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Abstract. Jumping behavior consists of an interleaving sequence of conducts of
living organisms, such as moving or sniffing. Jumping behavior is used in many
activities vital to subsistence, such as: food foraging, search for prey, avoid
predators, etc. There are several interpretations for this behavior from the
ethological viewpoint. Nevertheless, there is no clear biological model that
provides comprehension of this conduct. We have developed a kinetic model to
simulate this behavior as one that maximizes the probability to find an object in
an open infinite space. The advantage of this model lies in its ability to find a
local max number of goals in shorter time. Jumping algorithm uses few
resources, as compared to ant algorithm which needs several agents to finding
goals. Using the kinetic model, this jumping behavior (proper of biological
entities) will be used as a search method for patterns in a two dimensional
space, carried out by synthetic agents. Kinetic factors to consider are: moving
time, local searching time, size of step, and perception capabilities. The purpose
of this work is to study the behavior of the model of the jumping conduct,
considered as a search method of patterns in closed 2-D spaces, through an
incremental methodology. For this purpose a simulator was designed, in it, an
agent looks for 2-D patterns using the leaping kinetic model. Results obtained
in this work can be used in Robotics to approximate the region that a group of
robots can sweep; or as an exploration method of non-unstructured spaces, such
as it occurs in internet search and images search.
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1 Introduction

1.1 Jumping Behavior

The biological phenomenon of intermittent locomotion describes the manner in that
animals move, during the execution of their daily chores, such as feeding, having
intercourse, prey searching, etc. [1]. An organism that shows intermittent locomotion
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typically alternates movement with phases of rest. Such behavior is seen, for instance,
in squirrels exploring a park, birds that glide looking for prey, dogs sniffing for buried
bones, etc.

We also would like to introduce some terms:

Time test: Cycles number than an agent executes the search of goals in a selected
space.

Advance: Space agent travels in the same direction, measured in pixels.

Sniffing: Space in which the agent performs a local search, measured in pixels.

Size of the pattern: Pattern width and height measured in pixels.

Density pattern: Pattern density measured in pixels.

Space dimension: Width and height of the space, measured in pixels.

Space density: Space density measured in pixels.

1.2 Kinetic Model

Although there is no clear biological model that explains such behavior, a model that
describes it exists [2]. The kinetic model of jumping behavior consists in an
alternating sequence of advance (move) behavior and sniffing (or search) behavior,
which maximizes the probability of finding objects in an open infinite space.

In the advance (move) phase, the organism moves in some random direction during
a random time with average of Ty,ov.. In the sniffing phase (local search), the organism
pauses its movement in order to perceive or smell for food or prey, or in order to
explore the unknown space surrounding it. The time spent on this activity is a variable
random with a mean value Tqising. Next we explain the process through an algorithm
consisting of a search method for 2-D patterns.

1.3 Jumping Behavior as Search Method

We apply the jumping behavior metaphor to a search algorithm that an agent uses in
order to find 2-D patterns. Each life cycle of the agent consists of moving periods
alternating with searching or “sniffing” periods. The agent moves through the search
space using random values that are generated, corresponding to moving times and
searching times (local search or sniffing). In the advance stage, the agent moves in a
given direction, randomly chosen, during a random time generated with a mean t; and
a standard deviation o;. In the sniffing stage, the agent uses a random variable with
mean T, and standard deviation G5, to delimit a window where the local search for the
sought pattern is performed.

The agent uses moving times to explore the search space, and sniffing times to
make a local search. According to the used metaphor, the algorithm looks for a
relation between moving frequency and sniff frequency that maximizes the
probability of finding goals, at the same time, uses the lowest amount of resources,
where moving and sniffing are supposed as restrictions.

Another algorithm based on the animal behavior is the ant algorithm. The ant
algorithm is a heuristic technique used to solve problems where the search space is
not delimited and non-structured [5]. In nature the ants go randomly in searching of
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food and when returning to the colony with the reward they release pheromones to
guide the others by a successful way. With time, some ways will be but clear than
others. This type search requires that several ants return to the departure point before
visualizing a route clearly. Therefore the time of route for each ant is double the time
it spends in finding the objective. In the algorithm of jump described in this work, the
agent gets the objective and it marks it of a different color, this avoids that it finds the
same objective twice (and wastes time).
Below we explain the theory of agents used as computational model.

2 Search Algorithm with Jumping Behavior

2.1 Behavior of the Agent during the Search

The agent used in this work searches 2-D patterns using the algorithm that is
explained below, in an isolated form during the test phase and in collaborative fashion
during the second stage. This agent that searches goals exhibits a jumping behavior,
and alternates two conducts; a moving or advance conduct, and a sniffing or local
search conduct.

The algorithm is as follows:
1) The agent starts at an initial position.

2) It selects a direction €¥ | a distance factor Trnove and size factor Tsearch, all
random (mean values in Tmove and Tsearch , standard deviation at 20%). The
mean values are selected by user.

3) It moves in the chosen direction with a step of length Limove (selected by
user), with

x = Tinove COS ¥ Yy = Trmove Linowve sen a

y

4) The agent uses T'search (size factor) and Lsearch (selected by user) to
performs a local search in a window of size

=1 Z\/Ts:ea?'ch Lsearchm

If the goal is found during this stage, a counter is incremented.
5) The iterations number is reduced, if this is larger than cero go to step 2.
Otherwise, end the program.

Below some steps of the algorithm are explained in detail:
1) At the start, the agent is positioned in the upper left corner 0, 0.
2) Then, an angleCtis selected at random, used to change the direction of

advance of the agent. A random value Trmove is generated (with mean in
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Tmoveand standard deviation at 20%), the agent will use it like a distance
factor.

3) During the advance behavior, the agent uses Imove and a length of the
advance step Linove in order to move in the direction € , in this form:

r = Trmove cos y Y= Tmove Lmove sen a

4) During the sniffing behavior, the agent uses a random value Tsearch with

average 'search and standard deviation at 20%, and a step length Lsearch to
search the goal in local form in a window of size.

xr =y =vVTsearch Lsearch

This relation was obtained by adjusting the local search area, as the area of a
square that contains a cycle of radius L/2, as

Sur face = L? = Tsearch Lsearch™

Where Lsearch s the sniffing (or local search) time, Lsearch is the step length
and m is the constant relation that exists between the perimeter and the diameter
of a circle.

2.2 Experimental Setting

To carry out the tests of the behavior of a search agent looking for 2-D patterns with
the described behavior, an environment with variable density and size is required.

The environment was implemented in Java, as an interface that the search agent
uses to show its behavior in graphical form. The interface has the ability to create a
space and a 2-D pattern of variable size and density, and to insert that pattern in the
space with another variable density. The system interprets the space and the pattern as
a matrix of dots and stores it in a text file that can be reused in further executions. Fig.
1 shows the interface of the system.

The text boxes “Space Dimension and Space Density” modify the size in pixels
and the space density. The values of pattern dimension and pattern density modify the
size in pixels and the density of the pattern.

Pattern density value, establishes the probability with which the pattern will be
inserted into the space.

The average values of moving and searching variables are used to generate random
values of frequency with means in the selected points.

The number of iterations that the search agent will execute through the
environment can be manipulated with the value “Cycles Number” once the test
finishes, a report with the average of the moving and searching values, and the
number of goals obtained, will be added to the file specified in “Save report as...”.

The “pause” button stops the execution of the search agent.

The “clear” button cleans the path of the agent, for easier identification of the
patterns already found.
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Fig. 1. Experimental environment.

The “random” button generates a pair of random numbers between 0 and 100, used
as the average moving frequency and searching frequency. The standard deviation for
both frequencies has been adjusted at 20%.

The “Init” button generates the space according to the established values, and
draws it. If the verification box labeled as “load last space” is selected, the system will
load the text files that contain the last space and pattern used previously, instead of
generating a new one. Once the space has been generated or loaded, a sequence of
100 random numbers is created, having as mean value the values of moving and
searching and standard deviation of 20%. These values will be used to simulate the
behaviors of moving and sniffing as explained now.

Fig. 2 is an example of the agent’s behavior during the execution of the program.
The space with inserted patterns is shown as dots in the background. The path of the
agent is shown as lines and squares. The agent marks the patterns that have been
already found as dark zones. The straight lines represent the advance stages, while
the squares represent the periods of sniffing or local search.

Note that with respect to the used metaphor, long straight lines show that the
agent requires more resources, for instance a larger amount of energy, or, if it were a
robot, then it would require a large energy source. Analogous, large searching times
mean local searches in large spaces, therefore longer times.

On the other hand, smaller advance times, will cause the agent to require much
time to cover the total space. Small searching times will provoke that the agent does
not take advantage of the energy that employed in moving in order to search a large
amount of goals.
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Fig. 2. Execution of the search agent.

3 Performance Test Results

So we were looking for a pair of values of moving frequency and searching frequency
that uses smaller resources, and at the same time, maximizes the probability of finding

goals.

The test consisted on making run to an agent in a space with 450 different
combinations from moving and searching times. The purpose is to find those

combinations that generate a large amount of goals.

3.1 Finding Goals in a Space of 500x300 pixels

— It was designed a pattern of 5x2pixels and inserted in a space of 500x300pixels

with a density to 1%.

— In the previous space, it was executed an agent with a combination of
and searching values chosen.

— The moving and searching values are in a range from 10 to 150 units

10 distance units, in the way (10,10), (10,20), (10,30), etc.

— For each combination of values (move, search) that form the sample, the goals

were averaged found by an agent in 10 executions.
—  Each execution had a duration of 100 000 iterations.

— Then a chart was built with the number average of goals found by the agent in

each one of the combinations (move, search).
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— Inthe previous chart, the maximum and minimum were identified.
— Lastly the pairs of frequency values that produced maxima were graphed in semi
logarithmic scale.

The table that contains the group of obtained values of the chart is shown next
(Table 1).

Table 1. Average of the goals obtained in 10 executions of 100 000 iterations, in 450 selected
combinations (move, search), in a space of 500x300pixels and density of appearance of the
pattern of 1%. Column S stands for Search.

S 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
10 72.5 687 66.2 54.1 50.5 533 47 459 254 21.7 20.5 18 18.7 18.2
20 1 76.8 100.1 998 97.3 99.4 95.8 96.1 88.4 46.6 449 40.5 354 335 30.9
30 62 855 98 1024 1023 1082 1102  105.1 111.8  60.2 58.8 54.6 51.6 48.6 46.3
40 519 781 894 99.4 103.8  106.5 107.6 108 1094 69 71 65.7 60.5 593 554
50 408 672 804 91.6 95.3 105 105.1 1053 1102 75 73.3 72.4 70.8 68.2 63.4

60 369 632 785 87.7 94.1 96.9 100 107.3 1045 819 86.8 75.6 71.6 724 66.3

70 309 578 69.6 79.2 88.6 92.5 97.6 1045 1049 871 86.2 843 81.2 78 74.6
80 28 50.6 672 80 84 90.4 95.7 98.7 99.6 942 89.6 87 84.9 77.5 76.9
90 257 486 624 72.6 80 87 92.7 953 96.6 96.2 92.2 92.67 855 83.7 83.7
100 40.64 88.45 10545 10891 109.64 10545 107.73 104.09 10255 9536 95 9227 9236  88.18 87
110 39.18 83.64 108.64 10827 11091 106.36 107.55 101 102.82 10227 9736  92.73 9245 90 86.82

120 40.27 | 88.55 107 107.82 111.45 10891 109.45 104.18 101.73 99.73 9855 9891 9518 96.18  84.18
130 3827 88.18 105.55 11291 111.36 107.82 106.18 103.45 10591 102.09 97.64 97.73 9582 9245
140 3836 7855 104.27 11336 114.18 108.27 108.82 103.82 10545 102.09 9891 9936 95 94.55
150 37.36  75.27 98.27 11091 11245 112.73 108.73 107.27 10845 10527 10336 97.64 102.55 9591  97.82
160 33.22 8222 9556 10822 109.11 111.67 110.78 110.78 109.00 103.67 101.78 101.20 103.30 100.50 100.10
170 36.00 71.44 97.56 11122 112.00 113.33 107.44 108.44 11244 107.89 102.78 105.00 102.40 101.40 99.80
180 30.56 81.00 101.89 109.00 107.22 115.11 | 114.11 105.44 109.00 107.89 103.67 103.90 98.60  101.20 100.00
190 31.00 71.56 91.44  109.00 111.67 115.00 110.33 108.11 109.89 106.56 108.67 105.60 10520 101.90 96.10
200 31.33 69.89 96.33 109.56 110.78 111.00 11222 108.78 108.67 105.44 107.30 96.90  104.10 99.80
210 26.11 7433 9256  107.67 108.89 110.11 111.00 108.89 108.00 11222 108.78 109.90 104.60 104.30 104.00

220 31.67 62.56 99.78 102.33  107.78 109.56 114.89 112.56 111.11 108.78 108.56 109.10 106.30 104.20 102.70

230 26.11 70.89 91.56 105.11 111.00 112,11 112.56 107.56  110.56 110.33 108.70 108.00 104.10 103.20
240 27.78 64.67 89.00 | 110.67 109.67 11533 108.67 109.56 109.22  110.67 109.10 107.30 105.10 103.00
250 20.00 60.22 87.11 108.78 11256 111.89 112.56 = 113.67 111.22 109.40 108.90 105.20 99.90

260 27.1 70 86.9 1084 1106 1127 111.8 111 1088 1093 | 111.8 1093 1082 | 1093  105.9
270 29.6 677 91.6 99.7 111.7  109.7 1119 - 1111 110 1117 1098 ~111.2  109.2 | 108.9

280 279 595 982 101.6 111.8 111.3 1104 110.8 109.8 110.1 110.7

290 247 536 877 105.6  99.2 1133 1111 1124 1138 1128 1115 109.1 109.9

300 279 692 92 103.1 1072 1124 1103 1136  113.1 - 1107 1102 1102 109.2  107.8

In Table 1 two max values have been shadowed in the local search address
(sniffing) for each advance value. Were selected two max values for each advance
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value. First max values were shadowed in dark grey, second in light grey. Max values
except first and second column, maintain a large distance from the chart beginning.
When advance increases they come closer each other more and more. Max values can
be identified more easily in the surface graph 3.5 like two mountains in light grey.

Max Values
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Advance

Sniff

Fig. 3. Finding max values in spaces of 500x300
pixels with densities of pattern appearance to 1%.

In Fig. 4 the combinations that produced maxima have been graphed. We can
observe a behavior that resemblance to an exponential one.

Max Values Found

Sniffing

Fig. 4. Relationship of the Tyov and Tgaen values that generated maxima in spaces of
500x300pixels with densities of pattern appearance to 1%.

In the following experiment, again it has been used a sample of 450 advance
combinations and sniffing in a space of 600x400 pixels, with the purpose of assuring
that the behavior observed in the previous experiment stays.
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3.2 Finding Goals in a Space of 600x400 Pixels

It was designed a pattern of 5x2pixels inserted in a 600x400pixels space with a
density to 1%.

In the previous space, it was executed an agent with a combination (moving and
searching values) selected.

The moving and searching values are in a range from 10 to 150 units for the
advance and of 10 to 300 units for the sniff. The combinations were formed with
10 distance units, in the way (10,10), (10,20), (10,30), etc.

For each combination of values (move, search) that form the sample, the goals
were averaged found by an agent in 10 executions.

Each execution had a duration of 100 000 iterations.

Then a chart was built with the number average of goals found by the agent in
each one of the combinations (move, search).

In the previous chart, the maxima and minima are identified.

Lastly the pairs of frequency values that produced maxima were graphed in semi
logarithmic scale.

Table 2. Average of the goals obtained in 10 executions of 100 000 iterations, in 450
combinations (move, search), in a 600x400pixels space and density of pattern appearance to
1%. Column S stands for Search.

S

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

87.7 794  79.0 76.9 59.7 51.7 51.4 52.6 453 26.0 21.8 21.3 18.0 17.8 17.1
1140 1168 117.7 117.6 1082 107.2 101.0 488 43.1 41.1 38.6 35.9 33.0
733 96.5 117.5 1223 1242  133.1  126.6 133.0 1242 659 59.3 60.0 54.0 49.4 48.4
642 86.0 111.7 1162 1240 1372 1339 1357 130.1 78.0 74.1 73.7 65.7 60.8 59.5
60.8 79.1  98.0 112.1 119.7 1233 1313 1307 138.7 848 82.9 74.1 722 73.8 67.9
542 693 904 106.1 1133 1215 1269 1268 1325 1005 924 86.2 854 80.6 80.8
49.1 625 819 95.1 103.1  117.0 1257 119.7 126.6 107.5 102.1 929 91.4 823 82.4
549 582 744 90.7 103.3 1063 1142 121.5 1242 1079 1034 1019 977 93.0 87.9
459 520 672 84.4 93.6 1029 1084 1144 1237 1187 109.0 101.8 100.1 1014 96.6
428 956 1208 135 1443 1365 130.8 1283 1208 117.3 1154 1084 1065 103 97.4
40.5 908 1283 1263 1348 1438 1357 1264 1255 1262 1179 1157 1104 111.2 103.4
389 89.6 143 139.1  141.7 1385 1283 1322 1285 117.7 1138 121.8 110.1 113.8
37.2 | 989 121 130.9 1397 1404 1345 1323 131.8 129 1225 1212 1221 1125 1127
346 813 118.7 136.7 137.1 143.7 1394 136.7 1324 134 130 1263 1234 118 113.7
359 933 1154 1412 139.6 1457 1448 138.6 1364 1345 1266 1252 1231 1209 1228
352 807 1224 1325 1463 147.8 1403 1433 1364 1335 129.1 1303 1233 1209 115.6
329 89.7 119.1 1365 144 140.3 1447 144 140 137.4 1343 1309 1294 124 124.9
382 754 1151 1337 1471 1462 1392 1444 1404 1339 1282 1284 127.6 1219
322 729 1149 1227 1405 1449 1409 1419 1434 1412 1398 131.7 1335 1284 121
289 763 113.2 1349 1392 1442 1496 1442 1402 1405 1351 1304 1335 1357 1282
326 724 1158 1359 1421 [ 1486 1448 144 1455 1387 1359 133 1323 128 128
259 687 116.6 1379 1459 1455 1469 1455 1426 1405 1435 1336 1362 1303 1312
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230 313 73 113.6 138.8  150.1 1479 1493 144.1 1444 1424 1413 1418 1336 133 133.7
240 288 754 108.6 136 1449 146.5 1519 146 1444 139.6 1433 1355 135 130.9
250 23 68 106.1 133.8 1362 1464 146.7 | 1486 1433 1402 1422 1373 1361 1279
260 28.1 692 103.5 1364 1472 1495 1423 1478 1429 141.8 1384 1333 1359 1334
270 282 678 1042 141.6 1469 1481 1465 1492 1453 1458 141.6 1414 139.1 1375 135
280 242 619 1064 1249 1339 148 149.9 151.5 1444 ' 1462 136.1 | 143.1 1408 139.7 135

290 269 658 1068 1243 1472 138 151.1 1451

300 258 699 1027 121.8 1259 147.1 143.5 1446 1442

The same result was found in both experiments (3.1and 3.2). In Table 2 two max
values have been shadowed in the local search address (sniffing) for each advance
value. We selected two max values for each advance value. First max values were
shadowed in dark grey, second in light grey. Max values except first and second
column, maintain a large distance from the chart beginning. When advance increases
they come closer each other more and more. Max values can be identified more easily
in the surface Fig. 5 like two mountains in light color.

Max Values Found

o = o

= 2 = s 2
Sniffing

=
= 8 2

Fig. 5. Relationship of the T, and Ty, values that generated maxima in spaces of 600x400
pixels with densities of pattern appearance to 1%.

In Fig. 6 the combinations that produced maxima have been graphed. We can
observe a behavior that resemblance to an exponential one.

As it is shown in Fig. 4 and Fig. 6, the moving and searching combinations that
generate the maximum probability of goals, move from a similar way to an
exponential assuring that the phenomenon is of a complex type.

In the following section, the effect of the space size when finding patterns is
studied. For this, several spaces of different sizes were designed and in each one an
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agent was executed with a single moving and searching combination (20, 20), (30,
125), (50, 40) and (70, 30). The result is shown next.

Max Values

1000

-

. ‘/:——J.\\;/'v'/%_ﬁ L —

100 -
/ —e—Seriel
- = Serie2

Sniff

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Advance

Fig. 6. Relationship of the Ty and Teaen values that generated maxima, in spaces of
600x400pixels with densities of pattern appearance to 1%.

3.3 Maximum Goal Probability according to the Space Size

— Was designed a pattern of 5x2pixels inserted in spaces of different sizes with a
density to 1%. The spaces were squared (same height and width).

— In the previous space an agent was executed with a combination of moving and
searching values of (20, 20), (30, 125), (50, 40) and (70, 30). Those values were
selected because they produced max values in previous tests. Those values appear
like restrictions on resources used by the agent.

—  For each space and combination 10 agents in an independent way were executed
and the goals were averaged among all.

—  Each execution had a duration of 100 000 iterations.

— A chart was built with averages of goals found by agent in each space.

— Knowing the total number of patterns inserted in the space, the percentage of
goals/patterns was calculated with the purpose of knowing the average space that
an agent sweeps with the selected combinations of advance and sniff.

— Lastly the obtained percentages were graphed.

The spaces were designed in several sizes, starting in 50 square pixels and stopping
in 300 square pixels. Look that the larger space, the fewer goals found. Although the
max goals number was in 50 and 75 pixels, these values were eliminated because it is
easy to find goals in so little spaces. Then the value obtained like a maximum was
125pixels.

The results of the experiment are shown in table 3. The column X*X contains the
size in square pixels of the space. Column x contains side size in pixels (local search
window). The column #goals, contains the number of goals found by the agent. The
column #patterns, contains the number of total patterns inserted in the space. Lastly,
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the column goals/patterns contain the percentage of the goals/patterns that was able to
find the agent during the ten executions in each space.

Table 3. Average of the goals obtained in 10 executions of 100 000 iterations, with the moving
and searching combination a) (20,20), b) (30, 125), c) (50, 40) and d) (70, 30) in different sizes
spaces and density of pattern appearance to 1%.

a) b)
(20, 20) (30, 125)

X*X X #goals #patterns goals/ patterns X*X X #goals #patterns goals/ patterns
2500 50 4 4 100.00 2500 50 4 4 100.00
5625 75 6.5 7 92.86 5625 75 6.6 7 94.29
10000 100 11.5 15 76.67 10000 100 11 15 73.33
15625 125 144 18 80.00 15625 125 14.1 18 78.33
22500 150 10.5 15 70.00 22500 150 114 15 76.00
28900 170 19.3 27 71.48 28900 170 19 27 70.37
30625 175 263 38 69.21 30625 175 28.7 38 75.53
32400 180 25.8 38 67.89 32400 180 28.4 38 74.74
40000 200 184 32 57.50 40000 200 21 32 65.63
62500 250 26.2 62 42.26 62500 250 33.5 62 54.03
90000 300 279 83 33.61 90000 300 39.6 83 47.71

c) d)

(50, 40) (70, 30)

X*X X #goals #patterns goals/ patterns X*X X #goals #patterns goals/ patterns
2500 50 2.85 4 71.25 2500 50 1.125 4 28.13
5625 75 6.2 7 88.57 5625 75 457 7 65.29
10000 100 11.4 15 76.00 10000 100 8.9 15 59.33
15625 125 13.7 18 76.11 15625 125 112 18 62.22
22500 150 10.8 15 72.00 22500 150 8.9 15 59.33
28900 170 17.4 27 64.44 28900 170 15 27 55.56
30625 175 247 38 65.00 30625 175 203 38 53.42
32400 180 24 38 63.16 32400 180 184 38 48.42
40000 200 18.4 32 57.50 40000 200 14.6 32 45.63
62500 250 269 62 43.39 % 62500 250 192 62 30.97
90000 300 27.1 83 32.65 % 90000 300 21.2 83 25.54

The combinations (20,20) and (30, 125) were chosen being maximums in the tests
studied in the previous section. The values (50,40) and (70, 30) too were chosen being
maximums but in tests that were not considered for this article. These tests were
similar to the previous ones but with a small number of combinations (135 instead of
the 450 combinations of test 3.1 and 3.2).

According to the previous result, an agent with capacities similar to the exposed
ones in these tests can cover a space of 125 square pixels with the maximum goal
probability.
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4 Conclusions and Future Works

In this work, we tried to simulate a metaphor of jumping behavior like a search
algorithm that an agent uses to find 2-D patterns. Every cycle, the agent is alternating
periods of moving and searching (local search). Moving and searching times
supposed as restrictions in the resources of a search agent. Therefore, the best results
are those that combined maximum number of found patterns (goals) and a minimum
of resources.

A large advance frequency makes that the agent goes far away distances before
making a search. Big sniffing frequencies (local search), makes the agent execute
local searches in large areas. Small advance frequencies will make the agent to take
more time in exploring large search spaces. And finally, small sniffing frequencies
will not detect the pattern, if this one is bigger than the window (that the agent
explores during the sniffing time).

The results showed that the max probability of goals is when the advance
frequency is similar or smaller than the sniffing frequency (when the agent has more
time for local search than exploring the space). The experiments showed that exist
two sniffing values for each moving frequency that generate a maximum (of goals).
This agrees according to [2].

The relationship among frequencies (movement and sniff) that generates greater
probabilities of finding patterns showed an exponential form, which assures that the
nature of the exposed phenomenon is of a complex type.

Actually we use this metaphor to simulate the behavior of several agents looking
for patterns in a selected space with and without communication. Results will be
shown in next work.
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