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R 101 Intro

Why R?

@ Ris a soffware mainly designed for statfistical analysis
and high-quality (publication-quality) graphics.

@ Ris free software.

@ Source code is freely available for all, and all can
contribute to development of R.

e Free of charge to download and use -
a donation is encouraged, either to the R Foundation or
to the FSF — the Free Software Foundation - both are
non-profit organizations.

o Free of any irrelevant commercial interests —
as academia should be.

@ Written and constantly expanded by scientists for
scientists.

@ Packages/expansions for any type of statistical analysis,
as well as discipline-specific packages (for
bioinformatics, social sciences, physics, ecology, etc.).



R 101 Intro

Why R?

@ Freely available distributions for Linux, Mac OS X,
Windows.

@ Just go O http://www.r-project.org
@ Downloads, manuals, expansion packages etc.

@ In R we can do mathematical modeling, data analysis,
statistical tests, and produce publication-quality figures
— all using the same tool.



http://www.r-project.org

R 101 Intro

Basic calculations

@> o [Ffe] — 10
Q> 100 [Efe] — [1] 100
© > 1e+2 [Enfer] — [1] 100
Q > 2.5e+3 [EAfer] — [1] 2500
Q>

5.43e-1 [Enfer] — [1] 0.543
(the e-notation stands for multiplying by powers of 10)

1 + 2 [Efer] — [11 3

1.5 + 2.5 [Efer] — [1] 4

-1.5 + 3.9 [Enter] — [1]1 2.4

1e+2 - 1e+l + 1e+0 [Enfer] — [1] 91

1 * 2 * 3 * 4 [1]24

t x 2 % 3 / 4 [ffe] — [1] 1.5

(use [1] [1] to scroll through previous commands and
)

edit them



R 101 Intro

Basic calculations

Q> 1 x 2 % — + (and waiting for further
typing) '
(if R detects that a command is incomplete it will
request you to complete the command by changing
the prompt sign from > to +)

@+ 3/ — + (again, because the
command is not yet complete)

Q@ + 4 [Enfer] — [1] 1.5

Q@ Press ]| or || + C (depending on operating system)
to cancel the whole calculation at any time, while in +
promp’r—mode.

©® > 92 [Enfer] — [1] 81

@ > 9" 0.5 [Eafer] — [1] 3

Q> 2*3+5”4—>[1] 633
@ > 4" (-1) [Efer] — [1] 0.25




R 101 Intro

Basic calculations

©> 5+3x4"2 [Enfer] — [1] 53
@ > (5+3) 4" 2 [Enfer] — [1] 128

@ > ((5+3) x4 "2 [Efer] — [1] 1024

|

R observes the regular order of operations and how it is
modified with use of parentheses.




R 101 Variables

Basic use of variables

In a model we require state variables — R variables.

@ If we define a variable named foo, we can always refer
to the name foo in order to get the current value it
holds.

@ The value of foo may change over time (while our R
program is running), but we can always recall its current
value by referring to the name foo.

@ A valid variable name can be any combination of
alphanumeric signs, that does not begin with a number
(digit).

@ Validnames: x y z N foo myDensityVar OranGe tOmATo
NO N1 N2 Pop9Size2012

@ Invalid names: imyVar 2012popSize Pop?Size var()name
pop-size pop;size

@ Ris case-sensitive: foo Foo fOo PopSize popsize are all
different variables.



R 101 Variables

Basic use of variables

The most basic thing you can do with a variable is assign a
value fo it.

Q> x=3 (Note that assignment commands
do not display result on the screen)

Q> =x [Enfer] — [1] 3

© > print(x) [Enfer] — [1] 3 (thisis the preferred
way to display a value of a variable)

An alternative way to assign values
Q> =x<-9 [Enfer]
Q> 2 ->x
This is the preferred way to write assignments in R.

You can assign to a variable the result of any expression.
Q> @+5)*x2"3->x [Enie]
Q> yex+i0



R 101 Variables

Bassic use of variables
Your first population growth model.
Q@ > < 10 [Enfer] (A initial population size of 10)

Q@> N+1->N; print(N) [Enferf] — [1] 11

o Note that we assign the result of the expression N + 1
back to N itself.

e This is how we update the current value of a variable
based on its previous value.

e Also, note that we can write several commands in a
single command-line, by separating the commands with
a semi-colon.

Q Use [ﬂ to display and run the last command-line again
and again. Observe how the value of N increases.

© Start again with N=10, but this fime change the
command-line such that population size would double

itself each time-step.
5/ 17



R 101 Variables

Vectors of values

Often we want to observe a series of values — a series of
population sizes over time.

In such cases we need to assign a series of values into a
variable

In R, such variables are called vectors.

@ > N <- numeric(5) ; print(N) [Enfer] — [11 00 O
00
(Assigning a blank vector of zeros)

> <- ¢C , -1.37, pi, ; print nrer

o N (10, -1.37, pi, 2012) ; print(N) [Enfer]
—> [1] 10.00000 -1.370000 3.141593 2012.000000
(Assigning a custom vector using the c(...) notation)

© popSize <- ¢( 0, 2, N, c( 100, 1000, 10000) ) ;
print (popSize)
(You can embed vectors within other vectors using
c(...) notation)




R 101 Variables

Vectors of values

A third way to assign vectors is using sequences, with the
colon sign.

Q> N< 1: 10 ; print(N) [Enfer]

Q> N< 243: 8; print(N) [Enfer
Q> N< 20.5: -19.5; print(N) [Enfer]

@ > startVal <- 17 ; endVal <- -46 ;
N <- startVal : endVal ; print(N) [Enfer]

Can you guess now what is the purpose of the
bracketed numbers on the left side of printed values?



R 101 Variables

Vectors of values

Often you need to access or modify specific elements with
the vectors.

We access vector elements using brackets;
Q> N < 10:20 ; print(N[5]) |
Q > print(N[11]) [Enfer|

© > print(N[100]) [Enfer] — [1] NA

NA = Not Available. A value used as a placeholder for
missing data or otherwise undefined values.

@ > N[3] <- 1000 ; print(N) [Enfer|

|

@ > N[4] <- N[3] + 100 ; print(N) [Enfer]
@® > N[5:8] <- N[4] * 2 ; print(N) [Enfer]

s |

@ > N[9:11] <- N[9:11] * 10 ; print(N) [Enfer|

|

© > N[9:11] <- N[6:11] * 10 ; print(N) Error:
the two sub-vectors are not the same size.



R 101 Variables

Vectors of values

A more sophisticated population growth model.
Q@ > N <- numeric(5) ; print(N) [Enfer]

@ > N[1] <- 1 ; print(N) [Enfer]
Initial population size is 1.

@ > N[2] <- 2 * N[1] ; print(N) [Enfer]
Population doubles each time-step.

© > N[3] <- 2 % N[2] ; print(N) [Enfer|
@ > 2 *N[3] ->N[4] ; print(N) [Ener]
@ > N[5] <- 2 % N[4] ; print(N) [Enfer|

Plot a graph of population size over time:
@ > Time <- 0:4 ; plot( Time , N ) [Enfer]




R 101 Scripts

R - scripfts

We do not want to start writing each model from scratch
every week.
We would like to save what we have done so far, and build
upon it next time.
R-scripts are simple text files that contain a list of R
commands. Basically they are computer programs.

@ Open New Script under the File menu.

@ This would create a blank window.

First, we need to name and save the scripf file.
© Click on the blank script window.
© Then choose Save as. .. from the File menu.

@ Go fo the directory you wish to save the file in, or create
a new directory for your R-scripts and then choose it.

©Q Once inside the directory, name the file hello.r and click
on the save button.



R 101 Scripts

R - scripts

@ In the blank script window type print("Hello World!")

©Q Now save the file using Save option form File menu or
pressing [@ +S.

©Q Go back to the console / command window.

Q Type getwd() [Enter]
This gives you the current working directory of R.
You need change the working directory to the directory
which contains the hello.r file.

@ In the File menu choose Change dir.

@ Then change the directory to the one in which you
saved the hello.r file.

@ Verify that the working directory has changed by using
the getwd () command again.



R 101 Scripts

R - scripfts

@ To run the hello.r program type
source("hello.r") [Enfer]

@ Another option is to choose the script window again
and choose Run all from the Edit menu.

Q@ A third option is to run only some selected text within the
script file or run only the line in which the cursor is
currently on.

This is achieved by selecting some ftext with the mouse
or moving the cursor to the line you want to run, and
then choosing "Run line or selection' from the Edit menu,

or just pressing +R.

@ After you have run hello.r and observed the output in
the command / console window, close the hello.r script

window.



R 101 Scripts

R - scripfts

@ Create a new script and save it with the name
FirstPopModel.r

@ Write the following command lines into the script file:

© Ninitial <- 10

@ lambda <- 2

© N <- numeric(10)

Q Time <- 0:9

© N[1] <- Ninitial

O N[2] <- lambda * N[1]

@ N[3] <- lambda * N[2]

O N[4] <- lambda * N[3]

Q ...(i.e., repeat the previous style of commands, each
fime incrementing the indexes)

@® N[10] <- lambda * N[9]

@ print(N)

@ plot( Time, N )

@ Save the new commands that you added to the script

file by pressing [Cir] + S
v pressing [Ctr]



R 101 Scripts

R - scripts

@ Now run the script file FirstPopModel.r

Make sure you are in the right directory by switching
back fo the console window and using the getwd ()
command and Change dir from File menu if needed.

@ Observe the output in the console window and the
graphical output.

@ Congratulations! You have now written and run your first
population growth model in R.




R 101 Parameters

Parameters vs. Variables
The recursion relation for the discrete-time growth model we

just wrote is
N1 = A Ny

@ Obviously, N is the variable in this model

@ Its value changes over time.
@ We can attach atimeindex (1,2, ...,t t+ 1, etc.) to
each value .

@ The value of A, however, is fixed — does not change over
fime.

@ )\ is a parameter in this model - it participates in
determining the dynamics of N, but its own value does
not change over time.



R 101 Parameters

Parameters vs. Variables

Niv1 = A N

@ The value of A may be different in different populations
or species or in different circumstances (different
climate, temperature, pH, nutrient level, etfc.).

@ But for a single occurrence of the phenomenon
(population growth) it is fixed.

@ We can have as many parameters or variables as
needed.

@ For example, in the R-script we just wrote a second
parameter is Ninitial, the initial population size.

@ We usually write the parameters at the beginning of the
R-script file, so we can use them later and easily locate
and change their values.

@ Try to change the values of lambda and Ninitial and
observe how the outfput of the R program changes.



R 101 Final word

Final word

A good programmer is a lazy programmer.

@ We wrote an R-script, so not to write the entire model
again and again each time we want to run it.

@ We defined the parameter lambda, SO we won’t have to
go over and change all the lines that calculate N, each
fime we want a different growth rate for the population.

@ During the course, we will learn additional ways to
make modeling in R easier, and the R-code more
compact, so we can do a lot with just few lines of code.
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Formulating and solving optimization problems

An example: what if | were an annual plant . ..

State-dependence: The rate of growth or reproduction de-
pends on biomass production rate, which increases as the
plant becomes larger.

biomass production

A

¥ ¥
Germination Growth Reproduction  Season end




Formulating and solving optimization problems

Formulating optimization problems

7 = duration of growth period = age at first reproduction.

T = season length.
T — 7 = duration of reproductive investment.

>

Production




Formulating and solving optimization problems

Formulating optimization problems

7 = duration of growth period = age at first reproduction.
T = season length.

T — 7 = duration of reproductive investment.

b = rate of increase in biomass production.

Y

>

Production




Formulating and solving optimization problems

Formulating optimization problems

7 = duration of growth period = age at first reproduction.
T = season length.

T — 7 = duration of reproductive investment.

b = rate of increase in biomass production.

fitness = cumulative biomass investment in reproduction.

f(7) = br(T—7)]

Production

f
\




Formulating and solving optimization problems

An example: what if | were an annual plant . ..

Trade-off: Start reproducing earlier — slower reproduction but
forlonger time; or later — less time to reproduce but reproduc-
tion is faster. A trade-off between growth and reproduction.

biomass production

A

¥ ¥
Germination  Growth Reproduction Season end
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Formulating optimization problems

7 = duration of growth period = age at first reproduction.
T = season length.

T — 7 = duration of reproductive investment.

b = rate of increase in biomass production.

fitness = cumulative biomass investment in reproduction.

f(7) = br(T—7)]
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Formulating and solving optimization problems

Formulating optimization problems

7 = duration of growth period = age at first reproduction.
T = season length.

T — 7 = duration of reproductive investment.

b = rate of increase in biomass production.

fitness = cumulative biomass investment in reproduction.

f(7) = br(T =)

The optimization problem is formulated as:
max f(7), 7¢€|0, T]
T

Maximize the function f(r) over all possible values of ~
between 0 and 7.




Formulating and solving optimization problems

Solving optimization problems

After formulating the optimization problem, we wish to solve

it and obtain the optimal value / optimal s solution.

@ Solve analytically.
Differentiate with respect to variable:

f(ry=or(T —1) — g—f = bT — 2bt

T

Then equate derivative to zero:

ﬁ=0—>bT—2b7’=O
dr

And solve the equation:




Formulating and solving optimization problems

Solving optimization problems

After formulating the optimization problem, we wish to solve
it and obtain the optimal value / optimal s solution.

© Solve graphically.

Examples of applying extremum principle

f(7)

T — T

Calculate values of f(r) for many different values of - and
then find the maximum of f(7), and hence the optimal
value, 7*.
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Solving optimization problems

@ Analytical solutions are not available in most cases.

@ Even if can obtain the equation for the derivative, it
may Nnot be solvable analytically.

@ Similarly, graphical solution is practical only for a small
number of variables.

@ In general, we rely on numerical solution fechniques to
solve complex optimization problems.

@ Such numerical technigques are available in R.

@ We will learn how solve numerically in the next lectures.
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