Lecture 7

 Matlab debugging
e Structure in Matlab

Dr.Eng. Basem ElHalawany



Schedule (Draft)

Introduction 1
Introduction to Matlab Environment 1
Matlab Programing (m-files) (1) 5 (5/5)
Modeling using Matlab Simulink Tool 4
Communication Systems Simulation (Applications) 3
o e
Introduction to FPGA + Review on Digital Logic/Circuits 2
VHDL Modeling Language 4
VHDL Application 2
Introduction to OPNET Network Simulator 3
Course Closeout / Feedback/ project (s) Delivery 1
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MATLAB

MATLAB

The Lecture is based on :
A. Matlab by Example: Programming Basics, Munther Gdeisat
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8 Matlab Debugging, Profiling, and
Code Indentation

The debugging process is the procedure of finding bugs and
errors and fixing them.

8.1.1 Syntax and Runtime Errors
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Syntax Errors

» These errors mainly occur as a result of the misspelling of variable or function
names or from missing quotes or parentheses

== k=X + 2FR)). % extraparenthesis

== =1 x=xx+1) T Themultiplicationsignismissing

== y="hello Emissing quote

== z7z=1;disp(): wMatlabis casesensitive, sof isnot the
% same as 7.

» When you type a Matlab command in the Command Window, Matlab checks for
syntax errors before running the command.
v If the command passes the syntax error check, then Matlab executes this
command;
v' Otherwise, Matlab displays a message reporting that there is a syntax error

» Suppose that you attempt to run a Matlab script file that contains syntax errors.
» Matlab does not run this file and responds by reporting that the file contains
syntax errors.

¥
CAD — Dr.Eng. Basem ElHalawany >



Runtime Errors

Runtime errors are found by Matlab during the execution of a program,
They are generally more difficult to fix than simple syntax errors.
The ability to fix run-time errors is something that improves with experience

V |VVY

Let us try to write a Matlab program that calculates the absolute values of a
vector.

clear: clc:; close all
¥ = —10:10;
for k =0:1ength(x) f-:lr' k = ].:-l'Eﬂq:t"':.:{}
if (x(k)=0) -
x(k)= —x(k):
end
end
disp(x)

777 Attempted to access x(0); indexmust be a positive integer or logical,
Error in === absolute at 4

if (x(k)=0)
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8.1.2 Debugging Matlab Code

8.1.2.2 Stepping Through the Program

8.2.1.3.1 Step In Tool
8.2.1.3.2 Step Out Tool
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Lesson 8.3 Advanced Matlab Debugging Tools
8.3.2 The Conditional Breakpoint Debugging Tool

‘ ‘ . TOR PUBLISH VIEEW
" Editor - C:\Documents and Settings\serWy Documents\MATLAB\partlll.m g@‘ [a & @
Find Files Insert - E D @ &
i T T = y .
TEICK Lok —— 7 T E ST
O & S8 9 (v OpenFies when Detugong )RR v Z| Compare ¥ Comment % s i GoTo v
1 _J Open  Save = % i 4 Qu Breakpoints)  Run  Runand I%M'-'ﬁﬂﬂe Run and
2 This program ca - - Pmt * e El E H.Fl'ld * y . =
FILE EDIT MAVIGATE
: - %= Clear Al o
: Run patill.m s 3% test for 10°P ---Tracing ﬁ Clear all breakpoints in all files
: = Run Configuration for partiilm ) clear all
‘ —| Set/Clear Fi2
7) eger nunber and 1 il = ) )
8 SatiClosr Breakpont F12 £11)=0 m Set or clear breakpoint on current ling
: : . A ~| Enable/Disable
10 Enable Disable Breal =1: 3
1l - clear; cle s : (2) Li H Enable or disable breakpoint on current line
12-  sumeation = 0; Clo Broukponts n Al Fles
13- N = 100; Sep f Emors{Warnings... for ctr = 3:7 & 3:1:7 L=| SetCondition
14~ [Itor p=-N:N == | Set or modify conditional breakpoint
n
WE | o f(E&) = flctr-1) + f(ctr-2) :
16 - sumation = swmeation + (n+1)/n; ERROR HANDLING
Wl - Stop on Errors
18- ‘end .
ol dbstop if error
19 - disp('The Swmeation 1s')
20 - disp (swmeation) )
end Stop on Warnings
dbstop if warning

We can use the Matlab debugging
tool Set/Modify Conditional

Breakpoint to check the execution of

the program when n=0.
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IS - N = 100:

LA o for n=-N:N

1509 | 12 (n ~= 0)

16 - n: 1x1 double =[Ation + (n+l) /n;
17 = end

18 ~ end 5

R = disp (' ThE SUNSACION 18°)

20 ~ disp (sumnarion)




8.3.3 The Go Until Cursor Debugging Tool

» Suppose that we would like to run the entire for loop.
» To do this, left-click on the code in line 14.
» Go to the Menu ! Debug ! Go Until Cursor

EDTOR PUBLISH VIEW

,{I'j = % L] Find Files Insert 5 fx ~ | &g (5> ﬂg 5| step In _
[iZ| compare ~ Comment % ‘4z #d o GoTo ~ ; ; |_dr Step Out Function Call Stack:

Mew Open Save Breakpoints  Continue  Step opactad ford -
- - ~ [=iPrint ¥ Indent || w2 |Fo | Find = - |[31 | Run to Cursor -

1 %%FIL;IEStEd For LOOP = e ERENPONES IRUH:;"tIIEI line containing cursor|‘
2@%® clear all;close all;clc;

3 - Vv =1[1, 3, 6; 4, 9 10]

4 — tic

5 — m = size(V,1);

6 — n = size(Vv,2);

7 - summation = 0;

8 %% Loop

9 - for i = 1mm
10 - for j = 1:n
11 - summation = summation + V(i,7):
12 — end
13 - end
14 - summation
15 - toc
16 %% Matlab Vector operations (:D)
17 - tic
18 - summationX = sum(sum(V))
19 — toc
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Lesson 8.4 The Matlab Profiler Tool

It is very important to make sure that this code uses the lowest possible

resources of a computer in terms of memory usage and computational power.

We will discuss the use of Matlab tools for determining which particular
sections in the code consume excessive amounts of the total execution time.
This enables the possibility of optimizing these specific code sections.

v' A Matlab program consists of a script M-file that may call a
number of different Matlab functions.
v" We want to find out the time that is required to execute the

script file and all the functions that it calls.

Matlab contains a tool that provides us with this
information, called the Profiler
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8.4.1.1 Launching the Matlab Profiler

PUBLISH VIEW

] ﬁ Lg) Find Files Insert 5 fx [ + <@ o ’) L@ et

B ) Compare =  Comment % 4 Eﬁ] o GoTo ~

N Sa Breakpoints  Run
* Pt v Indent || &3 3¢ L Find * - -
FILE EDIT MAVIGATE | BREAKPOINTS

Runand |5} Advance

Advance

RUN

O
Run and
Time

%% Nested For Loop
blear all;close all;clec;
Vv=1_[1, 3, 6; 4, 9 10]

tic
m= size(V,1);
n = size(Vv,2);
summation = 0;
%% Loop
fori=1m
for 3 =1:n
summation = summation + V(i,]j);
end
end
summation
toc
%% Matlab Vector operations (:D)
tic
summationX = sum(sum(V))
‘ toc

l Run nested_for 1 and measure execution time to improve perforn
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8.4.1.1 Launching the Matlab Profiler

ﬂ Profiler Ellﬂ“ﬂl
File Edit Debug Window Help u
L AR
Start Profiling  Run this code: ~ | @ Profile time: 0 sec

Profile Summary
Generated 20-Oct-2015 15:22:05 using cpu time.

Function Mame Calls | Total Time  Self Time* | Total Time Plot
(dark band = self time)

nested for 1 1 0193 = 0.186 = [ |
close 1 0.007 = 0.005 = |
close=safegetchildren 1 0.001 s 0.001 s I
close>request_close 1 0.001 s 0.001 = |
close=getEmptyHandlelist 1 Os 0.000 =

close>checkfigs 1 Os 0.000 s

Self time is the time spent in a function excluding the time spent in its child functions. Self time also includes overhead resulting
fram the nraress af arnfilinn
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8.4.1.1 Launching the Matlab Profiler

nested_for_1 (1 call, 0.193 sec)

Senarated 20-0Oct-2015 15:29:58 wsing cpu time.
script in file E-AResearchvWCouresesWl My CourseshCAD - Computer Aided Design'd_Lectures  CADAW

Copy to new window for comparing multiple runs

This function changed during profiling or before generation of this report. Resulis may be incomplete or

Show parent functions Show busy lines Show child functions
Show Code Analyzer results Show file coverage Show function listing

Parents (calling functions)
Mo parent

Lines where the most time was spent

Line Mumber Code Callse  Total Time | %% Time  Time Plot
2 clear all:close all:cloc: | 1 0.098 s 50.8% ]
4 tic 1 0.060 s 31.1% I

15 toc 1 0.031 s 16.1% [ |

19 toc 1 0.003 s 1.6% |

14 summation 1 0.001 s 0.5% I

All other lines 0= C%%a

Totals 0193 s 100%

_Children (called functions)
Function Mame Function Type Calls  Total Time % Time  Time Plot

function 1 0.007 s I E% |
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~

"2 Profiler ok

© Stert Profiing Run this code: main v | @ Profie time: 1 sec

Profile Summary
Generated 02-Aug-2011 12.53.29 using cpu time

Function Name Calis Total Time Self Time* Total Time Plot
(dark band = self time)

1 0835 s 0294 s | =]

main
power3 1 0480 s 0480 s —
ower2 1 0051 s 0061 s il

Self time is the time spent in a function excluding the time spent in its child functions. Self time also includes overhead resulting from
the process of profiling.

The time required to execute the entire main program is 0.835 seconds.

The time required to execute the main program, but excluding the functions, is 0.294 sec-

onds and this is indicated by the color [l
The time required to call the functions themselves 1is 0.5410 seconds

(0.835 — 0.294 = 0.5410) and this is indicated by the color mm.
The time required to call the function power?3 is 0.480 seconds.
The time required to call the function power? is 0.061 seconds.
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9 Structures in Matlab

» You can use the vectors and arrays to save a collection of identical classes.
» Matlab support “Structure” type to support the collection of identical classes

-

circle.radius= 5h;

circle.center= [1,2]:
circlecolor= 'red’;
» To display the contents of the circle Matlab responds with
variable, type :
: : ircle=
==circle PIPETE .
radius:b
center:[1 2]
] ] color: 'red’
=>=whos circle
Matlab responds with Matlab requires more memory to
save a structure variable than would
Name Size Bytes Class Attributes be the case for saving multiple
circle 1x1 407 struct individual variables.
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Lesson 9.2 A Vector of Structures

> You can use Matlab to create a vector of structures.
» Let us explain this concept to you by way of an example.

Example 1

Three students study in a college. The following table shows their ages and marks in three
subjects. Use a vector of structures to represent the students” information as given.

Student Name Age Math Mark Physics Mark  English Mark

Alex 25 70 55 58
John 23 77 90 75
Mike 24 80 64 87
Answer
student(1).name = 'Alex': student(3).name = "Mike":
student(1).age = 25; student(3).age = 24;
student(1).math = 70 student(3).math = 80;
student(1).physics = 55: student(3).physics = 64;
student(1).English = 58; student(3).English = 87;
student(2).name = "John'
student(2).age = 23;
student(Z).math = 77;
student(?2). Enghsh ?‘5

N R
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To display the fields of the vector, type at the Matlab Command Prompt 17

== student

Matlab responds with

student =

I X3 struct arraywith fields:
name

age

math

physics

English

* To display the contents of the first .

To display Alex’s mark in mathematics:

structure in the vector, type

== student(l)math

== student(l) Matlab responds with
Matlab responds with T
ans = * To display the mathematics marks for
name: "Alex” all the students in the vector, type
age: 25 ==>a=[student.math]

ﬂ'lﬂthi 70 Matlab responds with
physics: 55

[ng]ish:EB =7

s 0 v 80



10 Calculus in Matlab

Chapter Outline

Lesson 10.1 Introduction to Symbolic Math Toolbox 327
Lesson 10.2 Algebraic Equations 332

Lesson 10.3 Differentiation and Integration 335
Lesson 10.4 Differential Equations 339

Lesson 10.5 Laplace and Fourier Transforms 343

Self-Study
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