Programming
in Excel and MATLAB



* Example 1: random walks
— Excel: rand(), countif, vlookup
— MATLAB: for loops, if statements, plotting

 Example 2: Particles on hexagonal lattice

 Example 3: Monte Carlo integration



Example 1: random walks

Diffusion: molecules undergoing random walks

Molecule takes n steps of size /, each in a random
direction, over a time interval t

What is the probability density, p(x,t), of observing
a molecule between x and x + dx after time t?

Answer (1-D case, limit of large n):
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Objective: verify this through simulation of 1-D
random walks
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Excel implementation

Use multiple sheets

produces uniformly distributed
random numbers

to select step to take based on
random number

function to produce bin
corresponding to the final position

function to generate histogram
FO to recalculate (produce new set of runs)



Matlab

MATLAB (MATtrix LABoratory) is a package used for technical
computing. It integrates computation, visualization, and
programming.

can install on your own laptop:
http://www.princeton.edu/software/licenses/software/matlab/

Basic ML element: Matrices/Arrays

Case sensitive (a # A)

Implicit type conversions (reals are “Double Precision,” 64 bit)
Semicolon (;) to suppress printing of results

Colon (:) to construct a range of values

Comments are preceded by %

Relational operators: <,>, <=,>=,==,~=




Current Folder ®
IE Name ¥
= test_rand_integrate.m
%) take_walk.m
] take_step.m
28 sample_walks.m
) rw.m
— rand_walk.xlsx
# rand_integrate.m

Y init_hex.m
%] get_rand_pt.m
£ gauss.m
init_hex.m (Script) ~
Workspace ]
Name & Value
H accept 0
h 1x1 Line
i 70
HL 10
HIN 70
H nside 8
H x 1x70 dot
HH xdist 1
Hy 1x70 dot
H ydist 0.8660

Matlab windows

Editor - /Users/azp/Paros/Courses/CBE422/2016/Examples/init_hex.m & x
- [ init_hex.m | + |
1- clear all ‘g
2|= L=10 % box length
3= N=70 % particles
4
5 % initialize on hexagonal lattice
6 - nside = floor(sqrt(N));
7= xdist = 1; % spacing in x
8 - ydist = sqrt(3)/2;
9 - for i = 1:N
10 - x(1) = mod(i-1,nside)*xdist + mod(floor((i-1)/nside),2)/2;
11 - y(i) = floor((i-1)/nside)x*ydist;
12 - end
13 % to make the plot follow the particles
14 - h=plot(x,y, 'bo", 'LineWidth',2, 'MarkerSize"',69%5/L, 'MarkerFaceCc
15 - xlim([-0.5,L+0.5])
16 - ylim([-0.5,L+0.5])
17 - set(gcf, 'units', 'points', 'position’', [100,200,480,480])
18 - set(gca, 'FontSize',16)
19 - set(gca, 'XTick',0:2:10)
|
Command Window ]
accept =
0
>> init_hex
L —
10
N =
70
accept =
0
fl’ SS

Workspace: shows you all “local”
variables and their type and size

Editor: to work
with script files

Command Window:
to enter
commands and
data




Matlab simple scripts

AKA m-files

Equivalent to typing the commands one-by-
one at the command prompt “>>"

Require variables to be defined within the
script file, or interactively prior to execution

All variables created in a script file remain in
workspace after execution



Matlab functions

 Take arguments and return one or more
results

e First result is also the value of the function if
used in an assignment statement

e Callis “By Value” (argument values in calling

program are not changed even if changed
within the function)



Simple Matlab functions

>> a=2; b=3; function[a]=testf (c,d)
>> e=testf (a,b) a=2*c+d
a = d=d+2

7
d = 5 Within function: ¢ becomes
o = 2,d becomes 3; a (the

7 result of the function)
>> b becomes 2*2+3=7
b= 3 d is changed within the
S> a function, but the new value
a = does not get passed onto b;

2 similarly, a (local to the
>> function) does not change.



Function arguments

>>[e,f]=test2(3,4) function[a,b]l=test2(c,d)

a =—

b

e

£

>>

6

2

a=2*c
b=d/2

Getting two arguments back is
simple.



Conditionals

function[a]=cond (x)
if x>5
a=5;
elseif x<0
a=0;
else
a=x;
end

>> cond(10)
ans =

5
>> cond (2. 3)
ans =

2.3000
>> cond(-2.3)
ans =

0
>>

There is no "then"”! Instead of “"end” one can also

use "end if": ML is case sensitive so that "If" “Else’

[

"End"” do not work. Also "else if" does not work.



“For” loops

function[a]=MyLoop (N) >>

a=0; MyLoop (4)
for i=1:2:N ans =

a=a+i; 4
end

Remember that ML constructs a range of
numbers as startiincrement:finish

For increment=1, one can use start:finish



“While” loops

function[i]=MyWhile (x) >> MyWhile (1e300)

i=0; x=abs (x) X =

while x>0 ani.2000e+300
x=x/10; 624
i=i+l;

end

This procedure counts how many divisions by 10 it
takes to get a number to zero (in double precision)



Debugging Matlab functions

* Display intermediate results by not ending
statement with “;”

* Can set formal “breakpoints” and “conditional
breakpoints” in code and pause execution to
examine variables



Example 2: particles on lattice



Example 3: Monte Carlo integration
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