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@ Binary Expression Trees
evaluating expressions
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e Expression trees store the evaluation order:
atb+c atb=*c axb+c
s + + +
VRN VRN VAR
+ c a * * c
/N /N VRN
a b b c a b
= (a+b) +c = a+(b=*c) = (a*xb) +c

As the children store the operands,
we first evaluate the expressions at the children.
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running the program |

$ /tnp/strtree
G ve expression : atb+c
your expression : atb+c
t he expression tree
+
+
a
b
c
postfix : ab+c+
$

a+b+c
+
RN
+ C
7\
a b

= (a+b) +c
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running the program Il

$ /tnp/strtree
G ve expression : atb*c
your expression : atbxc
the expression tree
+
a
*
b
c
postfix : abc*+
$

a+b*c
+
RN
a *
VRN
b c

= a+(b=c)
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running the program Il

$ /tnp/strtree

G ve expression : axb+c
your expression : a*b+c
the expression tree

a*b+c
+
* +
a /N
b * ¢
. N
a b

postfix : abxc+
$ = (axb)+c
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@ Binary Expression Trees

splitting strings in operators and operands
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expressions as strings

splitting strings in
operators and
operands

We consider expressions with symbolic operands.

e " a+b+C" |S Spllt IntO n au , n +|| , 1] bn , 1] +|| , " Cll

We split a string into a vector of strings.
~www Recall:

e find() method on string,
e push_back() method on vector.
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splitting strings

vector<string> split ( string e, string op )

vector<string> r;

int i =0;

if(e.find(op,i) == string::npos)
r.push_back(e);

el se

{
int k;
do

{ k =-e.find(op,i);
r.push_back(e.substr(i,k-i));
r.push_back(e.substr(k,1)); i = k+1

}

while(!(e.find(op,i) == string::npos));

r.push_back(e. substr(k+1));

}

return r;
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splitting twice
We can split firston " +" , thenon " *" .

$ /tnp/split

gi ve expression . atbxc
your expression : atbxc
after split

a

+

b*c

after second split
a+(b=+xc)

$

Instead of using a vector of strings,
the split is executed recursively with a tree.
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@ C++ Binary Tree of Strings
header files
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#i f ndef TREE_NODE_H
#def i ne TREE_NCDE H
#i ncl ude <string>

struct Node

std::string data; // operator or operand
R Node =left; /'l pointer to left branch
S Node =ri ght; /] pointer to right branch

Node(const std::string& s,
Nodex | eft ptr = NULL,
Nodex right_ptr = NULL)
data(s), left(left_ptr), right(right_ptr) {}

virtual ~Node() {}
}s
#endi f
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header files

defining the methods

ncs360_bi nary_expression_tree. h

#i f ndef MCS360_BI NARY_EXPRESS| ON_TREE_H
#def i ne MCS360_BI NARY_EXPRESS| ON_TREE_H

#i ncl ude "nts360_bi nary_expressi on_node. h"

nanespace nts360_bi nary_expression_tree

{

class Tree

{
private:

Node *root; // data menber

/!l construct tree froma node
Tree(Node =r) : root(r) {}
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public:

header files Tr ee( ) . root ( NULL) { }
Tree(const std::string& s,
const Tree& left = Tree(),
const Tree& right = Tree() )
r oot (new Node(s,left.root,right.root)) {}

Note: a tree is a pointer to a node,
though a client of Tr ee does not see the Node type.
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other public methods

Tree get _left() const; // returns left child
/1 precondition: not is_left null()

Tree get _right() const; // returns right child
/1 precondition: not is_right _null();

bool is_left_null() const;
/1 true if left child is nul
bool is right _null () const;
/1 true if right child is nul

std::string get_data() const;
/!l returns data at node

void insert(std::string e);
void insert(std::string e, std::string op);
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@ C++ Binary Tree of Strings

defining the methods
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#i ncl ude "nts360_bi nary_expression_tree. h"

nanespace nts360_bi nary_expression_tree

{

Tree Tree::get _left() const {
return Tree(root->left);
definin h(‘he methods }
g
Tree Tree::get_right() const {
return Tree(root->right);

) of integet
rs
eap with }

bool Tree::is_left_null() const {
return (root->left == NULL);

}

bool Tree::is_right_null() const {
return (root->right == NULL);

}

std::string Tree::get_data() const {
return root->dat a;

}
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void Tree::insert(std::string e)

{ this->insert(e,"+");

ioid Tree::insert(std::string e, std::string op)
seining e methods { usi ng std::string;

if(e.rfind(op) == string::npos)

{
if(op == "*"
root = new Node(e);
el se
{
Tree S

S.insert(e,"*");
root = S.root;
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el se
{
e int k = e.rfind(op);
defining the methods Tr ee L,
L.insert(e.substr(0,k));

:hedp of integer Tr ee R,
STL vecto R insert(e.substr(k+1));
root = new Node(e.substr(k,1),
L.root, R root);
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® the Heap
a heap of integer numbers
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A binary tree is a heap if
@ the root is the largest element; and
@® the subtrees are also heaps.

defining the methods

& heap o nteger If the root is largest, we have a max heap.

numbers

If the root is smallest, we have a min heap.

STL vector

The root is called the top of the heap.
The bottom of the heap is the rightmost element
at the deepest level of the tree.



storing integer numbers
pushing 21 60 17 65 90 27 70

21 60 60 65
21 21 17 60 17
/
21
90 90 90
65 17 65 27 65 70
/N SN/
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SN N
21 60 17 27
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Insert 90 into: 65

/ \
60 17

VRN
21 [

The bottom is 21, the box marks the new bottom.
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swapping numbers

Insert 90 into: 65

/ \
60 17

VRN
21 [

The bottom is 21, the box marks the new bottom.
As long as child is larger than parent, we swap:

65

/ \
60 17

/N
21 90
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Insert 90 into: 65
N
60 17

VRN
21 [

The bottom is 21, the box marks the new bottom.
As long as child is larger than parent, we swap:

65 65
60 17 90 17
/N /N

21 90 21 60
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swapping numbers

Insert 90 into: 65

/\
60 17

VRN
21 [

The bottom is 21, the box marks the new bottom.
As long as child is larger than parent, we swap:

65 65 90
60 17 90 17 65 17
/N /N /N
21 90 21 60 21 60

Important: #swaps is bounded by depth of the tree.
If n numbers on heap, then push() is O(log,(n)).
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storing heap as vector

90

65

90 70

T
65 70 21

SN N o
21 60 17 27

BT ]

17

||| W|DN| ]| O

27

For node at p: left child is at 2p + 1, right child is at 2p + 2.
Parent of node atp is at (p — 1)/2.
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® the Heap

our class Heap with STL vector
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our class Heap with
STL vector

a class Heap
file nrts360_i nt eger _heap. h

#i f ndef MCS360_| NTEGER_HEAP_H
#def i ne MCS360_| NTEGER_HEAP_H

#i ncl ude<vect or >
#i ncl ude<string>

nanespace nts360_i nt eger _heap

{

cl ass Heap
{
private:
std::vector<int> h;

int index to_bottom
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public:

Heap(); // creates enpty heap

eacerfles int size() const;
e e e /] returns the size of the heap

e e int top() const;
e /1 returns the top of the heap

int botton() const;
/1 returns the bottom of the heap

void push (int n);
/1 pushes n to the heap
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our class Heap with
STL vector

#i ncl ude "nts360_i nteger heap. h

file nts360_i nt eger _heap. cpp

nanespace nts360 i nteger heap

{

Heap: : Heap() {
i ndex to bottom= -1;
}

i nt Heap::size() const {
return i ndex_to_bottomtl;

}

int Heap::top() const {
return h[0];

}

i nt Heap::bottonm() const {
return h[index_to_botton];

}
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voi d Heap::push( int n)

{
e if(h.size() > this->size())
deining he e h[ ++i ndex_to_bottom = n;
el se
Lﬁﬁmm  {
ST h. push_back(n);

i ndex_t o_bott om++;

}

swap_from botton{index to bottom;



MCS 360 L-25

20 Oct 2010

umbers

swapping elements

A private function member for push() :

voi d Heap::swap_frombottom( int p )

{

if(p == 0) return;

int parent = (p-1)/2;
if(h[parent] < h[p])

{

int t = h[p];

h[p] = h[parent];

h[ parent] = t;

swap_from bottomparent);
}
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90
/ \
65 70
SN /N
defining the methods 21 60 17 27

o the heap as vector: 90 65 70 21 60 17 27
Siwo " the heap as tree:
90
65
21
60
70
17

27
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std::string Heap::to_tree_string( int k, int p)
{

usi ng std::ostringstream

ostringstreams

e for(int i=0; i<k; i++) s << " ";
s << h[p] << std::endl;

con AN Teft = 2epi,
if(left > index_to_bottom return s.str();
S << to_tree_string(k+1,left);

int right = 2+p+2;

if(right > index_to botton) return s.str();
S << to_tree_string(k+1,right);

return s.str();
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Introduced expression trees and started §8.5 on the heap.

Assignments:

@ Describe the changes needed to the binary expression
trees program to deal with subtraction and division.
deiing e o How would you handle brackets and nesting?

e ® Implement the changes of the previous exercise.

e ® Generate a random sequence of 10 numbers and draw
the evolution of the tree (also for every swap) when
pushing the numbers onto a heap.

@ Define an exception Enpt yHeap to be thrown when
top() orbottom) is applied to an empty heap.

Homework due Friday 22 October, at noon:
#1 of L-15, #2 of L-16, #2,3 of L-17, #2 of L-18.



