CSCI-1200 Data Structures — Fall 2021
Lecture 8 — Iterators & STL Lists

Review from Lecture 7
e Algorithm Analysis, Formal Definition of Big O Notation

e Simple recursion, Visualization of recursion, Iteration vs. Recursion,
“Rules” for writing recursive functions.

e Examples!

Today
e Constructors, Assignment Operator, and Destructor
e Flowchart for determining use of const & reference

e Big 'O’ Notation for push_back

Another vector operation: pop_back

Erasing items from vectors is inefficient!

Tterators and iterator operations

Preview: STL 1lists are a different sequential container class.
Optional Reading: Ford & Topp Ch 6; Koenig & Moo, Sections 5.1-5.5

8.1 Review: Constructors, Assignment Operator, and Destructor

From an old test: Match up the line of code with the function that is called. Each letter is used exactly once.

Foo £f1; a) assignment operator
Foo* f2; b) destructor

f2 = new Foo(f1); ¢) copy constructor

f1 = *£2; d) default constructor
delete £2; e) none of the above

8.2 Use of const and reference with functions / parameters / return types

______ std::string __ my_function_thing (_____ int __ a,
_____ std: :vector<int> __ D,
_____ Bar __ c,
_____ Foox* d) {



WHAT SHOULD 1 DO?

Yes, it might be > 8 bytes
No, the data is <= 8 bytes (string, vector,
(bool, char, int, float, other STL containers,
double, and any pointer) and custom classes)

Is the data type large?

Are we returning Yes
alocal variable — > RETURN BY COPY

from a function?

Is the function expected to
initialize/modify this variable?

We need to make a copy,
even though it’s large, because
the variable is going out of scope

Yes, the function is "returning” No when the function exits.
multiple items through arguments.

L Yes Is the function/receiver of

Yes, the function is called this argument or return value
No bgcausc_ Ilvh supposed to allowed to modify the data?

modify existing program data.

Yes, the function is
providing write access to
existing program data.
No

PASS/RETURN BY REFERENCE

PASS/RETURN BY COPY

Wait... is the receiver of this daf:

going to make non permanent edits to
the data in doing its calculations?
Do we want to make a copy, evel
though the data is big?

PASS/RETURN BY
CONST REFERENCE

Yes I suppose we could pass by copy
(but this might look like a bug, and might be incorrectly "fixed"
by changing it to pass by reference and introduce errors!)

Yes, but we can just make an explicit copy inside the function.

8.3 Exercise: Big 'O’ Notation Analysis of STL vector / Vec push back

e // Add an element to the end, resize if necesssary.
template <class T> void Vec<T>::push_back(const T& val) {
if (m_size == m_alloc) {
// Allocate a larger array, and copy the old values
// Calculate the new allocation. Make sure it is at least one.
m_alloc *x= 2;
if (m_alloc < 1) m_alloc = 1;
// Allocate and copy the old array
T* new_data = new T[ m_alloc ];
for (size_type i=0; i<m_size; ++i)
new_datal[i] = m_datalil;
// Delete the old array and reset the pointers
delete [] m_data;
m_data = new_data;

}

// Add the value at the last location and increment the bound
m_data[m_size] = val;
++ m_size;

8.4 Another STL vector operation: pop_back

e We have seen how push_back adds a value to the end of a vector, increasing the size of the vector by 1. There
is a corresponding function called pop_back, which removes the last item in a vector, reducing the size by 1.

e There are also vector functions called front and back which denote (and thereby provide access to) the first
and last item in the vector, allowing them to be changed. For example:



8.5

1.

8.6

8.7

8.8

vector<int> a(5,1); // a has 5 values, all 1

a.pop_back(); // a now has 4 values
a.front() = 3; // equivalent to the statement, a[0] = 3;
a.back() = -2; // equivalent to the statement, ala.size()-1] = -2;

Exercise: Write a non-member helper function erase from vector

This function removes the value at index location i from a vector of strings. The size of the vector should be
reduced by one when the function is finished.

void erase_from_vector(unsigned int i, vector<string>& v) {

}

What is the big O notation estimate of the average cost of
erase_from_vector, pop_back, and push_back.

What To Do About the Expense of Erasing From a Vector?
When items are continually being inserted and removed, vectors are not a good choice for the container.

Instead we need a different sequential container, called a list.

— This has a “linked” structure that makes the cost of erasing independent of the size.

array/vector: list:

715|8[]1]9 7

0 1 2 3 4

Y
o
Y
®
Y
[
Y
©

Switching from a vector to a list may improve the performance of programs that make significant use of insert
and erase in the middle of sequences.

. . . but before we do that, we need to learn about iterators. Iterators are standardized way to interact with
the data elements stored in all of the different STL containers.

Iterators

Here’s the definition (from Koenig & Moo). An iterator:
— identifies a container and a specific element stored in the container,
— lets us examine (and change, except for const iterators) the value stored at that element of the container,

— provides operations for moving (the iterators) between elements in the container,

restricts the available operations in ways that correspond to what the container can handle efficiently.

As we will see, iterators for different container classes have many operations in common. This often makes the
switch between containers fairly straightforward from the programer’s viewpoint.

Iterators in many ways are generalizations of pointers: many operators / operations defined for pointers are
defined for iterators. You should use this to guide your beginning understanding and use of iterators.

Iterator Declarations and Operations

Tterator types are declared by the container class. For example,

vector<string>::iterator p;
vector<string>::const_iterator q;

defines two (uninitialized) iterator variables.

The dereference operator is used to access the value stored at an element of the container. The code:



p = enrolled.begin();
*p = "012312";

changes the first entry in the enrolled vector.

e The dereference operator is combined with dot operator for accessing the member variables and member
functions of elements stored in containers. Here’s an example using the Student class and students vector
from Lecture 3:

vector<Student>::iterator i students.begin();

(*1i) .compute_averages(0.45);
Notes:

— This operation would be illegal if 1 had been defined as a const_iterator because compute_averages is
a non-const member function.

— The parentheses on the *i are required (because of operator precedence).

There is a “syntactic sugar” for the combination of the dereference operator and the dot operator, which is
exactly equivalent:

vector<StudentRec>::iterator i students.begin();

i->compute_averages(0.45) ;

e Just like pointers, iterators can be incremented and decremented using the ++ and -- operators to move to the
next or previous element of any container.
e Iterators can be compared using the == and != operators.

Iterators can be assigned, just like any other variable.

Vector iterators have several additional operations:
— Integer values may be added to them or subtracted from them. This leads to statements like
enrolled.erase(enrolled.begin() + 5);
— Vector iterators may be compared using operators like <, <=, etc.
— For most containers (other than vectors), these “random access” iterator operations are not legal and

therefore prevented by the compiler. The reasons will become clear as we look at their implementations.

8.9 Example — common confusion/mistake with STL iterators

e NOTE: The example syntax below is the same for STL vector and STL lists.

std: :vector<int> data;
std: :vector<int>::iterator
//std::1list<int> data;
//std::1list<int>::iterator

itr,itr2,itr3;

itr,itr2,itr3;

data
data

data.push_back(100) ;
data.push_back(300);

.push_back(200) ;

.push_back(400); data.push_back(500);

itr = data.begin(); // itr

// itr

is pointing at the 100

++itr;

*itr += 1; // 200

is now pointing at 200
becomes 201

// itr += 1; // NOTE: this syntax only works for vector/vector iterator
// but it does not compile for list/list iterator
// list iterators cannot be advanced like this
itr = data.end(); // itr is pointing "one past the last legal value" of data
itr--; // itr is now pointing at 500;
itr2 = itr--; // itr is now pointing at 400, itr2 is still pointing at 500
itr3 = —-itr; // itr is now pointing at 300, itr3 is also pointing at 300

// dangerous: decrementing

the begin iterator is "undefined behavior"



// (similarly, incrementing the end iterator is also undefined)
// it may seem to work, but break later on this machine or on another machine!
itr = data.begin();

itr--; // dangerous!
itr++;
assert (xitr == 100); // might seem ok... but rewrite the code to avoid this!

8.10 Motivating Example Program: Course Enrollment and Waiting List

e This program (last page of the handout) maintains the class list and the waiting list for a single course. The
program is structured to handle interactive input. Error checking ensures that the input is valid.

e Vectors store the enrolled students and the waiting students. The main work is done in the two functions
enroll_student and remove_student.

e The invariant on the loop in the main function determines how these functions must behave.

8.11 Exercise: Revising the Class List Program to Use Iterators

e Now let’s modify the class list program to use iterators. First rewrite our homemade erase_from vector to
use iterators.

void erase_from_vector(vector<string>::iterator itr, vector<string>& v) {

3

e Note: The STL vector class has a member function that does just this... called erase!

— Give a sample call to our homemade erase_from_vector function:

— Give the equivalent statement that instead uses the erase member function:

e Now, edit the rest of the file to remove all use of the vector subscripting operator.

8.12 The list Standard Library Container Class

e Lists are our second standard-library container class. (Vectors were the first.) Both lists & vectors store
sequential data that can shrink or grow.

e However, the use of memory is fundamentally different. Vectors are formed as a single contiguous array-like
block of memory. Lists are formed as a sequentially linked structure instead.

array/vector: list:
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e Although the interface (functions called) of lists and vectors and their iterators are quite similar, their implemen-
tations are VERY different. Clues to these differences can be seen in the operations that are NOT in common,
such as:

— STL vectors / arrays allow “random-access” / indexing / [1 subscripting. We can immediately jump to
an arbitrary location within the vector / array.

— STL 1lists have no subscripting operation (we can’t use []1 to access data). The only way to get to the
middle of a list is to follow pointers one link at a time.

— Lists have push_front and pop_front functions in addition to the push_back and pop_back functions of
vectors.

— erase and insert in the middle of the STL 1ist is very efficient, independent of the size of the list. Both
are implemented by rearranging pointers between the small blocks of memeory. (We’ll see this when we
discuss the implementation details in future lectures).



— We can’t use the same STL sort function we used for vector; we must use a special sort function defined
by the STL list type.

std::vector<int> my_vec;

std::1list<int> my_lst;

// ... put some data in my_vec & my_lst

std: :sort (my_vec.begin() ,my_vec.end() ,optional_compare_function);
my_lst.sort(optional_compare_function);

Note: STL 1list sort member function is just as efficient, O(n log n), and will also take the same optional
compare function as STL vector.
— Several operations invalidate the values of vector iterators, but not list iterators:
x erase invalidates all iterators after the point of erasure in vectors;
* push_back and resize invalidate ALL iterators in a vector
The value of any associated vector iterator must be re-assigned / re-initialized after these operations.

8.13 Exercise: Revising the Class List Program to Use Lists (& Iterators)

Now let’s further modify the program to use lists instead of vectors. Because we've already switched to iterators,
this change will be relatively easy. And now the program will be more efficient!

8.14 STL list (and STL vector) has an erase member function

e STL lists and vectors each have a special member function called erase. In particular, given list of ints s,
consider the example:

std::list<int>::iterator p = s.begin();

+4p;

std::list<int>::iterator q = s.erase(p);
e After the code above is executed:

— The integer stored in the second entry of the list has been removed.

The size of the list has shrunk by one.

— The iterator p does not refer to a valid entry.

The iterator q refers to the item that was the third entry and is now the second.

O
g Wy

e To reuse the iterator p and make it a valid entry, you will often see the code written:

std::list<int>::iterator p = s.begin();
++p;
p = s.erase(p);

e Even though the erase function has the same syntax for vectors and for list, the vector version is O(n), whereas
the list version is O(1).

8.15 Insert

e Similarly, there is an insert function for STL lists that takes an iterator and a value and adds a link in the
chain with the new value immediately before the item pointed to by the iterator.

e The call returns an iterator that points to the newly added element. Variants on the basic insert function are
also defined.

8.16 Exercise: Using STL list Erase & Insert

Write a function that takes an STL list of integers, 1st, and an integer, x. The function should 1) remove all
negative numbers from the list, 2) verify that the remaining elements in the list are sorted in increasing order, and
3) insert x into the list such that the order is maintained.



‘0 uinial
{
{ Yjpua >> [[]Buryrem >> nod } ([++ !()@zisBuiyrem>|[ !o=[ ju| paubisun) 1o}
tLuyiieplio Bumo oy dyr ul 1st| Burlrew syl uo alJe sjuspnisu), >> 1N0d
b (OAdus Butyremi) 41
{ ‘jpua >> [1]pa||oiud >> 02 } (1++ (()d@zIs'pa||odua>| ‘p=1 jul paubisun) Jo}
fL,u\u\:isse |2 ay) ul aJe sjuapnis Bumo o) ay) ‘poliad juau ||oJ4ud Byl JOo pua a8yl Iyu\, >> 1N0D
‘(()pua ‘pa|jotua ‘()uibaq - pa||olua)illos
ind no 8o |u auos //

t(en11) B ym
{
{

{
f(Buirlrem ‘pa||oJud ‘siuspnis  xau ‘p1)iuapnis aAaquad I
}oaspp {
f(Builrem ‘pa||oJua ‘sjuapnis xau ‘p1)iuapnis | |0 Jud
} (0 == uoiido) 41 a8sje {
‘T uinial
t,u\8hq-pooy indui peba |||, >> IN0D
P (pr<<u)i) 41
‘. Pl juspnis I8z, >> In0d
‘p1 Butils
T 100 st uoiido // } as |9
t,uy-urebe A1 uoiido pijeau], >> Inod
} (T =iuonydogy 0 =juordo) y1ase {
‘doo| ay3) jo no Buiyesalq Ag 1inb // ‘yeauq

-~

} (2 == uvo11do) j1 esje {
‘T uinial
LU\ ekg-pooo  cIndui jeba |||, >> IN0O
“11ey asnf usyy ‘sebejut ndui syl pess j.ued am 1 // } ((uorido << u12)i) 41
‘uo11do i
t, <== uo1ido adAl, >>
Ju\z adAy pus o1 , >>
LU\T adA} juapnis e anaual ol , >>
Lu\0 adA1 juepnis e ||olud o , >>
LU\ isuo 1idouy, >> 1nod
(0 == ()azi1sBurriem || siluepnis xau == ()azIS'pa||0lud) 1}lasse

‘(sjuapnis xau => ()azIs'pa||oIus) }iasse

jue tieau | ayl (40 1ted) xoayos //
} op
Aydus s Buiryrew uayl (siuapnis xau =i ()azis'pa||oJud) pa ||} Jou S| 8sinod ayl 41 (v) //
‘sjuepnis xau => ()azispa|jo4us (g) //

dn suado jods ® 1 (1senbai Jo J8pJo 8Y) UI) pallwpe ag || M Oyw siuapnis sulejuod Builrrem (z) //

'9sUN02 Ay} u| Apeal e siuapnis ay} sulejuod pajjoud (1) //
Tjue deau | //

‘Bu 11 rew <Bu 111S>10199A
‘pa | |0Jua <bu 1131S>10109A
SJI0109A Byl @z ljellIu| //

{SJuepnis xamu << U9
£,U\Pawo | [e SJuapnils JO IaguUNU WU IXau ay} 19 uju\00gT [0SO 40} wesboud juau|joiugu\, >> IN0D
‘sjuapnis” xau ju 1 paub isun
9SIN0J2 8yl Ul SJUSPNIS JO JBQUNU WU IXau 8yl ul peay //
} Quirau qu

{
{
{
f|pus >> ,1s1| Bulliew ayl Jou 8sSIN0D 8Yl JBYlldu Ul S , >> pl >> , U8PNIS, >> 1IN0D
}osp {
fjpua >> ,"1s1| Buiyrem ay) uo ulmuaJ siuspnis , >> ()azisbBullrem >>
LUVTIsT Buryrem ayjwouy paaaual , >> pl >> , uU8pnis, >> 1IN02
f(Buirlrem ‘00 ])J0199AWO I SR ID
} (punoy) _m

£00 |++ (punoyi) 41
p1 == [20|]Bullrem = puno}

ddo TVNIDIHO Sissepo

} (()ez s Butitem > 20| ¥ punoyi) a|Iym

‘0 = 20

‘9s |e} = puno}

ISt Buiirem ayj) uo s Juepnis 8yl 41 8dS 0} AW //
}oaspp {

{
{|pue >> ,°9SIN0JD 8yl U MOU 8Je SJuapnis , >> ()azIs’'pa||olud >> INOD
}oesp {
f|pus >> ,"1s1| Bullrem ay) uo uirauals sjusepnis , >> ()azisBullrem >> 1nod
f(Burlrem ‘Q)JI0129AWO Y BSeID
fpus >> ,"1s1| Builrem ayjwolij 8sinod ay}) o} pappe , >> [pl]Burirem >> , ju8pnis, >> 1IN0J
*([o16u 11 rewm)soeq ysnd 'pa | |0 Jud
} (0 < ()azisBuiyrem) 41
{|pus >> ,'9SIN0J2 8yl wol} paAaual , >> pl >> , Ju8pnis, >> 1nod
‘(pa||0Jud ‘00 |)J0129ATWO I BSRID
“1s1| Buillrew ayjwolj) uaye) ag ued Juspnis B | 83S pue Juspnis ayl aAauay //
} (punoy) _M
100 |++ (punoyi) 41
‘p1 == [20|]pa||0iud = puno}
} (()d@z1s'pajjoius > 20| g9 punoyi) a|iym
{0=20| | paub sun
‘as e} = punoy |ooq
“1S 1| 9SJ4N0D 8y} U0 S| JUBPNIS dY) J| 93S 03 %™y //
} (Bui1rew m<Bu111s>10199A ‘pa | |0Iud ®<Bu 111S>10 109N
‘sjuapnis xau jul paubisun ‘p | ®BU IS ISUOD ) IUBPN IS BAQUD S P IOA
'9s4n02 3yl ul pase|d si1 1s1| Buryiem ayl uo uositad 1s11) 8yl uayl ‘10|s e dn suado 8sIN0d //
syl wol) juspnis ay) Bulaauss J| "Is1| Buillrew ayjwol) JO 8SIN0D SYJ WO} JUSPNIS B BAaudy [/

f|pus >> ,"1s1| Bulyrem ay) uo aise sjapnis , >> ()azisBuilem >>
LU\Tis1| Builyrem ay) o) pappe udag sey , >> Pl >> , JUIPNIS | [N} S| 3SIN0D YL, >> IN0D
“(p 1)%oeq ysnd ‘Bu 1} rem
“1s1] Builiew ayl o) juepnis a8yl ppe ‘jou | //

{
{
‘uinial
fjpud >> ,"1s1| Burliew ayl uo Apealje s| , >> pl >> , W8pPNIS, >> 1IN0I
}(pr == [1]6uryrem) i
P (+ f()9zisBuryrem > | lo=1) Joy
"3s1] Buryrew ay) uo Apealfe S| Juapnis ayl 4| 83ds 0} Y218y //
{
‘uinial

{Jpud >> ,'9SIN0D 8y}l Ul MOU 8Je sjuspnis , >> ()azIs'pa||oud >>
LU\ pappe , >> pl >> , U8pnis, >> 1IN0J
t(p1)¥oeqysnd ‘pa | |0 Jud
} (swepnis xau > ()azis'pa|joiua) }I

"juspnis 8yl ppe ‘| [N} 3,US| 8SIN0D Byl 4| //
{
{
‘uinial
‘|pus >> ,'pa||olud Apealfe s| , >> pl >> , WUIPNIS, >> IN0D
} (pr == [1lpa|joud) 4i
} (1++ t()ezis'pa|jo4ua > 1| ‘0=1) lo}

f1 ju 1 paub sun
‘pa||oJus Apealfe S| Juspnis ayl }1 89S 01 328U //
} (Buiyrem m<Bu111s>10199A ‘pa | |04ud ®<bBu |11S>10109A
‘sjuapnis xau ju | paubisun ‘p| ®BU SIS ISUOD ) IUBPNIS | |0JUB P IOA

*1s1| Burirem uo 10 8sIN0D U | ApealJ|e Jou S| JUIPNIS By} pue WOOJ S| 9J48Y) | uspnis e |0z //

[+ NO ILONNd S HL INIAITIN | 3S I043X3 «/
} (A ®<Buiiis>10199A ‘1 Ju | paub Isun)io109ATWO ) 9SBID P IOA

‘p1s aoedsaueu Bu isn
<y " 1lasse> apn |ou I#
<10129A> 8pn |oU I#
<bu 111s> apn |ou I#
4UBd 1 1SO0 I> 8pn |Ju I#
<y ) 11ob [e> epn |ou I1#

0g:€0:00
¢1/52/60



