CSE 100: C++
TEMPLATES AND
ITERATORS




Announcements

- Look out for the extra weekend section
- More on git and C++ (iterators)
- Live demo by your friendly tutors
- Not mandatory but it will be fun
- Bring your laptops to follow along



How is Assignment 1 going?

A. | haven't looked at it.

B. I've read it, but | haven’t done anything

C. I've gotten the code and possibly started
looking at it/playing around with it.

D. I've implemented some of the required
functions, but I'm not done.

E. I'm done!



In Java:

public class BSTNode {

public
public
public
public

public
{
data

}

BSTNode left;
BSTNode right;
BSTNode parent;
int data;

BSTNode ( int d4d )

= d; ‘wihale’
g

C++, attempt 5:

class BSTNode { ®
public: :
BSTNode* left;
BSTNode* right;
BSTNode* parent;

int const qipa;

BSTNode ( const int & d ) P

[ data ‘Q) {
left = right = parent = 0;

}

};

ALWAYS initialize in C++. C++ won'’t do it for you. Why not?

What if we don’t want to be stuck with ints?



BST, with templates:
template<typename Data>

class BSTNode {

public:
BSTNode<Data>* left;
BSTNode<Data>* right;
BSTNode<Data>* parent;

Data const 4339;2'
( 1 tonsk  daks)

BSTNode ( const & _q )

data(d) {
left = right = parent = 0;
}

};



BST, with templates: @

template<typename Data>

class BSTNode { A. How would you create a BSTNode
public: object on the runtime stack? \
BSTNode<Data>* left; , dn
BSTNode<Data>* right; % B STNO&Q bst 5 (h) kbf‘
BSTNode<Data>* parent; . ’ k‘
Data const data; BgNod{(mt> bs\") Comp!
p ] -~ -Cff°"ww\
BSTNode ( const Data & d ) o Jo?
— w-hu
data(d) {
left = right = parent = 0; 'NO&P (\'M) bg{(lO);
} \/ BS‘ m;‘ b e
¢ G 0"
nat®

};



(
BST, with templates: Z

{ template<typename Data>

class BSTNode { B. How would you create a pointer to
public: L BSTNode with integer data?
BSTNode<Data>* Jleft’
BSTNode<Data>* right; sab) * :
0 b
BSTNode<Data>* parent; BSTNW <‘T> ?

Data const data;

BSTNode ( const Data & 4d )
data(d) {
left = right = parent = 0;
}

};



BST, with templates:

template<typename Q2Pa>

class BSTNode ({ C. How would you create an BSTNode

public: object on the heap?
BSTNode<Data>* left;

BSTNode<Data>* right;
BSTNode<Data>* parent;

inty (10)
Data const data; (,STNodt YA ew BQTNOJLQIT >< )

BSTNode ( const Data & d ) "!fﬁi,

data(d) { : s\ m

left = right = parent = 0;
}

};



RIN?
BST, with templates: %T :

ot —
template<typename Data> Yo

S
4
class BSTNode { O O
public: / \

O

BSTNode<Data>* left; @
BSTNode<Data>* right;

BSTNode<Data>* parent;

Data const data;

BSTNode ( const Data & 4d )
data(d) {
left = right = parent = 0;
}

};
BSTNodes will be used in a
BST, and with a

BSTlterator...



Working with a BST ““ "°°¢‘T=_=s

template<typename Data>

class BST {
e

private: """"')

/** Pointer to the root of this BST, or @ if the BST is empty */

BSTNode<Data>* root;
=

public:

/** Default constructor. Initialize an empty BST. */
BST() : root(nullptr){ }
=

|0
void insertAsLeftChild(BSTNode<Data>* parent, const Data & item)
TE—— aumin—

{ -
// Your code here

}



o}
Working with a BST: Insert »* @ i

void insertAsLeftChild(BSTNode<Data>* parent, const Data & item)
{ -

¥

// Your code here

Which line of code correctly inserts the data item into the BST as the left
child of the parent parameter.
A. parent.left = item;
B. parent->left = item;
. parent->left = BSTNode (item) ;
(fi)parent—>left = new BSTNode<Data> (item) ;
E. parent->left = new Data(item);



L
CHANGING GEARS: C++STL and BSTs

- The C++ Standard Template Library is a very handy set of built-in
data structures (containers), including:

ic <esiz
3:22;:: —_ elomeants (.onh‘(‘v\ous wn menoYy & A“/"““"“c‘ "D
deque .
forward list— siﬂ‘&‘p. ‘l’(:kfd l‘S"\
list — ao..\,z Lnked LS
stack

\
queue » Hnis Q let?, °
.. Heap : we will use ah om)
prlorlty_queue%o_:‘ j ast ( X\ ance?d 6‘ W OPC('

set

multiset (non unique keys)

unordered_set

map .
unordered map - \\aﬁh*ﬂ“?
multimap

bitset

Of these, set is one that is implemented using a balanced binary search tree
(typically a red-black tree)



lmagining ourselves as C++ STL class

designers...
- set’s find function has this prototype:

template <typename T> o. ¢
85 e W

1]

class set { The 1\<¢o&of 8 eo®

public: e
iterator find ( T const & x ) const;

wh’ 1:—\%\0. etuain k)?e, MnoX ‘ | SSY Y- O DA ' h\skud?

What does the final const in the function header above mean?

A. find cannot change its input argument b As
B. find cannot change the value of its input argument (x) 2 TTue e WS
ind cannot change the underlying set bravic e

‘cce’x‘“d +*
‘) a‘(su'f“’"«



lmagining ourselves as C++ STL class

designers...
- set’s find function has this prototype:

template <typename T>
class set {

public:
iterator find ( T const & x ) const;

The documentation for set’s find function says:

Searches the container for an element with a value of x and returns an iterator
to it if found, otherwise it returns an iterator to the element past the end of the

container.



. R
C++ STL lterators

What is an iterator? y ek

- In the iterator pattern of OO design, a container has a way to supply
to a client an iterator object which is to be used by the client to access
the data in the container sequentially, without exposing the
container’s underlying representation.
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Iterator class template for BST

template <typename T> fheehy
class BSTIterator {

orivate. . ,@S/gjg\ A

(3417 Node<T>* curr;

public:
/** Constructor */
BSTIterator (Node<T>* n) : curr(n) {}

————
e

—————m—



e 3
C++ STL lterators e dn S
i o

set<int> c; ﬂgﬂ% bzz&m(\}

// get ap iterator nting to container’s first element
set<inttﬂ*£@ = c.begin() ; Yoot
_— % |

Sope opeseR” * 2€;~5? s -um
RN

Ve AT “‘QYC
0
What do you think begin() returns? B

A. The address of the root in the set container class tne ¥G" Jro
B. The address of the node with the smallest data key“°“
C. The address of the smallest data key

@ None of the above TP b %, cualar dekn 2




C++ STL Iterators = o

0{ 7 A0
setlint> c; é @
.. ¢ bogeh

// get an iterator pointing to container’s first element
set<int>::iterator itr = c.begin() ;&

// get an iterator pointing past container’s last element
set<int>::iterator end = c.end() ;&

// loop while itr is not past the last element
while (it end) {

cout << (*ity << endl; // dereference the itr to get data
++ity; // increment itr to point to next element

9 10 15 20 %

G fLﬂ"Lﬁk

Circle/list the functions that the iterator has to implement.



template<typename Data>
class BSTIterator : public std::iterator<std::input iterator tag,Data> {

private:
BSTNode<Data>* curr;

public:
/** Constructor. Use the argument to initialize the current BSTNode
* in this BSTIterator.
*/ // TODO
BSTIterator (BSTNode<Data>* curr) { // TODO }

/** Dereference operator. */
Data operator* () const {
return curr->data;

}

/** Pre-increment operator. */ In which class is successor()
BSTIterator<Data>& operator++ () { defined?
curr = curr-—->successor(); BST
return *this; o @BSTNode
} C. BSTlterator
D. Data




C++ STL lterators

setlint> c;

// get an iterator pointing to container’s first element
set<int>::iterator itr = c.begin()
// get an iterator pointing past container’s last element
set<int>::iterator end = c.end() ;
// loop while itr is not past the last element
while(itr '= end) {
cout << *itr << endl; // dereference the itr to get data
++itr; // increment itr to point to next element

In order
B. Pre order
C. Post order
D. None of the above

@hat kind of traversal is the above code doing?



