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Relevant Course Information

» Homework 3 released today, due Nev—+6 Nov. 23

» Exercise 8 deadline extended to Monday, Nov. 6

= Use C++ reference material to find useful standard library features

» Midterm Grading Update
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Review from last lecture

- )
#include <iostream>

#include <vector> Y ot cotaness Tund in Norariesr sf  Game vname
#include "Tracer.h"

vectorfun.cc
N

using namespace std;

int main(int argc, char** argv) {
Tracer a, b, c; // ConsTruct 3 Troce r iv\s_tén((’)'
vector<Tracer> vec; /4 new (emrﬁy) vedor contamer  oF vacexs

vec.push back(a) ;
cout << "vec.push back " << b << endl;
vec.push back (b) ;

cout << "vec.push back " << ¢ << endl;
vec.push back(c) ;

cout << "vec.push back " << a << endl;\z

M Copies ot Tracees To
end o‘F container

(e\emerﬁs Can bo actesed vic SUL&YTP’)L ISR T

cout << "vec|[0]" << endl << vec[0] << endl;q

vev?(\/ The stoced Values
cout << "vec[2]" << endl << vec[2] << endl;.f

Ore \»)1\0\—\/ Wwe eyko{r
return EXIT SUCCESS;
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Review from last lecture - ¢ < st.cion

- ructicon
WhyAIIthe Copying? destroctic
—/Vﬂlme
a | C0,0) | b | (L1) ¢ | <2J7/_)7
g /
back | P
push_ ack, L//P‘%_Lack Fusk-bak[ Trecers
e | (3 call s corstacted
g ca}:“ O gC‘J bJC)
' H
Nec Vv 2 ¢
o | e, -
' 4 10
g 15

U Tracer objact 5 c;y\ﬁrude,).'
No+€'. (,a(iacﬂ\/ d\w\oles Lefe e&c\r\ ‘l(’ime (f\o‘* Gy\imr)or:‘-ar& Aef"ﬂ.il)

Note: exact 6réev‘m5 s Construdion chen Vec Q)e’}! moved Nt impbr"f&n'l'
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Lecture Outline

+» STL iterators, algorithms
% STL (finish)

= List

" Map
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STL iterator

an l+ erzr"br .S‘oec#\‘c’h) ‘H\e (ol Giner 15‘ elemevv} 71y/e
+« Each containef class has an/associated iterator class
Y/ . U . .
(e.g., vector<int>::iterator) used to iterate

through elements of the container

® https://cplusplus.com/reference/iterator/iterator/

" |terator rangeis from begin uptoend,i.e., [begin, end)
<ﬁfend is one past the last container element!

= Some container iterators support more operations than others
. éﬁcan be incremented (++), copied, copy-constructed

Some can be dereferenced on RHS (e.g., x = *it;)

Some can be dereferenced on LHS (e.g., *it = x;)

Some can be decremented (—-)

Some support random access ([ 1, +, —, +=, —=, <, > operators)


https://cplusplus.com/reference/iterator/iterator/

iterator Example

vectoriterator.cc

Yy

#include <vector>
#include "Tracer.h"
using namespace std;

int main (int argc, char** argv) {

N

Tracer a, b, c;
vector<Tracer> vecC;

vec.push back (a) ;
vec.push back (b) ;

vec.push back (c) ; teraor one past st elemendt
cout << "Iterating:" << endl; ',,\weme,\-hnj s aloays les
vector<Tracer>::1iterator it; L ¢

for (it = vec.begln(z;\lt < vec.end();) {

cout << *it << endl; eratoe of 15 clane )
} /t— " Nevefewne” 1o aeh element
cout << "Done iterating!" << endl;
return EXIT SUCCESS;
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YA/ UNIVERSITY of WASHINGTON

Type Inference (C++11)

The auto keyword can be used to infer types
= Simplifies your life if, for example, functions return complicated

types
= The expression using auto must contain explicit initialization for

it to work .
// Calculate and return a vector

// containing all factors of n
std::vector<int> Factors(int n);

void foo (void) {
// Manually identified type

std: :vector<int> factsl =
\ Factors (324234) ;

Comp Ve, l<ncLoS +he
\// Inferred type re+w\+‘/; Fhctors
auto facts?2 = Factors (12321

// Compiler error here
auto facts3; '777
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auto and lterators

+ Life becomes much simpler!

for (vector<Tracer>::iterator it = vec.begin(); it < vec.end(); it++) {
cout << *it << endl;

for (auto it = vec.begin(); it < vec.end(); it++) {
cout << *it << endl;
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Range for Statement (C++11)

+ Syntactic sugar similar to Java’s foreach

~

[ for ( declaration : expression ) {
statements

}

. J

" declaration defines loop variable

" expressionisan object representing alsequence

- Strings, initializer lists, arrays with an explicit length defined, STL
containers that support iterators

(// Prints out a string, one
// character per line

Sg;l“encc GG/-\$Std: :Stril’lg str("hello");
d"f\fﬁd\e() oha_r*

for ( auto c : str ) {
std::cout << ¢ << std::endl;

}
- J 10
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Updated iterator Example

vectoriterator_2011.cc

Yy

#include <vector>
#include "Tracer.h"
using namespace std;

int main (int argc, char** argv) {
Tracer a, b, c;
vector<Tracer> vec;

vec.push back (a) ;
vec.push back (b) ;
vec.push back (c) ;

cout << "Iterating:" << endl;
// "auto" is a C++11 feature not available on older compilers
for (auto& p : vec) { cyuﬁw ﬁmﬂ#ﬁg!

cout << p << endl; Herc(fbrj begin, end hand e ’nyov\
}

cout << "Done iterating!" << endl;
return EXIT SUCCESS;

N

11
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STL Algorithms

+ A set of functions to be used on ranges of elements

" Range: any sequence that can be accessed through iterators or

. . . GMNA DN vomclery
pointers, like arrays or some of the containers [ o\erwfzf ﬁf -Chee
C;?jof(fﬂ\m

" General form: |algorithm(begin, end, ...);

terchoc j o\efiﬂﬁnf, & Sequence
+ Algorithms operate directly on range elements rather

han th ' hey live i
than the containers they live In spprpriche Of,em—\;r(o
= Make use of elements’ copy ctor, =, ==, ! =, < must ke defined ™
. eemeast +Yf e in order
= Some do not modify elements b e STL clgordhms

- e.g., find, count, for each,min element,binary search

= Some do modify elements
- e.g., sort, transform, copy, swap

12
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Algorithms Example

vectoralgos.cc
N

(#include <vector>
#include <algorithm>
#include "Tracer.h"
using namespace std;

void PrintOut (const Traceré& p) {
cout << " printout: " << p << endl;

}

int main(int argc, char** argv) {
Tracer a, b, c;
vector<Tracer> vec;

Q\)\’\' 61 _orler
vec.pusl}:_l;acllz ; “inttia)” vec - ' (1,2 ( (7,0) ((7, 1) (
o\ ec. gz:h_b:zk ,
Q\ew\e '\*) . . ’ SOF+\I/{

Lge cout << "sort:" << endl;
—> sort (vec.begin (), vec.end()); 1 -
~ - :,0 7
F\\cout << "done sort!" << endl;s°*d\“K'l<-’ ) ‘("1>7<7z;> (
¢m@*’%3for_each(vec.begin(), vec.end (), &PrintOut);
aall ) eturn 0;
em 6’\'\z ’

esdn €
wn (@ Qq}e' J

N Ya

13



YA/ UNIVERSITY of WASHINGTON L16: C++ Standard Template Library (part 2) CSE333, Fall 2023

Attempt on your own after lecture

- Cb(’\/ (onS\ruC’\EOV\

Copying For sort — destructon
0\! COJ()) { b l CI\_J_@)\ C )C’l,&)

compre (()

?STQ;JJ)7 (6, 1ﬂ

ot

Note: onl, fid comparson shaor heve,
\/ «
more ()evfbrmed\ ‘|\> CoW\‘O'e'\'Q éw(xf(-) a\joff\)\m

N\ U]
'\(\l\'} T(A\ Ne(C
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Attempt on your own dafter lecture

Iterator Question
» Worite a function OrderNext () that takes a
vector<Tracer> iterator and then does the compare-and-

possibly-swap operation we saw in sort () on that element
and the one after it

= Hint: Iterators behave similarly to pointers!

= Example: OrderNext (vec.begin () ) should order the first 2
elements of vec

Voi Orée(NeX‘l' CVec“br(Tmcer>::'r}erdor WA ) {

0M+b t2 = I‘l’l*\-i No‘\'t 'H«efe are meny eq ui JaJen+
l.(: (*+2 <"=-H) { \m\o\emerﬁk}m\)
o tmp = i1
VedorlTrce >t ector . P |
et Tecds 1= g2 Nojvc sec the Fanplte version
I+Z +MP/ (Ved0(<1>> in +e$|' cC
Tracer 3

1
/
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Lecture Outline

« STL iterators, algorithms
% STL (finish)

= List

" Map

16
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e

STL1list w177 g/

+ A generic doubly-linked list et j

https://cplusplus.com/reference/list/list/

Elements are not stored in contiguous memory locations
- Does not support random access (e.g., cannotdo 1ist[5])

Some operations are much more efficient than vectors

- Constant time insertion, deletion anywhere in list

- Can iterate forward or backwards
(++) (=-)

Has a built-in sort member function

- Doesn’t copy! Manipulates list structure instead of element values
/\ .
C cop' @S P°"#@H ir\_s‘fcar) GC st eleme,\;

17
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list Example

listexample.cc
N

(#include <list>
#include <algorithm>
#include "Tracer.h"
using namespace std;

void PrintOut (const Traceré& p) {
cout << " printout: " << p << endl;

}

int main(int argc, char** argv)

{
Tracer a, b, c;

o oo‘ b (\ cl u)‘
list<Tracer> lst; &L(’ ) , / (
lst.push back (c); ,
lst.push back (a); @ZB ,@37 Cﬂ);_é
lst.push back (b) ; ‘ﬂ:Tﬂé—‘_—

cout << "sort:" << endl; :SC>Q;7— —
lst.sort () ;
cout << "done sort!" << endl; ,——\)

for each(lst.begin(), lst.end(), &PrintOut); G @N)I #22_
return EXIT SUCCESS; S —

U ~ _:k\\¥ 4*;Jﬁ'_;3

18
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STL map L/ \

+» One of C++’s associative containers: a key/\?élue ta Ie
implemented as a search tree
"’57

® https://cplusplus.com/reference/map/map/

" General form: |map<key type, value type> name;

= Keys must be unique nd epend et M,g/
- multimap allows duplicate keys

= Efficient lookup (O(logn)) and insertion (O (logn))
« Access value via name [key]

" Elements are type pair<key type, value type>andare
stored in sorted order (key is field £irst, value is field second)

- Key type must support less-than operator@

19
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map Example bpe # denest
Finclude <map> / N mgp Y r
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mapexample.cc

g
rvoid PrintOut (const pair<Tracer, Tracer>& p) {
cout << "printout: [" << p.first << "," << p.second << "]" << endl;

}

int main(int argc, char** argv) {
Tracer a, b, ¢, d, e, £;
map<Tracer, Tracer> table;
map<Tracer, Tracer>::iterator it;

table.insert (pair<Tracer, Tracer>(a, b));t}emywu@d be havior
table[c] = d;

tablel[e] = £;

cout << "tablel[e]:" << table[e] << endl;

it = table.find(c); /7 cetorns (ferathoe <@@\ & h&'4@“;>

// showld  check hc —R)A\.\A here hefore Glcessing e‘cwei’f
cout << "PrintOut (*1it), where it = table.find(c)" << endl;

PrintOut (*it) ;

cout << "iterating:" << endl;
for each(table.begin(), table.end(), &PrintOut);

return EXIT SUCCESS;

\
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Basic map Usage

¢ animals.cc

21
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Basic map Usage

¢ animals.cc

QUALITYGIFS.COM

7" A ey
V. e =Yoo

. ( o \‘ -'t,,:..'; - b .‘,“‘ :
s OESHHEFOX SAVZE

= https://www.youtube.com/watch?v=jofNR WkoCE

22
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Unordered Containers (C++11)

+ unordered map, unordered set

" And related classes unordered multimap,
unordered multiset

= Average case for key access is O(1)
- But range iterators can be less efficient than ordered map/set

= See C++ Primer, online references for details

23
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Extra Exercise #1

% Using the Tracer.h/. cc files from lecture:

= Construct a vector of lists of Tracers

- j.e.,a vector container with each element beinga 1ist of
Tracers

= Observe how many copies happen ©
- Use the sort algorithm to sort the vector
« Usethe 1ist.sort () function to sort each list

24



