Chapter 8 Exercise Hints and Solutions

Agent-based and Individual-Based Modeling: A Practical Introduction

Exercise 1
Here is the BehaviorSpace experiment setup for this exercise:

Experiment | ]

Experiment name IBIue_FertlI\ty_effact on_red_sxtinction

Vary variables as Follows (note brackets and quotation marks):

["carrying-capacity™ 500 1000 1500] ;I
["red-fertility™ Z]

["blue-fertility™ [2.1 0.1 5]]

[
Either list values to use, for example:
[ry-shider” 12 7 3]
or specify start, incrernent, and end, For example:
["revy-slides” [0 1 10]] (note additional brackets)
to go fram 0, 1 at a time, to 10,
Wou may also vary mar-preor, Min-prcors Max-pycor min-pycor, random-seed,

Repetitions IlU
run each cembination this many times

Measure runs using these repatters:

ticks :I

one repotter per line; you may nat split a reparter
aeross rmultiple lines

[~ Measure runs at every step

if unchecked, muns are measured only when they are ower

Setup commands: Go commands:

setup ;I go ;I

= [

+ |Stop condition: _+|Final cammands:

B

red-count = 0

=

the run stops i this reporter becomes true run at the end of each run

Tirne liit o]
stop after this many steps (0 = no limif)

Cancel

The results indicate that time to red extinction is higher when carrying capacity is higher, but the
difference is small compared to the variability among replicates. (This is an example of when
“statistical significance” becomes a fuzzy concept with simulation models: if we run enough
replicates, the differences among carrying capacity scenarios can become highly “significant”
even though they are very small.)
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The Excel workbook used to produce the above graph is provided with the instructor materials
(Simple Birth Rates_Ch08-Ex1 Blue_fertility_effect_on_red_extinction-
table._xl1s). It uses Excel’s “PivotTable” tool, which is extremely powerful for analyzing
BehaviorSpace experiments. It is well worth taking the time to make sure students understand
how to use PivotTable. (The Calc spreadsheet software in OpenOffice/LibreOffice has a similar
tool called DataPilot.)

Exercise 2

The experiment design for this risk assessment is to run the model for 100 ticks, many times, and
measure how many of the model runs produced red extinction. There are two changes in
experiment design from the previous experiments:

e We need to run the model for many replicates to get a good estimate of how frequently
extinction occurs. (Extinction within 100 ticks is a boolean yes-no event, and when it is
rare we need many replicates to get a good estimate of how probable it is.)

e We can now include experiments where blue-fertility is equal, or even less than, red-
fertility. In the previous experiments, we ran the model until red turtles were extinct,
which could be infinitely if red and blue fertility were equal. Now we always stop the
model at 100 ticks, so we can see whether reds ever go extinct within 100 ticks even
when their fertility is relatively high.

Here is one way to set up BehaviorSpace, with 100 replicates for each value of blue-fertility
and blue-fertility values starting at 2.0 instead of 2.1.
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Experiment name IRed-extinction-in-IDD-ticks

‘tary variables as Follows (noke brackets and quotation marks):

|["cdrrying—capdcit,y” lo00] :I
[Mred-fertility™ 2]
["blue-fertility” [2.0 0.1 5]]

Either lizt values to uze, For example:

["rrvy-slide 12 7 8]

or specify start, increment, and end, for example:

["rry-clider’ [0 1 10]] (note additional brackets)

to o from 10, 1 at a time, to 10,

ou may also wary max-prcor, min-prcor, mar-pycor, min-pycor, random-seed,

Repetitions [100
run each combination this many times

Measure runs using these reparters:

red-count :I

ona repotter per line; you may not split a reporter
across multiple lines

I~ Measure runs at every step
if unchecked, mns are measured only when they are over

Setup commands: Go commands:

getup :I o ;I

| |
_»IStop condition: LIFinaI commands:
the run stops if this reparter becames true run at the end of each run

Time limit. |10
stop after this many steps ([0 = no limit)

Cancel |

This Experiment setup simply runs the model for 100 ticks and then outputs the number of red
turtles. The spreadsheet Simple Birth Rates_Ch08-Ex2 Red-extinction-in-100-ticks-
table.x1s shows how this BehaviorSpace output can be analyzed to produce a graph like this:
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The risk of red extinction rises very rapidly as blue fertility increases from 2.0 to 2.3. Ideally,
students would run a second experiment focused on that small range of blue-fertility values.
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Exercise 3

Students should use experiments like this (do not try to do do these sensitivity experiments by

varying more than one parameter at a time!):

Experiment
Experiment name Ivision-sensitivity
‘tary variables as Follows (noke brackets and quotation marks):
N

["ninimum-separation”™ 1]
["population™ 300]
["max-cohere-turn"™ 3]
["max-geparate-turn™ 1.5]
["vizion" [0 0.2 1071
Either list walues to use, For exarmple:
["rry-slider” 1 2 7 &]
or specify start, incrernent, and end, For example:
["rry-clider’ [0 1 10]] (note additional brackets)

ta go from 0, 1 at a time, te 10,
You miay also wary max-preor, min-preor, mar-pyeor, min-pycor, randor-seed,

Repetitions |1
run each combination this mamy times

Measure runs using these reporters:

count turtles with [any? flockmates]

nean [count flockmates] of turtles

mean [min [distance myself] of other turtles] of turtles
standard-deviation [heading] of turtles

one reporter per line; wou may not split a reporter
across multiple lines

I~ Measure runs at every step
iff unchecked, mns are measured only when they are over

Setup commands: Go commands;

etup ;I go
b

[
¥ |Final commands:

run at the end of each un

¥ |Stop condition:

the run stops if this reparter becornes true

Kl

Time limit. 500
stop after this many steps ([0 = no limit)

Cancel |

and produce results such as these (for comparison to the top panel of Figure 8.5; only one

replicate is sufficient for these experiments):
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Exercise 4
The model can be modified so turtles follow the nearest six other turtles by making this change
to find-flockmates:

to Ffind-flockmates ;; turtle procedure
; set flockmates other turtles in-radius vision
set flockmates min-n-of 6 (other turtles) [distance myself]

The most convincing way to test that there are always six flockmates and that they do not include
the turtle itself is to open a test output file and output the “who” numbers of all the flockmates,
and the turtle owning them. Add these output statements to find-flockmates:

to Ffind-flockmates ;; turtle procedure
file-open "FlockmateTest.csv"
; set flockmates other turtles iIn-radius vision
set flockmates min-n-of 6 (other turtles) [distance myself]
ask flockmates [file-type (word who ",'™)]
file-print who
file-close
end

Then the test file can be examined in spreadsheet or statistical software. For example, in Excel
you can add this formula to column H: =COUNTIF(A1:F1,"=G1"). It returns a zero unless any of
the values in cols. A-F (the who values of the flockmates) equals the value in col. G (the owning
turtle’s who).
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Exercise 5
The change in turtle behavior is implemented via this change to find-flockmates:

to Find-flockmates ;; turtle procedure
; set Flockmates other turtles in-radius vision
set flockmates other turtles in-cone vision 90

The effect appears to be relatively strong, delaying and reducing the formation of dense flocks.
Compare the following graph to results for Exercise 3.
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