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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

process 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 auxiliary 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 matrices, 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.
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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 lines

parallel to the y-axis define a grid of square cells in the plane,

(For examples of the program geometry, see Section V.) In 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

(LO, MO) is occupied by the submarine at the end of the I-1S
t time

step, at the end of Ith 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. In

this case, 1 is added to the (N,K) element of a 3 X 3 transition

matrix associated with cell (LO,MO) for time I-1. The elements of

this matrix are stored in an array MT(N, K, LO, MO, I-1). In

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

3



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

elements 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.

4



III. Some ComprisZA0s of the Track Generating Processes

The dynamic and static transition matrices of the two discrete

Mar kv track generating processes generate tracks that are random

but differ 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

motion 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.

5



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,

6



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.

7



The figures in Section V that follows show probability maps

and tracks generated by- the random tour process, the dynamic Markov

process transition 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.

8



'V. The Analysis Program Output

The figures, tables and maps that follow are based on data

generated by the analysis program that is listed in Appendix 1.

They provide the basis for the empirical analysis.

9
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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.

10



,- ..

8 q-e %*C ii
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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RANTRACK.BAS random tour probability map

number of time steps = 0

0 0 0. 0 0 '0- 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0 0
o 0* 0 0 0 *0 0 0 0 0 0 0 0 0 0 0 0- '0 -0-
-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0 0 0
0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0
0 'o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 i00000 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 '0 0 0 0 0- 0 0 0 0 0 0 0
0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0 0
0 '0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submrne speed in knots is 10
distance between end points in nautical miles 30
length of a cell side In nautical miles x 3
time step in hours x .3
maximum nmwber of time steps x 17
track length in nautical mil. s z 50-
delta in nautical miles a 5
leg Length distribution index a 3
random number generator i standard
random number seed a 7351
number of tracks completed = 10000
number of tracks terminated a 0
cell entry sum a 10000
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RANTRACK.AAS random tour problibitity map

r~uier of time steps- 1,

_0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

."0 0' 0 0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 '0 0 0 -0 0 0 0 0 0 0 0 0 0
0 0 0- 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0

'0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0
0 0 0 87 1161 961 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 316 1561 3733 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 80 1133 968 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical mites = 30
tegth of a ceLL' side in nauticat mites u 3
time step in hours x .3
maximum number of time steps x 17
track Length in nautical miles = 50
delta i n nautical miLes a 5
Leg length distribution index z 3
random number generator a standard
random number seed - 7351
number'of tracks completed * 10000
numbe,' of tracks terminated * 0
celt entry sun a 10000
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-RANTRACK.BAS- random tour probability map

number of. time steps- = 2

0 0 '0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 -0 0- O' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o0 0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0
0 O, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 12 124 233 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 84 451 1205-814 0 0 0 0 0 0 0 0 0- 0 0 0
0 0 4 136 627 1586 1739 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 106 456 1223 842 0 0 0 0 0 0 0 0 0 0 0 C
0 0 0 15 130 211 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine, speed in knots, z 10
distance between end points in nautical mites z 30
Length of a cett side In nautical miLes z 3
time step in ho.:rs z .3
maximum number of time steps = 17
track Length in nautical mites a 50
delta in nautical miles - 5
Leg length distribution index z 3
random number generator z standard
random number seed x 7351
number of tracks completed s 10000
number of tracks terminated z 0
cell entry sun z 10000
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RANTRACK.BAS random tour probability map

huber of time steps = 3

0 0 0 0 0 '0, 0- 0 0 -0 0 0 0 0 0 0 0 0 0-
0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0
0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0, 0 0 0 0- 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-
o, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0
0 0 0 0 17 28 3 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 16 101 236 335 17 0 0 0 0 0 0 0 0 0 0 0
0 0 2 33 228- 637 994,-541 0 0 0 0 0 0 0 0 0 0 0
0 1 8 65 315 831 1437 903 0 0 0 0 0 0 0 0 0 0 0
0 0 5 51 246 619 1042 521 0 0 0 0 0 0 0 0 0 0 0
0 0 2 21 103 214 356 33 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 5' 32 2 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 01 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0
0 0 -0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0
0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

subnar'ne speed in knots a 10
distance between end points in-nauticat miles z 30
Length of a cell side in nautical miles x 3
time step in hours x .3
maximum nriber of time steps - 17
trick length in nautical mites - 50
delta in nautical mites - 5
Leg Length distribu*tion index * 3
random number generator x standard
random number seed x 7351
number of tracks completed 10000
number of tracks terminated = 0
cell entry sum z 10000
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'RANTRACK.BAS random tour-probabiLity map

number of time steps =4

-0 0 0 -'0 0 0 0 0 0 0 0 0 0- 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 0 0
0 .0 0 0 0- 0 0 0 0 0 0- 0 0 0 0. 0 '0 0 0
0 -0 0 0 0 0 0. .0 0 0 0 0 0 0 0 0 0 0 0
0 b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0
o 0 0 3 16 42- 54 22 0 0 0 0 0 0 0 0 0 0 0
o 0 1 8 45 176 272 309 20 0 0 0 0 0 0 0 0 0 0
0 0 3 22 126 337 722 832 294 0 0 0 0 0 0 0 0 0 0
0 0 6 31 177 449 949 1175 485 0 0 0 0 0 0 0 0 0 0
0 0 5 29 126 377 746 859 271 0 0 0 0 0 0 0 0 0 0
0 0 0 17 61 137 307 315 29 0 0 0 0 0 0 0 0 0 0
0 0 0 1 15 29 61 32 0 0 '0 0 0- 0 0 0 0 0 0
0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0- 0- 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 .0- 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 0 0 0

submarine speed in knots x 10

distance between end points in nautical-mites 4 30
length of a cell side in nautical mites-z 3
time step In hours- .3
maximum nurber of- time steps -- 17
track Length in nautical, mites -50
delta in nauticaL mites x 5
teg Length distribution-index x 3
random nufmber generator a standard
random number seed = 7351
number of tracks conleted x 10000
number of tracks terminated = 0
celt entry sum a 10000
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RANTRACK;BAS radom.,iotir-probability-map

number of -time-stips-i 5

0 0 0 0 ,0 0 0- 0 0 0 0 0 0 0 0 0 0. 0 0
0 0 o-0 0 "0 0 .0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 • '0- 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 3 5 8 5 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 5 36 67 62 25 0 0 0 0 0 -0 0 0 0 0
.0 0 0 10 36 102 240 288 254 19 0 0 0 0 0 0 0 0 0
0 0 4 10 58 220 467 732 625 169 0 0 0 0 0 0 0 0 0
0 0 1 25 94 270 594 968 882 230 0 0 0 0 0 0 0 0 0
0 0 5 20 72' 204 467 735 653 156 0 0 0 0 0 0 0 0 0
0 0 3 11 38 103 196 317 237 23 0 0 0 0 0 0 0 0 0
0 0 0 2' 13 23 57 89 35 0 0 0 0 0 0 0 0 0 0
0 0 Y 0 2 5 6 13 0 0 0 0 0 0 0 0 0 0 0
'0 0- 0 0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 '0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical miles = 30
length of acett side in nautical miles • 3
timeitep in hours = .3
maxi rum number of time steps = 17
track length in nauticat miles • 50
delta in nautical miles z 5
Leg lenoth distribution index = 3
random number generator - standard
random number seed x 7351
number of tracks completed 10000
number of tracks terminated 0
cell entry sum * 10000

17



RANTRACK.BA$ random-tbur probabitity map

number of time steps =

0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0
0. 0 0 0- 0 fs 0 0 -0- 0 0 0 0 0 0 0. 0 0 0
0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 0 0 0 0' 0 0 0 0 0 -0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -01
O -0: 0 '0 0 12 3 18 8 1 0 0 0 0 0 0 0 0 0
0 0 0 0 5 17 56 84 67 28 0 0 0 0 0 0 0 0 0
0 0 0 3 22 79 148 284 298 181 24 0- 0 0 0 0 0 0 0
0 .0 0 11 35 108 303 542 668 62 84 0 0 0 0 0 0 0 0
0 0 0 8 54 149 406 672 866 595 -123 0 0 0 0 0 0 0 0
0 0 0 18- 34 119 305 571 668 451 85 0 0 0 0 0 0 0 0
0 0 '0 5 38 69 151 243 327 182 10 0 0 0 0 0 0 0 0
0 0 0 0 8 23 46 76 70 34 0 0 0 0. 0 0 0 0 0

-0 "0 0 0, 1 3 12 16, 10 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 01 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 .0
0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0
0 0; 0 '0 0 0 '0 0 0 -0 0 0 0 0 0 0 0' O 0
0 0 0. 0 0 -0 q 0 0 9 0 0 0 0 0, 0 0 0

submarinespeed in knots z 10
distance, between end points in nauticat-miLes = 30"
length of a cetL side in.nautical mites= 3
time step in-hours x .3
maximu number of time-steps z 17
track length in nautical mites : 50
delta in nautical miles , 5
Leg tength-distribution-index z 3
random number generator = standard
random number seed x 7351
number of tracks completed x 100OU
nurber of tracks terminated x 0
cell entry sun = 10000
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RAN*R 9A -ndx-tvur'fobibiLity map,

nurdier of time ,steps .= 7

0- - '0 0 4 ;00 0 0. 0 0 0 0 0 0 0 0 0 0 0- -0
0 Z40' 0 0 0 -O0' 0 0 0 0, 0 0 0O0t

0 0 -0 '0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 "0 0 -0 -0.- 0 0 '0 '0- 0. "0 0 o0 0 0 0 0 0- 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0

'0 0 0 0. 0 1 2 1 1 0 0 -0 0 0 -0 0 0 0 0
'-0: 0 0 0, 0 6 7 10 '15 3- 2 0 0' 0 0 0 0 0 0

0 0:- 0 O 0 21 47 -68 99 69 19 0 0 0- 0 4 0- 0 0
0 0 0, -0O 4, 39 107 212 306 249 128 12 0 0 0 0 0 0 -0
0 0 0 0 -30 68 ,189 393 575 598 311 46- 0 0 0' 0 0 0 0
0 0 0 0 27 87 220 464 733 730 393 76 0 0 0- 0 0 0 "0

-0 0 0 0 36 87 187 421 557 542: 327 43 0 0 0 0 0 0 0
0 0 0 0 12; 58 96 193 '300 281 115 10 06- 0 0 0 0 -0 0
0 0 0 0 0 19 43 67 85 68 20 0 0 0 -0 0 0 0 -0
0 0 0 -0 -0 4- 12 17 15 11 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 3 1 0 0 0 0 0 0 0 ,0 0 0
0,- 0 0 0' 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0
0 0 0 -0 0 0 0 0 0 0 -0 0 0 0 0 0 -0 0 0
0 0 0 0 '0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0
0 0 0- 0 0 0 0 0 0 0 .0 0 0 0 .0 0 0 0 0

submarihe speed, in knots - 10
distancebitween end-points In nautical miles • 30
length-of a cell side in nautical miles • 3
timer'step in hours .3
maximum number of time'steps X 17
track Length ,in nautical miles • 50
delta in hauticaL:,mites - 5
leg- tengthdistribution index • 3
random number generator a standard
random number seed a 7351
number of tracks completed a 10000
number of' tracks terminated = 0
ceLl entry sum • 10000
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RANTRACK.BAS randm .tour probabit-ty map

.ure r of time steps, ,B

0 0 ,0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0
S .0- 0 0 0 '0 0 0- 0 0 0 0 0 0 0 0 0 0
'O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0- 0 0 0 0 0 0
0 0 0 0 0' 0 0 3 1 0 0 0 0 0 0 0 0 0 -0
0 0 0 0 0 0 8 10 19 12 6 0 0 0 0 0 0 0 0
0, 0 ,0 0- 0 0 35 59 85 89 61 17 0 0 0 0 -0 0 0
0 0 0 0- 00 7, 100 127 247 296 200 85 10 0 0 0 0 0 0
0 0 0 0 0 66 114 289 442 565 477 208 17 0 0 0 0 0 0
0 0- 0 0 0 66 141' 290 532 706 634 270 42 0 0 0 0 0 0
0 '.-00 , 0 0 86 122 272 447 573 457 197 22 0 0 0 0 0 0
0 .0 0 0 0 8 93 135 242 305 229 62 2 0 0 0 0 0 0
0 0 0 0 0 0 44 53 82 80 67 10 0 0 0 '0 0 0 0
0 0 0 O 0 0 8 20 13 17 10 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 3 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 i0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0
0 0 0 ,0 ,0, -0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots x 10.
diltaneo betWeen end points in nauticaL mites a 30
tength of a cetL side in nauticat mites x 3
time step inchours x .3
maximum u uler of timesteps x 17
track Length in-nautlcat' mites x 50
delta-in nauticat mites a 5
leg tength distribution index - 3'
random numrber generator z standard
random number seed xa 7351
number of tracks completed z 10000
,number of tracks terminated = 0
cetL entry sum x 10000
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RANTRACIK.BAS raMoi oor pr6 babiLity map

numbier of-time stepsu 9

O 0 0 0 '0 0 0 0 '0 0, '0 0 0 '0 0 0 -0 0 0
0 0 0, po 0, 0 0, 0 , :0 '0 0 0 0 0 0 0 0 0 '0
o 0 0 0 0, 0 0 0 0 0 0 0 0 0, 0 0 0, . 0
O, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-
0 0 0 0 0 '0 0 '0 0 1 0 0 0 0 0 0 0 0 0
0' '0 0 0, 0 0 0, 0 '3 0 0 0 0 0 0 0 0 0 0
0 0 0 O -0 0 O 9 21 31 10 6 2' 0 0 0 O 0 0
0 0 0 0 0 0 55 69 '69 78 34 8 0 0 "O 0 0- 0
0 0 '0 :0 0 '0 11 163 184 259' 259 162 '45 4 0 0 b 0 0
O, '0 0 0 0 0 124 185 348 479:543 371 144, 8 0 0 0 0 0-
0 0 0 0 0 0 142 191 394 593 656 481 17515 0 0 0 0 0

0 0 -0 0 0 147 143 353 477 556 362 143 13 0 0 0 0 0
0 0 0 0 0 0 5 170 182 '277 249 141 33 1 0 0 0 0-
0 0 0 0 0 0 0 72 65 80 81 41 4 0 0 0 0 0 0
0 0 0 01, 0 0 0 13 15 15 17 7 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 3 2 0 0 0 0 .0 0 O 0 '0
0 0 0, '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0V. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' 0
0 0' 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots z 10
distance between end points in nautical miles 30
Length of a cell side in nautical miLes = 3
time step in hours u .3
maximum number of time steps x 17
track length in nautical miles • 50
delta in nautical miles x 5
Leg length-distribution index a 3

,random number generator - standard
'random number seed x 7351
number of tracks completed = 10000
number'of tracks terminated * 0
cell entry sum x 10000
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R4NTRACK,BA rno tor Oroabij ty iap,

nuvber of .tii 3tvs 10

00', 0, '0 0 0 0 0, 0o 0, 0 0 0 . o 0 0- 0 0
0 0 0 :0 0 0 0 0 0W 0' 0 0 0 0 '0 0 -0, 0

0 0 0 0 0, 0o 0 0 0 10 0 01 00 0 0. 0
o0, 0 0 0 0 0 0 *0 -0 0 :0, 0. 0 , o 0 0
0o 0 0'o 0, 00 ' 0 o 0 -0 d 0 0 0 0- 0 0 0 0 0 0
O '0 0 0 0 '0' 02 0 2T 00 0 -0 0 0 0 0
0, 0- 0 00 0 00 0 21 718.76 38 20, z 0 0 0 0

0 0, 0 0 00 0 235 228 426.A73 459:284- '74 2 0 0'0 0
.0 -0 0 : 0 0 0 0 238 278 47,633619 370, 120 7, 0 0 0 0
0'00 0 000 222 256 06 511. 50425592 4 0 00 0
0o 0. 0 0 0, o 0 0 253 1W8:6 2200 94 22 0 0' 0, 0 0
0.0 0 0 0o 0o 4 0 0 88 68 7t 6917 3r 0 0 0 0 0

00- 0 0 0 0 -0 - - 2413 10 5 0 0 0 0 0 0
0 0 00 0 0 0 0 0 o 21 4, 0 0 0 0.0' 0 0
o0 0 00 0 0 0 0 0 0o 'o 0o 0 0o o 0 0 0

0, 0 0 0 0 0 0 o" 0 0 0, o 0 0 0 0 0 0 0
0 0 *0 0 0' '01 0 0 0 :0 0o 0 0 0 0 0 0 0 0

0o to 0, 0 0, 0 .0 0o 0 0 0 0 0 0 0 0 0 0 0
'o, a 0 0, 0 0 o 0 o 0- 0 0 0 0 0 0 0 0 0 0

subarine speed-in knots = 10
dAistinc between--end "points In nautical miles 30,
lenth of, a cetLl side Inznautical miles x 3'
time ,step-in-hours'. .3'

ma~nun~teroftime steps . 17
track Length in naitictiltesi 50
delta in nautical' miles i '5
lei length' distribution index -i 3
random n~ier-pnera tor- standiard
random number wed *' 7351
nw6ber of tracks compketid~i 1000
number. of._ tracks terminated a0-
cell entry sin a 1000
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*RANfiACK.SAS: random tour piobiabi tiiy map

"iber of time steps,= .11

o 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 0 " 0 0 0" 0 0 0 0 0 0 0 0 -0 0 0 0
• 0.0 0 0 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0- 0 - 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0

0 0 0- 0 0 0 .0 0 O- 0- 0 1 0 V 0 0 0 0 0
0 0 0, "0' .0 0 0 0 0 0 20 16- 6 2 0 0 0 0 0
0 0, 0 O 0 0 0 0 0 74 69 73' 41 11 3 0 0 0 0

0' 0' 0 0 0 0 0 O 0 346 217 196 162 64 13 0 0 b 0
O "00 0 0 0 0 0 0 316 352 450 472 427 176 46 1 0 0 0

0 0 0 0 0 0 0 0 399 361 596 646 555 297 76 3 0 0 0

0 0 0 0 0 0 0 0 331 338 2 458 403 160 43 2 0 0 0-

0 0 0 0 0 0 0 0 0 327 205 257 158 55 8 0 0 0 0

0 0 '0 0 0 0 0 0 0 106 75 65 47 12 1 0 0 0 0

0 01 0 0 0 0 -0 0 0 0 19 12 5 1 0 0 0 0 0

0 0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0- 0 0
0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 10 0 0

0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

uubmarine speed in knots x 10
distance between endpoints in nautical mites a 30
length of a cett-side in nautical mites a 3
time step in hours - .3
maximum number of time steps - 17
track Length in nautical miles = 50
delta in nautical mites a 5
Leg length distribution index = 3
random number generator a standard
random nmber seed a 7351
nuber of tracks completed x 10000
number of tracks, terminated 0
cell entry sum a 10000
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.RANTRACK.°BAS random tbour probabiity map

number ofitime steps = 12

0. 0- 0 0, 0 0 -0 0 0 0 o 0 0. 0 0 0 0 0
0 0 0 0 0 0 0* 0 -0 0 , 00 0 0 0 0 0 0 0
0 0 0d, 0 0 0 0 0 0 0 0 -o 0 0 0 ,0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 0 0 0
00 '0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 '0 0, -0 0 1 0 0 0 0 0'
0 0 0 0 0 0 0 0 0 0 '0 9 15 4 0' 0 0 0 0

'0 0 0" 0 0 0 0 0 0 0 57 66 53 13 2 1 0 0 0
0 0 0 0 0 0 0 0 0 0 39Q 223 181 99 33 6 0 0 0
0 0 0 0 0 0 0'0 0 419 498 472 467 325 122 16 0 0 0
,0 O 0 0 0 0 0 0 0 653 471 :58 652 479 255 40 1 0 0'
0 0 0 0 0 0 0 0 0 420 466 455 469 287 99 14 0 0 0
0 0 0 0 0 0 0 0 0 0 408 200 188 92 19 2 0 0 0
0 0 0 0 0 0 0 0 0 0 85 85 42 30 3 2 0 0 0
0 0 0 0 0 0 0 0 0 0 0 11 10 2 0 0 0 0 0
0 0 0. 0 0 0 0 10 0 0 0 0 0 '0 0 0 0 0 0'
0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 "0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

subnarine speed in knots v 10
distancebetween end points in nautical mites = 30
-ength-of a cell side in nautical mites-= 3
time step in hours x .3
maximum number of time steps x 17
track Length in nautical mites = 50
delta in nautical mites = 5
teg length distribution index - 3
random number generator - standard
random number seed - 7351
number of tracks completed • 10000
number of tracks terminated • 0
cett entry sum x 10000
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RANTRACK.BAS. ratidomtou-" probabiitiy map

nr*erof Eim steps = 13

o 0 - 0 0 -o 0 0 0 0 0 0 0 0 o0 0. 0 0
o o 0 .0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0
o , 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o, o 0 0 0 0 a 0 0 0 0 01 0 0 0 o. 0 0 0
o' o 0, -0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

o 01 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 -0 0'0 0 0 0 0 0 0 0 0 0 0 0 0. 1 1 0 0 0 0
0 0 0 0 O 0 0 0 0 0 0 16 52 36 4 1 1 0 0
0 0. 0 0- 0 0 0 0 0 0 0 409 197 113 47 9 0 0 0
0 0 0 0 0 0- 0 0 -0 0 530' 676 465 471-207 60 4 0 0
-0 0 0 0 0 0 0 0 O 0 1046,546 629 696 452 91 4 0 0
0 0 0 0 0 0 0 0 0 0 504' 637 471 422 199 48 6 0 0
0 0 0 0 0 '0 0 0 0 0 0 450 164 147 50 8 2 0 0
0 0 0 0 0 0 0 0 0 0 0 18 69 25' 10 2 0 0 0
0 0 0 0 -0 0 0 0 0 0 0 0 0 2 2 0 0 0 0
0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,0 0
0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

iubmarine speed in knots x 10
distsnce-between-end points-in nautical mites 30
Length of a celt side in-nauticaL miles u 3
time step in hours x .3
maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical mites x 5
leg tength distribution-index 3
random number generator a standard
random number seed F 7351
number of, tracks completed • 10000
number of tracks terminated = 0
,cet entry sum z 10000
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SRANTRACK.BAS :random ,ur probabitity map

nier, of time stepS 14-

o 0 -0 0 0 0 '0 -0 0. 0 0 0 0 0- 0 0 0 0 0
-o 0 .0- 0 -0 0 o o '0 -0 0 0- 0 0 0 0 0 0 0

0 , 0 0 0 0.- -0 0 0 0 0 0 0 0- 0 0 0 0 0 0
0 -0 0- 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0
0- 0, 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 -0 0 -0- 00- " O, .0 0 0 0 0. 0. 0 0 0 0 0 0
0 0- 0 -0 0 O0 _0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0- 0 0 0 0 0 15 10 1 0 0 0
0 -0 0 0 -0 '0, 0. '0 0' 0 0 0 267 176 55 19, 2 0 0
0 .0, 0' 0' 0 0 0 0 0 0 0- 575 899 537 379 80 16 0 0
0 0 0 0 0' 0, 0 0 0 0 0 1676 661 73 732 174 20 0 0
0 0, 0 '0 0 0- 0 -0 0 0 0 563 891 482 357 82 14 0 0
0 0 0 0 0 0 0 0 0 0 0 0 300 145 84 20 3 0 0
0 0 0 0 0- 0 0 0 0 0 0' 0 0 14 14 1 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0
0 0' 0 0 0 0 01 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots z 10
distance-between end points in nautical-miles 30
Length of a cell side in nautical mites , 3
time step in hours a .3
maximum number of time steps x 17
track Length In nautical mites z 50
delta in nautical mites a 5
Leg length distribution index - 3
random number generator x standard
random number seed a 7351
number of tracks completed a 10000
number of tracks terminated a 0
cell entry sum x 10000
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RAOTRACK.BAS random tour probability map

number of time steps 15

0 0 0 0 .0 0 0 0 0 0 0 01 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0. 0 0 0 0 0 0 45 113 9 0 0 0
0 0 0 0 0 0 0 0 0 0- 0 0, 449 1190 469 209 7 -0 0
0 0 0' 0 0 0 0 0 0 0 0 0 2891 867 976 271 37 0 0
0 0 0 0 0 0 0 0 0 0 0 0 463 1170 472 189 13 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 36 108 16 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots a 10
distance between end points in nautical mites r 30
length of a cell side in nautical miles z 3
time step in hours - .3
maximum number of time steps a 17
track length in nautical miles • 50
delta in nautical mites x 5
Leg length distribution index - 3
random number generator z standard
random number seed a 7351
number of tracks completed x 10000
number of tracks terminated x 0
cell entry sum a 10000
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,.RANTRACKCBA. random tour probabiLity map

iumber of time steps = 16

0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0, 0- 0 0, 0 0 0' 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0
0 00 '.0 0 -0 0 0 0 .0 0 0 0 0 0 0 0- 0 0
0 '0 0 0 10 0 0 0 0 0 10 0 0' 0 0 0 0 0 0
0 0 0 .0 0 0 0 0' 01 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0
O 0 0 0 0 10 .0 0 0 0 0 0 0 0 1029 0 0 0 0
0 -0 0 '0 0 0 0 -0 0 0 0 0 0 5586 1715 678 0 0 0
0- 0 0 0 0 0 0 0 0' 0 0 0 0 0 992 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0
0 0 0 q 0 '0 0 0 0 "0, 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0
0 0 10' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0' 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nauticaL miles = 30
ength'of a eeL( side in nautical miles x 3
time step in hours, .3
maximum number-of time steps z 17
track Length in'niutictl'mites - 50
deLta in nautical miles x 5
Leg length distribution index x 3
random number generator x standard
rsndom number 'seed a 7351
number of tracks comleted 1 10000
number 6f tracks terminated a 0
cell entry s.fn M 10000
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RANTRACK.BAS random tour probabi ity map

niarber of' time steps = 17

o -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 01 0 0 0 0 0 0 0 0 -0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 100000 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0

,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0- 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical miles-: 30
Length of a, celt side innauticaL miles z 3
time step inhours z .3
maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical mites - 5
Leg Length distribution index a 3
random number generator x standard
random nuber seed a 7351
nuiber of tracks completed a 10000
number of tracks terminated z 0
cell entry sum a 10000
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Table I. A dynamic diffusion transition matrix that was used to
generate the dynamic diffusion map for 1 transition.

RANTRACK.BAS dynamic transition matrix

transition number = 1

x =-5
y=

87 1161 961

316 1561 3733

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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%~ IZ

Figure A 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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RAiACK.BAS dynamic diffusion probability map

muter of diffusions- -0,

,0 ,0 0 0 0 0 '0 0, 0 0 0 0- 0 0 0 0 "0' 0- 0
0 0 0 0 0 0. "0 0 0 0- 0 0 0 0 0 0 0: 0 0"
00 '0.0 0 0" 0 0 0 0 0 0 0 0" 0, 0 0 0 '0 '0
o o 0 0 0 0 0 0 '0 0 0 0 0 0' 0 0 0. 0 0'
0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0, O_ -0" 0 0 0. 0 '0 0 0 0 0 0 0 0 0
0 ; 0 0: 0, 0' 0 0 0 '0 0 0 0' 0 0 0 0 0 0
0, ,0 0 0 0 0 0 0, 0 0 0 0 0, 0 0 0 0 0 0

.0 0 , 0 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0
0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0
0, 0 0 ,0 '100000. 0 0 0 0 0 0. 0 0 0 0 0 0 0
0 0 t0 0 -0 0 0 0 0 0 0 0 0' 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 0 0 0 0 -0 0 0" 0 0 0 0 0 0 0 0 0
0 0 0, 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0' 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distancebetween end points in nautical miles 30
length of a cell side in nautical miles = 3
time step in hours z .3
maximum number of time steps = 17
track length in nautical miles = 50
delta in nautical mites x 5
Leg length distribution index 3
random number generator x standard
random number seed x 7351
number of tracks completed x 10000
number of tracks terminated x 0
cell entry sum x 10000
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RAAk.B'AS dynamic ,dif-fusion'probabi lity Map

nurdber of dilffusions a 1

0 0 0 . 0 0- 0 0' 0- 0 -0 0 0- 0 0 0 -0 0
o 0, 0 0 0 0O 0'- b0 0, 0 01 0 0 0 0 0 0, 0, 0

, 0 o 0. 0 0 0 0' -0 0-0 0 o 0 0 0 0 0 0 0
. O0 0- 0 . 0 0 0. 0 0- -o o 0 0 0 0 0 0 0 0
0- 0 0 : 0'0 0 0 0 O0- 0 0 0 0 0 0 0 0 0,-
0 0 0 0 0. 0 0 0 0 0 0 0 0 .0 0. 0 0 0 0
0 "0 0 0 0. 0 0 0 0 0 0 '0, 0 0,O. 0 0 0 0
O 10 0 0 0, 0 0 0 0 0 0 .0 0 O' 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0
0 0 0- 87 1161 961 0 -0 0 0. 0 -0 0 0 0 0 0 0 0
0 0 0 '316 1561'3733 0 0 0 0, 0 0 0 0 O" 0 0 0 0
0 0 0' 80 1133 968-'0, 0 -0 0 0 0 0 0 0 0 0 0 0
"0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 "0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

suybarine speed in knots x 10
distance between-end'points in nautical mites : 30
length-of a celt, side in nautical mites = 3
time step in hours a .3
maxinum number of time steps z 17
track Length in nautical mites x 50
delta in nautical miles = 5
leglength distribution index a 3
random number generator - standard
randomrnumber seed a 7351
number of tracks completed z 10000
number of tracks terminated •
cell entry sun • 10000
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RANTRACK.BAS dynamic diffusi6n probability map

number-of -diffusions= 2

P 0 0 0 0 °0 0 0- - 0 0 0 0 0 0 '0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 b 0
0 0 -0 .0, "0 0, 0 0 0 0- 0 0 0 0 0 0 0 0 0
0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
"' 0 0 0 0 0 0 0 0 0 0 0 0 00 O 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0" 0 0,, 12; 124 233,-0 0: 0 0 0 0 0 0 0 0 0 0 0
0. ',0, 1 , 84. 451, -1205814 0 0 0 -0 0 0 0 0 0 0 0-'0 0 4 136 627 1586 1739-0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 106 456' 1223842 0 0 0 0 0 0 0 0 0- 0 0 0
0, 0 0 "15 130 211 0 0 0 0 0 0 0 6 0 0 0 0 0
0 0 0 -0,- ,0 "0: 0- 0 0. -0 0: 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0- 0 0- 0 0 0 0 -0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in-knots = 10
a- istan e-between end-points in-nautical -mites 30
Cenigh of-a celt side in nautical miles = 3
time step in hours =.3
maximum numIber f'time steps = 17
track length in-nauticaL miles = 50
delta in nautical miles z 5
-leg length distribution index 3
random number generator a standard
rando .rnnber seed a 7351
number of tracks completed = 10000
number of tracks terminated 0
celt entry sum- 10000
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~ ifX'Usions u

' :~Oi -o" 0-''0~ 0 '00 00 0'
0t 0 0 00 0-0 0' 0 0' 0 0 0 0 0, 0 0 0

''j0" 0 0' 0'O '0' 0 .0' -0 0 00 0 0 0 0, O ~0
0 0 0 0'. 0 0 0 0: 0 0 0' 0 0 0. 0, 0" 0 0

0 0 0 000 0 0 0 0 00 0 40 0 0 0 0Q 0~0 0 1 0 40 0 , 0 0 0 ' 0 0 a 0 0 , 0 0 0 '0 0A0 0 0 0 0 00 0 0' 0 0 0 0,0 0 0 1728 - 00 0- 0 0 0 0 0 -
0' 001 01263570 00- 0'0 00 0 0 0 0
0 - 0'0C 0 3326794'00 0 0,0 0 O 0' 0' 0 0

'0 0 0 18 258- 14700 '0 0 0 0 0 0 -0 0 0 .0
'n ,0 0 16 1461 2U 43W10 0 40.0 0 0- 0 0 0 0

'0 02 t3 202 43 9,5,4330 0 0 0 -0 0 0- 0 '0 0-0
' T0 80 065 32 23 0 7" 0 0 0 0 0' '0 0 0 0 -0 06
-0, 0, 0 01 0061 104 5'-0 0 0'0 0 0' '0 0 0 0 0
0 . 0 2 01 103 '21 -6 03 0 0 '0 0 0 0O 0 0 0 0 -0
0 0- 0 0 50-0 0-0 0 0 0 0 0 0 0 0 0 0 0

0 W" ' 0 0 0 0 10 1 0 '0 0 - 0 0d '0 -0 0 0 0
'00 0 0 0 0 0~0 0 0 0' 0 0 0 0 0 0 0

00 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 '6 0 a 0 0' 0 0 0 0, 0 0 0 0 0 '0 0

subparin sedinknots a10
distance-between end'-points in-nauticat miles *30

' t"ogth"ol'a'cell sid, in nautical miles. 3

maxlnmA nuvbor of time steps - 17
track tength in nautical miles-a 50
dilta in naut!'almiles - 5

leg W agh itribution index 3
rando ~ubr generator a standard,
r dmwtr so~ a 7351
nuder'Of tricks cmoteted x 10000
nraber of fracks,.torminsto d- 0
ell entry. swi x 10000
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MWNTkAtK.BAS.,dynamic 41Jffuii6n Arobibility map..

"huffr of, diffusioqs z 4:-

A0 0 - 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0
''d 0.0 0 0 0 0 0 '0 0 (1 0 0 0 0
'0+ -0 ' -O0 '0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0
0; '0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

K 0' 0 0 0 0 ,0 0 0 0, 0 0 0 0 0 0 0
0 "0 0 0" 0, 0 :0 0 0 0 0 '0 0 0 0 0 0 0 0
-0 O0 0 1 2, 2 0 0' 0 0 0 '0 0 0' 0 0 0 0
0 0 0 3 16 42 54, 22 0 .0 0- 0 0 0 0 0 0 0 -0
0 0 1 8 45 176' 272 309 20 0 0 0 0 0 0 0 0 '0- 0
0 0 3 22,126' 337 722 832 294 0 0 0 0 0 0 0 0 0 0
'0 0 6 31- 177 449 949 '1175 4850 0 0 0 0 0 (1 0 0- 0
0 0 5 29 126 377 746 859 271 0 0 0 0 0 0 -0 0 0 0
0: 0 0 17 61 137 307 315 29 0 0 0 0 0 ,0 J 0 0 0
0 0 0 1- 15 29 -61 32 0 0 0 0 0 0 0 0 0 0 0
-0 0 o0 0 0 2 0 '0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 01  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots a 10
-distance between end *oints in nautical miles a 30
length of a cell side In nautical mites x 3
tini .step In-hours v .3
maxi um ntrdier of time steps a 17
track length-in nautical miles x 50
delta in'nautical miles a 5
leg length distribution index a 3
random number generator x standard
random number seed a 7351
nuiber of tracks completed a 10000
number of tracks terminated x 0'
ceil-entry sun • 10000
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iATRAC BASd/nAmic, dif fus6n probabMity map

*urofdiffuions. 5

0 ,0 0. 0 o< 0 .0 0 0 0 0 0 0 0, 0 0 0- 01 0
o . , o 0 , 0 0 0 0 0 0 0 0 0 0 0, 0
-0 0 0 0 0 0" 0 0 0 0 0 0 -0, 0 0 0 .0 0, 0
0- 0' 0 0 fO 0- 0 0 .0 0 0 0; 0 0 ,0 0 0 0 0
00, " 0 "0 0 O 0, 0 .0 0 0 O 0 ,0 0 0 0 0
0 0 0 0 .0 0 o -0. '0 0 0 '0 0 0 0 0 0 0 0;
' '0, 0 "0 3 5 8, 5 1' .0. 0, 0 0' 00 0 0 -,0 0
0 00: 0 O 5 3667 -62 25 -0 '0 0 0 0 0- 0 0 0 0
O 0 , 0 10, 36 :102 240 288 254, 19 0 0 0 -0 0 0 0 0 0
01 0 4- 10 58 220 467 732 625 169 0 0 0 -0 0 0 0 0 0

•0 0 1' 25 94 270 594 968 882 230 0 0 O 0 0 0- 0 0 0
O 5 '20 72 204 467 735 653 1560 0 0-0 0 0 0 0 0

0 0 3 11 38- 103, 196 317 237 23 0 +0 0 0 0 '0 0 O" 0
0 '0 0, 2, 13" 23 57 89 35 0 0 0" 0 0 '0 0 0 '0 0
'0, , 0 '0' 2 5 6 13. 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0: 0 0 0 0 0 0 0 0 0
0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0
-0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O

-submarine speed in knots = 10
distanc, between end ,points in nauticat mites = 30
4etgthLof;a:,cet iide in nauticaL- mits- 3
time-step in hours-' .3'
maxiu.nu-er of'time-steps a 17
track tength in nauticaL mites X 50
delta in.nauticat mites a 5
tg Length.distribution index - 3
random number generator a standard
random nuiber seed x 7351
number of tracks compLeted z 10000
nr*mber of tracks terminated x 0
,ceitentry, sum a 10000
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RANTRACK.BAS dynamic, diffusion probability map

number of diffusions = 6

O' 0 - .0" 0 0. 0 0 ,0 0 0 0 0 0 0 0 0 0
0- 0 0 0' 0 0 0 0 -0. 0 0 0 0 0 0 0 0 0 0
O- 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 o 0 0 0- 0 0 0o 0 0 0 0 0 0 0 0 0 0 0
0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0' 0 O '0 12 3 18 8 1 0 0 0 0 0 0 0 0 0
0 0 0 0 5 17 56 84 67 28- 0 0 0 0 0 0 '0 0 0
0 0 0 3 22 79 148 284 298 181 24 0 0 0 0 0 0 0 0
0 0 0 11 35 108 303 542 668 462 84 0 0 0 0 0 0 0 0
0 0 0 8 54 149 406 672 866 595 123 0 0 0 0 0 0 .0 0
0 0 0 18 34 119 305 571 668 451 85 0 0 0 0 0 0 0 0
0 0 0 5 38 69 151 243 327 182 10 0 0 0 0 0 0 0, 0
0 0 0 0 8 23 46 76 70 34 0 0 0 0 0 0 0 '0 0
0 0 0 0 1 3 12 16 '10 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 0 0 0 0 0 0 .0 0- 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

subarlhe, speed In knots a 10
distance between end points in nautical miles z 30
length of i-celt side in-nautical miles x 3
time step in hours-a .3
maxifuf number of time steps a 17
track length in nautical mites a 50
delta in nautical mites a 5
leg Length distribution index a 3
random number generator z standard
random number seed a 7351
number of tracks completed a 10000
number of tracks terminated z 0
celL entry sum a 10000
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, ANTRACIK.8AS' hnamic .diffusion probability map-

-w*r-of- diffusions 0 0
- 70

0 " 0 0 0 0, 0 0 0 -0 0 0 0 0 0
'0. O0 "0', .0 0 '0 '0 0 0 0 0 0 0 O. '0 0 0 -0' .0
0 00 '0 0 -0 0 0 -0, 0 0 0 0 0 0 0
O o' 0 0 .0 0 0 0 0 00 0 0 0 0 0 0
0.0 0A 0 0 0 0 0 '0 0 0- '0 0 0 0 0, 0 0 0
0 0 0, 0 0 1 2 1 1 0 '0. 0 '0 -0 0 0 0 0 0
'0 ;0 "0. 0 -0 6, 7, 10 15 3 2- 0 0 0 0 '0 0 0 0
0 0 0 0 0 21 47 68 99 69 190 0 0 0 0 -0 0 0
O 0 0, 0 4 39 107. 212 306,, 249 128 -12 0 0 0 0 0 0 0

'- 0 0 0 306. 68, 189 393 575. -598 311'46 O0 0, 0 0 0 0 0
0 0 0 0 27 87 220,',64 733 '730 393 76 -0 0 0 O 0 0 0

. '0 0, 0 36 87 187 421 557 542 327 430 0 -0- 0 0 0 0
"0 0 0 0 125' 8 96 '193 300- 281 115 10 0 0 0 0 0 0 0
0 0, .0 0 0 19 43 67 85 68 20 '0 0 0 0 0 0 0 0
6" 0 0 0 0 4 12 17 15 11 '1 '0 0 '0 .0 0 0 0 0
0. 0 0 0 0 0 1 3 1 0 0 0 0 ,0 0 0 0 0 0
0 ,0- 0 '0 0 '0 0 0 "0 0 '0 0 0' "0 0 0 0 0 0
0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0
'0' 0' 0 -0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed'in knots - 10,
distance.between end points in nautical mites a 30
length of a-cell side in nautical miles x 3
tfl*'step in hours= .3:
maXimum number of time steps z-17
track.,tength ihnnautlcat mites z 50
delta- in nautical mites a 5
leg tengtSidistribution index • 3
-random number generator a standard
random number ,seed• 7351
numberof tracks completed '10000
number of-tracks terminated * 0
cet entry sum x 10000
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RANTRACK.DAS dynimic diffusion probabiLitymap

nmber of -diffusiors 8

o 0 O0 0 "0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0
o 0 0 0 0 0 0 0, 0 0 0 0 0 o 0 0 0. 0 0
o -"0 0 0 0 o b, 0 0 0 0 0 0 0 0 '0 0 0 0 0
o 0 0 0, 0 0 0 0 0 1 0 0 0 0 0 0 0- 0 0
o 0 -0 0 0 0. 0 3 1 0 0 0 0 0' 0 0 0 .0 0
0 0 0 0' 0 -0 8 10 19 12 6 0 0 0 0 0 0 0 0
•0 0 0 0 0, 0 35 59 85 89 61 17 0 0 0 0 0 0 0
0 0 0 0 0 7 100 '127 247 296 200 85 10 0 0 0 0 0 0
0 '-0 0 0 0 66 114 289 442 565 477 208 17 0 0 0 0 0 0
0 0 0 0 0 66 .141 290 532 706 634 270 42 0 0 0 0 0 0
0 0 0 0 0 86 122 ?.72 '47 573 457 197 22 0 0 0 0 0 0
0 0 ,0 0 0 8 93 135 242 305 229 62 2 0 0 0 0 0 0
0 0 0' 0 0 0 44 '53 82 80 67 10 0 0 0 0 0 0 0
0 0 0 0 0- 0 8 20 13 17' 10 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0. 1 3 1 1 0 0 0 0 0 0 0 0
0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0

submarne speed in knots a 10
distance between-end points in nautical mites k 30
Leith.of a cetL side in.nauti caL.mites z 3
time step in hours a .3
maximum number of time steps a 17
track length in nautical mites x 50
delta in nautical mites = 5
Leg Length distribution index x 3
random-number generator z standard
random number seed x 7351
nuirber of tracks completed z 10000
,number of tracks-terminated z 0
cell entry sum = 10000
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RANTRACI.BAS dy nawi6, diffusion probabilty map.

newber ofdiffusis-, 9,

o 0 "0 0 0 b-  0 0 0 0, 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 -0 '0 0 0 0 0 0 0 0' 0
o 0 ' 0 %0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01
' 0 0 '0. -0 0 0 0 0 0 O -0 0 0 0 0 0 0 0
0o 0. 0' 0Co 0 0 0 I, 0, 0 0 0 0d, '0 0 0 0 0
0 0O 0 0 0 '0 3 o- 0 0 o ', -0 0 .00 0 0
0 0. '0 0- 0 0' 0 9 21 3,1 10 6, 2 0 0, 0 0 0' 0
0 0 0" 0 0, 0' 55 69 69 78 34, 8 O 0 0 0. 0
0 0 0 0 0 0 11 163 184 259 .259, 162 45 4 0 0 0 0 0
'0 0 6, 0 '0 0 124,185. 48 479 543 371 144 8 O.0 0 0 0, 0
0 0 0- 0 0- 0 142 19i 394 593 656 481 175 15 10 0 0 0 0
0 1 'o0 01 0 0 147 143 353. 477 556-362 143 13 0 0 0 0 0

0 0 0 0 O; 0 5 170' 182 277 249 -141 33 1 0 0 0 0 0,

0 0 0 0 0 0 0 72 65. 80 81 41 4 0- 0 0 0 0 0,
0 0 0 0 0 0 0 13 15, 15, 17 7 1 O" 0. 0 0 0. 0
0 -0 0 -0 0' 0 0 0 3 2 0 0 -0 0 0 0 0 0 0
0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0' 0 0 0
0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' 0 0
0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 '0 0 0 0 0 -0' 0 0 .0 0 0 '0' 0 0 0 0 0

subartnesipeed in knots i 10
distancebetween end points in nautical miles a 30
length -of, a cett side in nautical. miles x 3
time stop in h6uri a .3
maXimunumber of time steps x 17
trick length in nautical miles x 50
delta innauticat mltes.!= 5
leg length distribution-index is 3
random numbergenerator - standard
random ntber seed a 7351
numrer of tracks completed x 10000
nui r of tracks terminated • 0
cell entry sum • 10000
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RANTRACK.SASdynamic diffusion-probabitity map

•number of diffusions, '10

o .0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0
0 0, 0 0 0" 0, 0 0 0 0 0 0 0 0 0' -0- 0 0 0
0 0 0 0 0 0 -0 0 0 -0 0 0 0 0 0 .0 0 0 0
0 0 0 0' 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0' 0- 0 0 0 0 0 0 0 2 -0- 0 0 '0 0 0 0 0
fr 0 0 0 0 -0 0 0 2 28 17 6 3 2 0 0 0 0 0
0- 0 0 "0 0 0 0 0 71 71 79 58 19 5 0 0 0 0 0
0- 0 0 0 0 0 0 0 268 203 244 218 107 23 1 .0 0 0 0
0 0 0 0' 0 0 0 235 228 426 473 459 284 74 2 0 0 0 0
O 0 0 0 0 0 0 238 278 471 633 619 370 120 7 0 0 0 0
0 0 0 0 0 0 0 222 256 416 511 504 255 82 4 0 0 0 0
0 0 0 0 0 0 0 0 253 188 262 200 94 22 0 0 0 0 0
0 0 0 0 0 0 0 0 88 68 78 69 17 3 0 0 0 0 0
0 0 0 0 0 0 0 0 5 24 13 10 5 0 0 0 0 0 0
0 0 0 0 '0 0 0- 0 0 2 1 4 0 0 0 0 0 -0 0
0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submrine speed in knots z 10
distance between end points in nautical miles z 30
Length of a ceLl side in nautical miles u 3
time step in hours a .3
-maximum number of time steps x 17
track Length in nautical miles = 50
delta in nautical miles a 5
l'eg Length distribution index s 3
random number generator a standard
random number seed z 7351
number of tracks completed x 10000
number of tracks terminated a 0
Celt entry sum - 10000
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RANTIACK.BAS n dyamic.diffusion probabi titymp

rvnWier of diffusions z 11

00 0 0 0 0 .0 0 0 .0 0, - 0, 0 0 0 0 0O 0 0a 0 -'0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 "0, 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0

0 0 0 0 .0 0 0 0 -0 20 16 6 2 0 0 0 0 0
o00 0 0 0 0 0 0 0 .74 69 73 41 11 3 0 0 0' 0
0 0 0 0 0 0 0 0 0 346 217 196 162 64 13. 0 0 0'
0 0 0 0 0 .0 0 0 316 352 450 472 427, 176 '44 1 0 0, .0
0 O, 0 0 0 0 0 0 399 361 596 646 555 297 76 3 0 0 0
0 0 0 0 -0 0 0 0 331 338 424 458 403 160 43 2 0 0 0
0 0 0 0 0 0 ,0 0 0 327 205 257 158 55 8 0 0 0 0
0 '0 0 0 0 0 0 0 0 106 75 65 47 12 1 0 0- 0 0
0 -0 0 0 -0 0 0 -0 0 0 19 12 5 1 0 0- 0 '0 0
0' 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0
0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 -0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0

-submarine speed in knots - 10
distance between end points in nautical miLes : 30
Length of acskt side -in nautical miLes u 3
time step in hours a .3
#aiimum number of time steps * 17
track length in nautical miles = 50
delta in nautical mites - 5
leg Length distribution index • 3
random number generator x standard
random number seed - 7351
number of tracks completed * 10000
number of tracks terminated = 0
celt entry sum,- 10000
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-,RANTRACK.BAS, dyhamic ,diffusion .probabiLity map

\nu~r~ofdifusios =12

0 o 00 0 0 0 -0 0' 0 0 0 0 0 0 0 0
0 '0 '0 '0' 0, 0 0 0 "0 0 0 0 0 0 0 0 0 0 0
0 0 0 -0' 0 0 0 0 0 0 0 0' 0 0 '0 0 0 0

1 0 :0 .0 0 0 0 0 '0 0 0 .0' 0 0 0 0 0 0 0 0
0 0 0 0 0 0, 0 0 0' 0 0 '0 -0 0 0 0 0 0 0
0 ':0 0: .0 0 ' :0 0, 0 0 0 0 0 1 0 0 0 0 '0

- 0 , '0 0 0 0 0 0- 0 0, 9 15 4 0 0 0 0 0
0 0 ,0' 0 0 0 -0 0 0 "0 57 66 53 13 2 1 0 0 0
0 0 0 0 0 '0 0 0 0 0 390 223 181 99 33 6 0 0 0
0 .0 '0 0 0 '0 0 0 0 419 498 472 467 325 122 16 0 0 0
0- 0 0 "0 0 0 0 0 0 .653 471' 588 652 479 255 40 1 0 0
0 0 0. 0 0 0 0 0 0 420 466 455 469 287 99 14 0 0 0
0 0 0 0 0 0 0 0- 0 0 408 200 188 92 19 2 0 0 0
0 0 0 0 0 0 0 0 0 0 85 85 '42 30 3, 2 0 0 0
0 0 0 0 0 0" 0 0 '0 0 0' 11 10 2 0 0 0 0 0
0' 0 0 0 0 '0 0 0 0 10 0' 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0
0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 01 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots z 10
distance betweenend points innauticat miles 30
Length of a cell side in nauticaL miLes: 3
time-step in hours x .3
maximum number of time-steps = 17
track Length in nautical miLes = 50
delta in nauticaL miLes - 5
Leg Length distribution index x 3
random number generator z standard
random number seed z 7351
number of tracks completed - 10000
numder of tracks terminated = 0
cell entry sum x 10000
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RANTRACK.BAS dynamic diffusiMo probability map-

nuier of diffusions = 13

0 Oa 0 0 0 0 0 0 0 -0, 0 0 0 0 0 0' 0 0 0
0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 "0 0 0 0 '0 0' 0 0 0 0 0 0 0 0 0' 0 O 0
O. 0 0 0 -0- 0 0 0 0 0 0 0 -0- 0 .0 0 0 0 C
0 ,0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 -0 ,0 0
0 -0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 .0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 16 52 36 4 1 1 0 0
0 0 0 0 0 0 0 -0 0 0 0 409 197 113 47 9 0 0 0
0 0 0' 0 0 0 0 0 0 0 530 676 465 471 207 60 4 0 0
0 0 0 0 0 0 0 0 0 0 1046 56 629 696 452 91 4 0 0
0 0 0 0 0 0 0 0 0 0 504 637-471 422 '199 48 6 0 0
0 0 0 0- 0 0 ,0 0 0 '0 0 450 164 147 50 8 2 0 0
0 0 0 0 0 0 0 0' 0 0 0 18 69 25 10 2 0 0 0
0 0 0 0 0 0 0 0' 0 0 0 0 0 2 2 0 0 0 0
-0 0 0 0 0 0 0 0 0 0' 0 *0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0' 0 0 0 0 0 0 0- 0 0 0 0 0
0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0
0' '0 0 0 0 0 0 0 0' 0 0 01 0 0 0 0 0 0 0

submarine speed in knots z" 10
d1istance-between end points in nautical miLes 30
length of acelt side in naticatlmiles : 3
time step in hours a .3
maximum number of time steps = 17
track Lengthin nautical mites = 50
dettain nautical mites - 5
leg lengthdistribution index,= 3
random nurber generator - standard
random number seed = 7351
number'of tracks.compteted= 10000
number of tracks terminated 0
cell entry sum = 10000
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4ANTRACKBA- dynam-ic-diffusion probability map

Nz"arb-o dfiusions 14

0 0 0 0- 0 0d 0, 0 0 0 o0o 0 o 0 0 0 0 0 0
'0 00 0 - 0 0. o 0 0 0-0 0 0 0 0 0 0 0

- 0- 0 0 0"  0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0- 0. 0 0 0 0, 0 0 0 0 0 0

01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.' o 0 0. 0 0 0 0 0 o0 0 0 0 0 0 0 0
0, 0 01 0 0 0 0 0 0 0 0 0 0 0 0 0

0- 0J . 0, 0 0 0z 0 '0 '0 15 10 1 0 0 0
O 0-0 0 0 0 0 0 0 0 0 267 176 55 192 0 '0

0 0 0 0 '0 0 0 0- 0 0- 575 899-537 379 80 16 0 0
-- 0 0 ;0 0 0 0 0 0 0 - 0 1676 661 736 732 174 20 0 0-
-0 0 0 0, 0 0 0 0 0 0 0 563 -891 482 357 82 14 0 0
0 '0 0-' 0'  0 0 0 0 0 0 0 0 300 145 84 20 3 0 0
0, 0 0 0 0 0" 0 0 0 0- 0 0. 0 14 14 1 0 0 0
:0 0 0 0- 0 '0 0 0 -0 0 0 0 0 0 0 0 0 0 0-
-0 0 0 0 0 0. 0- 0 0 0 0- 0 0 0 0 0 0 0 0
0 0 0 ;0 0 0 ,0 0 0' -0 0 0 0 0 0 0 0 0 0
0. 0 0 '0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 - -0 0 .0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0

submarine speed in knots i 10
distance between end points in nautical miles = 30
-etngth-of-a-ceLl side in nautical miLes 3
time step in hours = .3
axii"mmnumber of time steps F 17

-track Length in nautical mites = 50
delta in nautical miles u 5
leg Length distribution index =. 3
random number generator a standard
random number seed - 7351
number of tracks comPLeted 10000
number of tracks terminated x 0
ceLt intrysun = 10000
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'RANTRACK.BAS, dynamic, di.ffusi on probability iap

nisyer- of diffusins ic 15

o4 o 0 0, 0 6- 0 0 0 0 0 0 0 0 0 0
0 o'0 0 0 0 0 0 0 0 0 0 0 "0 0 0 0 0 0 0
. o 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 o 0
'0- 0 0 0' 0 0 0 0 o 0 0 0 0 0 o0 o 0 0 0
0 0 0 0 0 0 0 0 0 o 0 0 0 .0 0 0 o 0-
0 0- 0 0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0
0 ;0 b0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 0
o 0 0 0 0o 0 . 0 0 0 0 0 0 0 0-0 0 0- 0
'0 0 0 0 0 0 0 0 0 0 0 0 0., 45 113 9, 0 0 0,
'0 0 0 0 0, .0 0 0 0 0 . - 0 449 1-190 469 209' 7 0 0
'0 0 ,0 0 0- 0 0 0 0, 0 -0 0 2891,867 976 271 37 0 0
'0 0 0 0 0- 0 0 0 -0 0 0 0 463 1170 472 189 '13 '0 0
0. '0 0, 0 0 0 0 0 0 0 0 0 0 36 108 16 0 0- 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0' 0 0 0 0
0 '00 0 0 o, 0 0 0 0 0 0 0 0 0 0 0
0 0o0 0 0 o 0 0 0 0 -0 ,0.0 0 0 0 0 0 0
0- 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 01
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 -0 0
0 0 '0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 '0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0

submarine speed in knots = 10 .,
distance between endpoints in nautical miles 30
tehqth:+of a'cett side in nautical, mites,= 3
,time step in hours i ,3
maximum number of time steps a 17
track length In nautical miles s 50
delta in, nautical miles a 5
leglength distribution index 3,
random number generator = standard
random number seed x 7351
,number of tracks completed = 10000
-number of tracks terminated z 0
cell entry sum = 10000
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RANTRACCOBAS dynjami6 diffusion probability map-

nuerof~dffusons 16

0' 0- - 0 0 0 0 0. 0 0 0 0 0' .0- 0 0 0 0
0 OO0 0 _0 0 '0 0 0 0; 0 0 0 0-' 0 0 0 '0 0o_ o0 01 -0, 0 0 '0 O0 .0 0 -0 0 0 0 0 0 0

0' -0 0 0 0.0 0 '0 0' 0 0 0 0 0 0 0.0O_ 0 0
0 0 00 0 0 0 0. 0* 0 -0- C 0 0 0 -0 0-' 0 0

-:0 00 0 0 0 0 0 0 0 0 0 0 0 0 0' 0.0.
0, 0 0' -0 0 0 0 0: 0 0 0 0 0 0 0 0 '

O0 0 0-0 0 0 00 0 0 0 0 0 0 0 01 0 0 0
0 '0 0 0 0.0 0 0 0 0 '00 0' 0, 0 '0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0O 0- 1029 0 0 0- 0

0 '0 0 0 0 0 0 0 0 0 0 0 ;0- 558617156478-0 0 0
0 0 0 0 0' 0 0 0' 0 0- 0 0 0 0 9920 0 0,-0,
0 01 0. 0 00. 0-0-0-0 0 0 -0 ,0 0. 0 -0
0 0 0 0 0 0 0- 0 0 0 _0 0 0 0' 0 -0 0' 0 0
-0 0 0 -0 0 0 0 0 0 0 0 0 0 0 -0 0 0' 00

0 -0 0 0 0 0 0 0- .0 0 0' 0 0 0 0 0 0 0 0
0 0 0, 0 0 0, 0 -0 0 0 0 0 0 0 0 0 0 0 0
0 0 0- 0O 0 0 0 0 0 0 0 0'- 0 0 0 0 0 0 0
0 0" 0 0 0 -0 0 0 0 0 0 0 0 0 -0 0 -0 0 0
0 0 0 0 0 0 0 '0 0 0 0 0 0. 0 .0, 0' 0 0 0
-0 0 0 10 10 0 0 0 0 0 0 0 0 0 0, 0 0 0 0

sulmiarine speed in knots- i 10
distance-betweon'end-points -in nautical miles 30
lengtliof a cell 'side in nautical miles 3
timeitip inhouri.-i .3
maximnum nuber of-time stepG '17
-track ,(ength irfnnutlcat-mi lis .50

delta In nautical miteg ; 5
:leg length distribution index =3

random number,,geneirator - standard
randomrnurber seed z 7351
hLrber of tracks completed = 1'0000
number of tracks- terminated 0
cell- entry sum-: 10000
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* '" AMTRCKBS dy amic dff W66,.Jr6babi it i-map,

o 0 0 0, 0O 0 -0 '0 0 '0 0 0 0 0 0 0, 0
0'0 ;0- ;0 0 0 0 0 0 0 0 ' 0 0 0 0- 0 0
'0 0- 0 : 0 0 '0 0' 0 0 0 0 0 0 0 0 -0
0: 00, 0 00 0 b 0 0 0 0 0 0 0 0 0 0

00 0 0 0 0 0 0 0 0 0 0 0 0 00
0 , 0 0 0 0 0 0 0 0 0 0

0. 0 0-00 0 0 0 -b 0 0 0 0 0 0 0 0 0 0
'0. - . 0 0 0 0 0 0 0 0 0 0' 0 0" 0 0
0 '0' 0 0 0' 0 0 0 0 0 0 0 0
0- 00 0 0 0 00, 0 0 0 0~ 0 0 0 0 0 0

-0 " 0 0 0 0l 0 0 0. 0, 0 0 0 0 0 1000 0, 0 0
0 40 0. 0 0 .0 0 0 0 0 0 , 0 0 0 0 0 0

00 0 0 0- 0 -0 0 0 '0 0, 0, 0 0 100o 0 0 0
0 ' 0 0 .0. 0 0 0 '0 '0 0 -0 0 0 0 0 0 0
0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0, ' 0 0 01 0 0. 0 0 0' 0 0 0 0 .0 0 0 0 0 0
0 0 0 0 0 0 0 0 .0 0 -0 0 0 0 0 0 0 0 0

0: 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0
0, 0' 0 0 0 0 0 0 .0 0 0 0 .0 0 0 0 0 0 0
0 '0, 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0. 0 0 0 0O 0 0 0 0 0 0

submartne speed In knots x2 10
distane iketweene nd points in nautical mites *30

6egt~f a cilL- side in nautical miles a3,
-ieo~pin- hoiurs a-.

maxinum kiubor of time- steps a 17
track length in nautical mitea 50

- . deltal'n nautical miles.a 5'
legolongth'distributiloh index: 3
ranidom mwber-generator-a standard
randocm nii~er'seed a -7351
nuimr of teacks-cciioleted 1 10000
numi r of tr~acks terminatted 0
cell entry 'suaM 10000D
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Ta le II. A static diffusion transition matrix that was used to
generatethe static diffusion maps.

IP

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
number 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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Figre6 Asuerpsiio of 10 0 s

tortak hw nFigure 2. Th numberstio of1,00sai diffusions isac17.

The circles are defined in Figure 1.

53



"RA0ORAdK.A S'tatic diffusionpoaiiy a

riu ie fdiffusiofis; '"0.

0 0 0 0 0 a 0 '0' 0 0 '0" 0 0
0. 0 .0" '0. -0 0 0 0 0 0 0' 0 '0 0
0. 0 0 . .0, 01 ,0- '0 0 0- 0 0 0 o 0 0 0 0 0 0
0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 -0
4 40 0 0 0 o -0 .0 0 0- 0 0 0 0 0 0 0 0
-o, o o o -o , 0 o , o o 0 0 0 0 0
0 0 0 0 0' 0 0 00 0 0 0 O 0 0 0 0 0 0
"0 0 0 0 O 0 0 0 0 0 0 0 0 0. 0 0 0 00 0
'0 0- 0 '0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0' 0 0 0 0 0' 0 0 0 0 0 0 0

0 0 0,.0 100000 0 0 '0 0 0 0 0 "0 0 0 0 0 0
. 0 0 0 0 0 0 0 0 0 O 0 0 0. 0 0 0 0 0
0 *0 0, '0' 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 "0

60 0" 0 '0 0 .0- 0 0 0 0" 10 0 0 0 0 0 0 0 0
0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 o0 0 0 0 0 0 0 0 0 0 0 ,0 0 0 0 0
"0' 0 0 0 0' 0 0 0 0 0 0 0 10 0 0 0 0 0 0
0 0 0 0 0 0' 0' 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0' 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 '0 0 0 "0. 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10,
distance between end points innauticat mites: 30
tength of i cet sideilir nautical mites: 3
timstep inhours.: .3
ma~imum inumer -of time steps x 17
,trick length in nautical mites a 50
delta in nautical mites - 5
teg length distribution index x 3
random nurber generator x standard
random number seed x 7351
nuimber of, tracks icompteted'a 10000
number of tracks terminated x 0
cell entry-sum x 10000
cell entries are, rounded integer
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"RANTRACK.BAS-static diffusion, robabitity map

I iu .r.6f diffusions = 1.

0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 a0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0
r 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 0
0 0 0 83 1095,1004 0 0 0' 0 0 0 0 0 0 0 0 0 0
-0 4 0 292 1562,3771 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 77 1081 1036,0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 .- 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0
01 0 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 fj0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical miles = 30
length of ,a cell side in nautical miles u 3
timi iteo in-hour's - .3
maximum number of time steps x 17
track length in nautical miles = 50
delta in nautical mites x 5
Leg Length distribution index x 3
random number generator x standard
random number seed - 7351
number of tracks completed • 10000
number of tracks terminated * 0
celt entry sum z 10000
cell entries are rounded integer
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RANTRACCABAi; tjtjc dif fusion, praibdti ty map

0z ,,0 9 , 00 0 a, 0o 0 0, 0 10 .0 0 0 0 0 0 0o 0 0' 0-  v M0 0 0 0- 0 0 -,0 0 0 0 0 0 0 '0 0
O- "0' -0 - . 0 0 0.o 0 0o 0 0 0 0 0 '0 0 0
'O 0 , 0 0, , 0o A 0 0 0 0 0 0 0 0o 0 0 0 0

0 -i 0, 0 0 0 0 0 0 0 0 0 0 '0 0 0 0' 0
0 ' 0 -0-0 0 0 0 0 0 0 0 0 0 0 0 0 0

0, -0 '0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00, 0 0 0, 0 0 0 0 0 0 0 0 0 0' 0 0 0 0
0' 0 O 1! 114, 209,82 0 0 0 0 0 0 '0 0 0 0 0 0
0' 0c 3' '71 '462' .1053 851V '0 0 0 -0 0 0 0 0 0 0 '0 0
- ' 0'6 13364 15601862t0 0 0 0 0 0 0 0 0 0 0 0
0, 0 4 88 457 1679150. 0 0 0 0 0 0 0 0 0 0 0
0, 0 1 - 16 -121 183 88 0 0 0 0 0 0 0 0 O 0 0 0
0- 0 0, 0 0, 0 0 0, 0 0, 0 0 0 0 0 '0' 0' 0 0
o o 0 0 0 0 0 0 :0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 .0 ' 0 0 0 0 0 0 0 0 0 0 o 0 0
0, 0 -,0 0 0 0 0 0 0 0 0, 0 0 0, 0 0 0 0 0
'0' '0 0 -0, 0- 0 0 -0 0 0 0 0 0 0 0 0 0 0 0
0- 0 '0, 0- 0 .0- 0 0 0 0 0 0 0 0 0 0 0 0 0
0, "0 ' 0 0- 0 '0 0 0 0 -0 0 0 0 0 0 0 0 0
0 '0 0 0' 0 0 0 0 0' 0 0 0 0' 0 0 0 0 0 0

submarine speed in knots x 10
idistance beit en end points innautical miles 30

.tenth'of.acelt side innauticat-mi.tes' = 3
time step-in h6Ursv .3
maxikinmn.jer-of - time steps = -17
track .,ength'in nautical miles = 50
delta in nautical mites : 5
leg length distribution index x 3
rand nuter generator a 'standard
ran n r seed = 7351'
number, of "tracks- cbcqteted = 10000
number of tracks terminated 0 0'
Scell tentry sum - 10000
ceLt entries ire rounded integer
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RANTRACkI(BA' staticdiffusion-probabitity map

! • ' 'ntiri ofo diffusions = ,3

0 0 0 0 '0' 0- 0 0 0 0 0 0 0 0 '0 0 0 0 0
.0, '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0'
O 0 :0- ' 0 0 0 00 0 0 0 0 0 0 0 0 0 '0 0.
o 0 '0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 -,0 0 0 0 0 0 0 01 0 0 0 0 '0 0 0 0 0
o. A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0' 0 0 1 11 27 21 6 0 0 0 0 0 0 0 0 0 0 0
O 0 0 12 80 223 243 1020 0 0 0 0 0 0 0 0 0 0
0' 0 3 40 238, 638 940 5950' 0 0 0 0 0. 0 0 0 0 0
0 0 5 70 299 811 '1364 1016 0 0 0 0 0 0 0 0 0 0 0
0 0 4, 55 243 643 963:6220 0- 0 O 0 0 0 0 0 0 0 0
0 '0 1 17 92 202 244 109 0 0 0 0 0 0 0 0 0, 0 0
0 '0' 0 1 8' 22 19 7' 0 0 0 0 0 0 '0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 -0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots z 10
distance between end points innauticit mites = 30
tength~of a cell side. in nautical mites x 3
time step in hours Z .3
maximum numberr of time steps a 17
track length in nautical mites : 50
delta in nautical mites x 5
leg length distribution index 3
random number generator a standard
randomnumber seed - 7351
number of tracks completed i 10000
number of tracks terminated z 0
cellt entry sum -, 10000
cell entries are rounded integer
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.,RANTRACK;BAS, staiicdiffusion probability map

0 ;0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 0 0 O 0 0 0 0 0 0 0 "0 0 0 0 0 0 0 0
0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 "0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0
-0. 0 0 0 0- 0 0 0. 0" 0 0 0 0 0 0 0 0 0 0
"0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 3 2 2 0 .0 0 0 0 0. 0 0 0 0 0
0 0' O 1 10 34 46 33 9, 0 0 0 0 0 0 0 0 0 0
0 0 0 9' 53 161 260 237 98 0- 0 0 0 0 0 0 0 0 0
0- 0' 2- 23 127 374 694 797 382 0, 0 0 0 0 0 0 0 0 0
0- 0 3, 38 154 439 907 1089-605 0 0- 0 0 0 0 0 0 0 0
0 -0 3, -34 135 380 704 800 391' 0 0 0 0 0 0 0 0 0 0
0 0 1 13 63, 148 256 241 103 0, 0 0 0 0 0 0 -0 0 0
0 0 0- 1 9 28 44 34 10 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 2 3 2 0 0 0 0 0 0 0 0 0 0 0

-0 0 0 0 0 -0- 0 '0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 -0 0 0 0 0 0 0 0' 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0
0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' '0' '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0

subimrine speed inknots, 10
distance between end points in nautical mites = 30
tength:of-a ceLt-side in nautical mites = 3
time step in hours a .3
maximum number of time steps a 17
track Length in nautical mites = 50
deLta ,in.nauticat mites - 5
-Leg, Length distribution index - 3
randoin number generator x standard
random number seed a 7351
number of tracks-cmpLeted a 10000
number of tracks terminated x 0
cell entry sum . 10000
cell entries are rounded integer

58



RANTRACk.BAS static ,diffusioh-probabitity map

S.' -"- - o-

i.maber of diffusions -i '5

o o- , 0 0, - .0, a a - a o o o 0 0 o
:6' 0 0 0 0 0- 0 0 0" 0 0 .0 0 0 0 0 0 0 0

0 0 0 0 00 0 0 0 '0 0 0 0 0 0 0 0 0 0 0
- 0 0 0- "0 0 0 0 0 '0 0 0- 0 0 0 0 0 0.' 0
0 "0 0 01 0 0 0- 0 '0 0 0 0 0 0 0- '0 0 0 0
0 '0 .0- 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0

-0 - 0 1 5 4 5 3 1 0 0 0 0 0 0 0 0 0
0 0- 0 1 8 28 51 57 36 -9 0 0 0 0 0 0 0 0 0
i0, 0- 0 6 33' 106 -208 269 221 75 0 0 0 0 0 0 0 0 0
0 0',, 1 '13 71 218463 707 612 252 0 0 0 0 -0 0 0 0. 0
A',0, 2- 21-84 246, 574 890 850 376 0 0 0 0 0 0 0 0 ,0
0, --0 -2 20 77 224' 471 699 617 253 0 0 0 0 0 0 0 0 0
0 0 1: 9 -41 99 203" 268 223 80 0 0 0 0 0 0 0 0 0
0 0 0 8 24 50 61 36 10 0 0 0 0 0 0 0 0 0
0 '0 0 0 1 3 6 7 2 0 0 0 0 0 0 0 0 0 0
0, 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0
D .  0' '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O -'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical mites 30
length of a-cetl side in nautical mites = 3
time step in heursit .3
maximum number of time steps x 17
track Length in nautical mites x 50
delta in nautical mites a 5
leg length distribution index - 3
random number generator z standard
random nmber seed - 7351
number of tracks completed = 10000
number of tracks terminated z 0
cell entry sum x 10000
cell entries are rounded integer
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RANTRACK.iAS stitic-diffijsion-probabitity map

•nurO of diffusions= 6

'0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 -0 0
O" 0O 0 0' 0 '0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0'0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0. 0 0 0 O^ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0' 0 0 0 0 0 0. 0- 0 0 0 0 -0 0 0 0 0 0 0
0 0 0 0, 0 0' b .0, 0 '0- 0 -0 0 0 0 0 0 0 0
0* 0 0 0' 1 5 5 8.7 4 1 0 0 0 0 0 0 0 0
0- '0 0 -0 5. 20 44 62 59 30 7 0 0 0 0 0 0 0 0
0 0 0 A0 20 67- 148 234 272 179 54 0 0 0 0 0 0 0 0
0 0 1 7 40 128 296 540 630 480 166, 0 0 0 0 0 0 0 0
0 0 1. 12 47 141 356 647 824 647 258-0 0 0 0 0 0 0 0
0 0 '1 12 45 133 303 530 633 473 167 0 0 0 0 0 0 0 0
0 0 1 5 25 64. 144 232 269-184 54 0 0 0 0 0 0 0 0
0 0 0 0 6 18 43 68 60 33 8 0 0 0 0 0 0 0 0
0 0 0 0 1 3 -7- 11 5 3 0 0 0 0 0 0 0 0 0
0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0' '0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

sJubmarine speed in knots z 10
distaice between end points in nautical miles = 30
length of a cell side in nautical miles u 3
time step in hours x .3
maximum number of time steps x 17
track length in nautical mites = 50
delta in nautical mites * 5
teg,-tength distribution Index - 3
random number generator- standard
random number seed x 7351
number of tracks completed z 10000
number of tracks terminated s 0
cell entry sun a 10000
cell entries are rounded integer
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:RAWNtACKIBWS static-di'ffusion probability mP

rirbir.-'6f-diffusioris it 7

0 0 . 0 0 0 0, 0 o b 0 0 0 0 0 0 0
0 0, 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0
0 '0 0 0 0 0 0 0 0 -0 0 0 -0 0 0 -0 0 0 0
0 0 .0 0 0 0 '0 0 0. --0 0 0- 0 0 0 0, 0 0
0 0 00 0 0 6 0 0 0 0 0 0, a 0 0 '0 0 0 0
0 , ;0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 4 5 9 10, 8 3 0 0 0 0 0- 0 0 0
0 0 •0 0 3 -13 33 55 68, 50 23 4 0 0 0 0 0 0 0
o,0 O 0 3 12. 41 99 180 258 239 136 34 0 0- 0 0 0 0 0
-0- 0, 0 4 23 76- 185 '382 538 568 366 109 0 0 0 0 .0 0 0
0- 0, .1 7. 27 82 219 .444 680 725 '528 196 0 0 0 0 0 0 0
0 0* 1 7 26- 80 191 375 541 553 363, 108 0 0 0 -0 0 0 0
0 -0 0 3 16 40 97 178 253 243 136' 34 0 0 0 0 0 0 0
0- 0- 0,, 0 4 12 32 61 69 54 25' 4 0 0 0 0 0 0 0
0 0, 0 0 0 2 6 13 8 6 2 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0- 0 0 0 0 0 0 0 0
0 0. 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0, 0 0 0

submarine speed in knots a 10
distance between end points in~nautical mites a 30
Length-of a cell side in nautical mites r '3
time stepin'hours .3
maximum number of time steps = 17
track length in hauticat miles 50
delta in nautical miles - 5
leg Length distribution index 3
random number generator - standard
radm.frezder seed a 7351
nuivber of tracks completed 10000
number of tracks terminated = 0
cell entry sum * 10000
cell entries are-rounded-integer
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RANTRACK.D-{A '. 'stat'ic cdiffutsion-probabitity map

n6Mber-of'-diffiUsions- " 8

'0 0 0 0 0 -0 0 0 0 0 '0 0 0 0 O-0 0 0 0
.0 0- 0 0 0 '0, 0 0 ,0 0' 0 0 0 0 0 0 0 0 0

" " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o ,o 0 0 0. 0 0 0, 0, 0 0. 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0
' 00 0 0 0 0 0 1 1, 0 '0 0 0 0 0 0 0 0 0
0 0 0 0 0 3 4 8 11 11 5 2 0 0 0 0 0 0 0
0 0 .0 0 2 '8 23 43. 63 60 40 15 2 0 0 0 0 0- 0
0 0 0 2 8 25 64 128 213 245 197- 95 18 0 0 0 '0 0 0
0 0 0 2 13 45 115 259 416 540 486 273 68 0 0 0 0 0 0
0- 0 -0 4 16 48 134 294 512 668 673. 454 173 0 0 0 0 0 0
0 0 0 4 16 48 119-254 419 523 479 269 68 0 0 0 0 0 0
O- .0 0 2 10 25 64 .127 209 248 197 94 16 0 0 0 0 0' 0
0 0' 0 2 8 23 48, 64 65 43 14 2 0 0 0 0 0 0
0 0 0 0 0 2 5 12 9 9 5 1 0 0 0 0 0 0 0
0 0 0 0 0 0' 0 1 1 1 0 0 0 0 0 0 0 0 0
0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0, Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submrine speed in knots x 10
diitance between.end points in nautical miles z 30
length of a cell side in nauticalt mites x 3
time step An-lhours x .3
maximm number of time steps a 17
track tength,.in nautical miles-: 50
delta in nautical mites-* 5
leg',tengthdistribution index a 3
random number generator • standard

'random number seed x 7351
number of tracks compteted a 10000
number of tracks terminated- 0
celL entry sum z 9999.999
cell entries are rounded integer
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- j-IACK.BAS..taticdif fizsion:,orobbi tityiwp

.nu~mer-of diffusions 9

0 0 0 0 0 0 0. O , 00 0 0 0-0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.0 0 0-0 0 -0 0 0 0 0
0 0 0 0 - 0 0 0 0 "0 -0 0 - 0 - 0 O 0 0 ,0 0
0 '0 0 0- 0 '0 0 0O 0, 0 0 0, 0 -'0 a 0 .O 0

O 0 0 0. 0 0 0 0 ,0 0 0 --"0 0 :0. 0 0 -0
o 0 0 '0 o0 0 0 '1, 1 0 0 0 0 0 0 o 0 0 0
0 0 0 -2 3- 6 9 11 7 3 1 -0 0 ,61 0: 0 :0
0 0 0 0 1 "51 16 31 52 59- 51 26 7 1 0 0 0 0 0--
0- 0 0 1 5 15 41 88 162 217 218-150 54 6 0- 0 0 -0 O-
0 0 0 1, 8 27 71 170 '302 455-508 -404 194.42, O, -0 0 0 0-
o, o 0 2 9 29 82 191366 549, 6-s5 -637 2 1550 0 0 o 0
0 0 0 3 9 29 74 168 305 439 500 397 192 41- 0 0 0 0

- ,- 0 0 0- 1 6 15 41 87 160 219 2,18 148 06 0 0 -0 0 0
0 0 0 0 1, 5 15 36 53 64 55' 26 8 1 0 0 0 0- 0
0, 0 0 0 -0 1 4 10 8 10 7 3 1 0 -0 0 0- 0 0
0 0, 0 -0, 0 0 0 1 1' 1 0 0 -0 0 -0 0 0 0 0,
0 ,0 0 -0 0 0 0 0 :o 0 0 -0 0 0 0 0 0- 0 0
0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 - 0 0 0 0 0 0 0 0 0 -0- 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine-speed ,in knots - 10
distnce between end points in nautical miLes 3 30
Lenith of a cell side in nautical miles = 3
time'step-in hours = .3
mximum number of time steps z 17
track lenath in nautical mites 5 50
deLta-in nautical miles = 5
tegtlength distribution index 3
random number generator x standard
random number seed a-- 7351
num ir of tracks compteted 10000
number of tracks terminated = 0
cell entry sum x 10000
ceLl entries are rounded integer
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nu1~er f i sionsi= 10,

>0O 0 0'0 0 0 '0 -0 0 0- 0. 0 0 0 -0 0 0 0
<70 0 0 0 0 0 O"0 q 0 -0 0 0 0 0 0 0 0 0 0
'0 , 0 0 0. 0 0 0, 0 0 0' 0, 0- 0 0 ~0 0 .0 0 0

01 0-0 0 0 0, 0 0 0 0 .6 o 0 -0 0 '0 - 00 0 0 0- 0 '0 '0 0 0

0, 0- 0, 0 0 1 2, 5 'S 10 8 5- 2 0 0 0 0 0 0
0 0 0- 0 1, 3 10 -22 40 51 '52 34 '14 :, 0 0 0 0 0
40, 0" 0- 1 3 9 26 58-1171 N 205 179 93 21 2 0 0 0 0
-0 0 0 1 5 16 44 110 -210 354 461 461 319 131 19 0 0 0 0
.,0 '0" 0 1 5 17 50 122 252420-612 701673 448 136 0 0 0 0
0 0 0 2 -6 '17 46109 213,341 453 452315. 125 180 0 0 0
40 0 0, 1.3 9 26- 5S8116 176 206 178 87 20 2 0 0 0 0
0 06- 0 0 1 3 10 25 41 56 57 35 14 3 0 0 0 0 0
-0, 0 0 -0 0 1 3 8 7 9 8 5 1- '0 0 0 0 0 0

0 '0 0 0 -0 0 1 1 1 '0 0 0 0 0 0 0 0 0
.0 0 0 0 .0 0. 0 0 0 0 0 0 0 0 0 0 0 0

~0 0 0 0 0 01 0 0 0 0 0' 0 0 0 0 0 0 0 0
0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed In-knots -a10
-distance between end points in nau -tical ,mites s30
Lengith~o :1 acelt side In nautical mitLes x3

tie"tpin hours- .3
-maximnw number of time steps x 17
trsck Length'in nautical miles x 50
deta oIn nautical mites - 5
Leg. lepgth-distribution-index x 3
random number generator z standard
random nuwrer seied x 7351
iuiier of tracks comp~leted a 10000

- - nuvber of tracks terminated z 0
cell entry suu~w 9999.999
cell entries are rounded integer
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iANfACK.SAS, static ,diffusion probabil, ity. map

rue of dfffusions- 11,

o0 o 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0, 0 0, '0 0 -0 0 0 0 0 0 0' 0 0 0
0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0" .0 0 0 0 0 0 0 0 .0- 0 0 0 0 0 0 0 0
0 o  '0' 0 0, 0 0 0 0- 0' 0 0 0 0 0 0 0 0 0
O '0 0'  ' 0 0 0 0 0 1 0 0 0 0 "0 0 0 0 0 0
'0 0 0 0 0 1' 1 3 6, 9 8 5 3 1 0 0 0 0 0

0 0 0 0, 0 2 7 15 29 41 47' 37 20 51 1 0 0 0 0
o01 '0 0 0 2 6 16 38 81, 132 175 180 119 39 7 0 0 0 0
0- '0 0 0 3 10 27' 70' 142 261 381' 451 398 232 73 4 0 0 0
, 0 0 1, 3 10 31 78 169 306 -501 "668 794 768 503 19 0 0 0

0 0 0 1 3 10 28 70 145 251 376 441 393 220 69 4 0 0 0
0' 0 0 '0 2 6 16 38 81, 134 176, 181 112 37 8 0 0 0 0,
0- 0 0 0 1 2 6 17 30 45 52 39 20 5 1 0 0 0 0
0 0 0 0 0 0 2 5 5 8. 8 5 2 0 0 0 0 0 0
0 0 0 0 0 0 0- 0 1 1 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed In knots x 10
distance between endpoints in nautical mites 30
-ength-ofa-&'celt -side-in nauticaL, mites : 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 x 3
random number generator - standard
random number seed z 7351
number of tracks completed x 10000
number of tracks terminated z 0
cell entry sun a 9999.999
cell entries are rounded integer
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RANTRACiK'BAs static diffusion probability map

n, .er-ofdiffusions, = 12

0. 4. 0 0 0 0 0 '0 0 0 0 ,0 'o 0 o o 0 0
O 0' 0 0 0 0 0 0.0 0.0 0 0 0 0 0 0 0
0 O 0 0 0 0 '0 0 0; 0 0 .0 0 0 0 0 0 0 0

O 0 ;0- 0 0 0 0 0, -'0 0 0 0 0 0 0 0 0 0
*0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

'0 0 06 0' 0 0 0 0 0 0 0 0 0 0 0 0 '0 0
o 0 0 0 -,0 1 "1 2 4 7 6 5 3 1 0 0 0 0 '
0 0 0 0 0 V -4 10 2o 31 39 34 22 8 1 0 0 0 0
0' 0 0 '0 .1 3 10 24 55 95 138, 163 128 '55 15, 1 0 0 0

0 0 0 2 6 16 45. 94 185, 296 397 419 '312 160160 0'0

S0 0 0, 0 2 6 19 49 112 216 386 577 801 1013-1091 76, 1 0 0
0 I 2 6 17' 44 97 178 293 388 413 295 154 16 0 0 0
0 , 0 0 0 1 3, 10 25 55 97' 140 164 122' 52 15 1 0 0 0
'0' 10 0- 0 10 1, 4 12 21 34 44 37 23 8 2' 0 0 0 '0
0 0 0- 0 0 0' 1 4: 4 6 7 5 3 0 0 0 0 0 0
O 0 0 0 0 0 0 0 1 1. 0 1 0 0 0 0 0 0 0
0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O" 0 0 0 0 0' 0 O 0 0 0 0 0 0 0 0 0 0 0
0, 0 0' 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarin. speed In knots a 10
distance.betweenend points in nauticaLt mites x '30
Length Of a cett sidi in nautical, mtes i 3
tiestep in hours a *3.
naximum,number of time steps-m 17
track length In nautical mites 3! 50
• deltt innautical miles - 5
I.eg length distribution index z 3
random number generator i standard
random nuntmr seed x 7351
nuber, of trackscompteted a 10000
niiter of tracks terminated x 0
celt' entry sum • 10000
celt entries are rounded integer

66



RANTRACK.BAS- static diffusion probability map

ihumbertof diffusions- 13

S '0 0 0 0 0 '0 O 0 0, 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 O 0 0 0 0 0 -0 0 0 0 0 0 0 0 0
0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0, 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0
0 0 0, 0 -0, 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 3 5 5 4 3 1 0 0 0 0 0
0 0 0 0 0 1 3 6 14 22 31 30 22 9 2 0 0 0 0
0 0 0 0 1 2 6 15 36 66 '104 136 122 64 23 2 0 0 0
0 0 0 0 1 3 10 28 62 128 219 325 393 354 265 38 1 0 0
0 0 0 0 1 4 11 31 73 148 285 466 728 1144 1818 178 3 0 0
0 0 0 0 1 4 11 28 63 123 217 318 388 334 258 36 1 0 0
-0 0 0 0 1 2 6 16 36 68 106 138 118 60 24 2 0 .0 0
0 0 0 0 0 1 3 -8 14 25 35 33 23 10 2 0 0 0 0
0 ,0 0 0 0 0 1 3 3 5 6 5 3 1 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0- 0 0- 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

submarine speed in knots - 10
distance between end points in nautical mites = 30
tength of a cell side in nautical miles z 3
time step-in hours x .3
maxlimum number of time steps x 17
track length in nautical miles = WO
delta in nautical miles a 5
teg length distribution index - 3
ra n number generator - standard
random nu.er seed a 7351
number of tracks completed * 10000
number of tracks terminated - 0
col entry sun x 9999.999
cell entries are rounded integer
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. .IAN1RACk',BAS staic.diffusion pr6bibility map"

...- ber of'diffusions.= 14

00 00 0o 0 '0- 0 0 0 0 0
-0 -0 6 o 0 0 0 0oV 0 o o , o o. o o o 0
0 0 0 0 0 0 0 0 0 '0 0 0 0 0. '0. 0 0 0-
-0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0, 0
S 0 0 0 0 0 '0 0 0 0 0 0 0 0" 0 0 0 0 0
0 00 0 0 0 0, 0 ,0 0 0- 0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 1 2 3 4, 4 3 1, 0 0 0 0 0
0 .0 0 0 0 0 2- 4 *9 16 23 24 20 10 '2 0 0 0 0
0 0 0 o0 0 1 4 10. 24 4575 106 107 65 9 4 0 0 o
0 0 -0, 0 1 2 6 18 40 86 157' 252' 340 359r 372 68 2 0 0-
0 0 0 0 1 2 7 19 '47 99 203 357 614 1169 2581 314 7 0 0
0, 0 0 0 1 2 6 7 41 83 156 247 336 338- 366 63 3 0 0
0 0 '0 O 0 1: 4, 10 24 47 77 109 105 62 30 4 0 0 0
0 0' 0 0 0 0 2 5. 9 17' 26 27 21 10..3 0 0 0 O
O 0, 0 .0, 0 0 0 2 2 3 5- 4 3 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0- '0 -0 0 0 '0 0 0 0 0 0 0 0 0 0
"0 0 O 0 0 0 0 O .0 0 0 0 0 0 0 0 0 0 0
0 .0 0 0 O 0 0 0 0 0 0- 0 0 0 0 0 0 0 0

submarine speed in knots x 10
'distance between end points in nauticatmiles z 30
Atength of-a cel tside in nautical-mites 3
time step in houri x .3
maxinun number-of time steps = 17
track'length in nautical miles = 50
delta in nauticct miles-• 5
leg- length distribution index x 3
random numbei generator z standard
random number seed - 7351
nmber of trackscompleted x 10000
number of tracks terminated a 0
ceLl entry sun - 10000
ceLl entries are rounded integer
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RNTRACk.BAS static'diffusi6npieobabilit4 map

nuiiber ofidiffusions = 15,

0 0 0 0o o 0 0 0 :0 0 0 0 ,0 0 0 0 0
0 -0 0 '0 0 0 0' 0 0 0 0 0 0 0 6 0 0 0 o
O :0 0 0- 0 0.0 0 0 0 0 0 0 0 0 0 0 0
0 '0 0 '0 '0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0-
0 0 0 .0 0, 0- 0' 0 0 0 '0 0 0 0 0 0 0 0 0
0 "0 0 0 0 -0- 0- 0O 00 0 "0 - 0 0 0 0 0
0 0 0 0 0 0 0 1 1 ,2 3 3 3 1 0 0 0 0 -0
-0 '0 .0 0 0- 0 1 3 6, 11 16 18 17 10 2 0 0 0 0
0 0 0 0 0 1 2 6 15 30 53 80 88 61 34 5 0 0 0
,0' 0 *0' 0 0 1 4, 11 25 57 109 187 277 338 467 101 4 0 0
0 0 0, 0 -0 1 4 12 30 66 141, 263 490 11203299468 12 0 0
0 0 0 0 0, 1 4 11 26, 55 109 184 274 318 465- 93, 6 0 0
0 0 0 0 0 1 2" 6 15 31. 55 83 '87 58 34, 6 1 -0 0
0' 0 0 0 0 .0 1 3 6 12 19 21 18. 10 3 0 0 0 0
0 0- 0 '.0 0. 0 0 1 1 2 3 '3 2 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 O 0 0 0
0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0
S0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
0 :0 -0 0 0" 0 0 0 0-0 0 0 0 0 0 0 0 0 0

submarinespeed in knots z 10,
distance between end points in nautical mites x 30
L ethtof acelt side in nautical miles 3
time step in hours = .3
maximum number of time steps - 17
track tength in nauticat miles z 50
delta in nautical miles a 5
leg Length distribution index - 3
random number generator = standard
-random numbe.r seed - 7351
-number-of tracks compteted = 10000
nuber of tracks-terminated : 0
celt entry sum z 9999.999
cell entries are rounded integer
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'RANfRAK.B'AS ,staici'-dif-fus i o rbibi Viiy,-O~a

nuxbr, of -difsioni i 16,

o o: 0 0 0 0 ,0, 0 0' 0 00 00 0 0 0 0 0 0 0
... O V 0 0 0, 0 0 o O 0 0 0 0 0 0 0 0

o o: -0 -0 0 0 '0 0: 0- 0 O 0- 0 0 0 0 0
'0 0 -0 0 .0 O: 0 0. 0, -0 0 0 O 0 0 0 0 00 ,0- +0' 0 ,0. 0 -0 ,0' 0 0 0 0 .0 0 0 0 0- 0 0

0 -0 -0 0' 0 "0 0 0 0 0 0'. 0 ' 0 0 0 0 0
0 0 0 0 '0 0- -0. 0 1 2 2 2 2 1 0' 0 0 0 0
o 0 -0 0' 0 0 1 '2 4 7 11 '13 "14 8 2 0 "0 0 0
0 0 0' O 0 0 1 4. 10 20 36 58 69 53, 36 7 0 0 0
o 0 0 0 1 2 7 16 37, 7 135 215 303 546 133 '7 0 0

"0 0. 0 .0 0 1 3 7 19 43 96 188 374 10313923 622 19 0 0
0 .0- -0 0 +0 11 2 7 17 36 74 133 213 28558 123 9 '0 0'
0 0O 0 0 0 1 4 10 21- 38 60 68 51'. 36'8 1 0 0
-0, '0 "'0 '0- 0 0 1 2. 4 8 14 16- 14 9 3, 1 0 0 0
o 0 0 0 0 0 0 1- 1 2 2 3 2 1 0 0 0 0 0
-0. -4. 0 '0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0
"0 0 0 .0 0 0 0 ,0 0 0 0 0 0 0 0 0 0 0 0.

0.. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0. 0O 0 0 0 0 0 0 0 0 0 0 0
0- 0 10 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

46uba, rine speeid in knotsr% 10
distance between endpoints in nautical mites-: 30
tngti ofsa'celLt side in'nautical- mites z .3
time 'step-In hours x .3

1' mixui rwuer of time steps = 17
track-length in nautical miles x 50
detia in nautical mites : 5
l eglenth distribution index a 3
raid6m.nmber 'generator x standard
random numier seed a 7351
rtmber of tracks copleted z 10000
number of tracks terminated = 0
cell entry sum.- 10000

* cell entries-are rounded integer
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RARCK.SAS-sttic-d,fusion probibi L i ty map

nw..r of, diffusonss 17

.O0 0 0 0 0 0, 0 0 -'0 0 0 0 0 0 0 0
0 0- 0 0 0 0 0 0 o 0 0 '0 0 0 0 0 0 '0 0
'0 -0,, 0 .0 0 -0 0 0 0 0 0 0 0 0 0 0
0 : 0 0 0- 0 (0 :0 0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 o -0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 ,O 0 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0
00 '-0 0 00 001 1 1 1 2 I' 0 0 0 0 0
0 0 - 0 0 0 0 -0 1 2 5 8 9 10 7 2 0 0 0 0
0 f. 0 -0 0 0 1 2 6 13 24 -41 52 44 36 8 1 0 0
V.0 -0 0 0 -0 -0 -1 4 10 24 50 95 162' 263 606 163 9 0 0-0- '0, 0 0 0 0 2 5 12 28 64 131' 277-930 4434 76 26 0 0

'--0. 0, 0 0 O 0 1 4 11 23 50 93 160 '248 613 150 12 -0 0
0 0 0 0 0 0 1 2. 6 13 25 43 52 :42 36 10 1 .0 0
-0 0 ,0 0 -0 0 0, 1 3, 5 9 11 11 7 3 1 0 0 0
0 0 0 0 0- 0 0 0 1 1 -2 2 1 0 0 0 0 0 0
0 0 0. 0 0 0 0 0 0 -0 0 0 0 0 0 0 0. 0 0

'0 0 0 0 0 0 - 0 0- 0 '0 0 0 0 0 0 0 0 0
01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.0, '0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0-
0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0

,subiwHrn speedIn knots-i 10
distance between end points in~nauticml miles z 30
length of a cell sidein-nauticl, miles * 3
timnwstep In. hours, .3
* ititm'.Momnur of time steps * 17
tr*ck length, Ir) nautical -mles x 50
tetti J6_naticat mites 5
leg length 'distrbution index a 3
_random n ier generator - standard
ritoe number seed-. 7351
hiiiver of tracks comnplted z 10000
i4tirof tracks terminated c 0
cti "entry sum a 10000
celt entries are rounded integer
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VI. The Analysis Program

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 distance 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 auxiliary 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 generated 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 in 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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ippen-dix 11. The 'Analysis Program Listing

-10_" NS "RANTRACK.BAS": -REM a program to analyze some -random track generation procedures
20 ClS .DEFINT I-N.
30-PI z 4 * AtN(1): NTR.: 0: RS = I"standard": FLAG3 = 0: FLAG4 =0: FLAG5 z0
40 PRINT : INPUT "siubmarine speed in knots"; V
5OPRINT : INPUT 4-di'stance-between the end points in nauticaL-miles"; D
60.PRINT -'INPUT "track Length in nautical miles"; TL
704IF TL < D THEN 60-
80 DM - SQi(TL * TL - 0 * D) / 2: REM maximum distance from the x-axis
90 SL aDM/7: IF D/ 2 >SL THEN SL = (D /2)I/ INTOD/ 2/ SL): REM Length of a cell side

lOO00TS a SIL V: REM tim step in~hours
110MMS 3! 30: REM maxinumn umber of steps
120 MS a CINT(TL I SL): REM nuiber of time steps in'the track
13OIFNS>MS THEN GOTO 60
140 SF,- (64'/ 35) * OH / 1000: REM screen factor
150- AS.x "cell dimension u"4STRS(SI) + "1 ru": BS a "time step a"l 4 STRS(TS) + "1 hr"
160 PRINT -: PRINT- AS: PRINT PRINT BS
,170 PRINT : INPUT "'deLta In nautical miles"; DEL: REM maximum average Leg length in nautical miles
180 IF DEL TL1 * TI / (TI. -D) / 50 THEN 170
190 PRINT : INPUT "Leg Length distribution index"f; NI
206 AS 'I $I: PRINT : INPUT "standard or auxiliary random number generator (s/a)"I; AS
210 IF AS x "All OR AS a "a" THEN GOSUB 7720: GOTO 280
220 IF AS-u "S" OR AS x "Is" THEN 230 ELSE 200
230AS a I "I: PRINT : INPUT "supply a random number seed (yin)"; AS
24.0 I F AS 11 "N" OR AS - "In" THEN 280
250 IF AS 11"11 OR-AS x "ly" THEN FIAG4 a IELSE 230
260 PRINT :INPUT "random numb~er seed"; RNS
270 IF RNS 4-327681 OR RNS )- 32767 THEN 260 ELSE RANDOMIZE RNS
280 AS: " "1I: PRINT : INPUT "view only single tracks (y/n)"; AS
290 IF-AS -1Y10 OR AS a "y" THEN FLAG5 x 1: NT x 1: GOTO 320
300 IF AS a "IN" OR AS x $In" THEN 310 ELSE 280
310 PRINT : INPUT "inumber of tracks"; NT
320 AO z TIL 2: REM semimajor axis of the initial focusing ellipse
330 CO a 0D 2: REM distance from the center to a focus of the initial focusing ellipse
340 MNL 11 30
350 LL z9; LU x 9: HI x 10: M4Ux 10: MT z:6
360 REDIN NP(ILL TO LU, -ML TO MU, MNS)
370 REDIM MT(-1 TO01, -1 TO 1, -LL TO LU, -ML TO MU, MNS)
380 REDIM NTS(-1 TO 1, -1 TO 1, -LL TO LU, -ML TO MU)
390 FOR J a 1 TO NT
400 REDIM X(MNL + 1), Y(HNL + 1), XS(MNL + 1), YS(MNL + 1), FR(HNL + 1), T(MNL + 1), TLEG(HNL + 1)
410 X(0) a -D 2: Y(O) x 0: REM coordinates of the initial point for aLL tracks
420 FR(O) x0: TIEG(O) x 0
430 FLAWi a 0
440 A a AO: C CO: S = 0
450 GOSUB 4770
460 FOR I z 1 TO MNL: REM Leg numbier
470 91 a SOR((TI + D) / (TL D))
480 92 a SGR(1 - D *D / TIL TL)
490 GOSUB 7700
500 ON ERROR 6010 510: GOTO 520
510 RESUME 490
520 FIAG2 a 0
530 IF RAND 4z .5 THEN 550
540 RAND a RAND - .5: FIAG2 x 1
550 RC x 2 * ATN(92 * TAN(PI * RAND -ATN(B1)) + D /TI): REM course in radians relative to the minor axis of
the focusing ellipse
560 ON ERROR GOTO 0
570 IF FLAG? 1 THEN RC P P1 RC
580 AL = (TL D) / (TL D * SIN(RC)): : REM average leg length for the relative course RC
590 GOSUB 7620
600 OR ERROR GOTO 0
610 FR(I) = RC + S: REM course in radians on Leg I
620 TIEGH = (A * A - C * C) / (A - C * SIN(RC)): REM maximrum leg length in nautical miles for the relative
course RC
630 IF TIEG - TIEGM THEN TIEG = LEOM: FLAW = 1: REM track is terminated at the final point
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'640: GOSUB ,6030 -

660'A :A1: RE remai irck Aengthr-innauticaifiiLes
p67 C C1:REM Wdisfic &ebetween te fil pointand the end poi nt-o th rvosLe

~68'S,9; 1 ~RE ieto of the minor axis of the focusing' ellipse
~690-,4LEG(f) 6'TIEG: -REMLe lengithof -leg I-
760'4V kAGV i 1-THEN: 7W
710., NEXT'-,I - -

'7304 x1 J, - _1
-740' COTO 1280: REM ,track terminated

760 NLWEG u'- + 1: REM niarber- of, legs
770 TLEG,-2 * C: TLEGCNLEG) ' xTLEG

.780N. S Pt 2(RM bering in radfans of final point from theedpitothLg
790 FR(NLEG)i H : REM course in radiansion last lei
800 X(NLEG), :'- /'2: REM x-coordinate of -f iiaL point for aLlI tracks
10 ,Y(NLEG) a, 0: REM -y-oordinteof f inal point for aL L tracks
820 T() Z=0
83'FORI -1,40NLEG -

8401T81 TLEGCI)-/ V; REM time in hours to traverse leg,!
8501T(0- T(I 1) + T: REM-time-in hours from the initial point to the end point of Leg I
860ONEXT I
Bn70XS(0)-a -D /2: YS(O);= 0
880 K i i: TSK =TS
890 FOR 1 =- 1 TO NIEG
900 IF TSK T(I) ,AND I <NLEG THEN 960: REM the next time step point is past the Ith leg
910 TK.-TSK - T(I - 1): REM time from the-starting point of the Ith Leg-to the--Kth time step point
920-Xt(K) -9(1 - 1) + V * TK * SIN(FR(): REM x-coordinate of the Kth time step point
930-YS(K) x Y(I - 1) + V * TK * COS(FR(i)): REM y-coordinate of the Kth time step point
940,k- K + 1; TSK - TSK t TS: REM next time step
950-0F K >-NtTHEN 980 ELSE 900
960 .NEXT I
970 ERASE X, Y, FR, T, TLEG

* 980FOR K w 1 To NS - 1
990CIRCLE (XS(K), YS(K)), 8 * SF
1000 NEXT K-
1010 IF FLAGS x 0 THEN 1050
1020-AS % It1: INPUT, "Quit (yi)"; AS
1030 IF AS x 'IN" OR AS x 'In" THEN CIS : COTO 400
1040 IF AS a "Y" OR AS I: "Y" THEN END ELSE 1020
1050-FOR I a 0 TO-NS
1060 FOR L a-LL ToLU
1070 IF (L 1 I/ 2) * SI XS(I) AND XS(I) <:(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 NU
1100 IF (M I / 2) * SI YSMi AND YSMi < (M + 1 /2) "SL THEN 1130: REM the y-coordinate of the Ith time
step point is in range N4
1110 NEXT M
1120 COTO 1270
1130 MP(L, M, 1) a MP(L, M, 1) + 1: REM random tour probability map element
114.0 IF I > 0 THEN 1170
1150 10 = L: MO =
1160 GOTO 1270
1170 11 = L: M1 = M
1180 FOR N a -1 TO 1
1190 FOR K z -1 TO 1
1200 IF NOT W1 =:10 + N AND M1~ =MO+ K) THEN 1240
1210 NT(N, K, 10, MO, 1 1) =NT(N, K, 10, NO, I -1) + 1: REM dynamic diffusion matrix element
1220 MTSCN, K, 10, MO) MTS(N, K, 10, NO) + 1: REM static diffusion matrix element
1230 COTO 1260
1240 NEXT K
1250 NEXT N
1260 10 Li0: NO = M1
1270 NEXT 1
1280 NEXT J
1290 AS z, "11: PRINT : INPUT "display a random tour probability map (y/n)"; AS
1300 IF AS " 'N" OR AS 'In" THEN 1500
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O1310"iF ASi "Y"')R AS ,,yT THEN 1320 ELSE 1290
1320 SCREEN-0: CLS
1330'PRINT "NS i:"; NS

--. 1340-PRINT : INPUT "enter, the numer of. time- steps fromO to NS"; I
13501IF I; < 0 O}R I' > N§STEN 1340"
1360'FOR.M = 10 TO -10 STEP -1
137q XS.i-"STRS(MP(-9, NO I)): XS 'LTRIMS(RTRIMS(XS)): PRINT XS; TAB(S);
1380 ,FORN * -8 TO'S
1390'X S,:STRS(MP(N, M, IY)= XS - LTRIMS(RTRIMS(XS)): PRINT XS; TAB((N + 9) * 4 + 5);
1400 NEXT N
1410 XS - STRS(MP(9, A1)): XS -LTRIMS(RTRIMS(XS)): PRINT XS
1420,NEXT N'
1430AS i 6: PRINT : INPUT 6priht the random tour probability map (y/n)"; AS
14401iF ASi "N" OR:AS a "n"S THEN1290
1450--IF'AS"." "Y" OR-AS -'"y'! THEN 1460 ELSE 1430
1460"WIDTH LPRINT 130
1470 ,GOSUB 4880'
1480 WIDTH IPRINT' 80
1490 GOTO i290
1500 AS ' "'": PRINT : INPUT "print a random tour probability map (y/n)"; AS
1510:IF AS i "N" OR AS z "n" THEN 1610
1520-IF AS x "Y" OR AS .1"y" THEN 1530 ELSE 1500
1530-SCREEN 0: CLS
1540 PRINT "NS -i |,1NS
1550 PRINT : INPUT "enter the number of time steps from 0 to NS SI; I
1560 IF I < 0 OR' I NS THEN 1550
1570 WIDTH.LPRINT 130
1580 GOSUB 4880
1590 WIDTH LPRINT 80
1600 GOTO 1290
1610:AS x " ": PRINT : INPUT "print aLL the random tour probabiLity maps (y/n)"; AS
1620 IF AS a "N" OR AS 2 "n" THEN 1680
1630 IF AS x "Y" OR AS v "y" THEN 1640 ELSE 1610
1640WIDTH LPRINT 130
1650 FOR I a 0 TO MS
1660 GOSUB 4880
1670 NEXT I
1680 AS a " ": PRINT : INPUT,"print arl the random tour probability maps to a file (y/n)"; AS
1690 IF AS a "N" OR AS a "n" THEN 1800
1700 IF AS x "y" OR AS z "y" THEN 1710 ELSE 1680
1710 PRINT : INPUT "input the data file name"; FS
1720 ON ERROR GOTO 1730: GOTO 1740
1730 RESUME 1710
1740'OPEN "0", #1, FS
1750 FOR I x 0 TO NS
1760 GOSUB 7050
1770 NEXT I
1780 CLOSE #1
1790 ON ERROR GOTO 0
1800 ERASE NP
1810 AS z " ": PRINT : INPUT "display a dynamic transition matrix (y/n)"; AS
1820 IF AS x "N" OR AS = "n" THEN 1920
1830 IF AS a "Y" OR AS = "y" THEN 1840 ELSE 1800
1840 SCREEN 0: CLS : GOSUB 6480
1850 PRINT : PRINT
1860 FOR K • 1 TO -1 STEP -1
1870 PRINT PRINT MT('1, K, L, N, I - 1); TAB(15); MT(O, K, L,1, I 1 ); TAB(29); HT(1, K, L, M, I 1)
1880 NEXT K
1890 PRINT PRINT : PRINT : PRINT "number of tracks completed "1; NT
1900 PRINT : PRINT "number of tracks terminated : "; NTR
1910 PRINT : GOTO 1810
1920 AS a" ": PRINT : INPUT "print a dynamic transition matrix (y/n)"; AS
1930 IF AS x "N" OR AS z "n" THEN 2100
1940 IF AS - "Y" OR AS = "y" THEN 1950 ELSE 1920
1950 SCREEN 0: CLS : GOSUB 6480
1960 AS z NS + " dynamic transition matrix": LPRINT AS
1970 LPRINT : LPRINT "transition number "; I
1980 LPRINT : LPRINT "x = "; L
1990 LPRINT "y z"; 1

76



2000FOR K =1 TO .1 STEP -1-
2010:, LORINT;: LPRINT I TA(5);. MT(-1, K,. L, N, I -1; !TAB(29); MT(O, K, L, M, I - 1); TAB(43); NT(1, K, L,

2020-NEXI:K
0 2030" LPRINT";: LPRINT

-,-2040 GOSUB 6130
2050'IF FLAG4 ,O'-THEN'N -,34 ELSiE N = 33
2060 FOR K' = ITO N
2070 LPRINT

08NEXT K
-2090 GOTO 1920
2100. AS$, U' ": PRINT INPUT !'print-.nonzerody a ic transition matrices (yin)"; AS
2110 IF ASz "N!' OR AS = "n" THEN 2390
2120-IF AS a uy"o'OR AS a "y, THEN ,2130 ELSE 2100
2130 SCREEN 0:-CLS
2140-PRINT, "NSa= 0; NS
2150 PRINT INPUT "enter-the transition nKuyei from 1 toNS"; I
2160IF I 1 OR I >,NS THEN 2150
2170AS =-NS + "-nonzero-dynamic transition matrices": LPRINT AS
2180-LPRINT' ---'LPRINT "transition number : ; I: LPRINT
2190 FOR.L a -(LL - 1) TO (LU. - 1)
2200 FOR N z (ML - 1) TO (MU-- 1)
221014AT -0,
2220 FORN = -1 TO1
2230, FORK-s -1 TO 1
2240 NAT 3! NT(N, K, L, M, I - 1) + HAT
2250 NEXT K.
2260 NEXT N
2270 IF MAT-- 0 THEN 2340
.2280 L PRINT : LPRINT- "x = "; L
2290-LPRINT Ily- "; N
2300 FOR K 1 TO -1 STEP -1
"2310"LPRINT : LPRINT ; TAB(15); MT(-, K, L, M, 1 1); TAB(29); MT(O, K, L, H, I 1); TAB(43); NT(1, K, L,
M, I " 1)
2320 NEXT K
2330 LPRINT LPRINT
2340 'NEXT M
2350 NEXT L
2360 LPRINT : LPRINT
2370 GOSUB 6130
2380 GOTO 2100
2390 AS = "1 ": PRINT : INPUT "print a dynamic transition matrix to a file (y/n)"; AS
2400 IF AS x "N" OR AS = "n" THEN 2630
2410 IF AS = "Y" OR AS : "y" THEN 2420 ELSE 2390
2420 SCREEN 0: CLS : INPUT "input the data file name"; FS
2430 ON ERROR GOTO 2440: GOTO 2450
2440 RESUME 2420
2450 OPEN "0", #1, FS
2460 GOSUB 6480
2470 AS = NS + " dynamic transition matrix": PRINT #1, A$
2480 PRINT #1, : PRINT #1, "transition nunber : I
2490 PRINT #1, PRINT #1, "x = "I; L
2500 PRINT #, "y = "4; M
2510 FOR K = I TO -1 STEP "i
2520 PRINT #1, : PRINT #l, ; TAB(15); MT(-1, K, L, 14 I 1); TAB(29); NT(O, K, L, M, I 1 1); TAB(43); MT(1,
K, L, M, I - 1)
2530 NEXT K
2!.'0 PRINT #1, : PRINT #1,
2550 GOSUS 6560
2560 IF FLAG4 = 0 THEN N = 27 ELSE N = 26
2570 FOR K = I TO N
2580 PRINT #1,
2590 NEXT K
2600 CLOSE #1
2610 ON ERROR GOTO 0
2620 GOTO 2390
2630 AS : ,o "1: PRINT : INPUT "generate dynamic diffusion tracks (y/n)"; AS
2640 IF AS = "Y" OR AS = "y" THEN 2660
2650 IF AS = "N" OR AS = "n" THEN 2770 ELSE 2630
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'4R 260 SCEEN VL T
2670,PRINT2 "S

*2680A PRINT : INNe Te erthe.enu adeiaof diffusions fromo 1-to NSy; ND
2600 IF;A ' lOR N S ""THEN 2680
20 PRINT INPUT enter the i' ber of truickso; -NDT

,2710 CtLS'

2730 NCE441- TO U NDT -
2740 GOSUB, 5050
2750, VEXTI J,
'2760GOTbO'2630
2770 AS Ife ""N PRINT : INPUT jenerate adynamic diffusion probability map (y/n)"; AS
270-,$AS - NY" OR AS a 0"4 THEN 2800
2790 IF AS a "N" OR AS aN"" THEN 3050 ELSE 2770
280f SCREEN0O: CLS
2A10PRINTr 1ST1STE N1S
220PRNT : INPUT-9nter the number of diffusions-from 0 to N S " ; ND
2830 iF ND 0-60'ND )- MSJ'TEN 2820
2840 REDIM NPD(-LL TOLU, -ML TO NU) AS INTEGER
2850 005W ,5330
2860 1 AS"'" ": PRINT : INPUT "display the dynamic diffusion probability map (y/n)"; AS
2i0i'i AS• *N" OR AS• "n THEN 2970
2880IF AS 2 "Y" OR AS a "y" THEN 2890 ELSE 2860
2890 SCREEW.-0: CIS
2900FORMa10OTo -10STEP -1
2900XS aSTRS(MPD(-9, M)): XS z LTRIMS(RTRIMS(XS)): PRINT XS; TAB(5);
-2920-FORN a -8 TO 8
2930 X$is STRS(MP(N 9)): XS a LTRIMS(RTRiNS(X$)): PRINT XS; TA((N + 9) 4 + 5);
290NEXT N
2950',XS-ooSTRS(NPD(9, N)): XS x LTRINS(RTRIAS(XS)): PRINT XS
2960kNXT N
2970AS a" ": PRINT,: INPUT "print the dynamic diffusion probability map (y/n)"; AS
2980 IF AS a "N*" OR AS, "n" THEN 2770
'2990 IF.AS-'aY" OR AS x "y" THEN 3000 ELSE 2970
3000 UIDTk-LPRINT 130
310-doSUI 5680
33020,IDTH LPRINT-80
3030 ERASE APD
3040. GTO 2770
3050 AS. " ": PRINT : INPUT "print all the dynamic diffusion probability maps (y/n)"; AS
3060 IF AS x "N" OR AS "n" THEN 3160
3070 IFAS- "Y" OR AS a "y' THEN 3080 ELSE 3050
3080 WIDTH LPRINT 130
3090 ORND o 0 TO MS
3100 REDIN MPD(-LL TO LU, -ML TO MU) AS INTEGER
3110 GOSU8 5330
3120GOSU8 5680
3130 NEXT ND
3140 ERASE NPO
3150 WIDTH LPNINT 80
3160 AS a " .: PRINT : INPUT "print all the dynamic aiffusion probability maps to a file y/n)"; AS
3170 IF AS a "N" OR AS x "'n" THEN 3310
3180 IF AS x "Y" OR A$ = "y" THEN 3190 ELSE 3160
3190 PRINT : INPUT "input the data file name"; FS
3200 ON iRR0R GOTO 3220
3210 GOT6 3230
3220 RFSIfl4E 3190
3230 '.PEN "0N J1, IS
324v^ FC~t hD =0 70 MS
3250-REDIN NPOt-LL TO Lii, -ML TO M4U) AS INTEGER
3260 %iOSUS 5330
3270 COSUB 6700
3280 NEXT ND
3290 CLOSE Ni
3300 ON ERROR GOTO 0
3310 ERASE MPO
3320 AS = "1 ": PRINT : INIPUT "display a static Zransition matrix (yin)"; AS
333e IF AS = "IN" OR AS = "In" THEN 3430
3340 IF AS z"Y" OR AS a"y" THEN 3350 ELSE 3320
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3350 SCREEN "O: CLS' : GOSUB 6510-
3360 PRINT.4: PRINT
3370FOR K-, 1 TO-i STEP -1
3380 PRINT : PRINT NTS(-1, K, L, N); TAB(15); MTS(O, K, L, N); TAB(29); NTS(1, K, L, M)
3390", NEXT% K
3400 PRINT :PPRIN PRINT PRINT "number of tracks completed "; NT
3410,'PRINT : PRINT, 1nrrmr of tracks terminated = "; NTR
3420 PRINT, :G0T0-3320
3430- AS ." , ':, PRINT I NPUT "print a, static transition matrix (y/n)"; AS
340' IF AS * "N" OR AS -"n" THEN 3600

3450. IFAS-* "Y" OR AS * "y" THEN 3460 ELSE 3430
3460 SCREENO: CLS : GOSUB 6510
3470 AS " NS + ",static transition matrix": LPRINT AS
3480 LPRINT : LPRINT "x u "; L
3490 LPRINT Ny =,'@ N
3500 FOR K * 1 TO -1 STEP -1
3510 LPRINT : LPRINT ; TAB(15); NTS(-1, K, L, M); TAB(29); MTS(O, K, L, N); TAB(43); NTS(1, K, L, N)
3520 NEXT K
3530 LPRINT : LPRINT
3540 GOSUB 6130
3550 IF FLAG4 - 0 THEN-N a 36 ELSE N a 35
3560 FOR K a 1- TO N
3570 LPRINT
3580 NEXT K
3590 GOTO 3430
3600 AS 1 " ": PRINT : INPUT "print all nonzero static transition matrices (y/n)"; AS
3610 IF AS' a "N" OR AS w "n" THEN 3840
3620 IF AS a "Y" OR AS * "y" THEN 3630 ELSE 3600
3630 SCPEEN 0: CLS
3640 AS a NS + It nonzero static transition matrices": LPRINT AS
3650 FOR L a -(LL - 1) TO (LU - 1)
3660 FOR N a -(ML - 1) TO (MU - 1)
3670 NAT a 0
3680 FOR N a -1 TO 1
3690 FOR K a -1 TO 1
3700 NAT a NTS(N, K, L, M) + MAT
37-10 NEXT K
3720 NEXT N
3730 IF NAT • 0 THEN 3800
3740 LPRINT : LPRINT "x a "; L
3750 LPRINT "y z "; N
3760 FOR K x 1 TO -1 STEP -1
3770 LPRINT : LPRINT ; TAB(15); MTS(-1, K, L, N); TAB(29); NTS(O, K, L, N); TAB(43); MTS(1, K, L, N)
3780 NEXT K
3790 LPRINT : LPRINT
3800 NEXT N
3810 NEXT L
3820 LPRINT : LPRINT
3830 GOSUB 6130
3840 AS • " ": PRINT : INPUT "print a static transition matrix to a file (y/n)"; AS
3850 IF AS a "N" OR AS a "n" THEN 4080
3860 IF AS x "Y" OR AS = "ly" THEN 3870 ELSE 3840
3870 SCREEN 0: CLS : INPUT "input the data file name"; FS
3880 ON ERROR GOTO 3890: GOTO 3900
3890 RESUME 3870
3900 OPEN "0", #1, FS
3910 GOSUB 6510
3920 AS : NS + " static transition matrix"
3930 PRINT #1, AS
3940 PRINT 01, : PRINT #1, "x "; L
3950 PRINT #1, "y • "1; N
3960 FOR K a 1 TO -1 STEP -1
3970 'RINT #1, : PRINT #1, ; TAB(15); NTS(-1, K, L, N); TAB(29); MTS(O, K, L, N); TAB(43); NTS(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 FOR K = 1 TO N
4030 PRINT #1,
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4040 NEXT
4050 COSE

ONw ERRORGOTO 0
4070,GOTO'3850

400A$,- " PRINT INPUT "lgen 'erate. static diffusion tracks WI; AS
~4090IF. AS -11Y" OR AS-ru 110'THEN:4110
'4100 IF ASi RMN~f A n THEN 4230 ELSE 4080
41104dCREEN 0;CLS
4120 P1RINT--INS z I!,,NS

-4130,PIRINT INPUT "en ter the number of diffusions from I to NS"; ND
4140 IF ND 1 OR ND >-NS THEN 4130
4150 PRINT :INPUT "enter the nuirier of tracks"; NOT
41 6 L
4170 GOSUS 470,
4i80,FLAG3, a
4190 FOR"JJ-l TO NOT
4200 GOSUB 5050
4210'NEXT J,
.4220 GOTO 4080,
4230 AS- " ": PRINT : INPUT "gqenerate a static diffusion probability map (yin)"; AS
4240' IF ASx NY!$ OR AS I "Y" THEN 4260
4250 IF AS - "NW" OR AS a lin" THEN 4520 ELSE 4230'
4260, SCREEN 0: CLS
4270,'-PRINT "INS - 01; NS-
4280"ORINT',: INPUT "enter the number of diffusions from 0 to NS "1; NO
4290 IF NO <0 ORNO NS THEN 4280
4300'REOIM PDT(-LL T0'LU, -mL TO ,MU)
4310 GOSUS 7220
4320 GOSUS 7550
4330 AS x "1 ": PRINT : INPUT "ldisplay the static diffusion probability map (y/n)"; AS
4340 IF AS x "IN" OR AS z "In" THEN 4440
4350 IF AS-a "Y"l OR AS x "lyl THEN 4360 ELSE 4330
4360'SCREENO: CLS
4370 FOR Na 10TO -10STEP -1
43801XS a STRS(CINT(PDT(-9, M))): XS-a LTRIMS(RTRIS(XS)): PRINT XS; TAB(5);
4390 FOR N a -8-TO 8
4400 Xt - STR$(CINT(PDT(N, H))): X$ x LTRIMS(RTRINS(XS)): PRINT XS; TAB((N + 9) * 4 + 5);
4410 NEXT N
4420 XS a STRSCCINT(PDT(9, M))): XS x LTRIHS(RTRINS(XS)): PRINT XS
4430 NEXT K
4440 AS a " "1: PRINT : INPUT "print the static diffusion probability map (y/n)"; AS
4450 IF AS a "NM" OR AS a 'In" THEN 4230
4460 IF AS z "Y" OR AS a "y" THEN 4470 ELSE 4440
4470 WIDTH LPRINT 130
4480 GOSUB 5850
4490 WIDTH MPINT 80
4500 ERASE PDT
4510 COTO 4230
4520 AS a "1 ": PRINT :INPUT "print alt the static diffusion probrbility maps (y/n)"; AS
4530 IF AS z "IN" OR AS = "In" THEN 4630
4540 IF AS a "Y" OP AS z "ly" THEN 4550 ELSE 4520
4550 WIDTH LPRINT 130
4560 FOR NO z 0 TO WS
4570 REDIM PDT(-LL TO LU, -ML TO MU)
4580 GOSUB 7220
4590 GOSUB 5850
4600 NEXT ND
4610 ERASE PDT
4620 WIDTH MPINT 80
4630 AS z ' ": PRINT : INPUT "print 3LL the static diffusion probability maps to a file (y/n)"; AS
46-40 IF AS I'"N" OR AS a"'n" THEN 4760
4650 IF AS = "Yu OR AS " Iy" THEN 4660 ELSE 4630
4660 PRINT :INPUT "input the data file name"; F$
4670 ON ERROR GOTO 4680: GOTO 4690
4680 RESUM4E 4660
4690 OPEN "0"l, #1, FS
4700 FOR WD = 0 TO NS
4710 REDIN PDT(-LL TO LU, -ML TO MU).
4720 GOSUB 7220
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'4730 G0SUB '6870
-4740-NEXT ND'
475OERASE POT.
'4760 ,'END
4770,Xx N10' SL: YM- 8 SL
4780- SCREEN 12i
4790 MUIDOW (-XM, -YN)-XM, YN).
4800-CIRCLE-(-0 ['2, 0), 10 'SF: CIRCLE (D/,2, 0), 10 *SF

'4810 FOR N z 0 TO 19-
~426'LINE -(-XN ,(N'- 1 / 2) *SL, YN SL /2)-(-XN + (N + 1' / 2) *SI, *YN SL /2)
4830 NEXT N
4840' FOKa 0 TO, 15
4850; LINE (-XN SL / 2, YN (N ti l 2) SL)( XN - SL 2, YM - (M + 1 /2) *SI)
4860 NEXT NM
4870 RETURN
4880,'ANS + UrauioMT tour probabitity map"l: LPRINT AS
4890R' IRINT L PRINT llmie of tin -steps "1 : LPRINT
4900 FOV'N 104TO -10 STEP -1
4910 XS x STRS(Np(-9, N, 1)): Xi x LTRIMS(RTRINS(X$)): LPRINT XS; TAB(NT);
4920 'FOR N. -8 TO 8
4930 XS i STRS(NP(N, N, 0)): XS 3! LTRIMS(RTRINS(X$)): LPRINT X$; TAB((N + 9) *(NT 1) + NT);
4940 NEXT 'N
4950 XS x STRS(NMP(9,'N, I)): LPRINT XS
4960 NEXT' N'
4970'GOSUS 6130
4930'GOSUB 6270

- ' 4990,LPRINT- "cell entry suan x 11; SM
5b00'IFFLAG4,: 0 THEN N x 22 ELSE N x 21
5010' FOR K x I TO N
5020 LPRINT
5030'NEXT K
5040,' RETURN
5050'LO.u -0 / 2 / SI: MO x 0: REN initial cell indices
5060'FOR I a 1 To ND
5O7OREDIM NTA(-1 TO 1, -I TO 1) AS INTEGER
5080 NPSUN a 0
5090 ,FOR N z -1 TO 1
5100 FOR K a -1 TO 1
5110 IF FLAG3 a 0 THEN 5130
5120 NPSUN i NTS(N, K, LO, NO) + NPSUN: GOTO 5140
5130 NPSUN a NT(N, K, 10, NO, I -1) + NPSUN
5140 NTACN, K) M IPSUN4
5150 NEXT K
5160 NEXT N
5170'GOSUB 7700
5180 RNU a RAND *MPSUN
5190 FOR N a -1 TO 1
5200 FOR K x -1 TO 1
5210 IF RNU c NTA(N, K) THEN 5260: REN transition from (LO+W,NO+K) to (IO,NO)
5220 NEXT K
5230 NEXT N
5240 ERASE NTA
5250 GOTO 5320
5260 Ll x L0 + N: Niz NO + K
5270 LINE (Li * SL, Ni * SI)-(LO *SL, NO *SI)

5280 CIRCLE (LI * SL, Ni * SL), 8 *SF
5290 L0 z LI: NO x NI
5300 ERASE NTA
5310 NEXT I
5320 RETURN
5330 REDIN NSUN(-IL TO LU, -NL TO MU, MNS)
534OFOR I x0TO NS- 1
5350 FOR LI -IL TO LU
5360 FOR N:a -NI TO N4U
5370 FOR N a -1 TO 1
5380 FOR K =-1 TO 1
5390 NSUM(L, N, 1) =NT(N, K, I, N, I) + MSU(I, N, I)
5400 NEXT K
5410 NEXT N

8 1



, 540 EXTr N5430'WNEXT I,

>+ 56$00 Nok)(,D /2-/,,SL, 0) -iNT: REM-initial"6elAt probbility factor
5460 -IF' ND :,O-THEN- 5660.a.e' rbaiiyfco

5470FORA' -1 TOND,
5480,REDIM B(-LL TO LU, -ML TO MU),
5490FOR xi ; -(LL -; 1) T0 (LU'- 1)
5500, FORM-,-(ML- i) TO (MU - 1),
5510oFR N . -1 TO 1
5520 FOR, K u-1 TO .1
5530IF MSUM(L -,N, M - K, I - 1) O-THEN 5550
'5540 NL) T(NK, L - N,. M- K, I - 1) / SUM(L -N, M -K, 1) MPD(L N, N K) + (L, M)
5550 NEXT K,
5560NEXT4N
5570 NEXT N
5580-NEXT L
5590 FOR L x -LL TO:LU
5600 FORN - -ML TOMU
56i0JIPD(L, N) - B(L,-M): REM dynamic diffusion probability map element
S5620 NEXTA
5630,NEXT L
5640 ERASE
5650 NEXT, I
5660 ERASE MSUM
5670,-RETURN
.5680"AS NS.+ "!1-dynamic diffusion probability map": LPRINT AS
5690.PRINT : LPRINT "!number of diffusions z ";,ND: LPRINT
5700FOR'N 10-TO -1OSTEP -1
5710 XS a STRS(MPD(-9, M)): X$ z LTRIM$(RTRIMS(XS)): LPRINT X$; TAB(MT);
5720 FOR N x -8 TO 8
5730 XS a STRS(MPD(N, N)): X$ a LTRIMS(RTRIMS(XS)): LPRINT XS; TAB((N + 9) * (MT 1) + MT);
5740 NEXT N
5750,XS 3k STRS(MPO(9, M)): XS z LTRIMS(RTRIMSCXS)): LPRINT XS
5760 NEXT N
5770 GOSUB- 6130
5780 GOSUB 6340
5790 LPRINT "cet entry sum • "; SH
5800 IF FLAG4 x 0 THEN N a 22 ELSE N = 21
5810 FOR K x 1 TO N
5820 LPRINT
5830 NEXT K
5840 RETURN
5850 AS a NS + " static diffusion probability map": LPRINT AS
5860 LPRINT : LPRINT "number of diffusions x *"; ND: LPRINT
5870 FOR M x 10 TO -10 STEP -1
5880 XS a STRS(CINT(PDT(-9, M))): XS : LTRIMS(RTRIMS(XS)): LPRINT XS; TAB(MT);
5890 FOR N a -8 TO 8
5900 XS z STRS(CINT(PDT(N, M))): XS = LTRIMS(RTRIMS(X$)): LPRINT XS; TAB((N + 9) * (MT 1) + MT);
5910 NEXT N
5920 XS a STRS(CINT(PDT(9, N))): X$ = LTRIMS(RTRINS(XS)): LPRINT X$
5930 NEXT N
5940 GOSUB 6130
5950 GOSUS 6410
5960 LPRINT "cell entry sum 0 ; SM
5970 LPRINT "cell entries are rounded integer"
5980 IF FLAG4 = 0 THEN N = 21 ELSE N = 20
5990 FOR K = 1 TO N
6000 LPRINT
6010 NEXT K
6020 RETURN
6030 X(!) • X(! - 1) + TLEG *SIN(FR(!)): REM x-coordinate of the end of leg 1
6040 Y() = Y(I 1) + TLEG * COS(FR(I)): REM y-coordinate of the end of leg I

6050 X = D / 2 - X(!): Y = 0 Y(!): REM determine the bearing and range of the final point from the end of leg

6060 RF = SOR(X * X + Y * Y): REM range of the final point from the end of leg I
6070 C! = RF / 2: REM distance of the center of the trial focusing ellipse from the final point
6080 Al = A - TLEG / 2: REM one-half the remaining track length
6090 IF ASS(.' / RF) =1 THEN 83 = PI / 2 * SGN(X) ELSE BB = ATN(X / RF / SQR(1 - X * X / RF / RF))
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41O0IFABs(Y /1RF) # THEN BR = P1 /,2'*'(1 - SGN(Y)) ELSE:BR PI /2 - ATN(Y / RF / SQR(1 Y Yj RFyi, - :RF)). -: = .

61I02 FBBi <-E THuEN BR P--"BR: REM bearing in radians of the final point from the end point of legA I

6130-RINT :'-PRINT. 'Isumarine speed' in-knots= "; V,
'5-; 6140,L-PRkNT/ "ditance.betweeniend points in nauticat miles "; D

6150IPRINT "length.ofoa celt side in nautical , miles SL
6160 LPRINT "ti step-in.hoursi: =I! TS 1

'6170LPRINt "maximm'nubber-,of* ime-steps =-I'; NS
6180 LPRINT :track Length in nauticit mites - 10; TL
6190,IPRINT "dektt innasuticastmiles :'#; DEL
6200 LPRINT I ,"Leg ength-dstribution index = '; NI
6210 LPRINT "random ru*ber generator - "; RS
6220IFAFLAr', .0THEN 6240
6230LPRINT "rahikm 'number seed 1 "; RNS
6240LPRINT "nvber-of tracks completed "6,; NT
6250,LPRINT "nmibe'r-of tracks terminated - ; NTR
6260 RETURN
6270SN " 0
' 6280 FOR L's -LL TO LU
6290FOR N-= -ML TO MU
6300 SN = MP(L, N, 1) + SM
6310 NEXT N
6320 NEXT L
6330 RETURN
6340'SM- 0
6350"°FOR L s -LL TO LU
6360 FOR M's -ML TO MU
6370'SM4a MPD(L, M) + SM
6380 NEXT N
6390 NEXT L
6400 RETURN
6410 SN * 0
6420 FOR L x -LL TO LU
6430- FOR N I -ML TO MU
6440 'SN ' POT(L, M) + SN
6450 NEXT N
6460 NEXT L
6470 RETURN
6480TPRINT 'NS x 1; NS
6490-PRINT : INPUT "enter the transition number from 1 to NS"; I
6500 IF I < 1 OR I > NS THEN 6490
6510 PRINT : INPUT "x-coordinate"; L
6520 IF L < -(LL - 1)OR L > (LU - 1) THEN 6510
6530 PRINT : INPUT "y-coordinate"; AI
6540 IF M < -(ML - 1) OR N > (MU - 1) THEN 6530
6550 RETURN
6560 PRINT #1, : PRINT #1, "submrine speed in knots = "1; 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 all; TS
6600 PRINT #1, "naxinum number of time steps "; MS
6610 PRINT #1, "track length in nautical miles = "; TL
6620 PRINT #1, "delta in nautical miles = "1; DEL
6630 PRINT #1, "leg length distribution index = "; NI
6640 PRINT #1, "random number generator "; RS
6650 IF FLAG4 = 0 THEN 6670
6660 PRINT #1, "random number seed : "; RNS
6670 PRINT #1, "number of tracks completed s"; NT
6680 PRINT #1, "number of tracks terminated "; NTR
6690 RETURN
6700 AS z NS + " dynamic diffusion probability map": PRINT #1, AS
6710 PRINT #1, PRINT #1, "number of diffusions = " ND: PRINT #1,
6720 FOR M = 10 TO -10 STEP -1
6730 XS = STRS(MPD(-9, M)): X$ = LTRINS(RTRINS(X$)): PRINT #1, XS; TAB(MT);
6740 FOR N = -8 TO 8
6750 X$ = STRS(NPD(N, N)): XS = LTRINS(RTRIN$(XS)): PRINT #1, XS; TAB((N + 9) * (NT - 1) + MT);
6760 NEXT N
6770 X$ = STRS(MPD(9, N)): XS = LTRINS(RTRIMS(X$)): PRINT #1, XS
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'6780NEXTM
66790 GOSUS 6560
680 GOSUB6340
681OPRINT #1-, 1 Cil entry- sum :39; SN

6820 F FLG4 ='THEiN ='16. ELSE N =15
"6830" FOR -K": 1,T0 N
-6840PRINT -#I',
-650 NEXT, K
6860IEtUN
6870 AS a-MS + staticdiffuiion 'probabitity map": PRINT #i, AS
'6880 PRINT #1,- PRNT#1 "rilaber of diffusions ='I'; ND: PJRINT #1,
'6890'FOR N a 10 TO -lO'STEP.-1
@9A0 XS -aSTRS(CINT(POTj-9, 0))): X$ a LTRINS(RTRIMS(XS)): PRINT #1, XS; TAS(MT);
6910 FIOR N a-8 -To*$
69201X$ -STRS(CINT(PO(, N))): XS - LTiIMi(RTRINS(XS)): PRINT #1, XS; TAB((N 9) (MT- 1) +NMT);
6930. NEXT N
6%40--X'- STRS(CINTjPOT(9, N))): X$ *'LTRIMS(RTRIMSCX$)) PRINT fl, XS
6950 NEXT' N
696 G051* 6560

690GOSUB 6410,
-6980 PiRINT'il #1 celL entry sun a 09; SH
6990 PRINT 01, "cell entries~are rounded integers,
7000:IFFLAG4 a 0 THEN N z 16 ELSE N a 15
700 FOR K - I TO N
7020 PRINT #1,
7030. NEXT K
,7646 RETURN
7050 AS a NS +" random tour probability map": PRINT N1, AS
7060 PRINT 01, PRINT #1, "Inurber of time, steps z "1; 1: PRINT 01,
7070' FORMN a 10 TO -10-STEP -1
7080 Xt x-STRS(MP(-9, N, I)):* XS *LTRINS(RTRINS(X$)): PRINT #1, XS; TAB(MT);

:7090, FOR -N 8 - TO 8,
7100 XS a STRS(MP(N, N, 1)): XS LTRINS(RTRIMS(X$)): PRINT #1, XS; TAB((N + 9) (MT -1) M T);
7110 NEXT N
7120 XS a STRS(MP(9, N, 1)): X$ z LTRIMS(RTRIMSCXS)): PRINT fl, X$
7130 NEXT M
7140 GOSUS 6560
7150 GOSUI 6270
7160 PRINT #1, "call entry sum a 11; SM
7170 IF FLAG4 a 0 THEN N a 16 ELSE N = 15
7180 FOR K x I TO N
7190 PRINT #1,
7200 NEXT K
M21 RETURN
7220,REOIN MSUMS(-LL TO LU, -ML TO MU)
7230 FOR L a -LL TO LU
7240 FOR N a -ML TO MU
7250 FOR N x 1i TO 1
7260 FOR K a -1 TO 1
7270 MSUMS(L, N) x NTS(N, K, L, N) + MSUNS(L, N)
7280 NEXT K
7290 NEXT N
7300 NEXT N4
7310 NEXT L
7320 PDT(-D / 2 / SL, 0) x NT: REM initial cell probability factor
7330 IF ND x 0 THEN RETURN
7340 FOR I z 1 TO ND
7350 REDIN B(-LL TO LU, -ML TO MU)
7360 FOR L a -(LL - 1) TO (LU -1)

7370 FOR M a -(ML - 1) TO (MU -1)

7380 FOR N a -1 TO 1
7390 FOR K x -1 TO 1
7400 IF NSUNS(L -N, N - K) 0 THEN~ 7420
7410 B(L, N):a MTS(IW, K, L -N, M -K)I /NSUNS(L W , N - K) *PDT(L -N, N- K) +B(L, N)
7420 NEXT K
7430 NEXT N
7440 NEXT N
7450 NEXT L
7460 FOR L. z -LL TO LU
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-7470 FOR K -i.ML TO MUP -

748 PT(5 N sB(, ):-REK static, diffusion probabit'ity map element

-~hOiNEXT M'

J510YERAS,4_
'7520-NEXT V
75YIO-_ERASE - SUMS
7 0,RETURN

7560 Fbi't1-, -LL fd!'LU
7570 FRiJ- -ML TO MW-

T805-SM 0 P0-,N P
7590'NEkT N
7600NAEXT-L
7610 RETURN,

I&630 FOR ALz'. TO Ni

7650,0MWERROVGOTO_7660, 60TO 7670
7660 RESUME 7640
Z70-NdG, -DL A OO-RN)/N L:RMtiltglnt eeatrfrterltv oreR
7670 1ETLE DL *A O AD/N LG E ra e eghgnrtrfrterltv oreR
60R'ETURNd

7700:04 I a I standard" THEN RAND z RND ELSE- GOSUB 7810: REM auxilI ary random numbier generator subroutine branch
-70~RETURN
770R " auxiliary"; REM the first line of an auxiliary random number generator setup subroutine
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