Practical Programming with R

Stuart Borrett
biol534

Learning objectives

Students should be able to...

» Identify and apply programming concepts

such as loops and branching

* Recognize the computational savings of

vectorizing tasks when possible
» Practice debugging

* Create functions in R.
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Program Flow Control

Loops and Branchin

Basic Flow

* By default, R reads scripts and executes them line by line.
— Replicates entering commands by hand at the command line

# Example Script Create and Execute the Following Script

# Borrett, Aug. 2011

#

setwd("~/teaching/biol534.f11/PracticalProgramming/code") # change working
directory

# INPUT - create variables

a = runif(100) # creates a vector of 100 numbers drawn from a uniform random
distribution between 0 and 1

b = rnorm(100) # creates a vector of 100 numbers drawn form a normal
distribution with mean 0 and standard deviation 1.

# ACTION
c=a+b

# OUTPUT
hist(a)

quartz() # creates new plot window on MAC; use win() on windows or x11() on
linux or mac

plot(a,b)
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Branches — If-Then Statements

Sometimes we only want code to execute when certain conditions are met
if statement - if-else statement
Main —
program -
statements *
Conditional
block of e o Tree
commands :
False
Continue
main ‘
program \
Condiﬁonal ﬂow Confrol Haddock and Dunn 2011, Fig 7.3

Branching R Example

General Form Example

if(condition) { # program spuRs/resources/scripts/quad2.r
# find the zeros of a2#x”2 + al*x + a@ = 0
some commands

# clear the workspace
Yelsed rm(list=1s())

some other commands

# input
}l a2 <~ 1
al - 4
ab - 5

# calculate the discriminant
discrim <- al”2 - 4xa2*a@
# calculate the roots depending on the value of the discriminant
if (discrim > 0) {
roots < c{ (-al + sqrt(al”2 - 4xa2%al))/(2%a2),
(-al - sqrt(al”2 - 4*a2+a@))/(2xa2) )

} else {
if (discrim == @) {
roots < -al/(2#a2)
} else {
roots < c()
}
# output

Jones, Maillardet, Robinson 2009 show(roots)
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Iteration by Loops

Sometimes we want to perform the same action multiple times

The for loop The while loop
Main . .
program )
statements ; * . +
Fai Next item True
= while —l
False
in
ll;%i:’:l)( ¢ No more
items?

Continue 1 1

program
Haddock and Dunn 2011, Fig 7.4

Example: Summing a Vector

General for (var in seq) {
Form commands
}
Example # Example: Summing a Vector

# Borrett, Aug 2011
# From Jones, Maillardet, and Robinson 2009, p33

x.list = seq(1,9, by=2)
sum.x = @ # initialize sum.x

for (x in x.list){
sum.x = sum.Xx + X # incremental sum
cat("The current loop element is ",x, "\n")
cat("The cummulative total is ", sum.x, "\n")

}
S
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Example: Pension

I program: spuRs/resources/scripts/pension.r
# Forecast pension growth under compound interest

# clear the workspace
rm(list=1s())

# Inputs
r - 0.11 # Annual interest rate
term -~ 10 # Forecast duration (in years)
period -~ 1/12 # Time between payments (in years)
payments <~ 100 # Amount deposited each period
# Calculations
n <~ floor(term/period) # Number of payments
pension <~ @
for (i in 1:n) {
pension[i+1] < pension[i]#*(1 + r*period) + payments
}
time <~ (@:n)*period
# Output

plot(time, pension)

Jones, Maillardet, Robinson 2009

Example: Exponential Pop Growth

# Iteration Example: Exponential Population Growth
# Borrett, Aug 2011
# Haefner equation 2.5

# INPUTS

mx.time = 10 # number of time units to consider

N = rep(@,mx.time) # initialize population vector
NO = 10 # initial population size

r =0.5 # per capita rate of population growth

2| # ACTION

w/ for (1 in 1l:mx.time){ # note start at time 2
15 cat("index is", i, "\n")

16 if(1 == 1){
7 N[i] = NO
18 cat("initial condition set")

}
2 N[i+1] = N[i] + r*N[i] # main equation
2|}

22| # OUTPUT

= time.vec = seq(0@,mx.time,by=1)
= plot(time.vec,N,

% type = "b",

27 xlab = "time",
2 ylab = "population size (individuals)",
I > S
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Charting Flow

Chart
Progrqm (3p|US1) Table 3.1 Charting the flow for program threexplusl.r
line r i comments
# program: spuRs/resou1 1 3 i not defined yet
1 x <- 3 2 3 1 i¢issettol
Lo 3 3 1 3 written to screen
2 for (4 in 1:3) { 4 3 1 (x %% 2 ==0) is FALSE so go to line 7
3 show (x) 710 1 wissettol0
4 if (x Y% 2 == 0) { 8 10 1 end of else part
9 10 1 end of for loop, not finished so back to line 2
5 x <= x/2 2 10 2 iissetto2
6 } else { 3 10 2 10 written to screen
7 x <= 3%x + 1 4 10 2 (x %% 2 == 0) is TRUE so go to line 5
5 5 2 wxissetto)
8 ¥ 6 5 2 endofif part, go to line 9
9 9 5 2 end of for loop, not finished so back to line 2
10  show(x) 2 5 3 dissetto3
3 5 3 5 written to screen
4 5 3 (x %k 2 == 0)is FALSE so go to line 7
7 16 3 xissettol6
8 16 3 end of else part
9 16 3 end of for loop. finished so continue to line 10
10 16 3 16 written to screen
This is exactly what the computer does when it executes a program: it keeps
track of its current position in the program and maintains a list of variables and
Jones, Maillardet, Robinson 2009 their values. Whatever lin»e you are currently at. if you know all the variables
then you always know which line to go to next.

While Loops

When you don’t know how many fimes you need to iterate

Example I program: spuRs/resources/scripts/compound.r
# Duration of a loan under compound interest

# clear the workspace
rm{ list=1s())

# Inputs

r - 0.11 # Annual interest rate

period -~ 1/12 # Time between repayments (in years)
debt_initial <~ 1000 # Amount borrowed

repayments < 12 # Amount repaid each period

# Calculations
time <~ 0@
debt - debt_initial
msss)  while (debt > @) {
time <~ time + period
debt - debt*(1 + r*period) - repayments

}

# Output
cat('Loan will be repaid in', time, 'years\n')
Jones, Maillardet, Robinson 2009




Loops vs. Vectorizaiton

* Loops work
* Vectorized calculations are much faster.

Loop Vectorized

ptm = proc.time() 2 ptm = proc.time()
n = 100000 -

s =20 14 sum((l:n)'\Z)

S =5+ iA2

1
2
3
4
s for (1 in 1:n){
6
7
8
9

} « proc.time() - ptm
s > ptm = proc.time()
Z n = 100000 > ptm = proc.time()
©/proc.time() - ptm>s -0 > sum((1:n)A2)
i f": E‘S‘: iA'Z‘){ [1] 3.333383e+14

+ 3 > proc.time() - ptmy

>s user system
[1] 3.333383e+14 0.004 0.001
>
> proc.time() - ptm >

user system eMapsed

0.108  0.002 [ 0.152

Functions

« Functions are like scripts, but they can be used to break
the actions into chunks

» Usually use a function for a task that will be repeated

General Form function.name=function(argumentl,argument2,...) {
command ;
command ;
command ;
return(value)
¥
Examples mysquare=function(v,w) {
u=v-2+w"2;
return(u)
¥

mysquare2=function(v,w) {
q=v~"2; r=w"2
return(list(v.squared=q,w.squared=r))

}
S
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Exercises

. Complete Exercises ( Jones, Maillardet, Robinson 2009)
-1,2,3,4,6,7,9a, 10

* Write a function “domeig” that takes as
Iinput a single vector and returns a list with
components “average” (mean of the values of
in the vector) and “varianece” (the variance
of the values in the vector). [DMB]




