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Abstract

There are many technological advances happening in the world of food production all aiming for the same goals:
faster, inexpensive and bigger. Companies are doing whatever it takes to get food on the shelves for less money while
increasing their revenue. One example is AquAdvantage, a company that breeds genetically modified salmon. Gene
alteration in the salmon allows it to grow to market size in half the time of conventional salmon, increasing the amount
of salmon that makes its way into stores for the consumer. Although the company claims there are no harmful side
effects in consuming this salmon, their theories have not been thoroughly tested; there is always a risk. The level of
risk associated with each environmental and health concern related to genetically modified salmon will be analyzed
and fuzzy logic will be used to determine its associated risk. Fuzzy logic will incorporate the use of human reasoning
along with levesl of risk to create an output of overall risk to determine what would make the salmon acceptable for
production and consumption.

1 History

Natural languages are fuzzy while programming languages are not. The development of fuzzy
computers began in 1985. This was started by Masaki Togai and Hiroyuki Watanabe who designed
the first logic chip at Bell Telephone Laboratories. In the years to come fuzzy computers will
employ both fuzzy hardware and fuzzy software, and they will be much closer in structure to the
human brain than the present day computers are.

2 Definition of Fuzzy Logic

Fuzzy Logic was introduced with the notion that there are always uncertainties in life. How spicy
is spicy? How hot is hot? Things cannot not be defined as either true or false: either spicy or mild,
hot or cold. There are different degrees of truth to each of these terms because they are fuzzy, or
unlcear. The broad terms will be narrowed down to a definite output by using a series of inputs and
defuzzification. Fuzzy logic incorporates human reasoning into mathematical problems resulting
in more accurate to life results.

• The concepts being described when using fuzzy logic are unclear.

• It is possible to belong to a fuzzy set only partially.
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• An object in a fuzzy set is assigned a value between 0 and 1 which represents its degree of
belonging to that set.
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Fuzzy logic works by taking the number of defined inputs:

• 10 degrees is cold,

• the wind chill is 5

and summing them to create an output: wear a jacket.

3 Genetically Modified Salmon

Genetically modified salmon are being produced by using scientific advancements in an effort to
increase revenue for the fishing industry. The goal of these scientists is to make everything bigger,
faster and cheaper despite the possible side effects. AquAdvantage Salmon (AAS), as the industry
calls them, are Atlantic salmon that are injected with a gene from the Chinook salmon causing
them to grow to market size in half the time of the conventional salmon. The company claims this
will happen without any added risks to the consumer or environment. Genetically Modifed Salmon
Facts:

• The salmon are grown as sterile; all females.

• They cannot reproduce in the wild.

• They are grown in land based facilities.

• There is no threat for disease transfer from farmed to wild fish.

• They can be grown with less feed.
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3.1 Health Risks

When the genetic make up of a species is modified it poses some health risks for the consumer. It
is not known whether the modification can effect allergic reaction strength in the consumer or pose
other health threats. The risks will depend on the phenotypic make up of the fish which in turn can
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lead to health problems.

Some health risks concerning genetically modified salmon:

• contains higher levels of a caner promoting hormone (IGF-1)

• contains more antibiotics

• consumption of potentially life-threatening allergens

• accelerated aging, infertility and immune system disfunction in humans

The genetically engineered growth hormone has been condemned by the American Public Health
Association and the American Nurses Association and banned in other countries.

3.2 Environmental Risks

Despite the claim AquAdvantage made about salmon being unable to escape and reproduce, there
are cases where they have escaped. Although the escape rate is low, genetically modified salmon
have been caught off Alaska and British Columbia, proving that they are not completely incapable
of getting out of the farms. The number of salmon that escape also depend on many unstable
factors such as the staff working at the facilities and the effectiveness of monitoring systems.
Another concern reguarding salmon escapes is competition. In an environment of natural salmon,
transgenic fish will dominate, fighting the wild salmon for food and reproducing. The effective
rate of sterilization, less than 100 percent, means it is possible for salmon to escape and be fertile,
therefore leading to reproduction with wild salmon.

4 Fuzzy Logic Toolbox

4.1 Membership Function

A membership function must be chosen within the fuzzy logic toolbox in order to map the input
values and their corresponding outputs. In this case the Gaussian membership function will repre-
sent the normal distribution of risk.

The Gaussian Function

F (x) = ae
−(x−m)2

2c2 (1)

Where a,b,c > 0 and e is Euler’s number ≈ 2.718281828 the Gaussian curve is similar to a bell
curve where a is its height at the peak, m is the point of the peaks center, and c determines the
curves width and is its standard deviation.
An example of a Gaussian Curve:
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The y − axis corresponds to the degree of membership in the fuzzy set.

4.2 Inputs

The inputs will use the Gaussian distribution as a membership function. After applying the func-
tion, the input variables must be set. The inputs for environmental risks are ”Escape” and ”Fertile”.
Once the first input is decided the second input will be added to it in order to create an output. The
range of the inputs will be [0, 1]: 0 representing no salmon escaped or all salmon are infertile and
1 representing the chance that 100 percent of the salmon escaped or 100 percent of the salmon that
did escape are fertile. The standard deviation will be set to a value of .1 scaled from a standard
deviation of 1 in a normal distribution. Each value in between 0 and 1 will represent the percent of
salmon that escaped or are fertile.

4.3 Output

Once the inputs are created a distribution for the outputs must be set. The outputs will be rep-
resented by a triangular membership function. With each ”triangle” corresponding to a risk of
reproducing. The range for the outputs will also be [0, 1]: 0 representing that there is no risk of
reproducing and 1 representing the salmon has escaped, is fertile and most likely will reproduce.

4.4 Define Rules

After setting inputs and outputs the rules for defuzzifying need to be set. These rules will be in the
form: if...and/or...then.
The rules are:

• If no salmon escape (DE) or they are infertile (IF) then they will not reproduce (DR).

• If salmon escape (E) or they are fertile (F) then they could reproduce (CR).

• If salmon escape (E) and they are Fertile (F) then they will reproduce (R).

• If the salmon escapes (E) and is infertile (IF) then they will not reproduce (NR)

• If no salmon escape (DE) and they are infertile (IF) then there is no chance of reproducing.

By inputting the rules and using the surface viewer the 3D surface of the environmental risks is
created:
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The x and z axis’ represent the inputs: risk of escaping and fertility. The y − axis represents the
risk of salmon reproducing. The risk tends to be moderately low for a large number of salmon
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escaping, being fertile and reproducing. A lot of salmon must escape and also be fertile for a
guaranteed mating to occur. The curves at each corner represent an error. This error could account
for human mistakes or error in probability. It is possible that a male salmon could be created and
therefore mating could happen with out escaping.

4.5 Health Risks

The same process will be repeated for health risks. Using inputs from [0, 1] representing percentage
of phenotypic variance and the severity of heath risks they will cause. 0 representing the least
harmful and 1 being the most. The output will be the overall risk posed if transgenic salmon is
put on shelves, also represented by the interval [0, 1]: 0 representing no risk and 1 representing the
salmon that cause serious illness.

• If the phenotype is unstable (US) or the risk of disease is high (H) then overall risk is high
(HR).

• If the phenotype is stable (S) or the risk of disease is low (L) then the overall risk is low (LR).

• If the phenotype is stable (S) and the risk of disease is low (L) then the overall risk is none.

• If the phenotype is unstable (US) and the risk of disease is high (H) then the overall risk is
high(HR).

• If the phenotype is stable (S) and the risk is high (H) then the overall risk is moderate. (MR)

• If the phenotype is unstable (US) and the risk is low (L) then the overall risk is moderate
(MR)
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Here it is easy to see that once the phenotypic risk and health risk reach a certain point, the overall
risk is guaranteed to be high. If there is a fifty percent chance of getting sick from eating the
salmon then the overall risk of consuming it is high; this is shown in the graph. There is less of an
error in this case because there is always an overall risk even if the risk of one input is 0.
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The health risks are larger than the environmental risks. When the phenotype stability is at 40
percent stable and the health risk is at .7 the overall risk greatly increases.

5 Conclusion

Genetically modified salmon was the best example to show how fuzzy logic is used. We were
still able to use fuzzy inference systems to model risk because the variables we looked at were not
certain. By implementing the rules of creating a fuzzy system and modifying them to fit our project
we were able to understand the fuzzy logic toolbox and how to use it to make models. It would
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have been more effective to use a topic with more definite inputs, but it was too late to change
topics once we finally got the fuzzy logic toolbox.

6 Sources

• www.mathworks.com

• http://mathematica.ludibunda.ch/fuzzy-logic7.html

• http://www.aquabounty.com/products/products-295.aspx

• http://www.learnartificialneuralnetworks.com/fuzzy-logic.html

• http://i.telegraph.co.uk/multimedia/archive/01709/salmon/1709042c.jpg

• Environmental Assessment for AquAdvantage Salmon, Aqua Bounty Technologies Inc. Au-
gust 25, 2010
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