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Reminders

Instructor: Andrew Shi

Login: lcmfmath98

Password: c@1parallel

Project:

@ Not due, but good practice.
Agenda

© Debugging

> See detailed agenda on next slide.

@ Polynomials

» Evaluating them, Differentiating them, multiplying them, etc.
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Debugging

@ How to avoid bugs (best programming practices)
» Sections 2.7-2.8 of
http://www.sfu.ca/~wcs/ForGrads/ensc180spring2016f.pdf

© Warnings

© Breakpoints and Step
© Step in/out

@ Run Options

Will closely follow the MATLAB documentation

https: //www.mathworks.com /help/matlab/matlab_prog/debugging-
process-and-features.html.
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Incremental Development

When you start writing scripts that are more than a few lines, you might
find yourself spending more and more time debugging. The more code you
write before you start debugging, the harder it is to find the problem.

Incremental development is a way of programming that tries to
minimize the pain of debugging.
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Incremental Development: Three Steps
The fundamental steps of incremental debugging are:

© Always start with a working program. If you have an example from a
book or a program you wrote that is similar to what you are working
on, start with that. Otherwise, start with something you know is
correct, like x = 5. Run the program and confirm that you are
running the program you think you are running. This step is
important, because in most environments there are lots of little things
that can trip you up when you start a new project. Get them out of
the way so you can focus on programming.

© Make one small, testable change at a time. A “testable” change is
one that displays something on the screen (or has some other effect)
that you can check. ldeally, you should know what the correct answer
is, or be able to check it by performing another computation.

© Run the program and see if the change worked. If so, go back to Step
2. If not, you will have to do some debugging, but if the change you
made was small, it shouldn’t take long to find the problem.
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Unit Testing

In large software projects, unit testing is the process of testing software
components in isolation before putting them together.

The programs we have seen so far are not big enough to need unit testing,
but the same principle applies when you are working with a new function
or a new language feature for the first time. You should test it in isolation
before you put it into your program.
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Unit Testing: Example

For example, suppose you know that x is the sine of some angle and you
want to find the angle. You find the MATLAB function asin, and you are
pretty sure it computes the inverse sine function. Pretty sure is not good
enough; you want to be very sure.

Since we know sin(0) = 0, we could try:

>> asin(0)
ans = 0 J

which is correct. We also know that sin of 90° is 1, so if we try asin(1)
we expect the answer 90, right?

>> asin(1)
ans = 1.5708 J

What's going on here?
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Unit Testing: Example (Cont)

Oops. We forgot that the trig functions in MATLAB work in radians, not
degrees. So the correct answer is 7, which we can confirm by dividing
through by :

>> asin(1)/pi
ans = 0.5000 J

With this kind of unit testing, you are not really checking for errors in
MATLAB, you are checking your understanding. If you make an error
because you are confused about how MATLAB works, it might take a long
time to find, because when you look at the code, it looks right.

The worst bugs aren’t in your code; they are in your head J
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Debugging in four acts

@ Reading: Examine your code, read it back to yourself, and check
that it means what you meant to say.

@ Running: Experiment by making changes and running different
versions. Often if you display the right thing at the right place in the
program, the problem becomes obvious, but sometimes you have to
spend some time to build scaffolding.

@ Ruminating: Take some time to think! What kind of error is it:
syntax, runtime, logical? What information can you get from the
error messages, or from the output of the program? What kind of
error could cause the problem you?re seeing? What did you change
last, before the problem appeared?

@ Retreating: At some point, the best thing to do is back off, undoing
recent changes, until you get back to a program that works, and that
you understand. Then you can starting rebuilding.
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Warnings
Here's an implementation of fizzbuzz.m from HW1. Do you see the
warnings? (red underlines).

[A Editor - /Users/andrewshi/Documents/Teaching/(19F) Math 98 (F19)/HW Assignments/HW 1/Solutions/fizz...

¢ [ fizzbuzzm | testcodem = | + |

1
2- for inum = 1:100
3- fizzbuzz = '';
4 - if med(inum,3) == @
5- fizzbuzz = [fizzbuzz
6 - end
U= if mod(inum,5) == @
8 - fizzhuzz = [fizzbuzz
£l end
10 - if isempty(fizzbuzz)
ajl|= disp(inum)
12 - else
1l5l|= disp(fizzbuzz)
14 - end
15 - end
Ju >

'Fizz'l;

‘Buzz'l;
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Warnings

If I hover over the squiggly red line, it tells me the issue. Red warnings
need to be addressed for the code to run (things like syntax error).

Al= for inum = 1:100

3- fizkbuzz = '

4- © Unable to define variable ‘fizzbuzz' because it has the same name as the script.
5 - TIZzZbuzz = [11zzbuzz T1zZ I;
6 - end

J|= if mod(inum,5) == @

8- fizzbuzz = [fizzbuzz 'Buzz'l];
Blf= end

10 - if isempty(fizzbuzz)

11 - disp(inum)

12 - else

13 - disp(fizzbuzz)

14 - end

15 - end

Command Window
Jr >>
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Warnings

You can hover over the line on the right and it will give you the same
warning (with line number)

2- Sfor inum = 1:100

3- fizzbuzz = '*;

4- if mod(inum,3) == @
5- fizzbuzz = [fizzbuzz
B - end

U= if mod(inum,5) ==
8- fizzbuzz = [fizzbuzz
9 - end

10 - if isempty(fizzbuzz)
1 - disp{inum)

12 - else

13 - disp(fizzbuzz)

14 - end

15 - end

& Line 3: Unable to define variable fizzbuzz' because it has the same name as the script.

'Fizz'];

‘Buzz'l;

Command Window
fy >>
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Warnings

The orange warnings aren't fatal, and usually indicate some inefficiency in

your implementation. But you should still try to address them.

19F) Math 98 (F19)/HW Assignments/HW 1/Solutio
izzbuzz.m i | testcodem x| + |
1
2- for inum = 1:100
3 - ! ="
4 - if med(inum,3) == @
5= fizzbuzz = [fizzbuzz 'Fizz'];
6 - end
7i|= if mod(inum,5) == @
8 - fizzbuzz = [fizzbuzz 'Buzz'l;
9 - \ & The variable 'fizzbuzz' appears to change size on every loop iteration. Consider preallocating for speed.
10 - TIT 15empty(T1ZZbuzz]
ail|= disp(inum)
12 - else
alsl|= disp(fizzbuzz)
14 - end
15 - end

Command Window
Ju >
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Warnings

Here's some random code | found on the internet that someone posted to
get help on. Note that there are no warnings in the code (green box).

Workspace
Name &
clear; clc; -D|

2 sdata

3- To60; No warnings found.

4- ¥=[0.0021;0.2628;0.57691 ; 0o DafauitSEting.)

5-  Activity = 951693618101212; 0. 787050622169703; 0. 70330158377679630.611130056863694 ;0. 430688

6- t= [0;30;120; 180; 240; 360; 720; 1440, 28801 ;

7 splot data

8- figure(1); clf(1)

9-  plot(t,Activity,'0')

10 siterate

1 - Sfor iter=1:18

12 sbuild matricies

13 - n=length(t);

1 - m=3;

15 - z=zeros(n,m);

16 - D=zeros(n,1};

17 - for k=

18 - 20k, 1)= ((Y{1)~2et (k) =Y (1)t (k) #Y(2)+Y(2) wexp(=Y (1) xt{k) )Y (3)}) /. ..

19 (0OY(L)-Y(2))72) )-((exp (—t(k)*Y(2) )Y (2)#Y(3) )/ ((Y(1)-¥(2))"2));

Command Window €
S>>
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Warnings

But when you run it, all these warnings comes out. This warning in
particular shows up when you try to invert a matrix that is nearly singular.

Note all the NaNs he got in his results.

[ Editor - /Users/andrewshi/Desktop /testcode.m ® x | [Workspace ®
testcode.m ¢ | + | Name & Value
1-  clear; cl; =0 [ Activity [1:0.9517:0.7871.
2 sdata Ho NaN:NaN;NaN;N.
3= T=60; Hay [NaN;NaN;NaN]
a- ¥=[0.0021;0.2628;0.5769]; (Hiter H
5-  Activity = [1;0.951693618101212;0.787050622169703;0.703301583776796; 0. 61113005686 3694; 0. 430688 Hk 9
6- t= [0;30;120;180;240; 360;720;1440;2880] ; Hm 3
7 splot data Hn 9
8- figure(1); clf(1) ==l [0:30:120;180;24...
9-  plot(t,Activity, o’) HT 60
10 siterate H xf 1x100 double
11- Efor iter=1:5 HY [NaN;NaN;NaN]
12 %build matricies == 1x100 double
13 - n=length(t); Hz 9x3 double
1 - n=3;
15 - Z=zeros(nm,m);
16 - D=zeros(n,1);
17 - for k=1:n
18 - Z(k,1)= ((Y(1)"2%t(k)=Y(1)*t(k)*Y(2)+Y(2)*exp(-Y(1)*t(k))*Y(3))/...
1 (IY(1)=Y(2))22))={ (exp (=t (k)+¥(2))#¥(2)+¥(3)) /((Y(1)-¥(2))A2)};
I
Command Window ®
ix is close to singular ol ate. RCOND =
atrix is to working p
ix is , close to sin Results may ate. RCOND =
ix is singular, close to sin ed. Results may ate. RCOND =
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Breakpoints

| fixed my fatal error but not the other one (because I'm lazy) and | run
fizzbuzz code. The output looks wrong! (remember buzz means divisible
by 5).

[# Editor - /Users/andrewshi/Documents/Teaching/(19F) Math 98 (F19)/HW Assignments/HW 1/Solutions/fizz.. ® x
¢ | fizzbuzzm | + |

1 O
2 - for inum = 1:100
3- fzbz = '';
4- if mod(inum,3) == @
5 - fzbz = [fzbz ‘Fizz']; -
6 - end
T- if mod{inum,4) == @
8- fzbz = [fzbz 'Buzz'l; -
o- end
10 - if isempty(fzbz)
11 - disp(inum)
12 - else
13 - disp(fzbz)
14 - end
15 - end
Command Window @
1
2
Fizz
Buzz
5
Fizz
7
Buzz

Fizz
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Breakpoints

If I click one of the lines on the left it will create this red dot. This dot is
called a breakpoint. | can easily remove it by clicking on it again.

[# Editor - /Users/andrewshi/Documents/Teaching/(19F) Math 98 (F19)/HW Assignments/HW 1/Solutions/fizz.. & x

i [ fizzbuzzm [ + |

1 o
A= for inum = 1:100

7= fzbz = '3

4- if med{inum,3) == @

5- fzbz = [fzbz 'Fizz'l; -
6 - end

7- if med(inum,d4) == @

8- fzbz = [fzbz 'Buzz'l; =
9 - end

pLe) if isempty(fzbz)

Tl |= disp{inum)

12 -Line: 10. Status: enabled

13 - disp(fzbz)

14 - end

15 - end
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Breakpoints

If I run my code again, it will stop the first time | hit the line with a
breakpoint. The green arrow tells me where | am now.

(& Editor - /Users@rewshi/Documents/Teaching/(19Fi Math 98 (F19)/HW Assignments/HW 1/Solutions /fizz... ® x
2| fizzbuzzm | + |

1 o
2 - Hfor inum = 1:100

3- fzbz = '3

4 - if mod{inum,3) == @

5- fzbz = [fzbz 'Fizz'l; -
6 - end

vl= if mod{inum,4) == @

8- fzbz = [fzbz 'Buzz'l; -
ell= end

10 ez if isempty(fzbz)

11 - disp(inum)

12 - else

13 - disp{fzbz)

14 - end

15 - ~end
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Breakpoints

| can hover over variables to see what their current value is right now at

the breakpoint.

9 TZbZT iy 151 double =
4- if
e

6 - end

7- if mod{inum,4) == @

8- fzbz = [fzbz 'Buzz'l;
9 - end

10 @ if isempty(fzbz)|

11 - disp(inum)

12 - else

13 - disp(fzbz)

14 - end

15 - end
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Breakpoints

| can hover over variables to see what their current value is right now at

the breakpoint.

| | fizzbuzzm x| + |

/Teaching/(19F) Math 98 (F19)/HW Assignments/HW 1/Solution

al= for inum = 1:10@

B|= fzbz = "5

4 - if mod(inum,3) == @

5= fzbz = [fzbz 'Fizz'l;
6 - end

7= if mod(inum,4) == @

8- fzbz = [fzbz 'Buzz'l;

95 end fzbz: @%@ empty char array

1009 if isempty(fezozry

11 - disp(inum)
12 - else

13 - disp(fzbz)
14 - end

15 - end
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Breakpoints
We are now in debug mode. We could always exit by hitting that red
button “Quit Debugging”. Note that K that isn't usually there in the
command window.

ToR PUBLISH VIEW IERE NSNS CINON Qsearch Documentation

s 5 3 - S - |

mment % 3 %3 & step out

Breakpoints  Continue  Step

fizzhuzz ~ auit

indent 5] &2 [z {43 Run to Cursor Debugging
e BREAKPOINTS oG ! =
Desktop » -0
> | [ Editor - /Users/andrewshi/Documents/Teaching/(19F) Math 98 (F19)/HW HW 1/Solutions/fizz.. ® x | Workspace - fizzbuzz ®
fizzbuzzm | + | [Name & Value
i O [Hfzbz -
2 Gfor inum = 1:100 (& inum 1
3- o
a- if mod(inum,3) == @
5 fzbz = [fzbz ‘Fizz'l; m
6 end
7 if mod(inum,4) == @
8- fzbz = [fzbz ‘Buzz'l; -
9- end
00s | if isempty(fzbz)
- disp(inum)
2- else
13- disp(fzbz)
1 end
15- lend
Command Window ®
S K>
[script Ln 10 Col 19
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Breakpoints

If you want to go another line further, hit step.

19F) Math 98 (F19)/HW Assignments/HW 1/Solution
1
2 - for inum = 1:100
3 - fzbz = H
4 - if mod(inum,3) == @
5 - fzbz = [fzbz 'Fizz'l; =
6 - end
v|= if mod(inum,4) ==
8 - fzbz = [fzbz 'Buzz'l; ]
9= end
100 if isempty(fzbz)
1 - disp(inum)
12 - else
13 - disp(fzbz)
14 - end
i3 = end
Command Window ®

i K>
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Breakpoints

If you want to go another line further, hit step. Note that we just executed
line 11 so something displayed in the command window. (Question: why

did we skip from line 11 to 147)

Command Window
1
f ko>
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| fizzbuzzm | + |

1 ' O
2 - for inum = 1:180
3- fzbz = '';

4- if mod(inum,3) == @
5- fzbz = [fzbz 'Fizz'l; -
6 - end
7- if mod(inum,4) == @
8 - fzbz = [fzbz 'Buzz'l; —
elf= end

we if isempty{fzbz)

11 - disp(inum)

12 - else

13 - disp(fzbz)

14 -5 end

15 - end
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Breakpoints

We are at the end of the loop. This is the last point inum = 1.

19F) Math 98 (F19)/HW Assignments/HW 1/Solutions/fizz...

if mod(inum,4) == @

8- fzbz = [fzbz 'Buzz'l;
o- end

100 if isempty(fzbz)

1 - disp(inum)

12 - else

13 - disp(fzbz)

14 - end

15 - “end

Command Window
1

S ko>
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Breakpoints

And now inum = 2.

2- for inum = 1:100
3-» ffzb:

4 - if

5=

6 - end

7- if mod(inum,4) == @
8- fzbz = [fzbz 'Buzz'l;
gll= end

we if isempty(fzbz)
ajl|= disp(inum)

12 - else

1= disp(fzbz)

14 - end

15 - end

Command Window
1

i ko>
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Breakpoints

If you hit continue, you will keep running until the next breakpoint.

MATLAB R2018b - academic use

R HiBDRE9eo@e

sert 5, fx - 5 % | Step In D

= Function Call Stack:

o %
e s Breakpoints  Continue  Step L step Ot [fizzbuzz ~ w|  Quit
fent ] [ - - 111 Run to Cursor Debugging

EDIT | BREAKPOINTS | DEEUC
esktop »

fizzbuzzm 3| + |

1

2-

3 -

4-

|-

e

il= if mod(inum,4) == 0

8- fzbz = [fzbz 'Buzz'l;

9- end

10 @ if isempty({fzbz)
1 - disp(inum)

12 - else

1l |= disp(fzbz)

14 - end

15 - end

Command Window
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Breakpoints
If you hit continue, you will keep running until the next breakpoint.

MATLAB R2018b - academic use

6+ sR9cbD@e

R
sert 5, fx 7] ~ 5 Lo &sesm a
| e s & =) siepow  Function Callstace
L Breakpoints  Continue  Step fizzbuzz - uir
dent doz] [z - - [t | Run to Cursar Debugging
e | sreacroinTs | nes
tesktop

2

3

4

5

[3

7- if mod(inum,4) == @
8- fzbz = [fzbz 'Buzz'l;
9 - end

100 if isempty(fzbz)

1 - disp(inum)

12 - else

13 - disp(fzbz)

14 - end

15 - end

Command Window o
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Breakpoints
If you hit continue, you will keep running until the next breakpoint.

MATLAB R2018b - academic use

®”
sert 5 fr 7] - 5 L] senn a
Rant o = =Hg Function Call Stack:
£ 8 rrpafie @i G [fizzbuze < _ Quit
dent - - Lz | Run to Curser Debugging
eDIT | BREAKPOINTS | DERUG
Jesktop »

[Teaching/(19F) Math HW Assignments /|

fzb

if
4
end
if mod(inum,4) == @
fzbe = [fzbz ‘Buzz'l;

end
if isempty(fzbz)
disp(inum)
else
disp(fzbz)
end
end
Command Window ®
1
2
Fizz
fr Ka>
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Step In/Out

I've written a script that calls a function fun1.m. | think something bad is
going on in there so | put a breakpoint there and run.

MATLAB R2018b - academic use
R

e L9:000
el ol - b

L& %il £ 3 Call Stack: " |
fent ) 5 reskgoints | Continue  Step 25 P O l% Quit
dent == - - 1| Run to Cursor Debugging

eoiT BREAKPOINTS DEBUG
lesktop »
FZ Editor - /Users/andrewshi/

Desktop/testscript.m

2 | testscript.m | funl.m

2|+ |
1- x = 1;

2@% |y = funlix);

3- y=y+1;

Command Window

®
>> testscript
Jx K>
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Step In/Out

But if | just step like before it runs function funl.m and | have no insight
as to what happened inside.

MATLAB R2018b - academic use

R B4 @90
et e - L L seen a
nent % o — - Function Call Stack:
/oI B2 wd |_a Step Out
—d Breakpoints Continue  Step testscript - Quit
dent 5B - - (1| Run to Cursor Debugging
EDIT EREAKPOINTS DEBUG
rtesktop »
Ei Editor - [Users/andrewshi/Desktop/testscript.m
¢ | testscriptm | funlm 3| + |
1- x =1;
pa] y = funl(x); =
3-8 y=y+1; =
Command Window @
fe ko>
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Step In/Out

What | really want to do is Step In, so now I'm inside the function call.

Note it passed in the value x from outside as the value for blah that
funl.m takes.

MATLAB R2018b - academic use

R Hs b B9cechb@e@
-

sert 5 fx - L» % & | Step In D
et 3 - = [ sepau Function Call Stack:

e 4B 4 Breakpoints  Continue  Step. funl « Quit
fent 0B - - 1| Run to Cursor Debuggin:

e [ b gging

EDIT BREAKPOINTS DEBUG

tlesktop ¥

W Editor - [Users/andrewshi/Desktop/funl.m

| testscriptm x| funlm x| + |
1 function foo = funl(blah)
2-8 blah = blah + 2;
3

o |
- blah: 1x1 double = u
- foo = blahx2; -
a- lend

Command Window
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Step In/Out

In here | can keep stepping just like before....

MATLAB R2018b - academic use

oR |4 uRoco@e
nsert 5 fx - > [L-| 4IStepin D
mment oo e Function Call Stack:
22 2 Breakpoints  Continue = [funl | Quit
dent - ~ 71 | Run to Cursor Debugging
EDIT | BREAKPOINTS | DEBLG |
Desktop »

#| funlm | + |

1 function foo = funl(blah)
2- blah = blah + 2;
3- [foo = blahsz;

4- lend

Command Window
Jx Ko
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Step In/Out

If I want to leave the function | can click Step Out. Note that a value

hasn't been assigned to y yet, so | didn't finish running funi, | just left it.

MATLAB R2018b - academic use

®” E%%@@@?@Q

sert 5 fx - [ DE L |stepin

ment % g il 4 step Out Function Call Stack:

Breakpoints  Continue  Step testscript - Quit
gtz ) oo - -

Iyt | Run to Cursor Debugging
EDIT BREAKPOINTS DEEUC

Jesktop »
Bz Editor - /Users/andrewshi/Desktop/testscript.m
| testscriptm | funlm x| 4 |

-1 o

=

x
1

-

Command Window @
fe K>

Math 98, Spring 2020

33 /38



Run Options

There are three Run Options you can choose, and your code will pause at

the line one of these designated events occurs.

MATLAB R2018b - academic use

?

et 51 fx - L} QE % | step In

a

Function Call Stack:

ent % s Step Out
% B E | ygoms - PENE Tabim <] Qui

L+ | Run to Cursor Debugging

L EEE R

EDIT | BREAKPOINTS |

ERROR HANDLING |

HooBoeoo®e

asktop »

¢ | fizzbuzzm 3| untitled.

Pause on Warnings

Pause on Errors
Pauses execution when an error occurs

1 Pauses execution when awarning occurs

Pause on NaN or Inf
Pauses execution when a NaN or Inf value is returned

Command Window

1
2
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Print Statements

Another widely used technique is to put print statements in your code so
you can monitor certain variables.

Debugging can take some time to get used to and can be very frustrating.
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Polynomials

Many of the main algorithms in Math 128a involve replacing a general
function f(x) with an approximating polynomial P(x).

In MATLAB, if you want to define a polynomial (more generally a
function) and evaluate it, we use anonymous function handles.

>> f = 0(x) x72 + 2xx + 4; £(2)
ans = 12 J

We can also represent a polynomial with a vector.

>> p = [1, 2, 4]; polyval(p, 2)
ans = 12 J
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Polynomials

Can you figure out how to differentiate a polynomial?

>> p = [1, 2, 4]; diffp = SOMEFUNCTION(p)
ans = 2 2 J

How about multiplying two polynomials together?

>> pl = [1, 3]; p2 = [1, 1]; plp2prod = SOMEFUNCTION(pl, p2)
ans =1 4 3 J

How do you fit a polynomial of degree n to n+ 1 points?

>> pts = [1, 2; 3, 3; 4, 5]; J
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Exercise: polycrazy.m

Write a function:

[max] = polycrazy(f, n, [a, bl)

that does the following:

@ Takes in a function handle £ and evaluates it at n equispaced points
on the interval [a, b].

o Fits a degree n — 1 polynomial interpolant to those n points.

@ Returns the maximum value of that interpolant on the interval.
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