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Lecture 1. Setting

In this module we will be usinG++ as the programming language and
we will be caorering algorithms and data structures

split into two terms, this term we will be gering
C++, pointers, dynamic memory
lists, stacks, queues, trees, sets, graphs

next term higher kel algorithms are ceered
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Example cods¢

will be placed on git hub and code will be formatted according to the
GNU coding standard

It t ps://github. com gai usnf exanpl esl]

to obtain all these examples, open up a terminal and type:

$ git clone https://github. com gai usm exanpl es
$ cd exanpl es/ c++
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Data structures

m will be covered and implemented in C++

m will be adopting a functional programming approach (where it is
practical)
using Dijsktras pre and post conditions where possible
recursion will be exploited to dea smple almost preable
solutions
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Example: Fibonaccl sequenc

m Isasequence of numbers: 1,1, 2, 3,5, 8, 13, 21, etc
the next value is the sum of the previous two

m could express this in pseudo code as:

u if n<=2 then fib(n) =1
else fib(n) = fib(n-1) + fib(n-2)
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C++ implementation of the Fibonacci functio

c++/fib/fib.cc

#i ncl ude <cstdi o>

static const int terns = 12;

/*

* fibonacci - generate nth termin the classical sequence.
* precondition : n >0

* postcondition: returns the nth term

*/

static int fibonacci (int n)

{
if (n <= 2)
return 1;
el se

return fibonacci (n-1) + fibonacci (n-2);
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C++ implementation of the Fibonacci functio

c++/fib/fib.cc

/*

* main - first user function executed.

* precondition : none.

* postcondition: returns O (silently).
*

int main (int argc, char *argv[])
{
printf ("Fibonacci nunbers for the first % are:
for (int i =1, i <= terms; i++)
printf ("% ", fibonacci (i));
printf ("\'n");
}

terns);
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Implementation notes
notice that we can uge i nt f within C++
we can also declaient i within thef or loop
declaret er mas aconst i nt. st ati c means local to this file only.

the rest looks lig C



Compile the source fll

compile the single source file into axeeutable
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[$ g++ -Q0 -g -Wall fib.cpp

run the e@ecutable

$ gdb ./a.out
(gdb) run

(gdb) quit

and again usingal gri nd

[$ valgrind ./a.out
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Functional coding style

notice the functional coding use of recursion
a aiticism of this style is that it is slow

however, this is not alvays true as compiler technology will often
cornvert a recursle lution into an iteratie e
particularly tail recursie dgorithms and small functions
mary of the algorithms we will look at during this term fit this
pattern
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nerformance tes

c++/fib/fibspeed. cc

#i ncl ude <cstdi o>

static const int terns = 45;

/*
* fibonacci -
* precondition :
* post condi ti on:
*/
static int fibonacci (int n)
{
if (n <= 2)
return 1;
el se

return fibonacci

generate nth termin the classical

(n-1) + fibonacci

sequence.
n>~a0
returns the nth term

(n-2);




nerformance tes
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c++/fib/fibspeed. cc

/*

* main - first user function execut ed.

* precondition : none.

* postcondition: returns O (silently).

*/

int main (int argc, char *argv[])

{
printf ("Fibonacci value for the first % are:
printf ("... %\n", fibonacci (terns));

}

terns);
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H $ g++ -Q0 -Wall -g fibspeed. cpp
$ tinme ./a.out
Fi bonacci value for the first 45 are: ... 1134903170

real Oml5. 466s
user Oml5. 461s
sys 0OnD. 000s

m see if we can makit run faster

B [$g++t -2 -vall -g fibspeed. cpp
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m check runtime speed

u $time ./a.out
Fi bonacci value for the first 45 are: ... 1134903170

real OnB. 143s
user OnB. 140s
sys OnD. 000s

m much betterbut still too slav, why?



examine the code generated by the compiler
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$ g++ -Wall -S -fverbose-asm-g -2 fibspeed.cpp -0 fibspeed.s
$ as -alhnd fibspeed.s > fibspeed.| st

open upi bspeed. | st and search fozal |

which areas of code usal | s?
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we obsere that the compiler has rewed one recursie all to

fi bonacci (n-2) butnotthe other call tbi bonacci (n-1) In
the sequence

c++/fib/fibspeed. cc

static int fibonacci (int n)

{
if (n <= 2)
return 1;
el se

return fibonacci (n-1) + fibonacci (n-2);
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Tutorial

try compiling the fibonacci algorithm using théd option, what
difference does it make?

how manycal | s ae made?

rewrite the fibonacci algorithm to use at most one call to itself and see
If the compiler will transform it into a purely iteradi lution
or rewrite it to use no calls at all



pseudo code
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sum (| ower, upper)
I f |l ower <= upper then return | ower
el se return ower + sum (|l ower+1, upper)
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c++/ sunf sum cc



#i ncl ude <cstdi o>

static const int low = 1;
static const int high = 1000000;
/*
sum - generate the sum of terns | ower.. upper.
* precondition : |ower <= upper.
* postcondition: returns the sum of |ower.. upper.
*/
static int sum (int |lower, int upper)
{
I f (1l ower == upper)
return | ower;
el se

return |lower + sum (lower + 1, upper);
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c++/ sunf sum cc

/~k
* main - first user function executed.
* precondition : none.
* postcondition: returns O (silently).
*
int main (int argc, char *argv[])
{
printf ("Sum of nunbers from%%..% is: ", low, high);

printf ("%l\n", sum (low, high));

}
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m compile and debug this via:

] $ g++ -g -Q0 sum cpp
$ gdb ./a.out

(gdb) run

segnent ati on viol ati on

(gdb) quit

m the stack is being exceeded, when processing the nexaafis
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m let us try compiling with O3

B [$ g+t -g -O3 sumcpp

$ gdb ./a.out

(gdb) run

(gdb) quit

Sum of numbers from 1..1000000 is: 1784293664
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Consider the function Su

m check the assembly language as before

] $ g++ -Wall -S -fverbose-asm-g -G8 sumcpp -0 sums
$ as -alhnd sums > sum| st

m observesum | st and see the compiler has transformed the ragursi
algorithm into a very tight iterate loop!
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Conclusio

we hare ®en that a functional approach can be adopted

sometimes the compiler is able to transform a reeeidgorithm into
an iteratve lution (when tail recursion is used)

other times it cannot - we need to b@ee of these limitations and
profile code accordingly



