(37_42) )

(3,—41),(3,-40) ,(3,-39),(3,-38),(3,-37),(3,-36),(3,-35),(3,—34)
7(37_33) 7(37_32) 7(37_31) )

(37730) 9(37729) 7(37728) »(37727) 7(37726) 7(3’725) 7(39724) 7(47743)
7(47_42) 7(47_41) 1(47_40) )

(47739) 7(47738) 7(47737) »(47736) 7(47735) 7(4’734) 7(47733) 7(47732)
7(4?_31) a(47_30) 1(41_29) )

(47_28) 7(47_27) 7(47_26) 7(47_25) 7(47_24) 7(57_42) 7(57_41) 7(57_40)
’(5,_39) 7(57_38) 7(5’_37) )

(57_36) 7(57_35) 7(57_34) 7(57_33) 7(57_32) 7(57_31) y(57_30) 7(57_29)
’(57728) 7(57727) 7(5’726) )

(5,-25),(5,—24) ,(6,—42) ,(6,—41) ,(6,—40),(6,-39) ,(6,—38) ,(6,—37)
’(67736) 7(67735) 7(67734) )

(6,-33),(6,-32),(6,—31),(6,—30),(6,—29),(6,-28),(6,—27) ,(6,—26)
’(67725) 7(77741) 7(77740) ’

(77_39) 7(77_38) 7(7a_37) )(77_36) 7(77_35) ’(7’_34) 7(77_33) 7(77_32)
7(77_31) 7(77_30) 7(77_29) )

(7,-28) ,(7,-27) ,(7,-26) ,(7,—25) ,(8,—40),(8,-39) ,(8,—38),(8,—37)
7(87_36) 7(87_35) 7(87_34) )

(87733) 9(87732) 7(87731) »(87730) 7(87729) 7(8’728) 7(89727) 7(87726)
7(97_39) 7(97_38) 1(97_37) )

(97736) 7(97735) 7(97734) »(97733) 7(97732) 7(9’731) 7(97730) 7(97729)
1(9>_28) 7(97_27) 7(107_38) )

(10,-37),(10,-36) ,(10,—35) ,(10,—34) ,(10,—-33) ,(10,—32) ,(10,—31)
’(107_30) 7(10’_29) )(107_28) )

(117_36) 7(117_35) 7(117_34) 7(117_33) 7(117_32) 7(117_31) 7(117_30))

2|#Tissue type 3: Total Dosex(0.00355871886) <= 25
33| tissued = ((—-7,28),(—-7,29),(-7,30),(—-7,31),(—7,32),(—7,33),(—6,27)

7(_6728) ’

(76729) 7(76730) 7(76731) 7(76732) 7(76733) 7(76,34) 7(75725) 7(75726)
’(_5727) 7(_5’28) 7(_5729) )

(_5730) 7(_5731) 7(_5732) 7(_5733) 7(_5734) 7(_5735) y(_5736) 7(_4724)
’(74725) 7(74’26) 7(74727) )

(_4728) 7(_4729) 7(_4730) 7(_4=31) 7(_4732) 7(_4733) 7(_4734) 7(_4735)
’(74736) 7(74’37) 7(73723) )

(_3724) 7(_3725) 1(_3726) 7(_3727) 7(_3728) 1(_3729) 7(_3130) 7(_3731)
’(73732) 7(73’33) 7(73734) ’

(_3735) 7(_3’36) 7(_3737) )(_2722) 7(_2)23) ’(_2724) 7(_2’25) 7(_2)26)
7(_2727) 7(_2728) 7(_2729) )

(_2730) 7(_2’31) 7(_2732) )(_2733) 7(_2»34) ’(_2735) 7(_2736) 7(_2)37)
7(_2738) 7(_1722) 7(_1723) )

(71724) 9(71’25) 7(71726) »(71727) 7(71»28) 7(71929) 7(71730) 7(71731)
7(_1732) 7(_1733) 1(_1734) )

33

(-1,35),(-1,36),(-1,37),(—1,38),(0,22),(0,23),(0,24) ,(0,25) ,(0,26)

,(0,27) ,(0,28) ,(0,29) ,
(0,30),(0,31),(0,32),(0,33) ,(0,34) ,(0,35) ,(0,36) ,(0,37) ,(0,38)
,(0,39) ,(1,21) ,(1,22) ,(1,23),
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(1,24) ,(1,25),(1,26) ,(1,27) ,(1,28) ,(1,29) ,(1,30) ,(1,31) ,(1,32)
,(1,33) ,(1,34) ,(1,35) ,(1,36),

(1,37) ,(1,38),(1,39) ,(2,21) ,(2,22) ,(2,23) ,(2,24) ,(2,25) ,(2,26)
(2,27) ,(2,28) ,(2,29) ,(2,30),

(2,31),(2,32) ,(2,33) ,(2,34) ,(2,35) ,(2,36) ,(2,37) ,(2,38) ,(2,39)
.(3,21) ,(3,22) ,(3,23) ,(3,24),

(3,25),(3,26) ,(3,27) ,(3,28) ,(3,29) ,(3,30) ,(3,31) ,(3,32) ,(3,33)
,(3,34) ,(3,35) ,(3,36) ,(3,37),

(3,38),(3,39) ,(4,21) ,(4,22) ,(4,23) ,(4,24) ,(4,25) ,(4,26) ,(4,27)
,(4,28) ,(4,29) ,(4,30) ,(4,31),

(4,32) ,(4,33) ,(4,34) ,(4,35) ,(4,36) ,(4,37) ,(4,38) ,(4,39) ,(5,21)
.(5,22) ,(5,23) ,(5,24) ,(5,25),

(5,26) ,(5,27) ,(5,28) ,(5,29) ,(5,30) ,(5,31) ,(5,32) ,(5,33) ,(5,34)
:(5,35) ,(5,36) ,(5,37) ,(5,38),

(6,21) ,(6,22) ,(6,23) ,(6,24) ,(6,25) ,(6,26) ,(6,27) ,(6,28) ,(6,29)
,(6,30) ,(6,31),(6,32) ,(6,33),

(6,34) ,(6,35) ,(6,36) ,(6,37) ,(6,38) ,(7,22) ,(7,23) ,(7,24) ,(7,25)
(7,26) ,(7,27) ,(7,28) ,(7,29),

(7,30),(7,31) ,(7,32) ,(7,33) ,(7,34) ,(7,35) ,(7,36) ,(7,37) ,(8,23)
,(8,24) ,(8,25) ,(8,26) ,(8,27),

(8,28),(8,29) ,(8,30) ,(8,31) ,(8,32) ,(8,33) ,(8,34) ,(8,35) ,(8,36)
.(9,24) ,(9,25) ,(9,26) ,(9,27),

(9,28),(9,29) ,(9,30) ,(9,31) ,(9,32) ,(9,33) ,(9,34) ,(9,35) ,(9,36)
,(10,25) ,(10,26) ,(10,27) ,

(10,28) ,(10,29) ,(10,30) ,(10,31) ,(10,32) ,(10,33) ,(10,34) ,(10,35)
,(11,27) ,(11,28) ,(11,29),

(11,30) ,(11,31) ,(11,32) ,(11,33) ,(11,34))

#Tissue type 4: Total Dosex(0.00534759358) <= 25
tissued4 = ((19,-4),(19,-3),(19,-2),(19,-1),(19,0),(20,-7),(20,—6)
7(20775)7
(207_4) 7(2()’_3) 1(20>_2) 7(207_1) 7(2070) 7(2071) 7(2072) 7(217_8)
,(21,-7),(21,-6),(21,-5),
(21,-4),(21,-3),(21,-2) ,(21,-1) ,(21,0) ,(21,1) ,(21,2) ,(21,3)
,(22,-9),(22,-8),(22,-7),
(22,-6),(22,-5),(22,—-4),(22,-3) ,(22,-2),(22,-1) ,(22,0) ,(22,1)
:(22,2) ,(22,3) ,(22,4),
(23,-10),(23,-9),(23,-8),(23,-7),(23,-6),(23,—-5),(23,—-4),(23,-3)
>(237_2)7(231_1) 7(2370)7
(23,1),(23,2),(23,3),(24,-10) ,(24,-9) ,(24,-8),(24,—-7) ,(24,-6)
,(24,-5),(24,—-4),(24,-3),
(24,-2),(24,-1) ,(24,0) ,(24,1) ,(24,2) ,(24,3) ,(24,4) ,(25,—-10)
,(25,-9),(25,-8),(25,—-7),(25,—6) ,
(257_5) 7(257_4) 7(257_3) 7(257_2) 7(257_1) 7(2570) 7(2571) 7(2572)
,(25,3) ,(25,4) ,(26,—11),(26,—10),
(26,-9),(26,—8),(26,—7),(26,—6) ,(26,—5) ,(26,—4),(26,-3),(26,—2)
,(26,—-1),(26,0) ,(26,1) ,(26,2),
(26,3),(27,—11) ,(27,-10) ,(27,-9) ,(27,-8) ,(27,-7) ,(27,—6) ,(27,-5)
,(27,-4),(27,-3),(27,-2),
(27,-1),(27,0) ,(27,1) ,(27,2) ,(27,3) ,(28,—11),(28,—-10) ,(28,-9)
,(28,-8),(28,-7),(28,-6),
(28,-5),(28,—-4),(28,-3),(28,—2),(28,—-1),(28,0) ,(28,1) ,(28,2)
,(28,3),(29,—-11) ,(29,-10),
(29,-9),(29,-8),(29,-7),(29,-6),(29,—-5) ,(29,—4),(29,-3) ,(29,-2)
>(297_1) 7(2970) 7(2971) ’
(29,2),(30,-10),(30,-9),(30,-8),(30,-7),(30,—6),(30,-5),(30,—4)
,(30,-3),(30,-2),(30,—-1),




176
177
178
179
180
181
182
183
184
185
186

187

189

190

192

206
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(30,0),(30,1),(30,2),(31,-9),(31,-8) ,(31,-7) ,(31,—6) ,(31,—5)
(31,—4),(31,-3),(31,-2),

(317_1) (31 0) (31 1) 7(31 2) ( 2y_8)7(327_7)7(327_6)7(327_5)
(32,-4),(32,-3),(32,-2),
(32, —1) (32, 0) (32 1) (33 Z7),(33,-6),(33,-5),(33,—4) ,(33,—-3)

#Rest of body
body = []
for x in xrange(—53,54):
for y in xrange(—75,76):
body . append ((x,y))

#Plotting Tumor and Tissues
fig = plt.figure (1)
ax = fig.add_subplot(111,aspect="equal’)

plt.scatter ([x for (x,y) in body], [y for (x,y) in body],color=’
black > ,marker="s’,label="Other body tissue/Plot surface’)

plt.scatter ([x for (x,y) in tumour], [y for (x,y) in tumour],color=
‘red ’ ,marker="s’ ,label="Tumour: 95 <= Dose <=105")

plt.scatter ([x for (x,y) in tissuel], [y for (x,y) in tissuell],
color="blue’ ,marker=’s’,label="Tissue type 1: Total Dose
#(0.00179856115) <= 257)

plt.scatter ([x for (x,y) in tissue2], [y for (x,y) in tissue2],
color="yellow ’ ;marker="s’ ,label="Tissue type 2: Total Dose
%(0.00321543408) <= 25°)

plt.scatter ([x for (x,y) in tissued], [y for (x,y) in tissue3],
color="green’ ,marker="s’ ,label="Tissue type 3: Total Dose
%x(0.00355871886) <= 257)

plt.scatter ([x for (x,y) in tissued4], [y for (x,y) in tissued],
color=’cyan’ ,marker=’s’,label="Tissue type 4: Total Dose
#(0.00534759358) <= 25°7)

box = ax.get_position ()
ax.set_xlim ([—53,53])

| ax.set_ylim ([—75,75])

legend = ax.legend (loc="upper center’,shadow=True, prop={’size :7})

#——RESULTS——————

#7 Angles: 10, 50, 90, 130, 170, 200, 340

3|#0ffsets for each angle: —25 to 25

alo= ( 0.00, 0.00, 0.00, 28.60, 28.60, 28.60,
28.60, 28.60, 23.02, 19.80, 15.91, 13.08, 8.25,
8.25, 4.73, 4.73, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 2.70, 2.70, 2.70,
2.70, 2.70, 2.70, 2.70, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )
a50= ( 0.00, 0.00, 0.00, 0.00, 2.37, 10.77,
17.49, 21.26, 23.62, 26.62, 32.61, 36.00, 36.00,
36.00, 36.00, 36.00, 36.00, 36.00, 36.00, 36.00,

35.72, 35.20, 35.17, 34.23, 33.84, 31.78, 30.64,




208

209

210
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29.43, 29.32, 29.98, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

7|1 a90= ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
36.00, 36.00, 36.00, 34.38, 33.71, 30.05, 29.11,
25.57, 22.68, 22.01, 21.74, 21.26, 20.45, 20.45,
20.99, 22.33, 23.75, 24.76, 25.48, 25.98, 25.98,
28.01, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

al30= ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 4.38, 14.06, 15.98, 20.40, 23.76,
30.23, 34.59, 36.00, 36.00, 36.00, 36.00, 36.00,
36.00, 36.00, 36.00, 36.00, 36.00, 34.99, 32.88,
31.09, 30.40, 30.40, 29.93, 30.50, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

al70= ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, —0.00, 0.00, 0.00, 8.97, 8.97,
8.97, 6.31, 5.84, 5.84, 5.84, 1.10, 0.51,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 3.21, 5.89, 5.89,
4.38, 8.36, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

a200= ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.93, 0.93, 0.00, 0.00, 0.00, 0.00, 0.06,
1.27, 2.31, 1.64, 1.64, 0.45, 0.44, 0.44,
2.52, 3.44, 1.38, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

a340= ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 2.01, 0.00, 0.00, 0.00, 1.28,
4.01, 4.59, 4.59, 4.59, 2.74, 1.70, 1.58,
0.02, 0.02, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 2.96, 6.97, 7.83, 15.53, 15.53,
15.53, 15.53, 15.53, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, )

#Dose ranges per voxel

Dose= (( 23.84, 23.85, 23.83, 23.76, 23.65, 23.67,
23.73, 23.52, 23.26, 23.18, 23.09, 22.42, 21.79,
21.44, 21.08, 20.69, 20.48, 20.50, 20.70, 21.02,
12.53, 0.95, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 2.10, 20.59,
21.75, 21.77, 21.79, 21.81, 21.23, 20.11, 19.58,
14.88, 11.42, 8.82, 8.29, 8.02, 6.75, 5.16,
0.84, 0.00, 0.00, 0.00, 0.74, 1.25, 0.30,
0.00, 0.00, 1.18, 2.10, 2.10, 2.10, 2.10,
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40,
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.95,
.29,
18,
00,
00,
95,
72,
.04,
.00,
12,
71,
.00,
.05,
.00,
.00,
.70,
.00,
.00,
51,
.16,
12,

2.10, 2.11,
7.15, 7.81,
0.00, 0.00,
8.83, 11.23,
0.01, 0.00,
0.00, 0.00,

11.61, 11.59,
0.00, 0.00,
0.00, 0.00,

46.96,  47.29,

57.63, 57.91,

59.62,  59.91,

23.97,  24.01,

23.73,  23.47,

21.28,  20.89,
2.86, 0.00,
0.00, 0.00,
0.00, 0.00,

21.88, 21.90,
9.52, 7.68,
0.00, 0.00,
0.86, 2.11,
2.12, 1.31,
7.69, 3.60,
0.00, 0.42,

10.78, 9.78,
0.00, 0.00,
0.00, 1.54,

11.63, 11.61,
0.00, 0.00,
0.00, 0.00,

47.76,  49.56,

57.67, 57.95,

59.65, 59.94,

24.03, 24.11,

24.02, 23.94,

21.85, 21.49,

16.58, 4.80,
0.00, 0.00,
0.00, 0.00,

21.98,  22.00,

10.24, 7.12,
0.00, 0.00,
0.53, 2.12,
2.12, 1.62,
6.88, 2.67,
0.00, 0.71,

10.32, 9.61,
0.00, 0.00,
0.44, 2.27,

11.68, 11.66,
0.00, 0.00,
4.78,  40.06,

49.57, 52.21,

57.44,  57.71,

59.18,  57.47,
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32,
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25| (24.02, 24.10, 24.17, 24.25, 24.33, 24.31,  24.29,
24.18, 24.09, 24.16, 24.15, 23.89, 23.68, 23.61,
23.26, 22.57, 22.06, 21.70, 21.31, 20.91, 20.89,
20.94, 21.26, 18.66, 6.79, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 7.63, 22.03,
22.05, 22.07, 22.09, 22.11, 20.29, 19.57, 18.87,
14.23,  10.88, 7.73, 8.26, 7.16, 6.74, 4.33,
0.07, 0.00, 0.00, 0.00, 0.56, 1.23, 0.48,
0.00, 0.20, 2.05, 2.13, 2.13, 2.13, 2.13,
2.13, 2.13, 1.93, 0.06, 0.00, 10.35, 6.13,
7.67, 6.08, 1.76, 0.00, 1.26, 0.59, 0.00,
0.00, 0.16, 1.00, 2.80, 3.45, 4.17, 5.04,
11.05, 9.85, 9.44, 11.53, 12.52, 11.91, 0.38,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 1.17, 3.26, 5.40, 5.92, 10.38, 11.77,
11.75, 11.73, 11.71, 11.69, 4.77, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
12.84, 45.29, 44.86, 45.35, 45.85,  46.23,  47.27,
49.57, 52.26, 54.54, 55.85, 56.12, 56.39, 56.66,
56.93, 57.20, 57.47, 57.75, 58.03, 58.31, 58.59,
58.39, 56.43, 50.56, 41.93, ),
si0| (1 24.08, 24.16,  24.24,  24.31,  24.39,  24.47,  24.48,
24.46, 24.37, 24.26, 24.30, 24.37, 24.10, 23.85,
23.78, 23.55, 22.85, 22.28, 21.91, 21.53, 21.12,
21.03, 21.05, 21.35,  20.77, .80, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 3.20, 22.12,
22.14, 22.16, 22.19, 22.21, 20.90, 19.17, 19.94,
15.81, 11.33, 8.45, 7.67, 7.66, 6.40, 5.53,
0.64, 0.02, 0.00, 0.00, 0.07, 1.22, 0.98,
0.00, 0.00, 1.73, 2.14, 2.14, 2.14, 2.14,
2.14, 2.14, 2.15, 0.36, 2.26, 9.14, 6.53,
7.63, 5.29, 0.86, 0.36, 1.49, 0.13, 0.00,
0.00, 0.45, 1.63, 3.23, 3.60, 4.31, 6.14,
10.59, 9.57, 9.35, 12.04, 12.08, 11.85, 0.01,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.05, 1.90, 4.26, 5.63, 7.60, 11.83, 11.81,
11.79, 11.77, 11.75, 10.29, 0.86, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 20.69,
44.76, 44.33, 45.08, 45.45,  46.00, 47.21, 49.57,
52.30, 54.30, 55.37, 55.63, 55.89, 56.16, 56.43,
56.70, 56.97, 57.24, 57.51, 57.79, 58.06, 57.61,
55.16, 49.32, 40.48, 35.22, ),
20| (24.14, 24.22,  24.30, 24.38, 24.45, 24.53, 24.61,
24.64, 24.62, 24.55, 24.44, 24.45, 24.51,  24.31,
24.04, 23.95, 23.85, 23.14, 22.49, 22.12, 21.74,
21.34, 21.16, 21.18, 21.43, 21.77, 10.85, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 17.83,
22.24, 22.26, 22.28, 22.30, 21.83, 19.07, 19.48,
17.03, 12.25, 9.17, 7.09, 8.17, 6.06, 6.41,
1.91, 0.05, 0.00, 0.00, 0.00, 0.88, 1.21,
0.17, 0.00, 1.40, 2.14, 2.15, 2.15, 2.15,
2.15, 2.15, 2.15, 0.67, 4.68, 7.94, 6.92,
7.59, 4.52, 0.00, 0.82, 1.03, 0.00, 0.00,
0.00, 0.75, 2.28, 3.37, 3.70, 4.46, 7.25,
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75,
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96,
78,

24.36,
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.90,
.00,
.06,
.16,
.00,
.93,
42,
.00,
.58,
.85,
.00,
45.54,
54.93,
56.77,
27.70,
24.42,
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24.47,
21.77,

0.00,

0.00,
22.47,
10.65,
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.73,
17,
.37,
.29,
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28,
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01,
44,
00,
67,
21,
16,
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19,
.31,
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00,
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71,
27,
20,
83,
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23.
22.

0.
22.
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0

0
2
1
3
10.
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9.
0.

18,

27,
89,
20,
00,
77,
66,

75,
.04,
.20,
51,
T2,

02,
00,
86,
00,
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0.00, 0.00,
0.00, 0.00,
22.59, 22.62,
8.05, 7.15,
0.00, 0.00,
2.17, 2.18,
1.71, 10.00,
1.03, 0.00,
3.68, 4.10,
11.56, 11.57,
0.00, 0.00,
10.71, 12.05,
0.00, 0.00,
42.72,  43.30,
51.93, 53.23,
54.74,  55.00,
50.34,  43.43,
3.41, ),
24.63, 24.71,
25.19,  25.28,
25.18,  24.91,
22.62, 22.21,
6.84, 0.00,
0.00, 0.00,
22.69, 22.72,
8.79, 717,
0.00, 0.00,
1.97, 2.18,
4.39, 8.84,
0.57, 0.00,
3.70, 4.23,
11.50, 11.50,
0.00, 0.00,
12.12, 12.10,
0.00, 0.00,
43.05,  43.36,
52.78, 53.02,
54.52,  54.77,
42.04,  35.47,
0.00, ),
24.69,  24.77,
25.26,  25.34,
25.27,  25.33,
23.23,  22.84,
21.68, 8.98,
0.00, 0.00,
22.79,  22.81,
9.55, 7.20,
0.03, 0.00,
1.63, 2.19,
6.96, 8.01,
0.09, 0.00,
3.71, 4.36,
11.44, 11.44,
0.00, 0.00,
12.16, 12.14,
0.00, 0.00,

2

1

0.
43.
53.
55.
36.

0
0
0
7
0
2
5.
0
4
4
0
2

24.79,

25
24
21

0.
0.

2

1

0.
43.
53.
55.
30.

1
7
0
2
6
0.
4
2
0
2

.30,
.65,
79,
00,
00,
.81,
.29,
.00,
19,
.32,
00,
.60,
.58,
.00,
.08,
00,
91,
27,
03,
85,

24.85,

25.
25.
22.
0.
0.

2

1

2
7
0
2
6
0.
4
0
0
2
0

0.
4.
18
6
0
2.
7
0
9
0
1
12

0.
44.
53
55.
31.

00,
37,

53,
.01,
71,

18,

45,
.00,
.20,
.00,
.14,
01,

00,
12,

73,

51,
78,
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25.
24.
21
0.
0.
1

8
5
0
2
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0
9
0
1
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28,
58,
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00,
00,
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91,
.24,
.19,
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.90,
.05,
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05,
52,
29,
23,

24.93,
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.89,
.92,
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.20,
.37,
.53,
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.78,
.10,
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41.
51.
53.
46.

1.

O 0N WNO

08,
.65,
08,
24,
00,
26,

99,
71,

24.58,

25
25
25
22

0

5.

17

5.

UL O 0 WN N O

7.
42.
51.
53.
38.

0

15,
73,
.60,
90,
32,
59,
93,
93,
.09,
22,
92,
.20,
63,
.00,
.96,
40,
09,
45,
13,
06,
.00,

23.38,

25.
25.
25.
23.
15.

0

18.

21,
80,
80,
53,
63,
.87,
17,

42.
51.
53.
48.

2.

11,
48,
80,
08,
26,

24.60,

25.
.63,
.94,
22.

0.
22,
17.

4.

25
24

1

16,

01,
00,
85,
97,
28,

1.17,
2.21,
0.86,
3.
8
0
6

51,

.46,
.00,
.93,
.59,
42.
51.
53.
39.

0.

44,
89,
59,
36,
00,

24.66,

25.
25.
25.
22.

0.
22.
17.

4

0

23,
81,
31,
47,
00,
95,
66,

.89,
1.16,
2.22,
1.34,
3.
8
0
8

67,

12,
.00,
.98,

0.
42.
51.
53.
33.

00,
35,
69,
37,
09,

.00,

24.64,

25.
25.
25.
23.

2.

21

29,
88,
83,
13,
47,

.06,
17.

46 ,

42.
52.
54.
40.

0.

80,
33,
05,
69,
00,

24.68,

25.
.58,
.86,
22.

0.
22.
15.
.33,
.51,
.21,
.03,
.74,
.48,
.00,
.92,
.00,
.64,
.13,
.83,
.87,
.00,

25
24

24,

04,
00,
87,
66,

24.74,

25.
25.
25.
22.

0.
22.
16.
.87,
97,
.22,
.55,
.75,
.97,
.00,
.29,
.00,
.27,
.93,
.62,
.19,
.00,

31,
81,
12,
16,
00,
97,
55,

24.80,

25.
25.
25.
22.

0.

23

38,
97,
54,
70,
00,

.07,
17.

41,

43.
52.
54.
34.

0.

00,
57,
30,
66,
00,

24.76,

25.

25
24

33,

AT,
.20,
22.

0.
22.
10.

0.
.28,
.25,
.00,
.78,
.37,
.00,
21,
.00,
.48,
.37,
.08,
.06,
.00,

29,
00,
89,
90,
06,

24.82,

25.
25.
25.
22,

0.
22,
12.
.29,
.93,
51,
.00,
91,
.30,
.00,
.27,
81,
45.
52.
53.
23.

0

39,
78,
04,
18,
00,
99,
63,

10,
16,
86,
79,

.00,

24.88,

25.
25.
25.
22.

0.
23.
14.

)

)

)

43.
52.
54.
29.

69,
82,
55,
94,

24.84,

25.
42,
23.
22.

0.
22.
22,
.00,
.20,
.20,
.00,
40,
.37,
.00,
19,
75,
45.
52.
54.
24.

25

— —_
NNO =R ONND O

41,

46,
64,
00,
91,

09,
61,
33,
26,

24.90,

25.
25.
24.
22.

0.
23.

7.
.01,
.21,
.42,
.00,
.09,
.89,
.33,
.24,
.58,
47.
52.
53.
19.

SOOI O

12
41

48,
66,
51,
38,
00,
01,
64,

38,
40,
35,
71,

24.97,

25.
25.
25.
22.

0.

23

54,
96,
23,
33,
00,

12,
8.

45.
53.
54.
24.

07,
06,
81,
74,

24.92,

25.
.49,
23.
11.

0.
22.
.23,
.00,
.21,
.07,
.00,
.49,
.00,

1.
12.
38.
47.
52.
54.
21.

25

QO UTO NN O

49,

07,
15,
00,
94,

51,
17,
82,
33,
85,
05,
14,

24.98,

25.
25.
23.
22.

0.
23.

7.

NO OO NNO

U =
WO~ W

12.

51.
52.
45.

QWO NNOOOO

O ONO

25.13,

25.
25.
24.
22.

21.
6.

28,

41
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O 00 W NN O U

w

.94,
.00,
.23,
46,
.43,
.30,
.00,
21,
.25,
42.
51.
52.
32.

0.

15,
26,
92,
33,
00,

( 21.56,

25.
25.
25.
24.
22.

0.
18.

5.
.00,
.24,
12,
.59,
87,
.00,
07,
.00,
43.
51.
52.
26.

0.

OO JTwWN N O

o

28,
87,
94,
37,
92,
00,
77,
85,

04,
06,
71,
52,
00,

( 18.91,

25

22

.34,
25.
26.
25.

94,
27,
47,

.65,

0.
19.
.30,
.00,
.25,
.81,
75,
.53,
.00,
.18,
.96,
11,
.86,
.50,
44,

00,
75,

28.
45.
51.
52.
22.

0.

O NWkFNDOO

00,

21.08,

25

11

43,
26.
26.
24.
23.

02,
15,
69,
01,

67,
17.
.95,
.00,
.25,
.54,
81,
4,
.00,
46,
.20,
49,
.09,
.34,
61,

39,

.35,
15,
.58,
07,
77,
24,
.00,
.34,
69,
.10,
72,
40,
.33,
.00,

24.45,

25.
26.
26.
23.

4.
23.
12,
97,
.15,
.85,
.00,
.78,
17,
0.

17
2

—= WO =

1

12

44,
04,
03,
36,
66,
17,

00,

.39,
40.
47.
51.
52.
16.

0.

65,
46,
52,
00,
94,
00,

22.97,

25.
26.
26.
24.

20

=W o g+

47

51,
11,
12,
01,

27,
23.
16.

3.
13,
.08,
.00,
.80,
11,
.00,
12.
40.
49.
51.

27,
84,
44,

44,
27,
09,
32,

.83,
5.

21,

0.
0.
11.

11.

40.
49.
51.
48.
5.
0.
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78,
00,

24.25,

25.
26.
26.
23.

6

59,
19,
20,
60,

.88,
23.
15.
.93,
11,
71,
.00,
62,
11,
69,
42,
.88,
.95,
55,
.95,
.00,

30,
94,

=00 WwWoNNO

12

DWONNO©

1
12
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.04,
.22,
.05,
.00,
.76,
.09,
.10,
.30,
40.
49.
52.
49.

6.

73,
50,
20,
99,
36,

25.03,
25.
26.
25.
22.
0.
23.
.81,
.07,
.22,
75,
.00,
43,
.31,
.89,
.35,
41.
50.
51.
43.
0.

61,
16,
49,
49,
00,
22,

15,
37,
99,
25,
14,

25.09,

25.
26.
26.
23.
0.
23.
53,
0.
1.87,
8.45,
0.
3
4

11

2

34

68,
28,
01,
17,
00,
32,

42,

29,

.28,
57,
.80,
12.
41.
50.
51.

40,
07,
18,
79,

79,
0.

00,

12
41

0.00,
2.23,
7.24,
0.
6
0
3

57,

.95,
.00,
.32,
.27,
.39,
50.
52.
44.

0.

79,
44,
59,
65,

25.11,

25.
26.
25.
22.
0.
23.
31,
0.00,
2.24,
7.20,
0.
7
0

7

4
12

70,
14,
41,
48,
00,
24,

89,

.68,
.00,
.40,
.32,
41.
50.
52.
35.

0.

41,
60,
23,
57,
00,

25.18,

25

0
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76,
26.
25.
22.

35,
71,
72,
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.38,
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49,
12.
41.
50.
52.

34,
34,

38,
75,
40,
02,
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0.

00,
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41.
51.
52.
36.

0.

0
2
5.
1
8
0

25.19,

25.
26.
25.
22.

0.
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.24,
.26,
65,
57,
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41.
50.
52.
31.

0.
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83,
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26.
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85,
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00,
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53,
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14,
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00,
74,
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00,
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4

49,
09,
47,
71,
80,
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17.
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63,
96,

0.00,
2.26,
0.
3
9

05,

.82,
.22,

0.
12.
40.
48.
50.
46.

00,
51,
05,
88,
89,
79,

.66,
0.

00,

17.09,

25.
26.
26.
25.
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2

56,
16,
70,
98,

.92,
.03,
18.

5.

23,
79,

0.00,
2.27,
0.
3
9

00,

.84,
.69,

0.
12.
40.
49.
50.
39.

0.

0.

00,
56,
22,
13,
70,
43,
00,
00,

15.90,

25.
26.
.85,
26.
23.

0.
18.

5.

26

0
2
0

63,
23,

43,
44,
00,
83,
26,

.00,
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.00,

0.

00,

20.59,

25.
26.
26.
25.
23.
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16.
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68,
27,
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82,
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0.
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40.
49.
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40.

0.

0.
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58,
18,
35,
01,
11,

67,
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00,
49,
55,
54,
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00,
00,
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25.
26.
26.
25.
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16.
4.
0.
11.
0.
3.
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0.
12.
40.
49.
50.
33.
0.
0.
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64,
25,
67,
91,

74,
27,
24,
43,
00,
57,
98,
26,
54,
50,

00,
00,

16.87,

25.
26.
.88,
26.
23.
18.
16.

4.

0.

26
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71,
32,

18,
07,
02,
82,
99,
00,

.64,
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00,
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22.76,

25.
26.
26.
24.
22.
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66,
26,
29,
25,
65,

40,
16.
41,
13,
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27,
05,
49,
AT,
73,
76,
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03,
.00,
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73,
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25.
26.
26.
25.
23.
23.
16.
.83,
13,
.59,
01,
.96,
.99,
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52,
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57,
15,
29.

0.
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73,
34,
56,
34,
20,
50,
30,

30,
00,
00, )
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25.
26.
26.

)

24.05,

25.
26.
26.
23.

9.
42,
13.
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23

75,
35,
36,
84,
15,

24,
97,

1.89,
9.11,
0.
3
2

61,

.45,
.85,

3.
12.
41.
49.
51.
30.

0.

89,
45,
55,
99,
58,
14,
00,

22.31,

25.
26.
26.
24.
23.
23.
14.

1.
.97,
.36,
.94,
.18,
.16,
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31.
43.
49.
51.
24.
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82,
42,
45,
53,
58,
53,
42,
53,

99,
32,
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25.
26.
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23.
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26.
26.
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25,
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00,
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.26,
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23.
43.
50.
51.
24.
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85,
25,
08,
21,
82,
91,
00,

23.85,
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26.
26.
24.
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90,
51,
52,
08,

.46,
23.
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55,
66,

.07,
.27,

0
2
7.
2
8
0

22,

.78,
.46,
.00,

6.
46.
45.
50.
51.

11,
38,
21,
02,
44,

.58,
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00,

21.82,

25.
26.
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97,
58,
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.86,
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.53,
.37,
.86,
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92,
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94,
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AT,
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08,
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52.
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80,
16,
44,
05,
01,
00,

25.16,

25.
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26.
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0.
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.00,
.27,
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.66,
.63,
.00,
.27,
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47.
50.
.06,
13.
.00,
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©

99,
60,
49,
65,
00,
57,
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31,
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24,

04,
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06,
67,

.69,
.32,
13.
23.
.42
.02,
.28,
.61,
.82,

82,
68,

)

43
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3.86, 3.85, 3.21, 2.82, 5.06, 8.30, 7.19,
7.49, 10.15, 10.92, 10.93, 0.00, 0.00, 0.00,
0.00, 0.00, 1.07, 3.35, 5.79, 6.37, 11.42,
12.64, 12.62, 12.60, 37.77, 51.79, 41.38,  39.60,
39.90, 40.31, 41.15, 43.09, 45.25, 47.24,  48.46,
48.73, 48.95, 49.17, 49.39, 49.61, 49.83, 50.05,
50.27, 50.50, 50.72, 50.95, 50.80, 49.43,  44.77,
38.21, 32.56, 28.48, 23.38, 21.17, 11.81, 3.59,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

osi| (1 13.48,  14.84, 15.73, 16.65, 17.78, 19.06,  21.31,
23.42, 24.75, 25.78, 25.86, 25.95,  26.04, 26.12,
26.21, 26.30, 26.39, 26.48, 26.57, 26.65, 26.74,
26.83, 26.92, 27.02, 27.07, 27.05, 26.98,  26.85,
26.86, 26.93, 26.68, 26.37, 26.30, 26.01, 25.19,
24.57, 24.14, 23.69, 23.23, 23.26, 23.39, 23.77,
16.22, 2.23, 13.17, 23.71, 23.74, 23.76, 23.78,
23.77, 19.64, 17.06, 15.85, 16.06, 12.06, 7.45,

6.66, 4.74, 5.71, 2.33, 2.45, 1.08, 0.05,
0.00, 0.00, 0.00, 0.53, 1.54, 2.81, 2.29,
2.29, 5.05, 10.58, 8.24, 9.30, 6.90, 2.95,
0.02, 0.00, 0.00, 0.66, 2.20, 3.57, 3.88,
3.88, 3.87, 2.84, 2.67, 5.99, 7.85, 7.07,
7.54, 10.61, 10.86, 9.73, 0.00, 0.00, 0.00,
0.00, 0.00, 1.89, 4.47, 6.05, 8.32, 12.71,
12.69, 16.30, 44.08, 51.43, 47.28, 39.38, 39.58,
40.12,  41.17, 43.09, 45.29, 47.04, 48.12,  48.33,
48.55, 48.76, 48.98, 49.20, 49.42, 49.64, 49.86,
50.08, 50.30, 50.53, 50.17, 48.48, 43.78, 37.01,
31.84, 27.68, 22.92, 20.76, 10.60, 3.08, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

235 (- 11.43,  13.14,  14.53, 15.57, 16.47, 17.57, 18.72,
20.80, 23.09, 24.54, 25.90, 26.02, 26.11,  26.19,
26.28,  26.37, 26.46, 26.55, 26.64, 26.73,  26.82,
26.91, 27.00, 27.09, 27.18, 27.27, 27.24, 27.20,
27.07, 27.03, 27.10, 26.93, 26.61, 26.49,  26.35,
25.52,  24.82, 24.39, 23.94, 23.46, 23.41,  23.48,
23.87, 18.66, 12.80, 23.82, 23.84, 23.87, 23.89,
23.91, 20.65, 17.67, 15.94, 15.66, 13.28, 8.22,

7.23, 4.57, 5.75, 2.84, 2.72, 1.60, 0.11,
0.00, 0.00, 0.00, 0.10, 1.15, 3.08, 2.30,
2.30, 7.18, 9.54, 8.60, 9.28, 7.08, 1.67,
0.00, 0.00, 0.04, 0.99, 2.92, 3.74, 3.90,
3.89, 3.48, 2.56, 2.52, 6.90, 7.40, 7.03,
7.58, 10.79, 10.80, 8.03, 0.00, 0.00, 0.00,
0.00, 0.64, 2.81, 5.60, 6.31, 10.51, 12.77,
22.74, 50.23, 51.08, 51.24, 43.24, 39.26,  39.94,
41.18,  43.09, 45.32, 46.85, 47.73, 47.94, 48.15,
48.37, 48.58, 48.79, 49.01, 49.23,  49.45,  49.66,
49.88, 50.11, 49.55, 47.47, 42.82, 35.84, 31.14,
26.89, 22.50, 20.36, 9.42, 2.58, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

36| (- 8.33,  10.75, 12.80, 14.19, 15.40, 16.31, 17.34,
18.51, 20.27, 22.58, 24.32, 25.69, 26.18,  26.26,
26.35, 26.44, 26.53, 26.62, 26.71, 26.80, 26.89,
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26.
23.
24.
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4.62,

17.
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0.00,
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26.60,
27.24,
27.50,
26.21,
24.07,
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4.72,

.00,
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.23,

.68,
5.08,

51.28,

46.97,

48.43,

40.49,

1.62,
0.00,
0.00,

6.70,

18.06,

26.67,

27.31,

27.81,

27.02,

23.92,

19.52,
4.58,

.00,

77,

.05,

12,

.63,

.93,

.88,

oON OO
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41.69,
2.09,
0.00,
0.00,

12.45,

22.06,
26.69,
27.33,
27.37,
25.36,
43.40,
16.41,

4.29,

0.00,

9.21,

2.32,

2.72,

4.71,

6.26,

44.72,

47.17,

48.64,

33.58,

0.00,
0.00,
0.00,

9.34,

19.26,

26.76,

27.40,

27.72,

26.55,

38.90,

17.08,

4.73,

.00,

19,

.06,

64,

.09,

.40,

.86,

O 0 WWwW oo

)

)

27.

24.
23.
15.

38.
47.
49.
34.
0.
0.

~NO W wo

13.86,

24.
26.
27.
27.
24.
33.
14.

2.
.39,
.29,
.65,
.62,
.00,

9.
39.
47.
48.
29.

0.

0.

O N ww©wo

10,
78,
42,
45,
90,
38,
99,
11,

56,
56,
38,
85,
78,
00,
00,

11.81,

21

15
1

4
4

.54,
26.
27.
27.
25.
48.

85,
50,
59,
70,
73,

11,
.96,
0.00,
9.14,
3.82,
7.
0
0
1

16,

.00,
.01,
.21,

27.
26.
23.
23.
14.

12.
39.
47.
49.
30.

0.

0.

W NN

15.23,

25.
26.
27.
27.
24.
24.
15.

2.

26.
27.
27.
25.
35.
14.

WO oW U N

48,
87,
52,
44,
45,
08,
36,
50,

2.49,
6.98,
3.
6.95,
0.
35.
41.
47.
49.
25.
0.
0.

94,

00,
18,
20,
59,
07,

27.
26.
23.
24.

29.

N WwoNnOo

O WwoON

45




239

240

46

46.27,  46.59,
47.82,  48.03,
44.54,  39.32,
6.13, 1.15,
0.00, 0.00,
0.00, 0.00,
0.27, 1.11,
14.60, 15.80,
25.04,  26.46,
27.20,  27.29,
27.86,  27.95,
27.88,  27.63,
24.97,  24.48,
24.35,  24.37,
9.25, 6.88,
0.75, 0.03,
5.63, 10.38,
0.00, 0.41,
2.94, 2.02,
9.40, 10.56,
1.88, 4.54,
50.84, 51.35,
46.22,  46.42,
47.64,  47.85,
38.17,  31.97,
0.70, 0.00,
0.00, 0.00,
0.00, 0.00,
0.00, 0.00,
12.80, 14.25,
22.85,  24.82,
27.27,  27.37,
27.93,  28.03,
27.98,  28.06,
25.68,  25.23,
41.30,  26.43,
10.12, 7.48,
1.26, 0.06,
8.09, 9.38,
0.00, 0.75,
2.44, 1.85,
9.84, 10.51,
2.81, 19.55,
51.25,  52.42,
46.05,  46.25,
47.46,  A7.67,
31.29, 27.85,
0.00, 0.00,
0.00, 0.00,
0.00, 0.00,
0.00, 0.00,
9.65, 12.21,
19.88, 22.31,
27.35,  27.44,
28.01, 28.11,
28.26,  28.16,

26.76, 25

.95,

.00,
0.

00,

0.00,

24
27
28
28
25

13.89,
58,
54,
21,
24,
49,
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47.00,
48.45,
29.12,
0.00,
0.00,

27.48
28.01,
27.22,
33.77,

26.90,
27.55,
28.22,
27.56,
28.82,
18.32,
4.71,
0.00,
9.55,
3.73,
4.70,
0.00,
47.54,
43.29,
46.65,
47.84,
20.49,
0.00,
0.00,
0.00,
0.56,

15.38,

26.02,
27.63,
28.30,
28.16,
25.01,

47.20,
48.66,
24.64,
0.00,
0.00,

8.61,
19.04,
26.92,
27.57,
27.95,
26.91,
48.54,
15.24,

2.08,
.00,
02,
.98,
87,

0.00,
50.11,
43.26,
47.03,
48.43,
20.87,

0.00,

0.00,

D W OO

4.81,
17.60,
27.00,
27.65,
28.21,
27.43,
48.63,
15.60,
2.81,
0.00,
8.47,
4.00,
6.83,
0.00,
50.03,
44.77,
46.85,
46.59,
14.57,
0.00,
0.00,

) 9

1.43,

16.40,
27.07,
27.72,
28.40,
27.82,
46.01,

47.41,
48.88,
21.27,
0.00,
0.00,

11.10,
21.00,
27.02,
27.67,
27.81,
26.05,
48.97,
14.64,

2.32,

1.29,

4.43,

3.98,

6.88,
0.00,

50.15,

44.95,

47.23,

47.17,

15.74,
0.00,
0.00,

7.87,
18.81,
27.09,
27.74,
28.17,
27.27,
48.77,
14.38,
2.03,
0.50,
3.19,
3.99,
6.84,
0.00,
50.48,
45.66
47.05,
42.68,
5.12,
0.00,
0.00,

3.83,

17.37,
27.16,
27.82,
28.42,
27.64,
48.93,

47.62,
47.75,

(=R
oo
o
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.00,

N W oo ooty

43

0

.08,
.31,
.01,
.80,
21,
.34,
9.

58,

.87,
43.
46.
47.
20.

0.

0.

32,
28,
26,
11,
00,
00,

.00,

0.00,
11.48,

21.
27.
28.
28.
26.
45.

5.
.04,
.08,
.63,
02,

7.
46.
44,
46.
45,
12.

0.

0.

0.

N WO o

75,
61,
28,
36,
23,
83,
90,

97,
43,
41,
11,
12,
32,
00,
00,
00,

0.00,
8.14,

19.
27.

28

=W oo

=]

35,
69,

.36,
28.
27.
49.

6.
.07,
.48,
.81,
.69,
.38,
48.
44.
45.
40.
.69,
0.

73,
49,
93,
53,

76,
59,
94,
03,

00,

46.
46.
13.
0.
0.
0.

0.00,
13.53,

24.
27.
28.
28.
25.
26.

50.
44.
46.
40.

4.

0.
0.
0.

22,
71,
38,
42,
76,
53,

.64,
.00,
.34,
.04,
91,
.00,

06,
94,
31,
90,
16,
00,
00,
00,

0.00,
10.74,

21.
27.
28.
28.
26.
45.

4.

0
9
4.
6
0

50.
44.

46.
33.

0
0.

19,
78,
46,
59,
59,
22,
66,

.00,
77,

06,

.72,
.00,

25,
78,
13,
81,

.00,

00,

)

)

OO wWo

.33,
.19,
.00,
.30,
.02,
.80,
.00,
.27,
.30,
.68,
.78,
.63,
.00,
.00,

0.27,
15.02,

25.
27.
28.
28.
.67,
17.

3.
.00,
.07,
.03,
.76,

0.
50.
45.
46.
34.

0.

0.

0.

41

D= OO

79,
80,
48,
43,

07,
45,

00,
34,
13,
50,
86,
00,
00,
00,

0.00,
13.16,

23.
27.

28

DD O

68,
88,

.56,
28.
37.
27.

3.
.00,
.84,
.05,
.72,
.05,
51.
44.
46.
29.
.00,
.00,

60,
23,
22,
73,

00,
97,
33,
35,

50.
45.
46.
35.
0.
0.
0.

SR NO -

00,

1.15,
16.22,

27.
27.
28.
28.
49.
.39,
1.

14

23,
90,
58,
09,
40,

91,

0.00,
2.39,
4.
6.75,
0.
51.
45.
46.
29.
0.
0.
0.

03,

41,
06,
33,
70,
99,
00,
00,
00,

0.00,
14.66,

25.
27.
28.
28.
29,
74,
90,
.00,
40,
81,
79,
75,
67,
16,
53,
66,
.00,
.00,

56,
97,
66,
69,

=W NN

2.84,
17.19,

.33,
.99,
.62,

.23,
98,
23,
16,
98,
87,
.40,
.56,
.59,
52,
.90,
.37,
.00,

.00,

0.86,
16.04,

0

.03,
.07,

.36,
81,
74,
.95,
.39,
.35,

.85,
.26,
.54,
45.
46.
21.

35,
73,
29,

.00,
0.

00,

47




48 APPENDIX B. PLOTTING CODE

0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
sl (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.58, 1.47, 3.99, 7.22, 9.98, 12.62, 14.30,
15.83, 16.84, 17.85, 19.12, 20.61, 23.12, 25.32,
26.80, 27.66, 27.76, 27.86, 27.95, 28.05, 28.15,
28.25,  28.34, 28.44, 28.54, 28.64, 28.74,  28.84,
28.94, 29.04, 29.02, 28.96, 28.82, 28.79, 28.87,
28.63,  28.29, 28.20, 27.86, 32.90, 51.15, 50.71,
50.22, 49.85, 49.90, 46.71, 43.99, 27.60, 13.73,
12.92, 10.57, 7.98, 4.67, 4.48, 1.60, 1.89,
2.44, 1.79, 0.45, 0.02, 0.00, 0.00, 3.87,
10.96, 9.06, 10.29, 8.60, 4.12, 2.41, 2.55,
1.67, 3.36, 3.98, 4.08, 4.07, 3.30, 2.10,
1.48, 1.85, 1.93, 6.69, 6.68, 6.83, 8.28,
10.28,  10.28, 4.83, 11.68, 35.77, 37.33,  40.24,
42.48, 45.14, 50.17, 51.09, 52.75, 54.65, 56.25,
51.10,  44.24, 44.43, 44.62, 44.81, 45.00, 45.19,
45.38,  45.57, 45.77, 45.96, 46.16, 46.35,  45.59,
43.31, 39.06, 32.77, 28.73, 24.96, 20.92, 19.02,
10.16, 3.24, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
25| (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.28, 1.18, 2.97, 6.22, 9.21, 11.87,
13.92, 15.46, 16.66, 17.66, 18.87, 20.16, 22.55,
25.07, 26.57, 27.84, 27.93,  28.03, 28.13,  28.22,
28.32,  28.42, 28.52, 28.62, 28.72, 28.82, 28.92,
29.02, 29.12, 29.23, 29.23,  29.20, 29.06, 28.98,
29.06, 28.91, 28.56, 28.42, 28.86, 50.71, 51.57,
51.12, 50.64, 50.16, 47.72, 44.31, 41.97, 28.51,
12.97, 10.95, 9.42, 4.88, 4.69, 1.88, 1.88,
2.15, 2.21, 0.94, 0.05, 0.00, 0.00, 5.43,
9.61, 9.38, 11.21, 7.44, 3.41, 2.42, 2.92,
2.80, 3.71, 4.10, 4.09, 4.09, 2.79, 1.81,
1.55, 1.52, 2.81, 6.65, 6.64, 6.88, 8.71,
10.22, 10.23, 20.47, 35.40, 35.62, 38.26, 41.68,
42.64, 47.86, 51.19, 52.83, 54.76, 56.16, 57.03,
46.23,  44.08,  44.27, 44.46, 44.64, 44.83,  45.02,
45.21, 45.41, 45.60, 45.79,  45.99,  45.05, 42.43,
37.98, 31.76, 28.12, 24.28, 20.54, 18.66, 9.13,
2.79, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
26| (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.89, 1.93, 5.20, 8.42,
11.10, 13.54, 15.09, 16.47, 17.48, 18.63, 19.92,
21.97, 24.54, 26.33, 27.85, 28.11, 28.20, 28.30,
28.40, 28.50, 28.60, 28.70, 28.80, 28.90,  29.00,
29.10, 29.21, 29.31, 29.41, 29.45, 29.42,  29.30,
29.17, 29.25, 29.19, 28.84, 28.64, 46.68, 52.80,
52.00, 51.54, 51.06, 49.05, 44.97, 42.40, 39.75,
30.57, 13.13, 10.26, 5.57, 4.71, 2.19, 1.86,
1.87, 2.62, 1.43, 0.07, 0.00, 0.00, 6.95,
8.17, 10.12, 11.60, 6.39, 2.71, 2.43, 3.29,




N

=
N

N}

3.96,
1.62,

0.00,
0.00,

3.89,

32.73,
51.28,
43.92,
45.24,

0.00,
0.00,
6.47,
19.43,
28.66 ,
29.37,
29.79,
53.86,
37.70,

10.75,

43.79,
54.92,
43.61,
44.60,
19.47,
0.00,
.00,
.00,
.00,
0.00,
0.00,

o oo

4.12,
3.68,
36.81,
52.96,
44.11,
45.43,
23.61,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
13.05,
23.96,
28.68,
29.39,
29.45,
51.96,
14.89,
1.84,
10.87,

4.53,
34.85,
54.97,
43.95,
45.13,
19.82,

0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
9.53,
20.76,
28.76,
29.48,
29.64,
52.93,

2.25,
9.69,
4.16,
5.37,
34.89,
55.90,

43.48
15.71,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

4
6.
34.
54.
44.
45.
20.
0

.11,

61,
73,
87,
30,
62,
18,

.00,
.00,
.00,
.00,

0.00,
0.00,
14.71,

.09,
.78,
.50,
.48,
.99,
.00,

13,
13,
57,
11,
99,
14,

.78,
.00,
.00,
.00,
.00,

0.00,
0.00,
12.28,

23.
28.
29.

29.6

52.

3.

36.

0.00,

0.00,
14.33,

1.94,
0.00,
0.00,
0.00,
0.00,

0.29,
15.92,

1.52,
9.13,
42.06,

17.11,

49




50

28.
29.
30.
54.
37.

10.

42.
55.

55.

28.84,
29.56,
30.04,
54.40,

.00,
0.00,

0.00,

0.29,

16.40,
28.23,
29.73,
30.48,
55.68,
36.46,

31.52,
37.61,
55.86,

28.
29.
29.
53.

37.

39.
41.
56.
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11.49,

22

2

32.

40.
43.
55.
43.
25.

0.

33.

39.
46.
50.

o oo

.78,
29.
29.
29.
49.
14.

0.

04,
77,
84,
76,
57,
17,

.64,

2.
21.
40.
56.
44.
28.

0.

31,
47,
90,

13.93,

25.
29.
29.
31.
45.
.60,
12,
.37,
.53,
49,
.31,
.14,
.18,
.80,
.00,
.00,
.00,
.00,

44,
14,
87,
85,
79,

0.00,
0.00,
10.68,

22.
29.
29.
30.
47.
17.

5.

3.

1.
41.
46.
44.

44
21

31.

41.
48.
42.

17,
23,
96,
03,
27,
24,
02,
89,
50,
27,
43,
08,

.02,
07,
0.
.00,
.00,
.00,

00,

15.54,

27.
29.
29.
55.
42.

0.

7

21

14,
25,
98,
06,
32,
63,

.55,
5.
1.

43.

48.

43.

44.

34,
43,
96,
75,
09,
37,

.68,
0.

00,

0.00,
0.
0.00,

00,

0.00,

44.
55.
42.




N
IS

43.14,
31.93,

33.24,
39.71,
55.62,
42.99,
27.14,

55.54,
42.83,
23.23,

43.32,
27.71,
0.00,
.00,
.00,
.00,
.00,
0.00,
0.00,
0.00,
14.34,
26.37,
29.81,
30.57,
56.48,
37.51,
1.81,
5.82,
3.63,
39.60,
40.18,
55.77,
43.16,
23.86,
0.00,
.00,

(el en el en]

11.06,
23.00,
29.90,
30.66,
56.74,
38.75,

5.85,
5.14,
3.09,
39.38,
43.04,
55.68,
43.01,
19.49,
0.00,

.00,

.00,

.00,

.00,

0.00,

0.00,

0.00,

7.00,

20.61,

29.98,

oo oo

43.50,
24.49,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
16.00,
27.98,
29.92,
30.68,
56.12,
37.68,
2.45,
3.24,
2.27,
39.58,
45.03,
55.92,
43.34,
19.87,
0.00,
.00,

46.90,
52.32,
42.08,
17.80,

0.00,

0
0.
0.
0.00,
0.00,
0.00,
0.00,
10.21,

22.36,
30.09,

43.68,
20.46,
0.00,
0.00,
0.00,
0.00,
)
0.00,
0.00,
0.94,
17.38,
29.29,
30.02,
30.76,
55.88,
35.12,
1.55,
4.47,
1.54,
40.33,
47.42,
45.58,
42.57,
18.12,
0.00,
0.
0.00,
0.
)7
0.00,
0.00,
0.00,
15.60,
27.72,
30.11,
30.88,
56.57,
36.49
3.32,
5.04,
1.51,
40.31,
48.00,
42.14,
39.67,
10.67,
0.00,
0.00,
0.00,
0.00,
)7
0.00,
0.00,
0.00,
13.15,
25.16,
30.20,

43.
18.
0.

07,
45,
00,

0.00,
0.
0.00,

00,

0.00,
0.00,
2.14,

18.46,

29.
30.
30.
11,
53,
94,
.85,
.36,
.34,
81,
.46,
.46,
63,
.00,
.00,
.00,
.00,

51

39,
13,
74,

0.00,
0.00,
0.63,
17.17,

29.
30.
30.
52.
32.
8.
6.
0.
42.
54.
.31,
35.
3.

42

0
0
0
0

36,
22,
99,
60,
41,
97,
96 ,
89,
91,
17,

70,
73,

.00,
.00,
.00,
.00,

0.00,
0.00,
0.00,

15.19,
27.46 ,

30

.30,

51




52 APPENDIX B. PLOTTING CODE

30.52, 30.63, 30.74, 30.85, 30.97, 31.08, 31.19,
53.11, 57.28, 57.15, 57.10, 57.22, 54.40,  50.21,
47.12,  43.70, 40.16, 37.92, 38.36, 33.70, 31.53,
27.44, 27.98,  25.96, 8.82, 5.54, 8.52, 6.98,
6.71, 6.48, 4.47, 3.17, 5.85, 7.47, 6.90,
6.81, 6.10, 2.54, 1.66, 1.48, 18.23,  33.19,
33.54, 37.72, 39.56, 39.70, 40.63, 44.03,  45.99,
47.69, 41.89, 45.12, 47.33,  50.27, 55.02, 55.17,
55.31, 55.45,  55.60, 47.14, 41.99, 42.16,  42.33,
42.51, 42.64, 41.60, 38.89, 34.73, 29.18,  26.05,
22.62, 19.16, 17.48, 9.73, 3.32, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00), 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
25| (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.97, 2.26, 5.88, 9.35, 12.31,  14.77,
16.49, 17.86, 18.98, 20.33, 21.77, 24.52, 27.19,
28.86, 29.96, 30.06, 30.17, 30.28, 30.39,  30.50,
30.61, 30.72, 30.83, 30.94, 31.06, 31.17, 31.28,
47.67, 57.67, 57.67, 57.56, 57.46, 56.01, 51.62,
48.34, 44.93, 42.15, 38.35, 39.74, 35.58,  32.54,
28.43, 27.51, 28.93, 29.03, 17.20, 8.50, 7.56,
6.27, 5.47, 3.82, 3.56, 6.34, 7.67, 7.29,
6.84, 5.96, 2.23, 2.97, 23.85, 32.50, 32.69,
33.78, 38.65, 39.42, 40.04, 41.56, 45.89,  47.66,
48.91,  43.00, 46.42, 47.49, 52.67, 54.95, 55.09,
55.23,  55.37, 54.02, 41.90, 41.84, 42.01, 42.18,
42.16, 41.13, 38.12, 33.79, 28.35, 25.51, 22.02,
18.83, 17.17, 8.81, 2.93, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
56| (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.65, 1.67, 4.73, 8.42,  11.45,
14.34, 16.07, 17.65, 18.78, 20.06, 21.50, 23.88,
26.75, 28.59, 30.15, 30.26, 30.37, 30.48,  30.59,
30.70, 30.81, 30.92, 31.03, 31.15, 31.26, 31.37,
42.06, 57.95, 58.06, 58.06, 57.98, 57.36, 52.66,
49.86,  46.09, 43.32,  40.13,  40.22, 37.41, 34.20,
30.01, 27.66, 28.35, 29.23, 36.84, 21.40, 7.71,
6.27, 4.46, 3.47, 4.20, 6.65, 7.87, 7.68,
6.88, 5.56, 8.57, 28.81, 32.93, 32.08, 33.07,
34.00, 39.23, 39.86, 41.09, 43.36, 47.62,  48.78,
49.03, 44.18, 46.82, 48.70, 54.73, 54.87, 55.01,
55.15, 55.29,  48.78, 41.52, 41.69, 41.86, 41.68,
40.66, 37.37, 32.87, 27.80, 24.99, 21.43, 18.51,
16.53, 7.91, 2.54, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,




0.00,

0.00,

1.72,

19.32,
30.96,
31.77,
52.92,
36.94,

45.37,
55.20,
31.96,

[l e RN
[e=]
[e=]

0.00,
0.00,
0.00,
0.00,
9.69,
22.54,
30.99,
55.73,
48.57,
29.42,

36.55,
40.99,
46.31,
50.49,
26.72,
0.00,
.00,
.00,
.00,
.00,
.00,
0.00,
0.00,
0.00,
0.00,
4.94,
20.67,
31.08,
50.04,
49.72,
30.56,

oo oo o

[l e ien e R en)
o
[e=]

.00,
0.00,
0.00,
0.00,
0.00,

12.75,
25.46,
31.10,
58.53,
45.68,
28.85,

3.17,
34.26,
42.55,
47.17,
41.07,
23.97,

0.00,

.00,

.00,

.00,

.00,

.00,

0.00,

0.00,

0.00,

0.00,

8.76,

22.17,

31.19,

58.75,

46.41,

29.74,

(=l

0.00,
15.22,
28.04,
31.21,
58.68,
42.10,
30.80,
5.92,
32.87,
44.35,
53.60,
41.23,
20.29,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
11.86,
24.79,
31.31,
58.90,
43.60,
33.05,

oo oo
o
=]

0.00,
0.00,
0.00,
0.00,

16.99,
29.77,
31.33,
58.82,
40.44,
37.82,

6.81,
32.17,
46.70,
54.58,
40.75,
17.88,

0.00,

.00,

.00,

.00,

.00,

(oo e ilen]

)7

0.00,
0.00,
0.00,
0.00,

14.78,
27.76,
31.42,
59.05,
40.67,
38.02,

31.35,
58.41,
39.71,
36.79,

32.45,
48.58,
54.79,
41.21,
18.19,

0.00,

oo oo
(=]
=]

0.00,
0.00,
0.00,
1.00,

18.36,
30.65,
31.44,
58.85,
41.44,
36.44,

7.44,
32.46,
48.84,
54.71,
39.37,
14.61,

0.00,

0.00,

0.00,

0.00,

0.00,

0.00,
0.00,
0.00,
0.00,

16.57,
29.50,
31.54,
59.19,
41.76,
35.98,

oo oo
o
=]

0.00,

[ e le e Re)
o
[e=]

0.00,
0.00,
0.00,
0.66,

18.15,
30.85,
31.65,
57.11,
39.07,
36.01,

53




54 APPENDIX B. PLOTTING CODE

34.31, 24.56, 7.25, 6.52, 6.99, 7.26,  28.25,
37.89, 35.68, 34.70, 32.56, 32.06, 32.82,  34.23,
38.43, 42.54, 43.98, 45.13, 47.26, 48.66, 50.63,

47.93,  46.49, 49.57, 54.37, 54.50, 54.64, 54.77,
54.91, 45.11, 40.92, 40.29, 38.62, 35.20, 30.21,
26.19, 23.39, 19.74, 17.58, 13.67, 5.33, 1.44,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

20| (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.32, 1.38, 3.74, 7.58, 10.96, 14.11, 16.13,
17.92, 19.11, 20.38, 21.89, 24.11, 27.11, 29.22,
31.00, 31.17, 31.28, 31.40, 31.51, 31.63, 31.74,
31.86, 44.26, 58.97, 59.12,  59.27, 59.42,  58.52,
53.93,  50.97, 47.41, 44.70, 40.84, 42.18,  40.27,
38.45, 32.94, 30.87, 35.25, 38.72, 36.00, 36.51,
33.91, 30.75, 29.19, 13.59, 11.82, 31.79,  38.46,
37.02, 35.99, 35.19, 31.97, 32.44, 33.75, 35.72,
40.81, 43.81, 44.68, 45.20, 47.50, 48.78, 51.46,
47.81, 46.67, 52.07, 54.29, 54.43, 54.56, 54.69,
52.27, 40.62, 39.84, 37.89, 34.50, 29.35, 25.68,
22.81, 19.20, 17.28, 12.76, 4.86, 1.08, 0.00,

0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00), 0.00,
0.00, 0.00, 0.00, 0.00, ),

2ol (0 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 1.04, 2.51, 6.38, 10.04, 13.21,
15.68, 17.52, 18.89, 20.09, 21.60, 23.42,  26.44,
28.94, 30.73, 31.37, 31.49, 31.60, 31.72, 31.84,
31.95, 38.40, 59.19, 59.34, 59.49, 59.64, 59.79,
54.96, 52.04, 48.57, 45.76, 41.58, 41.88,  41.70,
39.54, 34.65, 32.35, 38.53, 38.36, 36.78, 37.00,
33.89, 30.76, 32.90, 44.92, 46.19, 37.91, 37.23,
36.99, 36.35, 35.12, 32.30, 33.43, 35.24,  37.45,
42.71,  44.39, 44.55, 45.11, 47.74, 49.60, 52.64,
46.92, 47.97, 54.09, 54.22, 54.35, 54.49, 54.62,
46.82, 39.40, 37.17, 33.61, 28.52, 25.17, 22.24,
18.66, 16.98, 11.87, 4.47, 0.74, 0.00, 0.00,

0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),




0.00,
0.00,
0.00,
0.00,
0.00,

36.
31.
36.
44.
50.

0.00,
0.00,
0.00,
0.00,
0.00,

17.
30.
58.

32.
46.
35.
44.
54.
32.

[N el NN

[ e R e N o)
[en]
[e=]

14.62,

42.
66.
33.
45.

0.00,
0.00,
0.00,

16.17,

29.
A7,
45.
38.
66.

60

37

87,

54,
28,
73,

.27,
49.

40,

0.00,
0.00,
0.00,
0.00,
5.16,

21.
31.
59.
41.
37.
50.
36.
50.
54.
21.

0.

60.
41.
39.
66.
37.
51.
54.
17.

0.

[Nl o)

[= el o)

18.07,

19.43,

32.
60.
42.
42.
65.
40.
52.




56 APPENDIX B. PLOTTING CODE

48.92, 53.76, 53.89, 54.01, 53.75, 52.80, 38.37,
31.04, 26.26, 23.71, 20.59, 17.61, 16.13, 9.30,
3.36, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

s (0 9.41, 9.34, 9.28, 9.21, 9.14, 9.07, .99,
8.92, 8.85, 8.77, 8.69, 8.61, 8.53, 8.45,
8.37, 8.29, 8.20, 8.12, 8.03, 7.94, 7.85,
7.76, 7.67, 7.57, 7.48, 7.38, 7.28, 7.18,
7.08, 6.97, 6.87, 6.76, 6.65, 6.54, 6.43,
7.02, 8.03, 11.47, 15.40, 18.59, 21.41, 23.21,
24.67, 25.80, 27.18, 28.68, 31.71, 34.38, 36.11,
36.85, 36.83, 44.79, 64.33, 64.34, 64.34, 64.34,
63.85, 58.76, 55.73, 52.07, 49.37, 44.92, 45.29,
43.98,  43.56, 44.26, 42.97,  40.92, 49.21, 67.43,
69.09, 68.41, 67.18, 67.08, 67.39, 65.68, 65.69,
67.29, 61.89, 43.31, 38.79, 37.43, 38.13, 40.74,
43.61, 43.76, 44.12, 45.96, 50.26, 53.92, 50.94,
51.54, 53.69, 53.82, 53.42, 52.37, 45.46,  30.21,
25.76,  23.24, 20.06, 17.32, 15.86, 8.48, 3.01,

0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

o6 (1 19.41,  19.50,  19.58, 19.67, 19.76, 19.85,  19.94,
20.03, 20.12, 20.22, 20.31, 20.40, 20.50, 20.59,
20.68, 20.78, 20.88, 20.97, 21.07, 21.17, 21.27,
21.37, 21.47, 21.57, 21.67, 21.78, 21.88, 21.98,
22.09, 22.20, 22.30, 22.41, 22.52, 22.63, 22.74,
22.85,  23.29, 24.54, 27.29, 31.52, 35.19,  38.68,
40.79,  42.72, 44.11, 45.66, 47.40, 50.28, 53.62,
55.63, 57.15, 59.16, 85.33, 85.61, 85.89, 86.17,
86.46, 82.18, 79.06, 75.80, 73.17, 69.39, 68.68,
68.28, 68.56, 73.25, 66.66, 78.83, 97.22,  96.75,
95.76, 97.25, 95.85, 95.18, 95.90, 95.00, 95.12,
96.29, 97.00, 95.00, 74.29, 65.39, 66.09, 69.33,
71.43, 71.57, 71.98, 75.17, 79.41,  82.27,  78.92,
81.37, 81.47, 80.91, 79.57, 76.37, 62.67, 52.99,
50.47, 47.20, 44.66, 42.91, 35.23,  30.18,  27.47,
27.43, 27.39, 27.34, 27.29, 27.24, 27.19, 27.14,
27.08, 27.02, 26.96, 26.90, 26.83, 26.77,  26.70,
26.62, 26.55, 26.47, 26.39, 26.31,  26.22, 26.13,
26.04, 25.95, 25.85, 25.75, 25.65, 25.54,  25.43,
25.32, 25.21, 25.09, 24.97, 24.84, 24.71, 24.58,
24.44, 24.30, 24.15, 24.01, 23.85, 23.70, 23.54,
23.37, 23.20, 23.03, 22.85, ),

sor| (1 18.42, 18.50, 18.58, 18.66, 18.74, 18.82,  18.90,
18.98, 19.06, 19.14, 19.22, 19.31, 19.39,  19.47,
19.56, 19.64, 19.73, 19.82, 19.90, 19.99,  20.08,
20.17, 20.26, 20.35, 20.44, 20.53, 20.62, 20.71,




268

269

.80,
.47,
.37,
.46,
.01,
.66,
.00,
.14,
.54,
.72,
.42,
.56,
.80,
12,
.52,
.01,
.60,
39.

30,

( 18.42,

18.
19.
20.
20.
21.
31.
47.
85.
67.
95.
95.
70.
80.
45.
30.
31.
32.
34.
.54,
37.
38.

35

98,
56,
17,
80,
47,
97,
46,
24,
04,
55,
95,
34,
65,
73,
36,
55,
80,
13,

04,
64,

( 18.12,

18

85

29

.66,
19.
19.
20.
21.
26.
44.

23,
82,
44,
09,
08,
84,

.04,
73.
95.
96.
69.
7.
41.

35,
64,
15,
64,
67,
42,

.71,
30.

85,

20.
21.
38.
53.
81.
67.
95.
95.
70.
81.
46.
30.
31.
33.
34.
36.
37.
39.

18.50,

19.
19.
20.
20.
21.
35.
50.
83.
71.
96.
95.
70.
78.
43.
30.
31.
32.
34.
.75,
37.
38.

35

06,
64,
26,
90,
57,
50,
84,
26,
57,
36,
36,
63,
96,
02,
53,
72,
98,
32,

26,
87,

18.20,

18

84

29

.74,
19.
19.
20.
21.
30.
46.
.23,
95.
96.
95.
69.
74.
34.

31,
91,
53,
19,
44,
62,

00,
91,
78,
94,
59,
16,

.87,
31.

01,

.99,
67,
.03,
.89,
21,
.64,
75,
75,
.48,
.78,
18,
.90,
17,
51,
.93,
.45,
.08,
39.

81,

18.58,

19.
19.
20.
20.
21.
38.
53.
79.
95.
97.
96.
72.
76.
35.
30.
31.
33.
34.
35.
37.
39.

14,
73,
35,
99,
67,
57,
67,
08,
00,
03,
28,
03,
00,
69,
69,
90,
17,
52,
96,
49,
11,

18.27,

18

79

30

.82,
19.
20.
20.
21.
34.
49.

40,
00,
63,
28,
20,
78,

.52,
103.
98.
95.
72.
70.
30.

07,
65,
71,
52,
07,
60,

.03,
31.

18,

21.
22.
42.
78.
75.
80.
95.
96.
76.
76.
36.
31.
32.
33.
35.
36.
38.¢
40.

06, )

18.66,

19.
19.
20.
.09,
21.
40.
71.
76.
95.
97.
97.
7.
71.
31.
30.
32.
33.
34.
17,
37.
39.

21

36

22,
82,
44,

77,
66,
75,
04,
00,
15,
02,
58,
48,
71,
86,
07,
36,
72,

71,
357)

18.35,

18.
19.
20.
20.
21.
37.
62.

76

30

90,
48,
08,
72,
38,
7T,
76,

.60,
95.
98.
96.
78.
66.
29.

34,
15,
43,
63,
99,
08,

.19,
31.

35,

21

36

18,
.66,
93,
.20,
16,
.00,
.37,
.32,
.58,
94,
.37,
.26,
54,
91,
.36,
91,
.56,

18.74,
19.
19.
20.

18,

22.

42.

84.

72.

95.

97.

95.

81.

60.

29.

31.

32.

33.

34.

.39,

37.

31,
90,
53,

59,
35,
44,
91,
00,
77,
26,
54,
94,
88,
03,
25,
55,
92,

94,

18.43,
18.
19.
20.
20.
21.
39.
83.
73.
95.
99.
95.
81.
51.
29.
30.
31.

98,
57,
17,
81,
48,
88,
22,
22,
00,
21,
03,
15,
62,
24,
35,
53,

21.
28.
45.
84.
68.
95.
95.
65.
82.
53.
30.
31.
32.
34.
35.
37.
38.

18.82,

19.
19.
20.
28,
23.
43.
84.
69.
95.
97.
78.
82.
50.
30.
31.
32.
33.
35.
36.
38.

21

39,
99,
62,

87,
76,
70,
88,
45,
15,
48,
60,
75,
04,
20,
43,
74,
13,
60,
17,

18.51,

19.
19.
20.
20.
21.
41.
84.
70.
95.
98.
95.
84.
46.
29.
30.
31.

18.59,

o7




N

58

32.
33.
34.
36.
37.

05,
33,
68,
12,
65,

( 17.72,

18.
18.
19.
19.
20.
22.
42.
84.
95.
96.
96.
89.
72.
32.
28.
29.
30.
32.
33.
34.
36.

24,
78,
35,
95,
57,
36,
50,
66,
00,
02,
54,
27,
91,
44,
75,
81,
94,
14,
40,
74,
16,

( 17.18,

17.
18.
18.
19.
19.
20.
39.
83.
95.
96.
97.
98.
66.
27.
27.
28.
29.
30.
31.
32.
33.

67,
18,
72,
27,
86,
47,
87,
83,
12,
35,
10,
49,
46,
49,
35,
31,
32,
38,
50,
68,
92,

( 16.47,

16.
17.
17.
18.
18.
19.
36.

91,
38,
86,
36,
38,
42,
18,

32.
33.
34.
36.
37.

23,
52,
88,
34,
88,

17.79,

18.
.86,
19.
20.
20.
24.
44.
84.

18

100

36

32,

44,
03,
66,
26,
03,
93,

.31,
97.
95.
69.
68.
29.
28.
29.
31.
32.
33.
34.
.37,

65,
94,
20,
43,
23,
90,
97,
11,
31,
59,
94,

17.25,

17.
18.
18.
19.
19.
21.
41.
84.
100.
98.
96.
93.
63.
26.
27.
28.
29.
30.
31.
32.

34

74,
26,
79,
36,
94,
30,
54,
31,
55,
65,
14,
26,
94,
57,
49,
45,
46,
53,
66,
85,

11,

16.53,

16.
17.
17.
18.
18.

19

98,
44,
93,
43,
95,

.50,
38.

34,

32.
33.
35.
36.
38.

41,
71,
09,
55,
11,

17.87,

18.

18

101

39,

.94,
19.
20.
20.
28.
45.
79.

52,
12,
75,
66,
82,
90,

.05,
99.
95.
73.
65.
28.
29.
30.
31.
32.
33.
35.
36.

59,
60,
04,
63,
02,
05,
13,
28,
49,
78,
14,
59,

17.32,

17.
18.
18.
19.
20.
22.
42.
80.
99.
99.
95.
76.
61.

26

34

82,
33,
87,
44,
03,
61,
99,
45,
06,
36,
41,
75,
34,

70,
27.
28.
29.
30.
31.
33.

62,
59,
61,
69,
83,
03,

.29,

16.59,

17.
17.
18.
18.
19.

19

04,
51,
00,
50,
03,

93,
40.

25,

32.
33.
35.
36.
38.
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59,
90,
29,
77,
34,

17.94,

18.
02,
19.
20.
20.
32.
51.
76.
96.
99.
96.
79.
58.
28.
29.
30.
31.
32.
33.
35.
36.

19

47,

60,
21,
85,
72,

17.39,

17.
18.
18.
19.
20.
26.
44.
76.
97.
98.
95.
78.
47.
26.
27.
28.
29.
30.
31.
33.
.48,

34

89,
41,
95,
52,
11,
63,
78,
94,
34,
98,
80,
20,
48,
83,
76,
73,
76,
85,
99,
20,

16.66,

17.
17.
18.
18.
19.

21
41

11,
58,
07,
58,
11,

.24,
.70,

)

)

)

32.
34.
35.
36.

77,
09,
50,
99 ,

18.01,

18.

19

95

55,

11,
19.
20.
20.
36.
80.
73.
.07,
99.
95.
80.
44.
28.
29.
30.
31.
32.
34.
35.

69,
30,
94,
34,
26,
46,

24,
00,
35,
88,
31,
35,
45,
62,
85,
16,
54,

17.46,

17.
18.
19.
19.
20.
30.
T1.
73.
95.
98.
95.
79.
41.

26

96 ,
48,
03,
60,
20,
99,
48,
58,
36,
73,
00,
53,
75,

.96,
27.
28.
29.
31.
32.
33.

89,
88,
92,
01,
16,
38,

16.72,

17.
17.
18.
18.
19.

24

18,
65,
14,
65,
19,

.26,
61.

45,

32.
34.
35.
37.

96 ,
29,
70,
21,

18.09,

18.

19

95

63,

19,
19.
20.
21.
38.
82.
70.

77,
39,
03,
91,
58,
86,

.00,
99.
95.
84.
43.
28.
29.
30.
31.
33.
34.
35.

20,
00,
02,
40,
45,
50,
61,
79,
03,
35,
75,

17.53,

18.
18.
19.
19.
20.
34.
78.
85.
95.
98.
95.
80.
37.

27

03,
56,
11,
69,
29,
64,
94,
19,
00,
63,
00,
67,
37,

.09,
28.
29.
30.
31.
32.
33.

03,
02,
07,
17,
33,
56,

16.78,

17.
17.
18.
18.
19.

28

24,
72,
21,
73,
26,

76,
73.

78,

33.
34.
35.
37.

14,
48,
91,
43,

18.16,

18.

19

95

70,

27,
19.
20.
21.
41.
84.
77.
45,
98.
99.
76.
39.
28.
29.
30.
31.
33.
34.
35.

86,
48,
13,
06,
40,
10,

08,
34,
16,
57,
60,
66,
78,
96,
22,
55,
96,

17.60,

18.
18.
19.
19.
20.
37.
81.
95.
95.
97.
97.
70.
30.

27

11,
64,
19,
77,
38,
71,
69,
58,
32,
01,
73,
91,
68,

22,
28.
29.
30.
31.
32.
33.

17,
17,
22,
33,
50,
74,

16.85,

17.
17.
18.
18.
19.

32

31,
79,
28,
80,
34,

.60,
77.

27,




N}

N

80.
95.
96.
95.
96.
61.
24.
25.
26.
27.
28.
29.
30.
31.

( 15.63,

16.
16.
16.
17.
17.
18.
30.
75.
95.
95.
95.
.88,
38,
44,
27,
15,
07,
05,
08,
7,
41,

04,
47,
91,
37,
85,
34,
50,
56,
42,
99,
27,

( 14.86,

15.
15.
16.
16.

17

24

96

27

28,
72,
17,
65,

.14,
17.

66,

.36,
71.
95.
95.
95.
.78,
53.
23.
23.
24.
25.
26.

83,
76,
83,
17,

95,
02,
90,
83,
81,
86,

.99,
29.

34,

27.
28.
29.
30.

16.
16.
17.
17.
18.
34.
79.
98.
97.
95.
98.
54.
23.
24.
25.
26.
27.

28.
83.
98.
95.
95.
98.
52.
23.
24.
24.
25.
27.
28.
29.

91

26

30

95, ),
15.86,

80.68, 77.69,
96.38,  97.76,
98.25,  97.39,
95.32,  95.00,

101.24,  82.40,
53.64, 39.74,
24.99, 25.11,
25.83,  25.95,
26.70,  26.83,
27.62, 27.75,
28.58,  28.72,
29.59,  29.74,
30.66,  30.82,
31.78,  31.

15.75, 15.80,
16.16, 16.22,
16.59, 16.65,
17.04, 17.10,
17.50, 17.57,
17.99,  18.06,
18.49,  18.56,
36.78,  38.93,
84.70, 98.54,
95.00,  98.20,
96.51, 95.86,
95.16,  95.00),

103.60, 103.02,
44.87, 32.62,
23.67,  23.79,
24.52,  24.64,
25.41,  25.54,
26.35,  26.49,
27.34,  27.49,
28.39,  28.54,
29.50, 29.68,
30.78,  30.97,
14.98, 15.04,
15.40,  15.47,
15.84, 15.91,
16.30,  16.37,
16.79,  16.86,
17.29, 17.36,
17.81, 17.89,
32.60, 35.68,

103.52, 102.65,
95.00, 99.58,
95.56,  95.11,
95.00, 95.53,

100.23, 100.70,
32.20,  25.90,
23.26,  23.39,
24.16,  24.29,
25.10, 25.24,
26.10,  26.25,
27.17,  27.33,
28.36,  28.55,
29.74,  29.95,

16.
16.
17.
17.
18.
19.
51.
101.
96.
95.
95.
85.
26.
23.
7T,
25.
26.
27.
28.
29.

24

.74,
95.
97.
95.
7.
34.
25.
.07,
26.
27.
28.
29.
.97,

62,
21,
00,
64,
82,
23,

96 ,
89,
86,
89,

28,
72,
17,
64,
13,
82,
95,
34,
35,
96,
00,
05,
79,
91,

67,
63,
63,
70,
86,

15.10,

15.
15.
16.
.93,
.44,
97,
.89,
.43,
.03,
51,
24,
.28,
81,
51,
42,
.38,
.40,
.48,
75,
15,

53,
97,
44,

98.
95.
97.
95.
73.
28.
25.
26.
27.
28.
29.
30.
31.

15.92,

16.
16.
17.
17.
18.
21.
70.
97.
96.
96.
95.
66.
23.

24
24

34,
78,
24,
71,
20,
82,
68,
77,
22,
28,
63,
18,
65,

.03,
.89,
25.
26.
27.
28.
30.

80,
77,
78,
86,
04,

15.16,

15.
16.
16.
17.
17.
18.
68.
98.
97.
95.
96.
.74,
.78,
23.
24.
25.
26.
27.

75
22

28

59,
04,
51,
00,
51,
82,
41,
19,
35,
89,
94,

64,
56,
52,
55,
64,

.94,
30.

36,

95.
95.
96.
96.
64.
25.
25.
26.
27.
28.
29.
30.
31.

15.98,

16.
16.
17.
17.
18.
26.

72

24

40,
84,
30,
78,
27,
35,

.54,
95.
95.
95.
96.
60.
23.

59,
00,
37,
00,
11,
33,

.15,
25.
25.
26.
27.
29.
30.

02,
94,
91,
93,
01,
22,

15.22,

15.
16.
16.
17.

17

56
22

29

65,
11,
58,
07,

.58,
20.
69.
96.
95.
95.
96.
.43,
.90,
23.
24.
25.
26.
27.

15,
94,
95,
21,
00,
72,

7T,
69,
67,
70,
81,

.14,
30.

57,

59




60

(

(

(

30.79,
14.54,
14.94,
15.39,
15.87,
16.37,
16.90,
17.45,
19.66,
82.60,
97.99,
95.81,
.34,
.32,
71,
40,
.43,
52,
.69,
.93,
19,
.54,
.99,
14.50,
14.94,
15.39,
15.90,
16.47,
17.08,
17.72,
18.39,
96.32,
101.89,
.54,
.60,
92,
.78,
19,
.20,
.28,
43,
61,
.86,
.20,
32.62,
14.83,
15.34,
15.88,
16.45,
17.04,
17.63,
18.26,
18.93,
93.90,
104.49,
96.41,
97.55,

31.00,
14.60,
15.00,
15.46,
15.94,
16.45,
16.97,
17.53,
22.85,
99.47,
98.59,
95.00,
95.61,
98.03,
40.00,
23.55,
24.58,
25.68,
26.86,
28.10,
29.38,
30.74,
32.20,
14.56,
15.00,
15.46,
15.98,
16.56,
17.17,
17.81,
19.71,
97.67,
99.77,
07,
.60,
.04,
.37,
.33,
.35,
44,
.60,
78,
.05,
.39,
32.83,
14.90,
15.42,
15.96,
16.54,
17.12,
17.72,
18.36,
19.02,
96.56,
101.05,
95.17,
97.52,

31.22,

14.65,
15.07,
15.53,
16.01,
16.
17.
17.
27.

101.
96.
95.

14.62,
15.06,
15.53,
16.06,
16.64,
17.26,
17.90,
21.86,
99.60,

99.69,

.00,

.95,

74,

.50,

AT,

.50,

.60,

.76,

.96,

30.23,
31.59,
33.05,

14.97,
15.49,
16.04,
16.62,
17.20,
17.81,
18.45,
19.92,
98.57,
102.69,

95.00,
97.76,

APPENDIX B. PLOTTING CODE

31.44,
14.71,
15.13,
15.60,
16.08,
16.59,
17.13,
17.69,
31.46,
100.22,
7,
95.00,
96.12,
99.47,
22.84,
23.83,
24.89,
26.01,
27.22,
28.46,
29.76,
31.15,
32.64,
14.68,
15.13,
15.59,
16.14,
16.73,
17.35,
18.00,
26.59,
98.30,
102.60,
95.72,
97.80,
100.17,
23.63,
24.61,
25.66,
26.76,
27.93,
29.13,
30.42,
31.80,
33.26,
15.05,
15.57,
16.12,
16.70,
17.29,
17.90,
18.54,
21.33,
97.95,
104.30,
95.83,
98.34,

)7

14.77,
15.20,
15.66,
16.16,
16.67,
17.21,
17.78,
35.08,

100.07,

100.96,
95.00,
96.95 ,
99.37,
22.98,
23.98,
25.05,
26.18,
27.39,
28.64,
29.95,
31.36,

)

14.75,
15.19,
15.66,
16.23,
16.82,
17.44,
18.10,
30.88,
97.61,
103.48,

95.00,
98.81,
96.93,
23.77,
24.76,
25.81,
26.93,
28.10,
29.31,
30.61,
32.00,

)’

15.12,
15.65,
16.20,
16.79,
17.37,
17.99,
18.64,
29.63,
95.53,
104.12,

95.00,
99.66 ,

14.83,
15.26,
15.73,
16.23,
16.75,
17.29,
17.86,
64.11,
98.63,
98.31,
96.04,
99.86,
89.83,
23.12,
24.13,
25.20,
26.35,
27.57,
28.82,
30.15,
31.56,

14.81,
15.26,
15.74,
16.31,
16.90,
17.53,
18.19,
55.01,
98.26,

99.16,
96.84,
100.52,
86.46 ,
23.91,
24.91,
25.97,
27.09,
28.26,
29.49,
30.80,
32.21,

15.19,
15.73,
16.29,
16.87,
17.46,
18.08,
18.73,
64.16,
96.56,

99.40,
97.12,
99.55,

98.
95.

18.
18.
90.96 ,
98.11,
97.85,
98.29,
97.70,
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(

(

96.98,
70.48,
24.63,
25.63,
26.69,
27.87,
29.18,
30.57,
32.07,
33.68,

15.21,

15.72,
16.24,
16.80,
17.38,
17.98,
18.60,
19.25,

39.02,
15.46,
15.95,
16.47,
17.01,
17.58,
18.18,
18.87,
19.59,
85.60,
100.34,
96.55,
99.52,
95.73,
58.58,
27.69,
29.49,
31.54,
33.86,
36.38,
39.13,
41.64,
43.83,
15.65,
16.20,
16.77,

95.00,
49.17,
24.77,
25.78,
26.84,
28.05,
29.37,
30.78,
32.30,
33.95,

15.28,

15.79,
16.32,
16.88,
17.47,
18.07,
18.69,
19.35,
94.36,
100.17,
95.08,
98.09,
95.00,
57.03,
25.38,
26.51,
27.85,
29.75,
31.83,
34.08,
36.54,
39.46,
15.53,
16.03,
16.55,
17.09,
17.67,
18.28,
18.97,
19.70,
90.16,
98.01,
95.31,
98.72,
97.20,
58.80,
27.94,
29.76,
31.86,
34.20,
36.76,
39.54,
41.94,
44.15,
15.73,
16.28,
16.85,

98.57,
26.73,
24.91,
25.92,
27.00,
28.23,
29.57,
30.99,
32.52,
34.31,

15.35,

15.86,
16.40,
16.96,
17.55,
18.15,
18.78,
19.45,
96.83,
104.68,
95.00,
98.34,
100.30,
53.80,
25.54,
26.68,
28.11,
30.04,
32.14,
34.42,
36.92,
39.90,
15.60,
16.10,
16.62,
17.17,
17.75,
18.37,
19.07,
31.08,
94.71,
103.94,
95.59,
98.58,
101.32,
59.35,
28.19,
30.03,
32.18,
34.56,
37.14,
39.96,
42.25,
44.48,
15.80,
16.36,
16.94,

98.38,
24.09,
25.05,
26.07,
27.16,
28.42,
29.76,
31.20,
32.75,
34.67,

15.43,

15.94,
16.48,
17.05,
17.64,
18.24,
18.88,
27.52,
98.11,
105.00,
95.32,
98.05,
97.75,
31.14,
25.69,
26.84,
28.38,
30.33,
32.45,
34.76,
37.33,
40.35,
15.67,
16.17,
16.70,
17.25,
17.84,
18.47,
19.17,
46.95,
98.03,
104.72,
95.00,
96.89,
97.89,
60.13,
28.45,
30.31,
32.51,
34.91,
37.53,
40.39,
42.56,
44.81,
15.88,
16.44,
17.02,

94.66,
24.22,
25.19,
26.23,
27.34,
28.61,
29.96,
31.42,
32.98,

15.50,
16.01,
16.56,
17.13,
17.72,
18.33,
18.97,
45.17,
95.00,
104.53,

95.23,
98.33,
92.33,
24.77,
25.85 ,
27.02,
28.65 ,
30.62,
32.77,
35.11,
37.74,

105.00,
95.88 ,
96.87,
86.66,
37.32,
28.70,
30.61,
32.84,
35.27,
37.92,
40.75,
42.87,

) 9

15.96,

16.52,
17.11,

84.69,
24.36,
25.34,
26.38,
27.51,
28.79,
30.16,

31.

33.21,

15.57,

16.
16.
17.
.81,
18.
19.
58.
96.

17

09,
64,
21,

42,
06,
55,
56,

99.42,
96.65,
97.66,
78.72,
24.92,
26.02,
27.19,
28.92,
30.92,
33.09,
35.46,
38.16,

15.81,

16.
16.
17.
18.
.67,
19.
48.
.87,

18

32,
86,
42,
01,

38,
22,

99.93,
96.58 ,
95.69,
77.42,
27.20,
28.96,
30.91,
33.17,
35.64,
38.32,

.04,

43.19,

16.04,

16.
17.

60,
20,

78.10,
24.49,
25.48 ,
26.53,
27.69,
28.98,

25.07,
26.18,
27.36,
29.19,
31.22,
33.42,
35.82,
38.59,

15.88,
16.40),
16.94,
17.50,
18.10,
18.77,
19.48,
80.14,
97.82,

99.66,
99.97,
95.00,
73.56,
27.45,
29.23,
31.22,
33.51,
36.01,
38.72,
41.34,
43.50,

16.12,
16.69,
17.29,

61
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17.37, 17.46, 17.55, 17.64, 17.73, 17.82, 17.92,
18.01, 18.10, 18.20, 18.29, 18.39, 18.49, 18.58,
18.68, 18.78, 18.88, 18.98, 19.10, 19.25, 19.40,
19.55, 19.71, 19.86, 20.02, 20.18, 20.34, 20.50,
20.66, 35.70, 47.79, 47.76, 48.04, 48.56, 72.17,
81.17, 86.43, 92.12, 97.40, 98.82, 98.11, 100.77,
100.20, 97.85, 102.79, 104.74, 105.00, 102.67, 101.66,
99.28, 97.84, 97.69, 97.25, 98.67, 99.15, 102.73,
102.41, 101.02, 98.92, 96.53, 96.31, 98.05, 96.95,
96.50, 103.39, 101.56, 95.00, 87.12, 80.49, 72.09,
63.38, 62.88, 63.00, 63.51, 64.45, 45.36, 31.37,
31.67, 31.98, 32.28, 32.60, 32.91, 33.23, 33.55,
33.88, 34.18, 34.41, 34.63, 34.86, 35.10, 35.33,
35.57, 35.80, 36.04, 36.29, 36.53, 36.78, 37.03,
37.28, 37.54, 37.80, 38.06, 38.32, 38.59, 38.86,
39.13, 39.40, 39.68, 39.96, 40.24, 40.53,  40.81,
41.24,  41.68, 42.14, 42.60, 43.06, 43.54, 44.02,
44.50, 44.99, 45.49, 45.99, 46.50, 47.02, 47.55,
48.08, 48.62, 49.16, 49.71, ),

( 16.05, 16.13, 16.21, 16.31, 16.43, 16.55, 16.67,
16.79, 16.91, 17.04, 17.16, 17.29, 17.41, 17.54,
17.67, 17.80, 17.93, 18.07, 18.20, 18.33,  18.47,
18.61, 18.75, 18.89, 19.03, 19.17, 19.32,  19.46,
19.61, 19.76, 19.91, 20.06, 20.21, 20.37, 20.52,
20.68, 20.84, 21.00, 21.16, 21.32, 21.49, 21.66,
21.83, 22.01, 22.20, 22.39, 22.58, 22.78, 25.73,
41.57, 49.92, 49.92, 50.36, 50.88, 51.19, 67.26,
82.64, 85.20, 90.03, 96.48, 100.72, 98.88, 104.15,

101.22, 100.38, 103.41, 103.65, 104.07, 104.38, 104.52,
102.83, 101.16, 100.51, 100.51, 101.89, 102.68, 104.93,

105.00, 101.76, 98.46, 95.31, 98.83, 100.19, 98.29,
99.97, 104.66, 98.64, 95.04, 87.86, 85.11, 69.84,
67.00, 66.47, 65.89, 65.78, 66.11, 66.98, 51.65,
33.57, 33.79, 34.01, 34.23, 34.46, 34.68, 34.96,
35.31, 35.67, 36.02, 36.39, 36.76, 37.13, 37.50,
37.89, 38.27, 38.66, 39.06, 39.46, 39.86, 40.27,
40.69,  41.11, 41.53, 41.96,  42.40, 42.84,  43.28,
43.74,  44.19, 44.66, 45.01, 45.31, 45.62,  45.92,
46.23,  46.54,  46.86, 47.18,  47.50, 47.82,  48.15,
48.48,  48.82, 49.16, 49.50, 49.85,  50.19, 50.55,
50.90, 51.26, 51.63, 51.99, ),

( 17.69, 17.81, 17.94, 18.07, 18.20, 18.33, 18.46,
18.59, 18.72, 18.87, 19.02, 19.17, 19.32,  19.47,
19.63, 19.78, 19.94, 20.10, 20.26, 20.42, 20.58,
20.75, 20.92, 21.08, 21.25, 21.43, 21.60, 21.77,
21.95, 22.13, 22.31, 22.49, 22.68, 22.86, 23.05,
23.24, 23.43, 23.62, 23.82, 24.01, 24.21, 24.41,
24.62, 24.82, 25.03, 25.18, 25.33, 31.82,  47.48,
52.07, 52.03, 52.52, 52.93, 53.18, 53.66, 62.90,
85.57, 86.89, 89.65, 93.60, 98.74, 97.31, 105.00,
100.80, 102.38, 103.39, 102.68, 99.85, 102.33, 102.59,
103.79, 102.85, 101.15, 101.60, 102.54, 102.95, 103.86,
103.39, 99.48, 95.66, 95.00, 99.08, 100.67, 99.85,
100.62, 100.88, 98.04, 96.87, 89.95, 82.88, 72.20,

71.39, 70.53, 70.13, 69.68, 69.56, 69.96, 70.94,
59.69, 37.66, 38.02, 38.39, 38.72, 38.96, 39.20,

39.44, 39.69, 39.94, 40.19, 40.44 , 40.70, 40.96 ,




4

1.22,

43.11,
45.19,
47.78,
50.58,
53.44,

( 19.70,

.78,
.90,
.73,
.60,
.53,
.50,
.74,
.48,

100.70,
104.28,
102.88,
100.75,
74.96,
72.74,
40.52,
42.71,
45.07,
47.20,
49.15,

5

1.22,

53.43,
( 20.94,

21

22.
23.
24.
26.
28.
55.
86.
98.

71,
52,
57,
96,
45,
04,
91,
79,
65,

100.91,
99.70,
99.27,
76.94,
74.32,
42.00,
43.63,
45.36,
47.19,
49.14,
45.86,
26.05,

( 22.10,

23
24
26
27
28
29

.34,
.66,
.07,
.07,
.07,
12,

105.00,

101.16,
74.29,

23.77,
25.17,
26.67,
28.28,
56.23,
93.14,

103.70,
102.99,

98.16,
101.71,
77.02,
75.00,
42.22
43.87,
45.61,
47.46,
49.43,
43.19,
23.01,

22.27,
23.52,
24.85,
26.25,
27.21,
28.22,
31.02,

41.74,
43.67,
45.91,
48.56,
51.42,
54.10,

20.00,

21
22

22.
23.
24.

25

53.

91

.10,
.14,
98,
86,
80,
.79,
75,
.04,

104.10,
104.44,
97.08,
100.46,
73.17,

4
4

1.34,
1.13,

43.37,
45.78,
47.75,
49.73,

5

1.84,

54.08,
21.15,

21

22.
23.
25.

.93,
76,
96,
38,
.89,
.52,
.51,
.78,
.92,

103.75,
95.49,
102.15,
76.65,

1.77,

42.45,
44.11,
45.87,
47.74,
49.72,
40.46 ,
19.90,

22.45,

23
25
26
27
28
46

.71,
.05,
.38,
.35,
.36,
.14,

42.01,
43.96,
46.27,
48.95,
51.85,
54.43,

20.15,

21
22

94

.27,
.25,
23.
23.
24.
25.
54.

10,
99,
94,
94,
09,

.02,

103.48,
105.00),
96.51,
99.70,
72.66,
39.34,
41.44,
43.70,
46.14,
48.02,
50.02,
52.15,
54.42,
21.26,

22.
22.
24.
25.
27.
42.
57.
96.

102

16,
87,

105.00,
96.77,
100.87,
75.49,
47.43,
42.68,
44.36,
46.13,
48.01,
50.01,
37.69,
16.74,
22.62,

23
25
26
27
28
55

.89,
25,
52,
49,
51,
.40,

42.28,
44.25,
46.64,
49.35,
52.29,

20.31,

.43,
.37,
.22,
12,
.08,
.95,
.73,
.00,

99.57,
104.94,
100.78,
92.00,
72.10,
39.63,

1.76,

44.04,
46.40,
48.30,
50.32,
52.47,

)

22

23.
24.
25.
27.
55.
57.
95.
98.

21.37,

16,
01,
36,
80,
35,
04,
97,
00,
99,

103.76,
102.06,
90.30,
74.98,

4

1.32,

42.92,
44.60,
46.39,
48.29,
50.31,
34.86,

) )

22.80,

24
25
26
27
28
55

.08,
.45,
.65,
.63,
.66,
.37,

42.55,
44.54,
47.02,
49.76,
52.73,

20.46,

21
22

23.
24.
25.
51.
55.

95

.60,
49,
35,
26,
22,
53,
55,
.66,

100.72,
105.00,
103.82,

79.71,

7

1.70,

39.93,
42.07,
44.38,
46.67,
48.58,
50.62,
52.78,

21.48,

22

23.
24.
26.
27.
55.
59.
95.

99
10

28,
19,
56,
01,
58,
10,
19,
00,
.40,
2.35,

99.71,
77.05,
74.48,

4

1.55,

43.15,
44.85,
46.66
48.57,
50.60,

3

1.98,

22.98,

24
25
26
27
28
55

.27,
.65,
.79,
.78,
.82,
.69,

42.83,
44.83,
47.40,
50.17,
53.12,

20.62,

21
22

102

7T,
.61,
23.
24.
25.
52.
58.

48,
39,
36,
58,
38,

.09,

100.31,
103.68,
98.86 ,
74.88,

71.

98,

40.22,
42.39,
44.72,
46.93,
48.87,
50.92,
53.10,

21.59,

22

.40,
23.
24.
26.
27.
55.
60.
97.
96.

38,
76,
23,
81,
39,
53,
74,
80,

99.63,
97.92,
77.22,
73.98,

41

7T,

43.39,
45.10,
46.92,
48.85,
48.48,
29.05,

23.16,

24.
25.
26.
27.

28

46,
86,
93,
92,

97,
56.

18,

63




64 APPENDIX B. PLOTTING CODE

56.45, 56.80, 57.45, 58.44, 59.68, 61.09, 62.36,
81.03, 94.33, 95.26, 96.72, 95.42,  96.97,  95.05,
95.00, 100.12, 99.91, 100.47, 98.10, 97.77, 95.99,
98.44,  99.22, 101.25, 102.18, 102.21, 99.28, 97.32,
98.65, 97.06, 95.00, 98.77, 99.08, 95.98, 99.83,
100.39, 102.59, 103.41, 101.38, 85.25, 78.08, 78.27,
78.51, 78.16, 78.08, 77.88, 76.63, 75.90, 75.33,
74.71, 74.85, 75.38, 76.29, 51.77, 41.54,  41.76,
41.99,  42.21, 42.44, 42.67, 42.91, 43.14,  43.38,
43.62, 43.86, 44.10, 44.35, 44.59, 44.84, 42.95,
40.76, 38.54, 36.27, 33.97, 31.62, 29.24, 26.81,
24.33, 21.82, 19.25, 16.65, 13.99, 11.29, 8.54,
5.75, 2.90, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
sse| (23.94, 24.06, 24.18,  24.30, 24.41, 24.53,  24.65,
24.78, 24.90, 25.02, 25.15, 25.27, 25.40, 25.52,
25.65, 25.78, 25.91,  26.04, 26.17, 26.30, 26.44,
26.57, 26.71, 26.84, 26.98, 27.12, 27.29,  27.46,
27.62, 27.80, 27.97, 28.14, 28.32, 28.49,  28.67,
28.85, 29.03, 29.22, 29.40, 29.59, 29.77,  29.96,
35.34, 50.37, 56.12, 56.12, 56.60, 57.08, 57.37,
57.84, 58.49, 59.60, 60.83, 62.18, 63.29,  64.09,
75.08,  95.46, 97.10, 96.99, 96.39, 100.64, 95.08,
95.00, 95.00, 95.00, 95.00, 95.00, 95.00, 95.00,
95.00, 95.94, 95.00, 95.00, 95.00, 95.00, 95.00,
95.00, 95.00, 95.00, 95.00, 95.00, 95.00, 102.08,
100.90, 102.47, 103.55, 100.58, 79.31, 78.66, 78.65,
78.77, 79.11, 78.80, 78.63, 78.69, 7T7.43, 74.63,
72.01, 69.30, 67.16, 65.43, 64.16, 41.46, 24.76,
22.69, 20.59, 18.45, 16.27, 14.06, 11.82, 9.53,
7.21, 4.84, 2.44, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
57| (24.34, 24.48,  24.63, 24.77, 24.91, 25.06, 25.21,
25.36, 25.51, 25.66, 25.81, 25.96, 26.12,  26.27,
26.43, 26.59, 26.75, 26.91, 27.07, 27.24,  27.40,
27.57, 27.74, 27.91, 28.08, 28.25, 28.43,  28.60,
28.78,  28.90, 29.03, 29.16, 29.30, 29.43,  29.56,
29.70, 29.83, 29.97, 30.11, 30.24, 30.38, 39.09,
53.94, 56.15, 56.17, 56.64, 57.01, 57.25, 57.73,
58.32, 59.48, 60.70, 62.04, 63.03, 63.82, 64.10,
67.67, 95.51, 97.93, 96.28, 97.25, 103.01, 95.68,
96.36, 93.93, 90.13, 87.85, 89.47, 90.24, 92.15,
90.60, 91.54, 89.71, 86.44, 87.34, 89.56,  88.60,
89.05, 87.77, 82.98, 84.26, 82.04, 85.80, 87.83,
85.38, 84.16, 83.03, 70.62, 54.71, 52.46,  50.50,
48.38,  46.23, 44.36, 41.94, 39.39, 39.25,  38.02,
36.78, 36.00, 35.15, 34.74, 34.85, 35.55, 18.99,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,




289

290

0
0

.00,
.00,

( 25.30,

26.
27.
27.
28.
29.
55.
59.
61.
83.
57.
51.
65.
40.
38.
23.

0.

SO oo Oo

25,
05,
89,
7T,
69,
78,
32,
22,
66,
62,
39,
26,
78,
64,
41,
00,
.00,
.00,
.00,
.00,
.00,

( 25.48,

26.
27.
27.
28.
26.
43.
37.
31.
64.
39.
40.
66.
41.
39.
35.

0.

[N e el Ren)

25,
05,
89,
76,
99,
40,
69,
43,
97,
48,
32,
29,
12,
97,
91,
00,
.00,
.00,
.00,
.00,
.00,

( 25.47,

26
24
17

9

0
25
29
31
66
29

24,
.64,
19,
.01,
.00,
19,
.83,
.34,
.01,
.23,

0
0

.00,
.00,

25.45,

26.
27.
28.
28.

29

55.
60.
88.
78.
57.
50.

64

40.
37.
0.

(el NN o No)

36,
17,
01,
90,
83,
91,
56,
00,
37,
16,
26,
95,
65,
24,
00,
.00,
.00,
.00,
.00,
.00,
.00,

25.59,

26.
27.
28.
28.
25.
42.
37.
53.
60.
41.

44

65.
41.
39.
27.

0.

0
0
0.
0
0

36,
16,
01,
89,
81,
42,
41,
06,
63,
58,
.93,
13,
14,
27,
93,
00,
.00,
.00,
00,
.00,
.00,

25.58,

26
23
16

7

0
25
30
46
61
32

.35,
62,
.07,
77,
.00,
.28,
.44,
.34,
15,
.90,

0.
0.

00,
00,

25.60,

26.
27.
28.
29.

29

65

(el e e e o N

48,
29,
14,
03,

.96,
56.
61.
91.
71.
53.
51.
.35,
40.
36.

0.
.00,
.00,
.00,
.00,
.00,
.00,

37,
89,
45,
43,
49,
19,

41,
45,
00,

25.69,

26.
27.
28.
29.
.62,
41.
36.
63.
55.
43.
50.
61.
41.
37.

1.
.00,
.00,
.00,
.00,
.00,
.00,

24

(e en el e e Ne)

47,
28,
13,
02,

23,
57,
79,
04,
13,
98,
10,
05,
73,
72,

25.69,

AT,
.58,
.93,
52,
12,
.48,
79,
.06,
19,
36.

45,

0.
0.

00,
00, )

25.75,

26.
27.
28.
29.
.10,
56.
62.
88.
63.
49.
56.

30

47

(el N NoNo)

59,
41,
26,
16,

69,
77,
52,
11,
74,
33,

.27,
40.
35.
0.
.00,
.00,
.00,
.00,
.00,
.00, )

54,
61,
00,

25.80,

26.
27.
28.
29.
23,
40.
35.
63.
46.
42.
57.
98,
40.
36.
.00,

.00,

.00,

.00,

.00,

.00,

00, )

24

42

[N oo Nl

58,
40,
26,
15,

03,
55,
04,
20,
25,
14,

81,
91,

25.80,

26.

21

45

58,

.53,
13.

5.
18.
25.
30.
63.

78,
25,
32,
90,
90,
10,

.93,
36.

76,

0.

00,

25.90,

26.
27.
28.
29.
.24,
56.
63.
89.
61.
47.
56.

30

41

[N e lie e )

70,
53,
39,
29,

93,
47,
47,
7T,
23,
59,

.24,
40.
35.

0.
.00,
.00,
.00,
.00,
.00,

32,
03,
00,

25.91,

26.
27.
28.
29.
37.
39.
34.
66.
44.
40.
60.

41

[ el i)

)

70,
52,
38,
28,
32,
10,
16,
81,
47,
09,
38,

43,
40.
36.

0.
.00,
.00,
.00,
.00,
.00,

86,
07,
00,

25.91,

26.

20
12

41

69,

AT,
.61,

3.
24.
26.
31.
68.

97,
86,
67,
01,
26,

.79,
36.

52,

0.

00,

26.03,

26.
27.
28.
29.
.26,
57.
63.
93.
60.
45.
64.
.67,
39.
35.

0.

42

40

82,
65,
51,
42,

47,
65,
06,
87,
49,
64,

76,
08,
00,

0.00,
0.00,
0.
0
0

00,

.00,
.00,

26.02,

26.
27.
28.
29.
46.
38.
32.
70.
41.
40.
64.

41

81,
64,
51,
28,
03,
39,
75,
25,
03,
71,
95,

.08,
40.
35.

0.

78,
32,
00,

0.00,
0.00,
0.
0
0

00,

.00,
.00,

26.02,

26.
.39,
.43,
.66,
24.
27.
31.
70.

19
11
2

36

64,

68,
65,
12,
14,

.90,
35.

14,

0.

00,

26.14,

26.
27.
28.
29.

55

40

[ el )

94,
77,
64,
56,

.82,
58.
62.
85.
61.
48.
65.
.81,
39.
35.

0.
.00,
.00,
.00,
.00,
.00,

17,
44,
13,
87,
59,
19,

61,
73,
00,

26.13,

26.
.76,
28.
28.
.58,
37.
31.
66.
42.
40.
65.
40.
40.
35.

0.
.00,
.00,
.00,
.00,
.00,

27

44

[= el

24.
28.
31.
69.
32.
31.

93,

64,
14,

98,
32,
66,
48,
24,
45,
95,
19,
37,
00,

65




66 APPENDIX B. PLOTTING CODE

31.29, 39.81, 50.24, 56.92, 64.22, 65.23, 65.98,
67.13, 65.30, 54.47, 41.76, 41.57, 41.49,  41.08,
41.25, 41.43, 41.50, 41.45, 41.21, 41.18, 41.26,
40.66, 40.35, 39.90, 38.35, 37.38, 36.54, 35.65,
35.66, 36.09, 32.55, 6.07, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
so1| (16.09, 15.11, 14.12, 13.12, 12.10, 11.07, 10.03,
8.97, 7.90, 6.81, 5.71, 4.60, 3.47, 2.33,
1.17, 0.00, 0.00, 0.00, 0.00, 0.00), 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 7.37, 21.45, 24.64, 24.47, 24.78,  25.03,
25.12, 25.38, 25.80, 26.67, 27.66, 28.80, 29.73,
30.34, 30.59, 30.70, 30.81, 30.91, 31.02, 31.13,
31.84, 38.23, 63.01, 63.16, 70.16, 70.61, 71.39,
66.84, 61.69, 53.87, 45.15, 38.91, 32.89, 26.51,
23.11, 22.49, 27.27, 30.70, 30.08, 26.23, 25.69,
27.54, 37.16, 46.50, 56.03, 64.66, 65.73, 66.53,
67.84, 64.02, 47.86, 40.88, 41.70, 41.87, 41.35,
41.39,  41.57, 41.74, 41.86, 41.82, 41.62, 41.50,
41.64, 41.13, 40.72, 40.55, 38.98, 37.85, 37.02,
36.12, 35.96, 36.27, 37.02, 10.51, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00), 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
02| (- 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
10.55,  24.51, 24.43, 24.37, 24.67, 24.87, 24.96,
25.29,  25.72,  26.68, 27.69, 28.82, 29.63, 30.24,
30.39, 30.50, 30.61, 30.71, 30.82, 30.93, 31.04,
32.55, 32.14, 61.51, 64.17, 71.56, T71.14, 73.35,
67.61, 61.41, 51.61, 43.11, 34.97, 29.47, 24.31,
20.05, 16.11, 18.05, 20.18, 18.85, 19.60, 21.44,
26.51, 35.86, 44.01, 53.89, 61.19, 63.90, 67.08,
68.56, 57.28, 46.90, 40.84, 41.63, 42.00, 41.76,
41.53,  41.71, 41.88, 42.06, 42.23, 42.19, 42.03,
41.82, 41.97, 41.61, 41.10, 40.95, 39.63, 38.34,
37.50, 36.60, 36.26, 36.46, 37.21, 15.06, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
205 (- 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,




294

295

0.00,
0.00,
0.00,

.39,
.73,
.30,
.27,

.71,
.81,
.11,
.67,
.45,
.83,

.00,
.00,
.00,
.00,
.00,

0.00,
0.00,
0.00,
0.00,
0.00,

34.
50.
41.
42.
37.

30.
48.
41.
42.

0.00,
0.00,
0.00,

.26,
71,
51,
.89,

81,
.90,
.95,
.02,
.30,
.08,

.00,
.00,
.00,
.00,
.00,

0.00,
0.00,
0.00,
0.00,
0.00,

43.

54.
40.
42.
42.
36.

51.
41.
42.
42.

0.00,
0.00,
0.00,
24.71,
29.54,
30.73,
71.52,
31.39,
9.51,
56.54,
41.50,
42.38,
41.49,
36.64,
0.00,
.00,
.00,
.00,
.00,

(el el en]

0.00,
0.00,
0.00,
0.00,
3.14,
24.70,
29.90,
30.64,
72.05,
29.65,
3.97,
54.12,
41.37,
42.53,
42.60,
36.87,
0.00,
.00,
.00,
.00,
.00,

o O oo

0.00,
0.00,
0.00,
0.00,

19.74,
25.01,
29.81,
30.54,
72.25,
27.45,

2.70,
51.85,
41.42,
42.67,
42.97,

0.00,
0.00,
0.00,
24.80,
30.09,
30.84,
72.31,
27.69,
12.54,
59.94,
42.14,
42.56,
41.33,
37.40,
0.00,
0.00,
0.00,
0.00,
0.00,

0.00,
0.00,
0.00,
0.00,
16.73,
25.10,
30.00,
30.74,
72.59,
25.24,
5.63,
55.94,
42.25,
42.71,
41.96,
36.93,
0.00,
0.00,
0.00,
0.00),
0.00,

0.00,
0.00,
0.00,
0.00,

23.97,
25.74,
29.91,
30.65,
72.28,
23.17,

2.63,
53.74,
42.12,
42.85,
43.10,

0.00,
0.00,
13.67,

25.
30.
30.
74.
.61,
17.
64.
42.
42.
40.
19.
.00,
.00,
.00,
.00,
.00,

21

0

(el el e

20,
20,
94,
04,

32,
47,
17,
56,
28,
72,

0.00,
0.00,
0.00,
0.00,
24.18,

25.
30.
31.
73.
19.
12.
60.
42.
42.
41.
37.
.00,
.00,
.00,
.00,
.00,

(e en el en)

74,
11,
46,

75,
35,
14
44,
89,

59,

0.00,
0.00,
0.00,
0.00,
23.80,

26.
30.
.19,
71.
19.
.08,
57.
42.
43.
.46,

42

68,
06,
38,

02,
58,
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42.12, 41.63, 39.98, 38.97, 38.07, 37.18, 37.24,
37.79,  29.37, 1.05, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
26| (- 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 9.31, 22.69, 23.77, 23.65, 23.95,
24.17, 24.25, 24.52, 24.92, 25.75,  26.69, 27.77,
28.67, 29.25, 29.52, 29.62, 29.72, 29.83, 29.93,
30.03, 30.14, 30.24, 30.35, 30.45, 30.56, 32.94,
30.81, 30.88, 31.05, 71.08, 71.75, 70.33, 68.05,
61.89, 49.38, 40.87, 33.74, 26.50, 21.87, 14.52,
8.22, 2.63, 0.42, 1.65, 2.93, 3.04, 5.73,
11.32, 20.31, 39.39, 44.67, 48.61, 52.04, 52.34,
38.97, 40.04, 36.61, 38.51, 41.26, 42.00, 42.72,
42.85,  42.33, 42.45, 42.63, 42.82,  43.00,  43.18,
43.37,  43.55, 43.72,  43.67,  43.48, 43.32,  43.47,
42.97,  42.52, 42.32, 40.65, 39.48, 38.58, 37.62,
37.55, 37.98,  34.37, 5.74, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
27| (- 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 12.31, 23.73, 23.56, 23.55, 23.84, 24.02,
24.10, 24.43, 24.85, 25.75, 26.71, 27.78,  28.58,
29.15, 29.33, 29.43, 29.53,  29.63, 29.74, 29.84,
29.94, 30.05, 30.15, 30.26, 30.36, 31.09, 32.26,
30.68, 30.78, 32.01, 64.63, 68.83, 67.45, 64.23,
59.55, 47.16, 39.19, 32.09, 26.04, 15.87, 11.04,
5.49, 3.53, 0.06, 1.14, 2.70, 4.63, 7.74,
9.73, 19.36, 30.84, 38.20, 43.41, 49.03, 43.07,
36.87, 37.77, 30.70, 33.56, 38.06, 40.84, 42.74,
43.03, 42.74, 42.60, 42.78, 42.96, 43.15,  43.33,
43.52,  43.70, 43.89,  44.08, 44.06, 43.92, 43.66,
43.82, 43.48, 42.93, 42.76, 41.34, 39.99,  39.10,
38.13, 37.87, 38.18, 38.98, 10.54, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
25| (1 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 2.23,
15.26, 23.53, 23.36, 23.45, 23.74, 23.87, 23.95,
24.34, 24.85, 25.76, 26.73, 27.80, 28.48,  29.04,




299

300

29.
29.
30.
45.

21.
35.
43.
43.
44.
38.

40.
44.
45.
41.
.00,
0.

0

00,

29

o O oo

.34,
.06,
32.
38.
.00,
26.
26.
42.
.04,
44.
38.
.00,
.00,
.00,

55,
52,

28,
96,

00,
19,

.00,

0.00,
0.00,
0.00,
0.00,

23.
26.
29.
29.
31.
36.
.08,
24.
.95,
.04,
44.
44.
39.
.00,

24

oo oo

35,
75,
26,
97,
95,
35,

20,
53,
17,

.00,
.00,
.00,

0.00,
0.00,
0.00,
0.00,

24

0

.49,
27.
29.
29.
30.
30.

75,
17,
88,
85,
80,

.18,
.95,
42.
44.
45.
40.

79,
35,
00,
67,

.00,
0.

00,

29.
30.
54.
30.

30.
29.
42.
44.
43.
38.

44.
44.
38.

43.
44.
44.
39.
0.
0.

00,

29

44

o o o

.55,
30.
65.
21.
.28,
36.
32.
43.
.43,
43.
39.
.00,
.00,
.00,

27,
95,
20,

52,
48,

17,
19,

0.00,
0.00,
0.00,
0.00,

.00,

29.
31.
63.
11.

43.
37.
43.
44.
42.
15.

44.
43.
39.

29.

62.

0.00,
0.00,
0.00,

23.13,

.87,
28.
29.
29.
55.
.66,
11.
17.
30.
43.
45.
44.
39.
.00,
0.

88,
58,
46,
40,

89,
82,
78,
13,
01,
61,

00,
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0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

s01] (- 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,

0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 11.05, 23.09, 22.93, 22.88,
23.15, 23.35, 23.43, 23.70, 24.07, 24.87, 25.76,
26.79, 27.66, 28.21, 28.50, 28.60, 28.69, 28.79,
28.89,  28.99, 29.09, 29.19, 29.29, 29.39,  29.49,
29.59, 29.69, 29.79, 29.89, 31.31, 30.02, 27.61,
25.47,  23.46, 30.08, 27.70, 53.84, 57.42, 53.17,
46.52, 39.05, 28.11, 22.41, 17.87, 13.64, 9.71,
7.93, 5.58, 2.45 0.76, 5.32, 10.67, 14.53,
21.28, 23.51, 23.63, 26.66, 23.32, 11.66, 13.68,
15.61, 17.55, 16.54, 20.36, 23.39, 25.91, 27.88,
30.69, 34.75, 39.60, 41.93,  43.55, 43.74,  43.93,
44.12,  44.31, 44.51, 44.70, 44.89, 45.09, 45.29,
45.49,  45.68, 45.64, 45.47, 45.26, 45.43,  44.93,
44.44,  44.21, 42.42, 41.21, 40.24, 39.22, 39.25,
39.82, 30.92, 0.27, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
s02| (- 0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 1.40, 13.88, 22.90, 22.74, 22.78, 23.06,
23.20, 23.28, 23.61, 24.02, 24.88, 25.79,  26.80,
27.58,  28.12, 28.32, 28.42, 28.52, 28.61, 28.71,
28.81, 28.90, 29.00, 29.10, 29.20, 29.30, 29.40,
29.50, 29.60, 29.70, 29.51, 31.30, 27.16, 24.91,
21.86,  22.46, 29.33, 24.72, 43.62, 55.72,  48.73,
40.49, 36.12, 27.85, 23.54, 18.73, 15.00, 9.76,
8.89, 5.61, 3.67, 2.16, 6.89, 10.66, 18.56,
22.46, 23.83, 23.55, 26.52, 15.59, 11.95, 12.44,
13.28, 9.74, 9.56, 13.63, 18.87, 22.66, 25.54,
27.62, 30.63, 33.59, 38.08, 41.47, 43.89,  44.08,
44.27, 44.46, 44.66, 44.85, 45.05, 45.25,  45.45,
45.65, 45.85, 46.05, 46.07, 45.94, 45.65, 45.80,
45.48,  44.88, 44.70, 43.16, 41.76, 40.79, 39.76,
39.60, 40.03,  36.33, 5.33, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),
sos| (0.00), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
4.27, 16.66, 22.71, 22.55, 22.68, 22.96, 23.06,
23.16, 23.53, 24.02, 24.88, 25.81, 26.82, 27.49,
28.03, 28.15, 28.24, 28.34, 28.43, 28.53, 28.63,
28.72, 28.82, 28.92, 29.02, 29.11, 29.21,  29.31,
29.41, 29.51, 29.23, 29.29, 28.41, 24.36, 21.16,
19.61, 22.98,  26.47, 22.63, 34.37, 50.95, 42.68,
37.57, 34.23, 29.55, 24.54, 19.87, 16.03, 10.27,




304

o oo

.82,
23.
12.
25.
44.
45.
46.
40.
.00,
.00,
.00,
.00,

34,
73,
00,
42,
81,
17,

0.00,
0.00,
0.00,

o oo

.39,
23.
27.
28.
29.
18.
35.
.88,
24.
12.
21.
43.
45.
46.
.91,
.00,
.00,
.00,
.00,

44,
97,
64,
33,
18,
85,

21,
54,
13,
55,
97,
61,

0.00,
0.00,
0.00,

22

o oo

.33,
24.
27.
28.
28.
.59,
35.
.93,
25.
11.
14.
39.
.13,
47.
43.
.00,
.00,
.00,

04,
89,
56,

07,
07,

87,
21,

31,
55,

5.
24.

27.

44.
46.

34.

25.

19.
43.

o oo

.91,
23.
.75,
30.
44.
46.
45.
40.
.00,
.00,
.00,
.00,

61,

15,
81,
21,
32,

0.00,
0.00,
0.00,

o oo

.36,
24.
28.
28.
28.
24.
31.
.10,
23.
.98,
27.
44.
46.
46.
40.
.00,
.00,
.00,
.00,

88,
16,
83,
34,
13,
28,

68,

57,
97,

60,
29,

0.00,
0.00,
0.00,

.49,
.84,
.08,
.75,

.45,
.03,
.57,
.03,
.46,
.16,

.54,
.94,
43,
.00,
.00,
.00,
.00,

3

32.
45.
46.
45.
41.

0.

o oo

.60,
24.

0.00,
0.00,
0.00,

22.
25.
28.
28.
27.
21.
25.

16.

29.
45.

26.

27.

11.
36.
45.
46.
43.
10.

0.00,

11
12

o oo

.04,
.23,
17.
40.
45.
46.
42.

0.
.00,
.00,
.00,

36,
99,
41
42,
31,

0.00,
0.00,
0.00,

22

14

45

44

92,
27.
28.
29.
20.
45.
16.

40,
45,
13,
64,
04,
89,

.55,
12.
.85,
35.
.57,
46.
.67,
15.
.00,
.00,
.00,

00,

54,

84,

0.00,
0.00,
9.88,

22.
27.
28.
29.
18.
38.
17.
18.
11.
.34,
30.
45.
47.
46.
41.
.00,
.00,
.00,

99,
71,
36,
04,

74,
76,
11,
68,

98,
17,

04,
56,

21.
12.
21.
44.
45.
46.
41.

0.

71




306

307

308

72

0.00,

0.00,
0.00,
0.00,
22.30,
26.54,
27.65,
28.31,
21.71,
13.47,
34.72,
10.89,
25.21,
8.87,

34.

25.

12.
38.
46.
47.
44.

0.00,
0.00,
6.11,

22.

27

23
4

40,

.06,
27.
28.
18.
14.
34.
13.

75,
40,
91,
11,
75,
71,

41,
7,

o oo

.00,

0.00,
0.00,

27

6

17.91,
22.

75,

.20,
27.
28.
19.

9.
34.
14.

84,
50,
86,
62,
78,
35,

.98,
5.

24,

APPENDIX B. PLOTTING CODE

0.00,
0.00,
0.62,
22.64,
27.23,
28.09,
28.76,
21.33,
12.94,
27.66,
11.21,
5.98,
1.31,
23.47,
45.48,
46.92,
47.33,
42.01,
0.00,
0.00,
0.00,
0.00,

0.00,
15.28,
22.83,
27.37,
28.01,
28.68,
18.42,
10.44,
29.37,
12.96,

5.52,

2.21,
17.26,
42.07,
47.09,
48.10,
43.64,
0.00,
0.00),
0.00,
0.00,
0.00,
0.00,
21.93,
23.23,
27.29,
27.93,
28.45,
15.48,

9.46 ,
31.15,
15.14,

5.85,

3.09,

0.00,
0.00,
12.60,
22.91,
27.54,
28.19,
28.86,
17.93,
9.27,
23.45,
11.84,
10.01,
0.04,
26.51,
45.68,
47.13,
47.51,
41.01,
0.00,
0.00,
0.00,
)7
0.00,
0.00,
22.11,
23.23,
27.46,
28.11,
28.72,
15.82,
8.05,
24.57,
15.80,
10.29,
0.07,
22.67,
45.25
47.30,
47.80,
42.60,
0.00,
0.00,
0.00,
)7
0.00,
0.00,
21.78,
24.05,
27.38,
28.03,
27.88,
13.35,
7.55,
25.63,
19.11,
10.06,
0.37,

0.00,
0.00,
22.29,
23.27,
27.63,
28.28,
28.96,
16.16,
28.77,
18.64,
19.22,
11.36,
0.00,
28.11,
45.89,
47.34,
47.03,
41.08,
0.00,
0.00,
0.00,

0.00,
0.00,
21.96,
24.05,
27.55,
28.20,
28.14,
13.67,
19.59,
19.63,
19.31,
11.20,
0.01,
25.35,
46.05,
47.51,
47.91,
41.49,
0.00,
0.00),
0.00,

0.00,
0.00,
21.95,
24.93,
27.47,
28.12,
26.57,
12.56,
10.49,
20.84,
19.47,
11.18,
0.03,

0.00,
0.00,
22.14,
24.04,
27.72,
28.38,
28.41,
14.81,
37.96,
14.40,
20.65 ,
12.22,

1.74,
30.47,
46.09,
47.55,
46.49,
41.79,

0.00,

0.00,

0.00,

0.00,
0.00,
22.04,
24.91,
27.64,
28.30,
27.00,
13.85,
37.19,
15.82,
20.75,
11.90,
0.00,
27.72,
46.25,
47.72,
47.61,
41.44,
0.00,
0.00,
0.00,

0.00,
0.00,
22.21,
25.89,
27.56,
28.21,
24.58,
12.98,
36.18,
16.73,
21.06,
11.59,
0.00,
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0.00,

0.50,
29.49,
46.83,
48.33,
47.45,
42.24,

11.21,
34.93,

16.45,
10.64,
35.12,
17.92,

22.73,
47.04,
48.68,
49.14,
43.29,

0.00,
0.00,

21.43,
24.05,

2.44,

0.00,

21.75,

23.24,
27.12,
27.76,
28.19,
16.85,
9.76,
34.97,
15.68,
7.19,
5.09,
0.00,
29.10,
47.21,
48.72,
48.05,
42.47,
0.00,
0.00,
0.00,
0.00,
0.00,
21.52,
24.05,
27.05,
27.68,
27.36,
13.58,
9.55,
35.16,
17.18,
7.43,
4.93,
0.00,
26.13,
47.38,
48.90,
49.32,
42.57,
0.00,
0.00,
0.00,
0.00,
0.00,
21.68,
24.98,

8.76, 15.60,
35.98,  41.44,
47.25,  4T7.47,
48.67,  48.61,
45.90,  44.24,

4.82, 0.00,
0.00, 0.00,
0.00, 0.00,
0.00, ),

0.00, 0.00,
0.00, 0.00,

21.61, 21.86,
24.05,  24.95,
27.21,  27.30,
27.85,  27.94,
27.62,  26.15,
13.04, 12.09,

8.57, 6.85,
32.96, 26.70,
19.83, 19.33,

6.38, 9.67,

3.96, 0.67,

2.14, 6.72,
31.62, 34.71,
47.42,  47.64,
48.94,  49.13,
47.72,  46.72,
43.42, 10.45,

0.00, 0.00,

0.00, 0.00,

0.00, ),

0.00, 0.00,
0.00, 0.00,
21.77,  21.96,
24.96,  25.88,
27.14,  27.23,
27.77,  27.86,
25.73,  23.69,
11.91, 9.43,

7.92, 6.32,
34.80,  27.79,
23.88,  20.77,

7.07, 9.27,

4.84, 0.97,

0.10, 1.89,
28.70,  31.07,
47.59,  47.81,
49.12,  49.35,
48.66,  48.20,
42.71,  43.66,

0.00, 0.00,

0.00, 0.00,

0.00, ),
0.00, 0.00,
0.00, 2.58,
21.83, 21.90,
25.80,  26.30,

20.98,
44.76,
47.68,
48.30,
43.20,
0.00,
0.00,
0.00,

0.00,
0.00,
22.09,
25.90,
27.39,
28.04,
24.17,
10.86,
4.65,
22.07,
19.64,
11.17,

13.73,
40.23,
47.85,
49.07,
44.84,

33.90,
48.02,
49.57,
47.55,
16.22,

0.00,

0.00,

0.00,

13.99,
22.17,
26.62,

24.
46.
47.
48.
42.

0.

38,
41,
89,
31,
08,

00,

0.00,
21.54,

22.
26.

51,
71,

73




74

.79,

67,
.50,
.99,
27,
.83,

.46,
.00,
63,
.70,
.64,
02,

.00,
.00,
.00,

0.00,
0.00,

.34,
.07,
72,
.34,
.82,
17,
.35,
45,
.28,
.85,
27,
.00,
.00,
.83,
81,
.40,
.99,
.20,
.00,
.00,

0.00,
0.00,

.50,
.00,
.64,
.26,
51,
.09,

.65,
.28,
74,
.80,
02,
.35,

.99,

26.
27.
27.
15.
10.
35.
19.

15.
43.
48.

26.
27.
25.
11.

35.
20.

21.
46.
49.

27.
27.
23.

35.
25.

25.
47.
49.

19.
46.
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)

)

27

8
1

43

15,
27.
20.

4.

5.
29.
22.

78,
23,
56,
88,
18,
23,

92,
.23,

0.
28.
47.
49.
49.
.03,
0.
0.

49,
29,
98,
53,
27,

00,
00,

0.00,
16.52,

22.
26.
27.
27.
17.
2.
5.
31.
23.
8.
2.
0.
24.
48.
49.
50.
43.
0.
0.

09,
46,
07,
70,
72,
46,
30,
01,
71,
70,
08,
25,
46,
15,
71,
17,
34,
00,
00,

0.00,
21.19,

22

4

8

45

48,
26.
27.
27.
15.

1.

38,
00,
62,
89,
61,

14,
32.
25.
97,

2.

0.
18.

88,
23,

95,
02,
02,

AT,
49.

90,

27.
27.
18.

24.
19.
11.

30.
48.
49.
48.
43.

0.

0.

0.00,
21.36,

22.
26.
27.
27.
16.
4.
1.
25.
20.
12,
0.
0.
27.
48.
49.
49.
43.
0.
0.

11

48,
54,
16,
79,
20,
02,
36,
67,
13,

73,
74,
86,
37,
94,
90,
42,
00,
00,

0.00,
21.05,

23.
26.
27.
27.
13.

5.

0.
26.
20.
10.

23.
48.
50.

27.
27.
16.

16.
20.
22.
11.

33.
48.
49.
48.
22.

0.

0.

0.00,
21.22,

23.
26.
27.
27.
14.

7.

7.
292.
23.
10.
.04,
.73,
30.
48.
50.
49.
15,
0.
0.

44

25,
63,
25,
41,
18,
12,
72,
67,
17,
79,

14,
59,
17,
19,

00,
00,

0.00,
21.26,

24

0

48

.09,
26.
27.
26.
12.

8.

56,
17,
40,
28,
53,

.01,
25.
19.
9.
0.
0.
27.

49,
08,
85,
20,
74,
14,

76,
50.

36,




316

51.
48.
0.
0.
0.

00,
04,
00,
00,
00,

21.16,

0.

00,

50.94,
46.29,
0.00,
0.00,
0.00,
0.00,
21.02,
22.49 ,
26.23,
26.83,
27.45,
15.57,

1.73,

)

50.64,
45.18,
0.00,
0.00,

0.00,

20.93,

0.00,
21.12
24.94,
26.17,
26.77,
23.35,
10.90,

5.40,

50.61,
43.97,
0.00,
0.00,

0.00,
21.17,
24.11,
26.40,
27.01,
25.99,
12.11

29.16,
21.09,
10.63,

16.23,
44.91,
50.31,
51.19,
45.82,

0.00,
21.25,
25.02,
26.32,
26.93,
23.73,
11.09,

31.88,
21.68,
10.39,

38.17,
50.50,
51.94,
47.62,

4.35,
21.19,
25.41,
26.25,
26.85,
20.73,
6.43,
6.39,

50.54,
43.81,
0.00,
0.00,

0.00,

21.37,
25.01,
26.48
27.10,
24.12,
11.25,
9.74,
0.00,

11.04,
8.94,
0.49,
0.73,
22.45,
48.41,
50.54,
51.04,
44.61,
0.00,
0.00,

1.83,
21.32,
25.49,
26.41,
27.02,
21.20,
7.64,

0.00,
32.34,
4.70,
8.03,
0.78,
0.73,

44.20,
50.73,
51.76,
46.47,
0.00,
0.00,

15.22,
21.46,
25.75,
26.34,
26.94,
18.04,

12.10,

75




76

o

32.
51.
53.

29.

OO Wk Wwo=

20.
24.
25.
26.
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)

.86,
.83,
.48,
.69,
61,
.00,
.00,
.80,
45,
12,
.05,
19,
.00,

6.83,

21

1

07,
25.
26.
26.
20.
5.
5.
43,
38.
26.
9.
4.
0.
0.
27.
50.
52.
52.
45.
0.

34,
09,
69,
26,
97,
72,

63,
68,
86,
83,
00,
00,
32,
63,
32,
36,
54,
00,

19.97,

21.
25.
26.
26.

17
2

1

4

45

31,
44,
02,
62,

.48,
.34,
6.

04,

.00,
40.
20.

9.
.85,

0.

0.
21.
49.
52.
53.

46,
39,
52,

00,
00,
63,
84,
52,
06,

.99,
0.

00,

0

33

01,
35.
15.
10.
1.
0.
1.

50,
13,
14,
75,
00,
26,

51,
50.
52.
50.
16.

0.

68,
37,
71,
58,
00,

17.62,

21

7

O = © 0o wvo

.39,
25.
26.
26.
17.

2.

59,
18,
78,
76,
55,

.58,
.00,
62,
45,
79,
72,
.00,

0.
30.
50.
52.
51.
46.

0.

00,
35,
87,
57,
59,
45,
00,

20.49,

21.
25.
26.
26.

16
1

45

77,
52,
11,
70,

.05,
07,
8.

76,

0.00,
3.79,
9.16,
9.
2
0
0

41,

.05,
.00,
.00,
26.
51.
52.
53.

41,
06,
77,
05,

.96,
0.

00,

.00,
.89,
67,
13,
.06,
55,
.23,
76,
50.
52.
48.

0.

0.

92,
45,
50,
00,
00,

20.65,

21

12

76,
25.
26.
26.
16.

3.
.35,

0.
36.
65,
.64,
.30,
.33,
55,
32.
51.
52.
51.
23.

0.

68,
26,
86,
32,
20,

00,
55,

91,
11,
81,
37,
02,
00,

20.36,

22.
25.
26.
26.

14
1
11

46

50,
61,
19,
46,

.32,
.70,
.70,

0.
38.
.63,
.24,
.53,
.10,
.00,
.90,
51.
53.
52.

00,
81,

30,
02,
18,

72,
0.

00,
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0

0.00,
(  0.00,
20.69,
24.17,
25.62,
26.20,
24.03,
11.30,
.00,
.70,
.00,
53,
62,
91,
.09,
AT,
.00,
29.34,
51.73,
53.47,
52.87,
46.99,
0.00,
(  3.56,
20.64,
24.65,
25.55,
26.13,
21.61,
8.92,
0.00,
.35,
.00,
.01,
.60,
.35,
.33,
.25,
0.00,
24.50,
51.92,
53.68,
54.23,
46.84,
0.00,
( 16.32,
20.79,
24.92,
25.48,
26.05,
18.47,
4.17,
0.00,
6.38,
0.00,
7
4

SO Wk kOO O

OB RO

47.32,

.58,

0.

00,

1.13,

20.
24.
25.
26.
22.

53.
52.
36.

0.

00,

14.01,

20.
25.
25.
26.
18.
61,
.58,
.66,
.80,
51,
.83,
.93,
.60,
71,
.00,
A1,
52.

53

86,
06,
63,
21,
91,

17,

.93,
53.
47.

0.

57,
26,
00,

20.14,

21.
25.

25

10,
00,

.56,
26.
16.
76,
.26,
81,
.09,
75,
.86,

14,
67,

0.

00,

11.65,

20.
25.
25.
26.
19.

5
1

93,
18,
78,
37,
35,

.05,
93,

5.
36.
34.
.80,
92,
02,
.50,
31,
.84,
22,
.98,
.26,
.00,
.00,

16,
93,
03,

20.30,

21.
25.
25.
26.
16.

1

17,
14,
71,
30,
93,

.95,
3.
4.

37.

7T,

.05,

.94,

.04,

.71,

.00,

31.

52.

54.

53.

43.
0.

37,
16,
14,

47,

36,
00,

20.00,

21.
25.

25

37

78,
08,

.64,
26.
15.
0.
4.
3.
37.

22,
28,
00,
83,
80,
62,

.53,
6.

29,

0.

00,

20.46,

21.
25.
25.
26.
17.
14,
.54,
72,
14,
.30,
.83,
43,
.00,
.00,
51,
.60,
AT,
97,
19,
0.
0.

24,
29,
87,
46,
21,

00,
00,

20.16,

21.
25.
25.
26.
15.
.00,
87,
.33,
.00,
A1,
49,
18,
.00,
14,
57,
21,
67,
45,
52.

3.

0.

78,
22,
79,
38,
53,

22,
44,
00,

20.12,

22.
25.
25.
25.
13.
0.
6.
1.
42.
19.
7.

)

)

)

)

20.33,

21.
25.
25.
26.
15.

0

0

77,
37,
95,
54,
79,

.14,
6.
0.

42.

12.
9.
4.

18,
57,
82,
83,
02,
86,

.00,

0.
12.
44.
52.
53.
47.

0.

00,
68,
98,
72,
74,
99,
00,

20.20),

22.
25.
25.
25.
13.

0.

6.
.15,
.29,
7T
.53,
.88,
.00,
.00,
.87,
37.
52.
54.
49.

0.

N O OO oo

50,
30,
88,
99,
73,
00,
22,

48,

20.35,

23.
25.
.81,
25.

25

11

11

34,
24,

03,

.80,
0.
6.
0.

46.

76,
69,
00,
91,

.40,
8.

07,

20.28,

22.
25.
26.
26.
14.
.76,
92,
.00,
.30,
.30,
.35,
54,
.00,
.00,
.73,
.26,
.97,
.53,
.68,
0.

50,
46,
03,
22,
02,

00,

20.43,

23.
25.
25.
25.
.96,
T2,
11.
.00,
A1,
81,
64,
.10,
.00,
.00,
12,

11
2

48.
0.

33,
39,
96 ,
42,

07,

20.45,

24.
25.
.89,
23.
10.
.70,
11.

0.
50.

25

1

10

13,
32,

29,
99,

89,
00,
71,

.82,
7.

44,

20.51,

23.
25.
26.
25.
12.

0

O = Ot

0.

SO RROHO O WO

32,
54,
12,
71,
12

)

.69,
10.

0.
44.

4.
A1,
7,
.00,
.00,
AT,
49,
22,
75,
.40,

20,
00,
32,
65,
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4.83, 3.95, 3.96, 3.96, 4.70, 3.78, 1.51,
1.56, 0.88, 0.11, 0.01, 0.00, 0.00, 0.00,
0.03, 0.61, 0.71, 0.35, 0.00, 0.00), 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 2.13, 7.50,
15.78, 22.64, 27.46, 31.00, 33.60, 36.87, 42.08,
48.04, 51.92, 52.61, 52.86, 53.12, 53.37, 53.62,
53.88, 54.14, 54.40, 54.66, 54.92, 55.06, 54.96,
54.59, 54.71, 54.28, 53.59, 53.19, 50.82,  49.40,
48.09, 47.28, 47.54, 48.65, 10.09, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, ),

index = range(—25,26)

7|#Plotting Beamlets and fluence steps
s| fig = plt.figure (2)

olax = fig.add_subplot(111)

330l ax.set_axis_off ()

ax = fig.add_subplot (241)

333 plt . bar(index ,al0,label="10")
s34/ ax.set_title (7107)

335 plt . xlabel (7 Offset )

336 plt . ylabel (’Exposure )
sa7lax.set_ylim (0,40)

33s| ax.set_xlim (—25,25)

sa0lax = fig.add_subplot (242)

s41| plt . bar (index ,ab0,label="50")
szl ax.set_title (7507)

343 plt . xlabel (? Offset )

s44| plt . ylabel (’Exposure )

345 ax.set_ylim (0,40)

346 ax . set_xlim (—25,25)

saol ax = fig.add-subplot (243)

350 plt . bar(index ,a90,label="90")
ssilax.set_title (7907)

352| plt . xlabel (? Offset )

353 plt . ylabel (’Exposure )

354 ax.set_ylim (0,40)

355| ax . set_xlim (—25,25)

sss|ax = fig.add-subplot (244)

350 plt . bar(index ,a130,label="130")
seolax.set_title (71307)

se1| plt . xlabel (’ Offset ”)

se2| plt . ylabel (’Exposure )

363 ax.set_ylim (0,40)

364| ax . set_xlim (—25,25)

s66| ax = fig.add_subplot (245)
s67| plt . bar (index ,al170,label="170")
ses|ax.set_title (71707)




386

387

389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407

408
409

410
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plt.xlabel (7 Offset )
plt.ylabel (’Exposure’)
ax.set_ylim (0,40)
ax.set_xlim (—25,25)

ax = fig.add-subplot (246)
plt.bar(index,a200,label="200")
ax.set_title (7200")

plt . xlabel (’Offset )
plt.ylabel (’Exposure’)
ax.set_ylim (0,40)

ax.set_xlim (—25,25)

ax = fig.add_subplot (247)

plt .bar(index,a340,label="340")
ax.set_title (’340")

plt . xlabel (7 Offset )
plt.ylabel (’Exposure’)
ax.set_ylim (0,40)

ax.set_xlim (—25,25)

#Heatmap of results
fig = plt.figure (3)

ax = fig.add_subplot(111,aspect="equal’)
xV = []
yV =[]
for x,y in voxels:
xV.append (x)
yV.append (y)
matrix = np.zeros ((len(xV), len(yV)))
for i in range(len(voxels)):
matrix [voxels [1][0]+53,voxels [i][1]+75] = dose[i]
plt .imshow(Dose, origin='lower’, interpolation="none’, extent=[-53,
53, —75, 75])
ax.set_title ('Heatmap of results’)
plt .show ()

colorplot_v2.py
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APPENDIX B. PLOTTING CODE
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