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I. Introduction
This report describes an empirical analysis of a motion

model that has been used to generate random submarine tracks for an
. ASW tactical decision aid. The model describes a submarine's
motion as a series of transitions between the square cells of a
grid that covers a defined operating region. A 3 X 3 transition
matrix is associated with each cell of the grid which determines
the submarine's transitions from a cell. The set of transition
matrices define a Markov process. Despite its discrete nature,
this Markov track generating process has been called a diffusion
pirocess in antisubmarine warfare tactical decision aid literature.
The transition matrices are determined by tracks generated by an
auxiliary stochastic process that is presumed to be of higher
fidelity but more costly to implement than the Markov process.

The auxiliary track generating process that was used in the
analysis is a random tour process that was developed to generate
operationally realizable submarine tracks. The process, which is
described in detail in Reference 1, generates random tracks that
have specified end points and a specified length or, for a
submarine with a constant track speed, a specified transit time.
The auxiiiary process is implemented by the program that is listed
in Appendix 1.

The auxiliary tracks are the basis for the generation of two
types of diffusion transition matrices by a procedure described in

Section II. The first type, called static transition matrices, are

the transition matrices that define the subject Markov motion




model. A static transition matrix is associated with each cell of
the operating region grid. The second type, called dynamic
transition matricves, define an alternate Markov motion model.

This model differs from the subject model in that the transition
matrix associated with a cell depends on the number of transitions
that have taken place in the motion, that is, it is time dependent.

The auxiliary tracks are also the basis for the generation of
a set of maps that describe a submarine's position at a sequence of
equally spaced times that are determined by a fixed time step. The
number of times a cell is occupied at the end of a time step
divided by the number of tracks is an estimate of the probability
that the submarine was within the cell at the time step. For this
reason, such maps are called probability maps in the following
discussion.

Tracks generated by the subject static diffusion Markov
process and those generated by the alternate dynamic diffusion
Markov process also can be used to generate probability maps. Some
differences between the three track generating processes is evident
by a comparison of the random tour probability maps, the dynamic
diffusion probability maps and the static diffusion probability

maps that are shown on the following pages.




II. The Transition Matrix Generation Procedure

The transition matrices that are used in the analysis were
determined by the program listed in Appendix 1. In the program, a
random tour track is generated by a submarine moving with constant
speed between two points located in a plane. The points lie on the
x-axis of a rectangular coordinate system whose origin is midway
between the points. Lines parallel to the x-axis and 1lines
parallel to the y-axis define a grid of square cells in the plane.
(For examples of the program geometry, see Section V.) 1In the
following discussion of the transition matrix determination
procedure, grid cells are identified by the rectangular coordinates
of their centers.

During its motion, the cell occupied by the submarine is
determined at a sequence of times separated by a fixed time step.
From this determination, transition matrices are constructed as
follows: First, the cell that is occupied is determined for each
time step. For I = 1 to NS (the number of time steps), if cell
(L0, MO) is occupied by the submarine at the end of the I-1°%' time
step, at the end of I'™ time step, the submarine will be in a cell
(LO + N, MO + K) where N=-1, 0, or 1 and K= -1, 0, or 1. 1In
this case, 1 is added to the (N,K) element of a 3 X 3 transition
matrix associated with cell (LO,M0) for time I-1., The elements of
this matrix are stored in an array MT(N, K, LO, MO, I-1). 1In
addition, 1 is added to the (N,K) element of a second 3 X 3
transition matrix associated with cell (LO,MO). And, the elements

of this matrix are stored in an array MTS(N, K, LO, MO). By
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repeating this procedure for each random tour track, and dividing
the resulting matrix elements by the number of tracks, the elements
of the 3 X 3 matrix in the array MT become estimates of the
Aelements of the dynamic transition matrix, and the elements of the
matrix of the 3 X 3 matrix in the array MTS become estimates of
the elements of the static transition matrix.

The transition matrices and the probability maps used in the
analysis were generated from 10,000 random tour tracks. Since the
time step duration is equal to the cell side length divided by the
track generating submarine's speed; during a time step, the
submarine will either transition to an adjacent cell or remain in
its current cell. This results in a transition matrix of nine

elements, each element giving the probability of a transition.




Ili1 Some Compzriscus of the Track Generating Processes
- The dynamic ¢nd.static transition matrices of the two discrete

Marﬁ09~txack generating processes generate tracks that are random

‘butwdiffer in fine structure from those generated by the random

tour process. This¢ is not surprising considering the loss of
information that occurs in their generation. Since the Markov
ﬁotion is from a cell center to the cell center or a neighboring
cell center, only nine motions are possible. In particular, for a
submarine that moves with constant track speed, this results in a
loss of position and velocity information. Relative to the
auxiliary track generating process, the diffusion tracks no longer

satisfy the constraints of constant speed, specified length and

specified final end point.

The fidelity of the diffusion tracks could be improved in two
ways: First, by reducing the duration of the time step and
consequently the size of the cells, less positional information
would be lost. Second, by generating a velocity (direction of
motion) distribution for each cell and each time step, transition
matrices could be constructed that would be more descriptive of the

random tour motion and less directional information would be lost.



IV. Conclusions

The. primary conclusion from the analysis is: For discrete
Markov processes whose state space if current location and time,
there are tactically reasonable submarine motion scenarios that can
not be closely approximated by tracks generated with static
transition matrices but can be closely approximated with dynamic
transition matrices. There are, however, other tactically
reasonable submarine motion scenarios that can not be closely
approximated with either procedure. In what is possibly the
simplest example of this, consider a submarine that moves among
three adjacent cells labeled 1, 2 and 3. Suppose the submarine
chooses either path (1,2,3) or path (3,2,1), each with probability
.5. Given the submarine is in cell 2, the probability that the
submarine will transition to cell 3 is dependent on its previous
location as well as on its current location. Consequently, a
Markov process whose state space is only current position and time
can not describe its motion.

For the random tour scenarios that were investigated, dynamic
diffusion tracks were found to rather closely emulate the random
tour tracks from which the dynamic transition matrices were
derived. In addition, and in contrast to the static diffusion
tracks, the dynamic diffusion tracks generated probability maps
that duplicated the random tour probability maps. Although the
static tracks were generally similar in appearance to the dynamic

diffusion tracks, they did not uniformly terminate at the random

tour track final end point. However, for the chosen scenario,




‘approximately half of the tracks did do so as is evident from the
static diffusion probability maps that are shown in Section V.

The divergence between the dynamic diffusion probability maps
and the static diffusion probability maps is even more evident when
the initial point and final point of a track coincide. The
explanation for this is the variation of the dynamic transition
matrices with time. That is, the same cell must perform a
"submarine expansion" function early in the motion and a "submarine
contraction" function towards the end. But, when the starting and
ending cells are distant from each other, the function of any cell
does not change significantly with time. That is, cells near the
start cell are for always for "expansion" and those near the end
cell are always for "contraction."

The random tour process on which the empirical analysis is
based was chosen to amplify the divergence between the random tour
tracks, the dynamic diffusion tracks and the static diffusion
tracks. The significance of this divergence for a tactical
decision aid incorporating a motion model based on static
transition matrices will depend on the desired applications of the
decision aid. For example, it might be less significant if the
location of the final end point of a submarine track were chosen

randomly or if computer memory or processing speed limited modeling

choices.




The figures in Section V that follows show probability maps
and tracks generated by the random tour process, the dynamic Markov
process transitiorn matrices, and the static Markov process
transition matrices. These figures illustrate the relative
effectiveness of the dynamic and static Markov motion model in
-emulating the random tour motion model. The diffusion tracks that
are shown were generated with 17 diffusions. This results in
tracks that are approximately equal in length to the length the

random tour tracks.

n
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. V. The Analysis ?fog:am~0utput

The figures, tables .and maps that follow are based on data
generated by the anaiysis program that is listed in Appendix 1.

They provide the Basis for theaempirical analysis.




Figure 1. A track generated by a random tour process used in the
analysis. The larger circles on the left and the right are the

initial and final point of the track. The smaller circles are
track positions at step times.
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Figure 2. A superposition of 10,000 random tour tracks. These
tracks determined the Markovian transition matrices that
generated the diffusion probability maps that follow.
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submarine speed in knots = 10.

distance between end points in nautical miles = 30
length of a cell side in nautical miles = 3
time step in‘hours = .3

maximum number of time.steps = 17

‘track (ength in-nautical miles = 50
delts-in nautical miles = §

leg l_ongth distribution index = 3

random number generator = standard

random number seed »- 7351

nunber of tracks completed = 10000

-number of tracks terminated = 0

cell entry sum = 10000
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fumber of timé stéps.= 9
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-submarine speed in knots = 10

distance between end points in nautical miles = 30
length of » cell side in nautical miles = 3
time step in hours = ,3

maximum number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = S

leg length-distribution index = 3

.random number generator = gtandard

‘random number seed = 7351

number of tracks completed = 10000

number ‘of tracks terminated = 0

cell entry sum = 10000
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nurber of tlme steps = 10
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submlrine speed..in knots = 10

' :distance between-end points in nautical miles = 30

léngth of a cell -side in:nautical miles a 3
time.step inzhours = .3

uxiuun nurber*of time steps s 17
track’ Length in.naGtical miles:z 50
delta in nautical-miles = 5

teg loﬂgth distribution index = 3
random number . gamntor = stordard
random punber seed:s 7351

nurber of tracks completed.s 10000
runber. of-tracks terminated = O
cell entry sum = 10000
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niber of time stéps.= 11

o 0 0 06 6 0 0 0 0 0 0
.60 6 0 o0 0 0O ¢ 0 0 0 0
00 0 0 0 0 0 0 0 0 0 O
o 0 0 0 0 0 O ©0-0 0 O
o 06 0 ¢ o0 0 0 0 O0 0 O
o ¢ 0o © o0 0 90 0 0 0 O
o 0 0 © .0 0 0 0 0 0 20
0 0 0 0 0 0 0 0 0 7 6
© o 0 0 0 0 0 0 0 34 217
0 0 0 0 0 0 0 0 316 352 450
0 0 0 0 0 0 0 0 3% 36 5%
0 6 0 ©6 .0 0 0 -0 33 338 424
o 0 0 0 0 0 0 0 o0 327 205
o 0o © 0 0 0 0 0 O 1067
6 o 0 o0 0 0 0 0 0 0 19
0o o 06 0 o0 0 0 0 0 0 0
o o 0 0 0 0 0 O0 0 0 0
o ¢ 0 o 0 0 0 0 0 0 O
o 0o 0 0 o 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 O
o 0 0 0 0 0 0 0 0 0 O

submarine speed in knots = 10

distance between end points in nautical miles = 30
‘length of a cell-side in nautical miles = 3
time step in hours = .3

maximum number of time steps = 17

track length in nautical miles = 50

delte in nauticel miles = 5

leg length distribution index = 3

random number generator = standard

random number seed = 7351

‘number of tracks completed = 10000

number of tracks. terminated = 0

cell entry sum = 10000
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RANTRACK.BAS - random tour: probabi lity .map
nunber of time steps = 12
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submarine speed in knots = 10

distance between end points in nautical miles = 30
‘{ength-of a cetl side in nautical miles= 3
time step in hours = .3

maximum number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = §

leg length distribution index = 3

random’ number generator = standard

random number seed = 7351

number of tracks completed = 10000

number of tracks terminated = 0

cell entry sum = 10000
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nutber «of time steps = 13
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submarine speed in knots = 10

distance between-end points- in nautical miles = 30
length of a cell side in.nautical miles = 3
time step in hours = ,3

maximum number of time steps = 17

track {ength in nautical miles = 50

delta in nautical miles = 5

leg length distribution-index = 3.

random number generator 3 standard

random number seed = 7351

number of tracks completed = 10000

number of tracks terminated = 0

cell entry sun = 10000
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Leg length distribution index = 3
random number generator = standard
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number of tracks completed = 10000
number of tracks terminated = 0
cell entry sum = 10000
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submarine speed in knots = 10

'RANTRACK.BAS - random: tour probability map
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distance between end points. in nautical miles = 30
length of a cell side in nautical miles =

time step in hours = .3

meximum number of time steps = 17
track length in nautical miles = 50
delta in nautical miles = §

leg length distribution index = 3
random number generator = standard
random number seed = 7351

number of tracks completed = 10000
number of tracks terminated = 0
cell entry sum = 10000
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SRANTRACK.BAS .random tour probabi lity map

number’ of ‘time steps =

16
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RANTRACK.BAS random -tour probability mep

17

‘number of time stéps =
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Table I. A dynamic diffusion transition matrix that was used to
genérate the dynamic diffusion map for 1 transition.

,e O

RANTRACK.BAS dynamic transition matrix .

transition number = 1
X = =5 )
y= 0
87 1161 961
316 1561 3733
o 80 1133 968
‘ submarine speed in knots = 10
distance between end points in nautical miles = 30
length of a cell side in nautical miles = 3
time step in hours = .3
maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical miles = 5

leg length distribution index = 3
random number generator = standard

random number seed = 7351
number of tracks completed = 10000
number of tracks terminated = 0
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Figure 3 A track generated by a dynamic process. The dynamic
transition matrices were determined by the random tour tracks
shown in Figure 2. The number of diffusions is 17. The circles
are defined in Figure 1.
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Figure 4 A superposition of 10,000 dynamic diffusion tracks.
Their dynamic transition matrices were determined by the random
tour tracks shown in Figure 2. The number of diffusions is 17.
The circles are defined in Figure 1.
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17
50
10000

number of tracks terminated = 0

cell entry sum =

10
5

distance.between end points in nautical miles = 30
length of a cell side in nautical miles =
7351
10000

time step in hours = 3

random number generator = standard

random number seed =

track (ength in nautical miles =
leg length distribution index = 3

delta in nautical miles =
number of tracks completed =

submarine speed in knots =
maximum number ‘of time steps =
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submarine speed in knots =
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_ RANTRACK.BAS -dynamic diffusién. probability map

number-of -diffusiohs.= 2
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submarine speed in-knots = 10
wdistance ‘between end ‘points in-nactical-miles = 30
length of-a cell side in nautical miles = 3
time step in hours = .3
maximum number of tlme steps = 17
track length in.nautical miles = 50
delta in nautical miles = §
leg length distribution index = 3
random number generator = standard
random. namber seed = 7351
number of tracks completed = 10000
number of tracks terminated = 0
cell entry sum-= 10000
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B submarine ‘speed-in knots = 10

distance- betueen end’points in-nautical miles = 30
,tencth -of- & cell side in nautical miles = 3
time ‘step<in hours .® 3
mxim nutber of time steps .= 17
track length in nautical miles = 50 .
- delta in nayticatl-miles = § ¢
leg Llength dutribution index = 3 ’
\rondom nuvbcr unentor = gtandard:
’ random: ‘mber seed = 7351
number-of tracks completed = 10000
number of tracks:terminated'> 0
celt entry. sum = 10000
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‘ RANTRACK BAS dynamc dlfqulOﬂ probablllzy map..
v »jnulber of dlffus:ons = 4 .f\’
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RANTRACK.BAS«dynamc dxffuszon probab:llty map
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leg length-distribution index = 3
random number generator = standard
random nurber seed = 7351

number of tracks. completed = 10000
number of tracks terminated = 0

cell entry sun = 10000
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number of diffusions = 6
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"RANTRACK.BAS dynamic- diffusion probability map
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distance between end points in nautical miles = 30

length of 3 cell side in nautical miles = 3
time step in hours-= .3

.maximum number of time steps = 17

track length in nautical miles = 50
delta in nautical miles = §

leg length distribution index = 3
random number generator = standard
random number seed = 7351

number of tracks completed = 10000
nutber of tracks terminated = 0
cell entry sun = 10000
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RANTRAEK.BAS ‘dynainic.diffusibh probability map.
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‘distance. between end points in nautical miles. = 30

length of a.cell side in nautical miles = 3

time'step in hours = 3

maximum number ‘of time steps = 17
track-length in-nautical miles = 50
delta- in nautical miles = §

leg length:distribution index = 3
-random number generator = standard
random number -seed x 7351 _
number -of tracks completed = '10000
nuvber of tracks terminated = 0
cell -entry sum = 10000
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RANTRACK ;BAS-dynamic diffusion probabi lity map
‘number of: diffusions = 8
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submarine speed in knots = 10

distance between.end points in nautical miles = 30
length .of a cell side in.nautical miles = 3
time step in hours = ,3

maximan nunber of time steps = 17

track length in nautical miles = 50

delta in nautical miles = 5

leg length distribution index = 3

random- nurber generator = standard

random number seed = 7351

nurber of tracks completed = 10000

‘nunber of tracks -terminated = 0

cell entry sum = 10000
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‘umber &F diffusions & 9°
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submarine. speed in knots = 10

distance .between end points in nautical miles = 30
‘length-of # cell side in hautical miles = 3
time stép in hours = .3

maximum. number of time steps = 17

track length in nautical miles = 50

delta in nautical miles.s §

leg length distribution.index # 3

random rumber -generator = standard

random number seed = 7351

number of tracks completed = 10000

nurber of tracks terminated = 0

cell entry sum = 10000
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RANTRACK:BAS . dynaimic diffusion-probability map

-pumber of éiffusionﬁs: 10

submarine speed in knots = 10
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distance between end points in nautical miles = 30

tength of a cell side in nautical miles = 3

time step in hours = ,3

‘maximum number of time steps = 17

track length in nautical miles = 50
delta in nautical miles = 5

leg length distribution index = 3
random number generator = standard
random number seed = 7351

number of tracks completed = 10000
number- of tracks terminated = 0
cell entry sum = 10000
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. RANTRACK:BAS ‘dynamic -diffusion-probabil ity map
-number of diffusions = 11
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-submarine speed in knots = 10
distance between end points in nautical miles = 30
length of a.cell side .in nautical miles = 3
time step in hours = .3
maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical miles = 5
leg length distribution index = 3
random number generator = standard
random number seed = 7351
number of tracks completed = 10000
number of tracks terminated = 0
- cell entry sum-s 10000
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"RANTRACK; BAS: dynamic. di ffusioh ‘probability map

snumbér .of diffusions =. 12

submarine speed in knots = 10

distance between.end points in’nautical miles = 30
length of a cell side in nautical miles = 3
time-step in hours = .3

maximum number of time-steps = 17

track. length in nautical miles = 50

delta in nautical miles = 5

teg tength distribution index = 3

fandom number generator = standard

random number seed = 7351

number of tracks completed = 10000

number of tracks terminated = 0

cell entry sum = 10000
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RANTRACK.BAS dynamic diffusion probability map-
number of diffusions = 13
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submarine speed in knots = 10

distance: between end points in nautical miles = 30
length of a-cell side in nautical miles = 3
time step in hours = .3

maximum number of time steps = 17

track length.in nautical miles = 50

delta. in nautical miles = 5

leg length-distribution .index.= 3

random number generator = standard

random number seed = 7351

number-of tracks.completed:= 10000

number of tracks terminated = 0

cell entry sum = 10000
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"RANTRACK,BAS dynamic di ffusion-probability map
fumber -of diffusions = 14

submarine speed in knots = 10

distance between end points in nautical miles = 30
-length-of -a-cell side in nautical miles = 3
time step in hours = .3

maximum:number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = 5

leg tength distribution index = 3

random number generator = standard

random number seed = 7351

number of tracks completed = 10000

number of tracks terminated = 0

cell entry sumn = 10000
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“RANTRACK:BAS- dynamic-diffusioh probability map

riimber of diffusions = 15
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.time step.in hours = .3

maximum pumber of time steps = 17
track length in nautical miles = 50
delta in-nautical miles = 5

leg length distribution index = 3
random number generator = standard
random number seed = 7351

.nunber of tracks completed = 10000
-number of tracks terminated = 0

cell entry sum = 10000
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;BAS dynatmé diffusion:-probability map-
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. Table II. A static diffusion transition matrix that was used to
generate the :static diffusion maps.

-ii!-iqiiq—-——---qi----—--------------i-l
‘RANTRACK.BAS static transition matrix

X =& -5

y= 0
107 1407 1290
375 2008 4848
99 1389 1332

submarine speed in knots = 10

distance between end points in nautical miles = 30

length of a cell side in nautical miles = 3

time step in hours = .3

maximum number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = 5

leg length distribution index = 3
random number generator = standard

random number seed = 7351
number of tracks completed = 10000
nunber of tracks terminated = 0
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Figure 5 A track generated by a static diffusion process. The
static transition matrices were determined by the random tour

tracks shown in Figure 2. The number of diffusions is 17. The
circles are defined in Figure 1.
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Figure 6 A superposition of 10,000 static diffusion tracks.
Their static transition matrices were determined by the random

tour tracks shown in Figure 2. The number of diffusions is 17,
The circles are defined in Figure 1.
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submarine speed in knots =

10,

distance between end points: in-nautical miles = 30

length of a cell side in. nautical miles = 3

time:step in hours.= .3

maximum number .of time steps =

17
3

10000

7351

10000

random number- generator = standard

random number seed =
number of. tracks.completed s

track length in nautical miles = 50
leg length distribution index =

delta in-nautical. miles = 5
number of tracks terminated = 0

cell entry-sum =

céll entries are rounded integer

54




1.

rd

ber .of diffusions =

ik

* RANTRACK:BAS- static diffusion. probability-map

- - - - - - - - X - - - Y - NN -}
00000000 CO00O00O00O00OOO
- - - - - - - -X- XX -N-F- N )
COO0O0O00O00O000O000000000O
=== - - - - - - -N-T - NN ¥}
CO00DO00O0CO00O00000000O0O
OODODOOOOLODOO0OOOODOO0OO
0000000 0CD000DO00DOO0OD
0000000000000 O
CO00O00ONO000O00000O0O0RO
0000000 OO0D0O0000000000
0000000000000 00Q00O
000000000 AONOO0OOO0ODOOO
353

000000000 Mro00O000OoD

N v~
238
000000000 Frr-rO0O00000000O

2 1562

S o 39".

cb6éd00co00o0mARikaoocogoono
5000000000000 ROO000O
00000 b0000000000Q000

000000000000 POO000000

55

10
17
50
5
10000
0

7351
10000

distance between end points in nautical miles = 30
cell entries are rounded integer

length of a cell side in nautical miles = 3

time step in hours = .3

random number generator = standard

random number seed =

track length in nautical miles =
leg length distribution index = 3

delta in nautical miles =
number of tracks terminated =

number of tracks completed =

submarine speed in knots =
maximum number of time steps =

cell entry sum =




'\ N inaurh)\ck‘eai§~ §tatic: Hl:ffpgiohv probability map

:nuzber\of diffusions = 2
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submarine speed in knots = 10
‘distance between end pomts in.nautical miles = 30
length-of a:cell side in-nautical -miles;= 3
time step-in holrs.= .3
‘maximum:rmber -of- time steps = 17
. track length-in nautical miles = 50
’ delta in nautical miles = 5
. ‘teg length distribution mdex : 3
randcm ‘nutber generator = standard
random number seed = 7351
number of ‘tracks: completed = 10000
~ number of tracks terminated = 0
cell entry sum = 10000
-cell entries are rounded integer

56



RANTRACK.BAS' static «diffusion probability map

“rumber of-di ffusions = 3,

submarine speed in knots = 10
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distance between end points in nautical miles = 30

length of a cell side in nautical miles = 3

time step in hours = .3

maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical miles = 5

leg length distribution index = 3
random numnber generator = standard
random.number seed = 7351

number of tracks completed = 10000
number of tracks terminated = 0
cell entry sum = 10000

cell entries are rounded integer
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) ,_‘:gqumggfziasf static diffusion probability map
:rumber;of diffusions = %
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submarine speed in'knots.= 1C

distance betwéen end points in pautical miles = 30
length.of a cell side in nautical miles = 3
time step in hours = .3 4

maximum number of time steps = 17

track length in nautical miles = 50

delta in.nautical miles z S

‘leg- length distribution index = 3

random number generator x standard

random number seed = 7351

number of tracks completed = 10000

nunber of tracks terminated = 0

cell entry sum = 10000

cell entries are rounded integer

0000000000 O00OO00O000O0o

- -k Ty I - - - - - 1)

58

OCO0O0O0O00DO0DOO0O0O0OO0ODOOODODODOO

0000000500000 000000Q0

OO0 O0O0O0O0O0O0OO0OODOO0OO0ODODOOOO

CO000O0O0O0OOODOO0O0O0OOOOOOOOOO

0000000000000




B

JU——

POOOOcOcER000

~
s

QN RACK BAS staticzdiffusion- probabtllty map
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Wr of diffusions = 5
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distance between end points in nautical miles =

length of a-cell side in nautical miles

time step in hours = .3

maximum number of time steps = 17
track length in nautical miles = SO
delta in nautical miles = §

leg length distribution index = 3
random number generator = standard
random number seed = 7351
number of tracks completed = 10000
number of tracks terminated = 0
cetl entry sum = 10000

cell entries are rounded integer
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‘RANTRACK. A8 static: diffusion-probability map
BT of diffisions = 6
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submarine speed in knots = 10

distance between end points in nautical miles = 30
length of a cell side in nautical miles = 3
time step in hours = 3

maximum number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = 5

les--length distribution index = 3

random number generator' = standard

random number seed = 7351

number of tracks compieted = 10000

number of tracks terminated = 0

cell entry sum = 10000

cell entries are rounded integer
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‘RANTRACK:BAS static-diffusion probability map-

rumber. 5f-di ffugions 5 7

o

000000

10- 8

WO OOOOOO.

12. 41 99 180 258 239
2% 76 185 ‘382 538 568

54 25

CO0OCD0O00B00RC000sEdes
. . . PN .
CP0000OSDA2000080000
COCVOOOOUNNITLODOOOOOO
~
N
]
~N
~N
—-—
©
>
o
>
[%,]

0OCO0O0O0O
OOOOOOQ%
coo0ooO0OoOOoON

submarine speed in knots = 10
distance between end points in:nautical miles = 30

Length.of a cell side.in nautical miles = '3

time step-in holrs = .3

maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical miles = 5

leg length distribution index = 3
random number generator = standard
random . .namber seed = 7351

number of tracks completed = 10000
number of tracks terminatéd = 0
cell entry sum = 10000

cell entries are-rounded integer
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‘nuber-of -diffusions = 8
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distance between.end points in nautical miles = 30

tength of a cell side in nautical miles = 3

time step {in"hours = .3

maximum number of time steps = 17
track length..in nautical miles.= 50
delta in nautical miles = 5

leg ‘length distéibution index = 3
random number generator = standard

‘random number seed = 7351

number of tracks completed = 10000
number of tracks terminated'x 0
cell entry sum = 9999.999

cell entries are rounded integer
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. RANTRACK.BAS-Static. diffision.probability-mép
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submarine-speed in knots = 10

distance between end points in nautical miles = 30
tength of a cell side in nautical miles = 3
time:step-in hours = .3

m-xinun nutber of time steps = 17 .

track lﬂngth in nautical miles = 50
delta.in nautical miles = 5

leg -Length dnstr\bution index = 3

random number generator = standard

random riumber seed x- 7351

nurber of tracks completed = 10000

number of tracks terminated = 0

cell entry sum = 10000

cell entries are rounded integer
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/ §'tat1c chffusvon probablllty map
nuvber of dwffusuons"‘z ;10?
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submarine speed in-knots = 10
-distance between end points in nautical-miles = 30
lemth of a cell side in nautical miles = 3
time:step in hours s .3
-maximm number of time steps = 17
‘track ‘length in nsutical miles = 50
delts in nautical miles = §
leg. length-distribution index = 3
random number generator = standard
rancdom number seed = 7351
nurber of tracks completed = 10000
nutber of tracks terminated = 0
cell entry sum.x 9999.999
cell entries are rounded integer
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" :RANTRAGK.BAS :static di ffusion. probabi Lity. map
“Fubé- of diffusions-= 11
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submarine speed in knots = 10

distance between end.points in nautical miles = 30
-length-of-‘a-cell ‘side- in nautical mites = 3
time step in hours = .3 .

maximm number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = 5

leg length distribution index = 3

random number generator = standard

random number seed = 7351

number of tracks completed = 10000

number of tracks terminated = 0

cell entry sum = 9999,999

cell entries are rounded integer
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:RANTRACK:BAS $tatic diffusion probability map

nuber-of-di ffusions = ~12
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submarine speed in knots = 10

distance. between end points in nautical. miles =
length of a cell side in nautical miles z 3
time step in hours = 3.

‘maximum number of time steps-= 17

track length in nautical miles = 50

.delta in.nautical miles = 5

leg length distribution index = 3
random number generator = standard
random nurher seed = 7351

number: of tracks completed = 10000
nutber of tracks terminated = 0
cell entry sum = 10000

cell entries are rounded integer
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RANTRACK.BAS-static diffusion probability mep
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fumber-of diffusions = 13
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submarine speed in knots = 10

distance between end points in nautical miles = 30
length of a cell side in nautical miles = 3
time step.in hours = .3

‘maximum number of time steps = 17

track (ength in nautical miles = %0

delta in nautical miles = 5

leg length distribution index = 3

random number generator = standard

random number seed = 7351

nurber of tracks completed = 10000

nurber of tracks terminated = 0

cell entry sum = 9999,999

cell entries are rounded integer
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RANTRACK.BAS' static.diffusion probability map'

Tudlber: of diffusions.= 14
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submarine speed in knots = 10

distance between end points in nautical -miles = 30
:length of a cell side in nautical-miles = 3
time step in hours = .3

maximun number- of time steps = 17

track lcngth in nautical miles = 50

delta in nauticcl miles = §

leg. length distribution index = 3

.random number generator = standard

random number seed = 7351

number of tracks.completed = 10000

number of tracks terminated = 0

cell entry sum = 10000

cell entries are rounded integer
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"RANTRACK.BAS. static:dif fusion: probabil ity map
nunber  of -di ffusions = 15.

submarine speed in knots = 10

distance between end points in nautical miles = 30
length-of a_cell side:in nautical miles = 3
time step in hours = ,3

maximum number of time steps = 17

track length in nautical miles = 50

delta in nautical miles = S

leg length distribution index = 3

random number generator = standard

-random number seed = 7351

-number -of tracks completed = 10000

number of tracks: terminated = 0

cell entry sum = 9999.999

cell entries are rounded integer
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submarme speed in knots = 10

ooéooommmg»u~ﬂ~oqéooq
: G wyo g :

dutance betieen end- pomts in nautical miles.= 30

longth of ‘a-cell side in- nautlcal miles = |

time-step-in hours = .3

“ax i mum number of time steps & 17
track ‘length in nautical miles = 50
‘delta in nautical miles = 5

leg- lemth distribution index = 3
random.number generator = standard
random numbér seed * 7351

rumber of tracks cumpleted = 10000
number of tracks terminated = 0
cell entry sun.s 10000

cell entries-are rounded integer
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00 "0 0 0 & 0 o 0 0
© 0 0 0 0 0 0 0 0 O o0
4 00 0 0 6 0-0 0 0 0 o
0 670 0 0 00 0 0 0 0
0.0 00 0 0-~0 0 0 0 0 O
%0 0 6 0 0 0 0 0 0 o
0 0 0 0.0 0 0 0 1 1 1
0 00 0 0 O-0 1 2 S 8
6 0 0 0 0 0°4 2 6 13 2
6.0 0 6 0 0 v 4 10 2 50
¢ 0 0 0 0 0 2 5 12 28 &
6. 0 0z 0 o0 ¢ 1 4 11 23 S0
9 ¢ O 06 o0 o0 t 2 6 1325
0 0 o0 ¢ 0 0 O + ¥ 5 9
6 o0 0 0 o 0 O 0 ¥ 1t 2
6 0 o 0 0 0 0 0 0 -0 0
6 0 0 0 0 o O o o0 0 O
0.0 0 o0 06 0 0 0 0 0 0
6 0 0 0 ¢ 0 0 o0 0 0 O
0 0 0 0 0 0 0 0 0 0 O
0 0 0 0 0 00 0 0 0 O

_-submarine speed”in knots-= 10

"distance between end points in:nauticel mjles = 30
Length.of a cell .side.in.nautical miles = 3
time:step in hours = .3

mxiM number of time steps. = 17

track langth In neutical miles = 50

delta jn nautical miles » §

eg length distribution index = 3

Fandom nurber generator = standard

‘random number seed = 7351

number of tracks cmpleted 10000

nimber .of tracks terminated = 0

cell entry sum = 10000

cell entries are rounded integsr
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VI. The Analysis P:ogrim

The analysis program requires the following inputs: the speed
of the submarine in knots; the distance between the end points in
nautical miles; the track length in nautical miles; delta, the
'average disténcé between course changes (leg length) in nautical
- miles; the leg length distribution parameter, an integer that
defines the gamma distribution that determines leg length (Inputing
1 gives an exponential distribution.) and the number of tracks to
\be generated. If an cuxiliary pseudorandom number generator is not
chosen, the option to supply a seed for the QuickBASIC random
number generator is given. Next, the option to either view single
tracks and terminate the program or to input the number of tracks
to be gerierated to produce data of the kind presented above.

The program is written for a computer monitor with screen mode
12 capability. To change this requirement, the statement SCREEN 12
on Line 4780 must be changed. For example, for a monitor with CGA
capability, it could be replaced by SCREEN 2.

To run the program under QuickBASIC, the /ah switch must be
used to duplicate the program results in this report. This switch
allows arrays of size greater than 64K. In addition, it may be
necessary to have FILES = 8 and BUFFERS = 2 1in the CONFIG.SYS
file and to remove TSR file activation statements from the
AUTOEXEC.BAT file.

The program code listed in Appendix 1 provides for the
addition of an auxiliary random number generator as an alternative

to the QuickBASIC generator through Lines 200, 210 and 220. These
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lines allow auxiliary generator setup code in a subroutine starting
at Line 7720 and generator code in a subroutine starting at Line
7810. This line number was chosen to accommodate code that is
based on a Generalized Feedback Shift Register (GFSR) pseudorandom
number generator that is listed in Reference 3. If an auxiliary

) generator will not be added, Lines 200, 210 and 220 can be removed.
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“Appendix 1. Thé Analysis Program Listing

&

10°NS -2 "RANTRACK BAS":-REM a program to analyze some random track generation procedures
S 20 CLS ¢ DEFINT ‘1. N. i
30 P1 = 4% ATN(Y): NTR = 0: R$ = Ustahdard": FLAG3 = 0: FLAG4 = O: FLAGS = 0 i
40 PRINT s INPUT "submarine speed in knots"; V
50 PRINT @ INPUT *distance between the end pomts in nautical miles*; D
60 . PRINT 3 INPUT Wtrack length in nautical miles"; TL )
70-1F TL < D THEN 60- -
80 DM = SQR(TL * TL - D * D) / 2: REM maximum distance from the x-axis
90 SL =DM / 7: IFD /2> SL THEN SL = (D / 2) / INT(D / 2 / SL): REM length of a cell side
100°TS = SL / V: REM time step inthours
110.MNS = 30: REM maximum number of steps
120 NS = CINT(TL / SL): REM number of time steps in the track
130 IF NS > MNS THEN GOTO 60
140 SF = (64 /7 35) * DM / 1000: REM screen factor
150-A$ = “cell dimension = # + STRS(SL) + " rm"; BS = “time step =" + STR$(TS) + " hr¥
160 PRINT .: PRINT- AS: PRINT : PRINT BS
A70 PRINT : INPUT "delta in mutical miles"; DEL: REM maximum average leg length in nauticel miles
180 IF DEL <'TL * TL / (TL - D) / 50 THEN 170
190 PRINT : INPUT %leg length distribution index; NI
200 AS =% Wg PRINT : INPUY “standard or auxllury random number generator (s/a)"; A$
210 IF AS = “AY OR AS = "a¥ THEN GOSUB 7720: GOTO 280
220 1F AS = WSH OR AS = WgW THEN 230 ELSE 200
230 A$ = # %: PRINT : INPUT “supply a random number seed (y/n)"; A$
240 IF AS = UN" OR AS = "n" THEN 280
250 IF AS = WY" OR.AS = "yh THEN FLAG4 = 1 ELSE 230
260 PRINT : INPUT "random nurber seed"; RNS
270 IF RNS < -327681 OR RNS > 32767 THEN 260 ELSE RANDOMIZE RNS
280 AS = W w: PRINT : INPUT "view only single tracks (y/n)"; AS
290 IF AS = uy® OR AS = Wyh THEN FLAGS = 1: NT = 1: GOTO 320
300 1F AS = “N" OR AS = “n" THEN 310 ELSE 280
310 PRINT : INPUT “number of tracks"; NT
320 AQ = TL / 2: REM semimajor axis of the initial focusing ellipse
330 CO = D / 2: REM distance from the center to a focus of the initial focusing ellipse
340 MNL = 30
350 LL = 9: LU = 9: ML = 10: MU = 10: MT = 6
360 REDIM MP(-LL TO LU, -ML TO MU, MNS)
370 REDIM MT(-1T0 1, -1 70 1, -LL TO LU, -ML TO MU, MNS)
380 REDIM MTS¢-1 10 1, -1 7O 1, -LL TO LU, -ML TO MU)
390 FOR J = 1 YO NT ‘
400 REDIM XCMNL + 1), Y(MNL + 1), XS(MNL + 1), YS(MNL + 1), FR(MNL + 1), T(MNL + 1), TLEG(MNL + 1)
410 X(0) = -D / 2: Y(0) = O: REM coordinates of the initial point for all tracks
420 FR(O) = 0: TLEG(O0) = O
430 FLAGY = 0
O A=A0: C=C0:S=0
450 GOSUB 4770
460 FOR 1 = 1 TO MNL: REM leg number
470 B1 = SQR((TL + D) / (TL - D))
480 82 = SQR(1 - D *D 7/ TL / TL)
490 Gosus 7700
500 ON ERROR GOTO 510: GOYTO 520
510 RESUME 490
520 FLAG2 = 0
530 IF RAND <= .5 THEN 550
540 RAND = RAND - .5: FLAG2 = 1
550 RC = 2 * ATH(B2 * TAN(PI % RAND - ATN(B1)) + D / TL): REM course in radians relative to the minor axis of
the focusing ellipse
$60 ON ERROR GOTO O
570 IF FLAG2 = 1 THEN RC = P! -~ RC
580 AL = (TL = D) /7 (TL - D * SIN(RC)): : REM average leg length for the relative course RC
590 GOSUB 7620
600 ON ERROR GOTO 0
610 FR(1) = RC + S: REM course in radians on leg 1
620 TLEGM = (A * A - C * C) / (A - C * SIN(RC)): REM maximum leg length in nautical miles for the relative
course RC
630 IF TLEG >= TLEGM THEN TLEG = TLEGM: FLAGY = 1: REM track is terminated at the final point
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sl S

640 GOSUB" 6030 o “

650* “UINE, (X(D), Y(l)) (X(l M, Y(l : 1)) -

- 660-A =-A1: "REM: rematnlng track tength in-hautical ‘miles

“670-C =-Cl: REN: -distancerbetween the flnal pount and the end-point of the.previous leg
680‘5 & BR - PI/ 2: REM dtrectxon of the- minor axis of the focusing ellipse

690+ TLEG(I) = TLEG: - REH leg.length-of .teg I~

700 3F FLAG1 £ 1 THEN 50 -

710, NEXT T
T20:NTR=2<NTR +1.
T30-8:= 4 - 4

7407GOTO; 1280: :REM-track terminated

TSO:LINE (0 /-2,,00=(X(1), 'Y(I)):

760°NLEG:= 1 + 13 REM nimber-of legs

70 TLEGf 2°*C: TLEG(NLEG) x TLEG

7808 :”s +Pl/2: “REM bearlng 'in. radians of final point from the end point of the leg
790 FR(NLEG) s H:-REM course in radians .on last leg

800 X(NLEG). = -D-/-2: REM x-coordinate of final. point for all tracks

:810: Y(NLEG).-= 0:: REM-y-coordinate. of final point for all tracks

820-7¢0) =0

830 FOR 1 = 1.70 NLEG

840 7 = TLEG(1Y-/ Vi REM time in . houfs to traverse leg |

850 'T(I) = T(1 - 1) + T: REN-time in hours from the initial point to the end point of leg I
"860 NEXT .1

870~ XS(O) = <D/ 2: YS(0) =

830 K=l 15K=1S

890 FOR l = 1 TO NLEG

900 IF TSK > TCI)'AND 1 < NLEG THEN 960; REM the pext time step point is past the Ith leg
910 7K. = ISK - T¢I - 1) REM time from the-starting point of the Ith leg to the.Kth time step point
920.XS(K) =.X(I - 1) + V * TK * SINCFR(1)): REM x-coordinate of the Kth time step paint
'930-YSCK) = Y(1 - 1) + V * TK * COSCFR(I)): REM y-coordinate of the Kth time step point
940.K-= K + 1: TSK = TSK + TS: REM.next time step

950 -1F K >-NS. THEN 980 ELSE 900

960 .NEXT

970 ERASE X, Y, FR, T, TLEG

980- FOR K = 1 TONS - 1

990‘CXRCLE (XS(K), YS(K)), 8 * SF

1000 NEXT X ;

1010 IF FLAGS = O THEN 1050

1020°A$ = # %3 INPUT MQuit (y/n)"; AS

1030 IF A$ = "NY OR A$ = ¥n" THEN CLS : GOTO 400

1040 IF AS = “y" OR A$ = “y" THEN END ELSE 1020

1050.FOR I = 0 TO NS

1060 FOR L = -LL TO LU

1070 §F (L = 1/ 2) * SL < XS(I) AND XS(1) <= (L + 1/ 2) * SL THEN 1090: REM the x-coordinate of the Ith time
step point is in range L

1080 NEXT L

1090.FOR M = -ML TO MU

1100 IF (M - 1/ 2) * SL < YSCI) AND YS(1) <= (M + 1 /7 2) * SL THEN 1130: REM the y-coordinate of the Ith time
step point is in range M

1110 NEXT M

1120 GOTO 1270

1130 MP(L, M, 1) = MP(L, M, 1) + 1: REM random tour probability map element

1960 1F 1 > O THEN 1170

1150 LO = L: MO = M

1160 GOTO 1270

M70 L1 =L: N =N

1180 FOR N = -1 T0 1

1190 FOR K = ~1 10 1

1200 IF NOT (L1 = LO + N AND M1 = MO + K) THEN 1240

1210 NT(N, X, L0, MO, 1 - 1) = NT(N, K, LO, MO, 1 - 1) + 1: REM dynamic diffusion matrix element
1220 MYS(N, K, LO, MO) = MTS(N, X, LO, M) + 1: REM static diffusion matrix element

1230 GOTO 1260

1240 NEXT K

1250 NEXT N

1260 LO = L1; MO = M1

1270 NEXT 1

1280 NEXT J

1290 A$ = # W: PRINT : INPUT "display a random tour probability map (y/n)"; A$

1300 IF AS = UN" OR A$ = “n* THEN 1500
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T

*1310- fF AS:E-WY1 DR, AS =. Wyt' THEN 1320 ELSE 1290

1320 SCREEN-O: CLS
1330 PRINT "NS = "; NS

+. 41340~ PRXNT INPUT “enter the number of: time-steps .from 0 to NS"; 1

1350°1F I< 0 OR. T > NS-THEN 1340.

4360°FOR. M= 10 Y0 <10 STEP -1

1370 x$-=- STRS(HP( 9 M, 1)): X$ ="LTRIMS(RTRIMS(XS)): .PRINT X$; TAB(5);

1380 FOR:N = <8 TO s

1390 X$. % ‘STRS(MP(N, M, 1)): X = LTRXHS(RTRIHS(XS)). PRINT X$; TAB((N + 9) * 4 + 5);
1400 NEXT ¥

1410 X$ = $TR$(NP(9 H,.1)): XS = LTRIMS(RTRINS(XS)): PRINT XS -
1420 NEXT W

1430°A$ = ® PRINT : ANPUT %print the random tour probability map (y/nm)"; -

144071F AS = NN QR AS = “n' THEN. 1290
1450-1F AS>= nY" OR/AS = Hy#" THEN 1460 ELSE 1430

. 1460°WIDTH.LPRINT 130

1470.60SUB 4880
1480 WIDTK LPRINT 80
1490 GoTO 1290

. 1500 AS = #'M: PRINT : INPUT- “print a random tour probability mep (y/n)"; AS

1510.1F AS = WNW OR AS = “nM THEN 1610

1520 -1F A$ = "YW OR A$ = ¥yh THEN 1530 ELSE 1500

1530 -SCREEN 0O: CLS

1540 PRINT “NS = ;. NS

1550 PRINT : INPUT Yenter the number of time steps from 0 to NS "; 1

1560 IF 1 <O OR I > NS THEN 1550

1570 WIDTH.LPRINT 130

1580 GOSUB 4380

1590 WIDTH LPRINT 80

1600 GOTO" 1290

1610°A$ = M u: PRINT : INPUT “print all theé random tour probability maps (y/n)"; AS
1620 IF AS = UNY OR AS = "n" THEN 1680

1630 IF AS = "yt OR AS = Wy THEN 1640 ELSE 1610

1640-WIDTH LPRINT 130

1650 FOR 1 = 0 TO NS

1660 GosuB 4880

1670 NEXT I

1680 A$ = " »; PRINT : INPUT Mprint all the random tour probability maps to a file (y/n)"; AS
1690 IF AS = UN" OR AS = "n THEN 1800

1700 'IF AS = HY" OR AS = "y THEN 1710 ELSE 1680

1710 PRINT & INPUY "input the data file name"; F$

1720 ON ERROR GOTO 1730: GOTO 1740

1736 RESUME 1710

1740 OPEN “O", #1, F$

1750 FOR 1 = 0 TO NS

1760 GOsSUB 7050

1770 NEXT |

1780 CLOSE #1

1790 ON ERROR GOTO O

1800 ERASE MP

1810 AS = ¥ %: PRINT : INPUT "display a dynamic transition matrix (y/n)"; A$

1820 IF AS = UN" OR AS = “n" THEN 1920

1830 IF AS = "Y" OR A$ = Wy THEN 1840 ELSE 1800

1840 SCREEN O: CLS : GOSUB 6480

1850 PRINT : PRINT

18560 FOR K = 1 1O -1 STEP -1

1870 PRINT : PRINT MT(-1, K, L, M, 1 - 1); TAB(15); MT(O0, K, L, o, 1 - 1); TAB(29); MT(1, K, L, N, I - 1)
1880 NEXT K

1890 PRINT : PRINT : PRINT : PRINT "number of tracks completed = "; NT

1900 PRINT : PRINT "number of tracks terminated = "; NTR

1910 PRINT : GOTO 1810

1920 AS = ¥ ¥: PRINT : INPUT “print a dynamic transition matrix (y/n)"; A$

1930 1F AS = “N" OR A$ = “n* THEN 2100 .
1940 1F AS = "YW OR AS = "y THEN 1950 ELSE 1920

1950 SCREEN O: CLS : GOSUB 6480

1960 A$ = N$ + W dynamic transition matrix's LPRINT AS

1970 LPRINT : LPRINT H“transition number = "; | .
1980 LPRINT : LPRINT x = "o L

1990 LPRINT Hy = n.»




ANy cm dawn -

ZOOO’FOR K=4 70 1 STEP -1 ° ™

2 2010°LPRIN

‘ Tz LPRINT ; TAB(1S);. MFC-1, Ki.L, M, 1 - 13; TAB(29); MTCO, K, L, M, I -
M,.-I < 1).
2020 NEXT K.
2030 (PRINT-: LPRINT

-, -2040° 60SUB" 6130

"2050:1F ‘FLAG4 =.0:THEN" N‘= 34 ELSE N =33
2060 FOR-K'= 1 TON - ’

.2070 .LPRIN
2080° NEXT -

T
K

"2090 6OTO 1920 . ]

2100°A$ =% w: PRINT : INPUT print- -nonzers. dynamic transition matrices (y/n)"; A$
2110 IF AS.= ¥N" OR AS = "n" THEN 2390

2120 °IF AS = Hyn-OR AS = My® THEN 2130 ELSE 2100

2130 SCREEN O0:- cLs

2140 PRINT. "NS .= »; NS

2150 PRINT :

lNPUt “enter- the transition number from 1 to- NS; 1

2160-1F 1 < 1 OR 1 >°N§ THEN 2150

2170 AS =.N$ + * nonzero dynamic transition matrices": LPRINT AS
2180 - LPRYNT
2190 FOR-L = =(LL - 1) T0 (LU - 1)

2200 FOR M
2210 MAT =
2220 FOR N
2230 FOR-K

™ u:_:\

“LPRINT “transition number = e 1: LPRINT
S(ML - 1Y TO (MU~ 1)

-1 10.1
1101

© 2240 MAT = nr(u, K, L, M, 1= 1) + MAT

2250 NEXT K
2260"NEXT N

2270 IF MAT-= 0 THEN 2340

-2280 LPRIN

T

LPRINT u = W

2290 LPRINT "Y = "
2300°FOR K = 1 70 - 1 STEP -1

2310 LPRIN
M, 1.1
2320 NEXT

T:
X

LPRINT ; TABC15); MT(-1, K, L, M, 1 - 1); TAB(29); MT(D, K, L, M, I -

2330 LPRINT : LPRINT
2340 'NEXT M

2350 NEXT

L

2360 LPRINT : LPRINT

2370 cosus 6130

2380 GOTO 2100

2390 AS = " ": PRINT : INPUT "print a dynamic transition matrix to a file (y/n)"; AS
2400 IF AS = “N" OR AS = “n" THEN 2630

2410 IF AS =
2420 SCREEN 0: CLS : INPUT “input the data file name"; F$
2430 ON ERROR GOTO 2440: GOTO 2450

2440 RESUME 2420

2450 OPEN

wou ’

Nyn OR A$ = My" THEN 2420 ELSE 2390

#, £$

2460 GOSUB 6480

2470 AS =
2480 PRINT
2490 PRINT
2500 PRINT

N$ + " dynamic transition matrixt: PRINT #1, AS
#1, : PRINT #1, “transition number = " |

#1, : PRINT #1, nx = vs

#1' lly = l‘; 7]

2510 FOR K = 1 TO -1 STEP -1

2520 PRINT #1, : PRINT #1, ; TAB(15); MT(-1, K, L, M, 1 - 1); TAB(29); MT(0, K, L, M,
K, LM 1)

2530 NEXT K

2540 PRINT #1, : PRINT #1,

2550 Gosus 6560

2560 IF FLAGS =

2570 FOR X =
¥,

2580 PRINT

2590 NEXT X

2600 CLOSE

#

0 THEN N = 27 ELSE N = 26
110K

2610 ON ERROR GOTO 0
2620 GOTO 2390

2630 AS =

" U
.

PRINT : INPUT "generate dynamic diffusion tracks (y/n)%; A$

2640 [F AS = UY" OR AS$ = “y" THEN 2660

2650 IF AS$ =

UN" QR A$ = "n" THEN 2770 ELSE 2630

1); TAB(43); MT(1, K, i,

1); TAB(43); MT(1, K, L,

I - 1); TAB(43); MT(1,
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. NS
bAT ! mpur "enter ‘the- nufber» of d\ffuswns from 1 to NS'; ND
90 :1FND-< AR OR ND T THEN 2680

W 22700 PRINT INPUT "enter the nmber of -tracks"; - NDT
. ReTeaLs ‘: .
2120 sosus 4770

.2730 FOR J =1 10-NDT'

2740 GOSUB 5050

2750 I'EXT J:

2760 6010 2630 .

2770, AS = W.H: PRINT 3 . INPUT, .generate a.dynamic diffusion probability: map (y/nm)"; AS

~.2780" 1§ AS = UYW.OR A$ = "y THEN 2800
209 1F 'AS @ ¥N OR ‘A$ = “n¥ THEN 3050 ELSE 2770

2800«36&55“ 0:: CLS

2810 PRINT “NS & ¥; NS

2820° PRINY lNPUY ugnter the number of diffusions from 0 to NS " ND
2830 {F KD < 0-OR: NDO > NS THEN 2820

2840 REDIM MPD(-LL TO,LU, =ML TO MU) AS INTEGER

2850- Gosus- 5330

2060 AS-x ™ w: PRINT : INPUT “display the dynamic diffusion probability map (y/n)¥; AS
2070°17-AS.% “N® OR.AS = "n¥ THEN 2970

2880-1F AS = WY OR AS = Wy# THEN 2890 ELSE 2860

2890 SCREEN-0: CLS

2900 FOR M = 10 TO -10 SYEP -1 .

2910 ‘X$ = -STRS(MPD(-9, M)): X$ = LYR!HS(RTR!HS(XS)) PRINT X$; TAB(S);
-2920-FOR"N = -8 70 8

- 2930 X8.= STRS(MPO(N, M)): X$ = LTRIMSCRTRIMS(XS$)): PRINT X$; TAB((N + 9) * 4 + 5);

2940" NEXT N ‘

2950 XS .= STRE(MPD(D, M)): X$ = LYRIMS(RTRIMS(XS$)): PRINT X$
2960.NEXT M

2970 A% =-# #: PRINT -2 INPUT “print the dynamic diffusion probability map (y/n)"; AS
2980 1F AS = N OR AS = " THEN 2770

2990 1F . A$= HYn OR AS = “yW THEN 3000 ELSE 2970

3000 WIDTH LPRINY 130

3010-6OSUB 5630

3020.WIDTH LPRINT. 80

3030 ERASE MPD

3040. GOTO 2770

3050 AS-= * v PRINT : INPUT “print all the dynamic diffusion probability maps (y/n)"; AS
3060 15 AS = "N" OR A$ = “n" THEN 3160

3070 1F.AS-» -#y® OR AS = My THEN 3080 ELSE 305G

3080 WIDTH LPRINT 130

3090 -FOR-ND = 0 TO NS

3100 REDIM MPD(-LL TO LU, -ML TO MU) AS INTEGER

3110 cosus 5330

3120. cOSUB 5680

3130 NEXY ND

3140 ERASE MPD

3150 WIDTH LPKINT 80

3160 AS = ¥ #: PRINT : INPUT Yprint all the dynamic aiffusion probability maps to a file (y/n)¥; A$
3170 IF AS = “N% OR AS = “n" THEN 3310

3180 1F AS = MYW OR A% = Wy" THEN 3190 ELSE 3160

3190 PRINT : INPUT “input the data file name": f$

3200 ON ZRROR 50TO 3220

3210 6070 3230

3220 RESIME 3190

3230 r.PEN “OM, #1, ¢S

3240 FRR W0 = 0 f@ NS

3250. REDIM MPD(-LL TO LU, -ML TO MU) AS INTEGER

3260 OSUB 5330

3270 Gosus 6700

3280 NEXT WD

3290 CLOSE #%

3300 ON ERROR GOTO O

3310 ERASE MPD

3320 A$ = “ ¥ PRINT : INPUT “display a static transition matrix (y/n)"; AS
3330 IF AS = ¥N" OR AS = "n" THEN 3430

3340 IF AS = “Y" OR A$ = "y" THEN 3350 ELSE 3320
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:3350: SCREEN:0: CLS' ¢ “GOSUB' 6510
_ 3360.PRINT. .c.PRINT.
3370 FOR K= 1 70~ 1" STEP -1 _
'3380.PRINT. 3 ‘PRINT MTS(-1, K, L, M); TABC15); MTS(D, K, L, M); TAB(29); MTS(1, K, L, M)

3390; NEXT"-K
o .3400- PRINT :-PRINT s PRINT : PRINT "number of ‘tracks completed = "; NT
Ly 3410; PRINT 3 PRINT, “nu\ber of tracks terminated = "; NTR

3420 PRINT GOTO: 3320
3430 A5 " s PRINT 2 INPUT “print a.static transition matrix (y/n)"; A$
34407 1F AS = uN" OR AS-=~"n" THEN 3600

» . ‘3450 TFAS = WYN'OR AS = Ny, THEN 3460 ELSE 3430
3460 - SCREEN: 0: CLS : GOSUB 6510:
3470 AS = NS + . static transition matrix": LPRINT AS
3480 LPRINT : LPRINT “x = "; |
3490 LPRINT #y = .02 M
3500 FOR K = 1 TO ~1 STEP -1
3510 LPRINT : LPRINT ; TAB(15); MTS(-1, K, L, M); TAB(29); WTS(0, K, L, M); TAB(43); MTS(1, K, L, W)
3520 NEXT K
3530 LPRINT : LPRINT
3540 Gosus 6130
3550 1F FLAGL = 0 THEN-N = 36 ELSE N = 35
3560 FOR K = 1-TON
3570 LPRINT
3580 NEXT K
3590 GOTO 3430
3600 AS$ = ® H: PRINT ¢ INPUT "print all nonzero static transition matrices (y/n)"; AS

) 3610 IF AS = UN" QR AS = !n THEN 3840
T ’ 3620 1F AS = nyw OR AS = Myt THEN 3630 ELSE 3600

3630 SCPSEN 0: CLS
3640 AS = N$ + “ nonzero static transition matrices": LPRINT A$
3650 FOR L = «(LL - 1) TO (LU - 1)
3660 FOR M = ~(ML - 1) TO (MU - 1)
3670 MAT = 0
3680 FORN = -1 70 1
3690 FOR K = -1 10 1
3700 MAT = MTS(N, K, L, M) + MAT
3710 NEXT X
3720 NEXT N
3730 15 MAT = O THEN 3800
3740 LPRINT : LPRINT ux = Ms L
3750 LPRINT My = #; M
3760 FOR K = 1 1O -1 STEP -1
3770 LPRINT : LPRINT ; TAB(15); MTS(-1, K, L, M); TAB(29); MTS(0, K, L, M); TAB(43); MIS(1, K, L, M)
3780 NEXT X
3790 LPRINT : LPRINT
3800 NEXT M
3810 NEXT L
3820 LPRINT : LPRINT
3830 Gosus 6130
3840 AS = ™ s PRINT : INPUT "print a static transition matrix to a file (y/n)"; AS
3850 IF AS = UNW OR A$ = “n" THEN 4080
3860 IF AS = “Y" OR AS = Yy® THEN 3870 ELSE 3840
3870 SCREEN 0: CLS : INPUT “input the data file name*; F$
3880 ON ERROR GOTO 3890: GOTO 3900
3890 RESUME 3870
3900 OPEN “Qu, #1, F$
3910 Gosus 6510
3920 AS = NS + " static transition matrix¥
3930 PRINT #1, AS
3940 PRINT #1, : PRINT #1, "x = w; L
3950 PRINT #1, Wy = % M
3960 FOR K = 1 TO -1 STEP -1

o 3970 PRINT #1, : PRINT #1, ; TAB(15); MTS(-1, K, L, M); TAB(29); MTS(0, K, L, M); TAB(43); MTS(1, K, L, M)
3980 NEXT K
3990 PRINT #1, : PRINT ¥1,
4000 GOSUB 6560

- 4010 IF FLAG4 = 0 THEN N = 30 ELSE N = 29
4020 FORK =1 TON
4030 PRINT #1,
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6040 NEXT -

4050 CLOSE #1

4060 ON ERROR .GOTO0

4070 6070.3850

4080 A$:= % Hs PRINT 2 INPUT “generate, static diffusion tracks (y/n)";

f4090 IF A$ = "Y" OR AS-= ”y“ THEN 4110

4100 1£-AS-= "N OR.AS = "n¥ THEN 4230 ELSE 4080 L
4110 SCREEN 0:-CLS

6120 PRXNY NS = W NS

4130 PRINT ¢ INPUY “enter the number of diffusions from 1 to NS": ND

6140° IF' ND < 1 OR ND > NS THEN 4130 .
4150 PRINT - INPUT “enter the number of tracks"; NOT :
4160 CLS ,

4170°GOSUB: 4770

4180-FLAG3. = 1
r4190FORJ- 1 10 NDY

4200 GOSUB 5050

4210 'NEXT J.

-4220. 6OTO 4080 )

6230 AS = % W: PRINT : INPUT “generate a static diffusion probability map (y/n)"; AS
4240 IF AS = WYW OR AS = WyW THEN 4260

4250 1F AS = “N¥ OR AS = “n¥ THEN 4520 ELSE 4230

4260 SCREEN 0: CLS

4270 PRINT "NS = %; NS

4280°PRINT : INPUT Yenter the number of diffusions from 0 to NS “; ND

4290 IF ND < O OR-ND > NS THEN 4280

4300°REDIM POT(-LL TO'LU, -ML TO'MU)

4310 Gosus 7220

4320 GOSuB 7550

4330 A$ = " v PRINT : INPUT “display the static diffusion probability map (y/n)"; AS
4340 TF AS = "N" OR A$ = "n" THEN 4440

4350 1F AS = nYM OR AS = “yi THEN 4360 ELSE 4330

4360 SCREEN.O: CLS

4370 FOR M = 10 TO ~10 STEP -1

4380 X$ = STR’(CINY(POT( 9, M))): X$ = LTRIMS(RTRIMS(XS)): PRINT Xs; TAB(S);

4390 FOR N = -8.T0 8

2420 XS = STRSCCINT(PDT(N, M))): X$ = LTRINS(RTRIMS(XS$)): PRINT X$; TAB((N + 9) * 4 + 5);

410 NEXT N

4420 X$ = STRS(CINT(PDT(D, M))): X$ = LTRIMS(RTRIMS(XS)): PRINT X$

4430 NEXT M

4440 AS = W M3 PRINT : INPUT Yprint the static diffusion probability map (y/n)%; AS
4450 IF AS = “NW OR AS = "n¥ THEN 4230

4460 IF AS = WY® OR AS = Myl THEN 4470 ELSE 4440

4470 WIDTH LPRINT 130

4480 GOsuB 5850

4490 WIDTH LPRINT 80

4500 ERASE PDT

4510 GOTO 4230

4520 AS = ® ¥: PRINT : INPUT "print all the static diffusion probebility maps (y/n)¥; AS
4530 {F AS = “N" OR A$ = "n" THEN 4630

4540 IF AS = “YM QR A$ = Wy» THEN 4550 ELSE 4520

4550 WIDTH LPRINT 130

4560 FOR ND = 0 TO NS

4570 REDIM POT(-LL TO LU, -ML TO WU)

4580 GOsSUB 7220

4590 GOsSuUB 5850

4600 NEXT WD

4610 ERASE POT

4620 WIDTH LPRINT 80

4630 AS = " ¥: PRINT : INPUT “print all the static diffusion probability maps to a file (y/n)"; A$
4640 IF AS = VNY OR AS = “n¥ THEN 4760

4650 IF AS = “YH OR AS = M“y" THEN 4660 ELSE 4630

4660 PRINT : INPUT “input the data file name"; F$ R
4670 ON ERROR GOTO 4680: GOTO 4690

4680 RESUME 4660

4690 OPEN "0, #1, F$

4700 FOR ND = 0 TO NS

4710 REDIM POT(-LL TO LU, -ML TO MU}

4720 GOSUB 7220

80




.o

4730.:GOSUB 6870
4740.NEXT ND°

4750.ERASE PDT.

4760:END

4770-XM = 10 * SL: YH =8 *SL
4780 SCREEN. 12

4790 WINDOW (-XM, -YH) (XM, YM).
-4800- CIRCLE (- D / 2, 0), 10 * SF: CIRCLE (D /2, 0), 10 * SF

4810 FOR Mz 070 19

4820 LINE (-XM + (W' + 1/ 2) * SL, YM - SL / 2)-(-XM + (M+ 1/ 2)*SL, -YM+5SL/2)

4830°NEXT M

-4840° FOR M.z 0 10.15

4850 LINE (-XM + SL 7 2, YM - (N +1/ 2) * sL)- (xn -SL/2, YM-(M+1/2)*sL)
4850 NEXT M

4870 RETURN

4880 -AS = N$ + ¥-random tour probability map“: LPRINT AS

4890 LPRINT - LPRINT “number of time steps = “; 1: LPRINT

4900 FOR'M = 10-T0 -10 STEP -1

4910 X$ = STR$(MP(-9, M, 1)): XS = LTRIMS(RTRIMS(XS)): LPRINT X$; TAB(MT);
4920 FOR N.» -8 T0 8

4930 X8 = STRQ(NP(N M, 1)): X$ = LYRIMS(RTRIMS(XS)): LPRINT X$; TAB((N + 9) * (MT - 1) + NMT);
4940 NEXT N

4950 X$ = STRS(KP(? M, 1)): LPRINT X$

4960 NEXT- M

4970-Gosus 6130

49350° GOsuB 4270

4990 LPRINT. "cell entry sum = ": SH

5000 ‘1F -FLAG4 .= O THEN N = 22 ELSE N = 21

5010°FORK =1 TON

5020 LPRINTY

5030 NEXT K

5040 RETURN

5050-L0.% <D 7 2 / SL: MO = O: REM initial cell indices
S060 ‘FOR | = 1 TO ND

S070.REDIM MTA(-1 TO 1, -1 TO 1) AS INTEGER

5080 MPSUM = 0

S090 .FOR N = -1 T0 1

5100 FOR K = -1 10 1

5110 IF FLAG3 = 0 THEN 5130

'5120 MPSUM = MTS(N, X, LO, M0O) + MPSUM: GOTO 5140

5130 MPSUM = MT(N, K, LO, MO, | - 1) + MPSUM
5140 MTACN, K) = MPSUM

5150 NEXT K

5160 NEXT N

5170-GOSUB 7700

5180 RNU = RAND * MPSUM

5190 FOR N = =1 TO 1

5200 FOR X = -1 10 1

5210 IF RNU < MTA(N, K) THEN 5260: REM transition from (LO+N,MO+K) to (LO,MO)
5220 NEXT K

5230 NEXT N

5240 ERASE MTA

5250 GOTO 5320

5260 L1 = LO + N: M1 = MO + K

5270 LINE (L1 * SL, M1 * SL)-(LO * SL, MO * SL)
5280 CIRCLE (L1 * SL, M1 * SL), 8 * SF

5290 L0 = L1: MO =

5300 ERASE MTA

5310 NEXT |

5320 RETURN

5330 REDIM MSUM(-LL TO LU, -HL TO MU, MNS)
5340 FOR 1 = 0 TO NS - 1

5350 FOR L = -LL TO LU

5360 FOR M = -ML TO MU

5370 FOR N = =1 10 1

5380 FOR K = -1 70 1

5390 MSUMCL, M, 1) = MT(N, K, L, M, 1) + MSUMCL, M, 1)
5400 NEXT K

5410 NEXT N
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FIN

“5420 NEXT' "

5430; NEXT LS
5440" NEXT 1

5450 MPO(<D / 2 /- SL, 0) = NT: REM-initial..cell probability factor
5460 1F ND- =-0- THEN: 5660- )

5470° FOR-1 = .1 TOND'
5480, REDIH B( LL TO LU, -ML TO MU),

"5490FOR L= -(LL < 1) TO (LU’ 1)

5500. FOR M= -(ML - 1) TO (MU - 1)
5510..FOR N.= -1 10 1
5520 FOR_K:= -1 10 1

"5530.1F MSUM(L =N, M - K; 1 - 1) = O THEN 5550
5540 8(L, n) x. nrcu, KoiLo= N M =K, 1= 1) / MSUMCL = N, M= K, 1= 1) * MPDCL - N, M - K) + BCL, M)

5550 -NEXT K
5560- NEXT -N'
5570 NEXT-M

5580 NEXT. L
‘5590 FOR'L = -LL TOLU

5600 FOR M = -ML TO.M

5610.MPDCL, M) =.B(L,.M): REM dynamic diffusion probability map element
"5620. NEXT: M

5630 .NEXT L
5640 ERASE 8

5650-NEXT- 1

5660 . ERASE MSUM
5670-RETURN

:5680°A8 ®:N$ .+ V-dynamic-diffusion probability map"s LPRINT A$

5690 LPRINT : LPRINT "number of diffusions = "; ND: LPRINT
S700 .FOR'M = 10 TO -10"STEP -1

ST10°XS = STRS(MPD(~9, M)): X$ = LTRIMS(RYRIMS(XS)): LPRINT X$; TAB(NT);
5720 FOR N = -8 10 8.

5730 X$ = STRS(MPD(N, M)): X$ = LTRIMS(RTRIMS(XS$)): LPRINT: X$; TAB((N + 9) ™ (MT - 1) + MT);

5740 NEXT N

5750.X$ = STRS(MPO(P, M)): XS = LTRIMS(RTRIMS$(XS)): LPRINT X$
5760 NEXT M

5770 'GOsus- 6130

5780 GOSUB 6340

$790 LPRINT "cell entry sum = ": SN

5800 IF FLAG4 = O THEN N = 22 ELSE N = 21

5810 FOR X = 1 TO N

5820 LPRINT

5830 NEXT X

5840 RETURN

5850 AS = N$ + " static diffusion probability map": LPRINT AS
5860 LPRINT : LPRINT "number of diffusions = %; ND: LPRINT
S870 FCR M = 10 10 -10 STEP -1

5880 X$ = STRS(CINT(PDT(-9, M))): X$ = LTRIMS(RTRIMS(XS$)): LPRINT X$; TAB(MT);
S890 FORN = -8 70 8

5900 X$ = STRS(CINT(PDT(N, M))): X$ = LTRIMS(RTRIM$(X$)): LPRINT X$; TAB((N + 9) * (NT - 1) + MI);

5910 NEXT N

5920 X$ = STRSCCINT(PDT(9, M))): X$ = LTRIMS(RTRIMS(XS$)): LPRINT X$

5930 NEXT M

5940 Gosus 6130

5950 GOsuB 6410

5960 LPRINT “cell entry sum = "; SM

5970 LPRINT "cell entries are rounded integer®

5980 IF FLAGL = O THEN N = 21 ELSE N = 20

5990 FORK = 1 TON

6000 LPRINT

6010 NEXT K

6020 RETURN

6030 XC1) = X(1 - 1) + TLEG * SIN(FR(1)): REM x-coordinate of the end of leg |
6040 Y(I) = Y(I - 1) + TLEG * COS(FR(I)): REM y-coordinate of the end of leg I
6050 X =D /2 - X(1): Y =0 - Y(l): REM determine the bearing and range of the final point from the end of leg

1

6060 RF = SQR(X * X + Y * Y): REM range of the final point from the end of leg |

6070 C! = RF / 2: REM distance of the center of the trial focusing ellipse from the final point
4080 A1 = A - TLEG / 2; REM one-half the remaining track length

4090 1F ABS(X / RF) = 1 THEN 83 = PI / 2 * SGN(X) ELSE BB = ATN(X / RF / SQR(1 - X * X / RF / RF)}
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26100 1F- ABS(Y /- RF) ¥ 1‘THEN BR=PI /2" - SGN(Y)) ELSE'BR = Pl / 2 - ATN(Y / RF / SQR(1 - Y * Y./ RF 7/

O RE)
o . 2:;0 ‘1F. 88 <. 0 THEN BR = 2 * pI ~»BR REM bearing in radians of the final point from the and. point of leg. L
: © «6120°F TURN

¢S G6130:LPRINT. ¢ LPRINT. "stbmarine $peed: in ‘knots = W; V-
: - 6140 LPRINT " “distance. betueen: end pomts in nautxcal miles = " D
g - \6150 LPRINT "length -6f a cell side in nautical: miles = ", SL
.6160. LPRINT-‘“time ‘step .in. hours: ="; 1§
6170 LPRINT- *maximam number :of tme ‘steps =-i; NS
6180 LPR!NT “rrack length in muttcal miles = "° T
. 6190¢ LPRINT ”delu in muucalumles =°W; DEL
P ’ :6200 LPRINT “leg- length dlstribunon mdex = Me N§
T 6210 LPRINT “random .nimber generator = ¥; RS
"6220 “1F FLAGS =.0" “THEN 6240
6230 .LPRINT “rondom ‘umber seed = "; RNS
6240 LPRINT. Wrumber - of tracks coupleted 2. NT
"6250- LPRINT “rumber-of tracks terminated * "° NTR
6260 RETURN'
-6270.SH = -0
6280 FOR L = -LL TO LU
6290° FOR M-= ML TO MU
6300 SN = MP(L, M, 1) + SM
6310 NEXT M’
6320: NEXT L
6330 RETURN
-6340°SM-=-0
6350-FOR-L = -LL TO LU
6360 FOR M'= -ML TO MU
6370-SM = MPD(L, M) + SM
6380 NEXT M
. 6390 NEXT L
: 6400 RETURN
6410:SM'= 0
6420 FOR L = -LL TO LU
6430.FOR M = -ML TO MU
6440 SM = PDT(L, M) + SM
6450 NEXT M
6460 NEXT L
6470 RETURN
6480 PRINY VNS = Ms NS
6490-PRINT : INPUT "enter the transition number from 1 to NS"; I
- 6500 IF 1 <1 0R 1 > NS THEN 6490
6510 PRINT s INPUT "x-coordinate"; L
6520 IF L < <(LL - 1) 'OR L > (LU - 1) THEN 6510
6530 PRINT : INPUT "y-coordinate"; M
6540 IF M < ~(ML - 1) OR M > (MU - 1) THEN 6530
6550 RETURN
6560 PRINT #1, : PRINT ¥1, “"submarine speed in knots = "; V
6570 PRINT #1, “distance between-end points in nautical miles = %; D
. 6580 PRINT #1, "length of a cell side in nautical miles = ¥; SL
6590 PRINT #1, “time step in hours ="; TS
6600 PRINT #1, “maximum number of time steps = ¥; NS
6610 PRINT #1, “track length in nautical miles = *; TL
6620 PRINT #1, "delta in nautical miles = "; DEL
6630 PRINT #1, "leg length distribution index = “; NI
6640 PRINT #1, “random number generator = "; R$
6650 IF FLAGG = 0 THEN 6670
6660 PRINT #1, “random number seed = "; RNS
6670 PRINT #1, “number of tracks completed = "; NT
6680 PRINT #1, "number of tracks terminated = "; NIR
6690 RETURN
6700 A$ = N$ + ¥ dynamic diffusion probability map": PRINT #1, AS
6710 PRINT #1, : PRINT #1, "number of diffusions = "; ND: PRINT #1,
® 6720 FOR ¥ = 10 10 -10 STEP -1
6730 X$ = STRS(MPD(- 9 M)): XS = LTRIMS(RTRIMS(XS)): PRINT #1, XS$; TAB(MT);
6740 FOR N = -8 10 8
6750 X$ = STRS(MPO(N, M)): X$ = LTRIMS(RTRIMS(XS$)): PRINT #1, X$; TAB({N + 9) * (MT - 1) + MT);
* 6760 NEXT N
6770 X$ = STRS{MPD(9, M)): X$ = LTRIMS(RTRIMS(XS)): PRINT #1, X$

&
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6780 NEXT H

" 6790 GOSUB™ 6560

6800 GOSUB 6340

6610 PRINT #, “cell entry-sum = "; SM
6820 IF FLAGlo 0 THEN: N =16 ELSE N=15

Fa

c e w6830?FOR K= 1. 0. ‘
B2 h - 6BLOPRINT 41, A -
s 76850 NEXT. K ‘
ez 6860 RETURN
6870 A$ =-NS + # static diffusion probability map": PRINT #1, A$ :
6880 PRINT ‘1 PRINT #, “Mbel' of diffusions =""; ND: PRINT #, L4

6890?0!!"31010 10$1’EP1
; ‘3900 X8 =. STR‘(CINT(POY(-? M)z Xs = LTRIMSCRTRIMS(XS)): PRINT #1, XS$; TAB(MT);

6910 FOR N = -8 TO'8

:g;g ‘xS = SYRS(C!NT(PDT(N, M) XS = LTRINQ(RTR!MS(XS)). PRINT #1, X$ TABC(N + @) * (MT - 1) +.MT);
NEXT N

6940-X8-= STRS(CINT(POT(D, M))): X$ = LTRIMS(RIRIMS(XS$)): PRINT #1, X$

6950 NEXT M

6960 GOSUB 6560

6970, GOSUB 6410

-6980 PRINT- #1, “cell entry sum = *; SN

6990 PRINT #1, "cell entries.are rounded integer"

7000-‘!F*FLAG£ = 0 THEN N = 16 ELSE N = 15

7010 FOR X = 1 TON

7020 PRINT #1,

7030. NEXT K

7040 RETURN

7050 AS = NS + " random tour probability map": PRINT #1, AS

7060 PRINT #1, : PRINT #1, “number of time steps = *; !' PRINT #1,

7070-FOR'M = 10. 10 -10- STEP -1

7080 X$ = STRS(MP(-9, M, 1)): X$ = LTRIMSCRTRIMS$(XS$)): PRINT #1, X$; TAB(MY);

7090. FOR-N = -8 10 8-

7100 X$ = STRS(MP(N, M, 13): X$ = LTRIMS(RTRIMS(XS$)): PRINY #1, XS$; TAB((N + 9) * (MT - 1) + MI);

7110 NEXT N

7120 X$ = STRS(MP(9, M, 1)): X$ = LTRINS(RTRIMS(X$)): PRINT #1, X

7130 NEXT M

7140 GOSUB 6560

7150 GOsuB 6270

7160 PRINT #1, “cell entry sum = ¥; SM

7170 IF FLAGL = O THEN N = 16 ELSE N = 15

7180 FORK = 1 TON

7190 PRINT ¥,

7200 NEXT K

7210 RETURN

7220 REDIM MSUMS(-LL TO LU, -ML TO MU)

7230 FOR L = -LL TO LV

7240 FOR M = -ML TO WU

7250 FOR N = -1 70 1

7260 FOR K = -1 T0 1

7270 MSUMS(L, M) = MTS(N, K, L, M) + MSUMS(L, M)

7280 NEXT K

7290 NEXT N

7300 NEXT M

7310 NEXT L

7320 POT(-D / 2 / SL, 0) = NT: REM initial cell probability factor

7330 IF ND = O THEN RETURN

7340 FOR I = 1 TO ND

7350 REDIM 8(-LL TO LU, -ML TO MU)

7360 FOR L = =(LL - 1) TO (LU - 1)

7370 FOR M = -(ML - 1) TO (MU -~ 1)

7380 FOR N = -1 T0 1

7390 FOR K = -1 10 1

7400 1F MSUMS(L - N, M - X) = 0 THEN 7420 -

76410 B(L, M) = MIS(¥, K, L - N, M = K) / MSUMSCL - N, M - K) * PDT(L - N, M - K) + B(L, H)

7420 NEXT K

7430 NEXT N

7440 NEXT M .

7450 NEXT L

7460 FOR L = -LL TO LU

84




JA?O*FOR Mo=AML To W .

7480% PDT(L H)ze B(I., M)z REH stanc dtffusuon probabi Uity map element
- 7490. NEXT W

77500 NEXT L .
7510‘/ERASE~8 o
‘,~7520 NEXT I" o
- 75"'0 ERASE HSLHS :
' 75!»0‘~'RETURN T . T~
7550 -§Ms =~0 } ;,\ -

7580:5M = m(L, M) + sn-
PR 7590 NEXT M .
7600:NEXT L
27610 RETURN
620 TLEGJ 0
;7630 FOR: U 1 10 NI
e © 7640.:GOSUB . 7’700
o _~ “7650:0M.ERROR;GOTO. 7660: :GOTO 7670
) 7660. RESUME 7640-
T670° TLEG ® -DEL * AL * LOG(1 - RAND)./ NI + TLEG: REM trial teg length generator for the relative course RC
7680 NEXT L
v7690yRETURN
7700 IF RS = "standard"-THEN RAND = RND ELSE-GOSUB 7810: REHW auxiliary random number generator subroutine branch
. WiO‘RETURN
" 7720 R$ = Mauxitiary"; REM the first line of an suxiliary random number generator setup subroutine
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