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IMPLEMENTATION ~ (

void insertion_sort(int %A, int n) {
int insert, i, j;
for (1 = 1; 1 < n; ++1) {
insert = A[il;
for (j =i -1; j >= 0 & A[j] > insert; ——j) {
// Shift right
Al + 11 = Aljl;
}

Alj + 1] = insert;
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BES mso rithm

ALGORITHM BFS(G)

//fmplements a breadth-first search traversal of a given graph
/Input: Graph G = (V, E)
//Output: Graph G with its vertices marked with consecutive integers
1l in the order they are visited by the BFS traversal
mark each vertex in V with () as a mark of being “unvisited”
count < 0
for each vertex vin V do

if v is marked with 0

bfs(v)

bfs(v)
{Ivisits all the unvisited vertices connected to vertex v
//by a path and numbers them in the order they are visited
{Ivia global variable count
count < count + 1; mark v with count and initialize a queue with v
while the queue is not empty do
for each vertex w in V adjacent to the front vertex do
if w is marked with 0
count < count + 1; mark w with count
add w to the queue
remove the front vertex from the queue

Cnm?ar‘\ SN

DFS BFS

roce ueue

Data structure a stack ¥ &ﬁes a queue 4
Number of vertex orderings two orderings P"mh one ordering D
Edge types (undirected graphs) tree and back edges tree and cross edges
Applications connectivity, connectivity,

acyclicity, acyclicity,

articulation points minimum-edge paths
Efficiency for adjacency matrix e(vy) O(v2)

Efficiency for adjacency lists (V| +|E] OUVI+I|ED
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void dfs(int source, int adj[] [MAX], int *visited, int n) {
visited[sourcel = 1;
printf("sd ", source);

for (int 1 = 0; 1 < n; ++1i) {
if (adjl[source]l [i] && !visited[i]) {
dfs(i, adj, visited, n);

b

void bfs(int adj[][MAX], int kxvisited, int n, int xqueue, int f, int r) {
int v;

while (!empty(queue, f, r)) {
v = dequeue(queue, &f, &r);
printf("sd ", v);

for (int 1 = 0; i < n; ++1i) {
if(adjlvl[i] && !'visited[i]) {
enqueue(queue, i, &f, &r);
visited[i] = 1;

}
printf("\n");
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(ODE IMPLEMENTATION ™ (

A\%ori’rhm 1

* stactklfl & an onrrouo indicoting ¥ Stack (il ¢ n
the Hatk, not +he ° actual stk  iself

void dfs(int v, int graph[][MAX], int n, int visited[], int topoorder[], int stack[], int xindex) {
int 1i;
visited[v]l = 1;
stack[v] = 1;

for (1 =0; 1 <n; i++) {
if (graph[v][i] && !visited[i]) {
dfs(i, graph, n, visited, topoorder, stack, index);
stack[i] = 0;

topoorder[xindex] = i;

(kindex)++;

¥

else if (graphlv][i] && visited[i] && stack[i]) {
printf("\nGraph has a cycle and hence there is no solution");
exit(1);



n main

for (i =0; 1 <n; i++) {
if (visited[i] == 0) {
dfs(i, graph, n, visited, topoorder, stack, &index);

stack[i] = 0;
topoorder[index] = i;
index++;
}
H

printf("\nTopological order:\n");
for (i=n-1; i>= 0; i—-) {

printf("sd ", topoorder([i]);
}
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IMPLEMENTATION W (

int is_bipartite(int source, int adj[][MAX], int xvisited, int n, int xcolors, int cur_color) {

visited[source] = 1;
colors[sourcel = cur_color;

cur_color = !cur_color;

int res = 1;

for (int i = 0; i < n; ++i) {
if (adjl[sourcel[i]l) {

if (lvisited[i]) {
res = is_bipartite(i, adj, visited, n, colors, cur_color);

}
else {
if (colors[i] == colors[source]) {
return 0;
+
+
}
+
return res;

(eneration of Permutations

- Given & ser S= 1A, B,CY how many permutations?
3] =nl where n=Size of set
Produce al n! permutations
Best = nl

Johnson- Trorrer Plaorithm
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ALGORITHM JohnsonTrotter(n)

/Mmplements Johnson-Trotter algorithm for generating permutations
//Input: A positive integer n
//Output: A list of all permutations gf {1, ..., n}
initialize the first permutation with 1 2...n
while the last permutation has a mobile element do
find its largest mobile element &
swap k with the adjacent element k’s arrow points to
reverse the direction of all the elements that are larger than k
add the new permutation to the list
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(ODE IMPLEMENTATION W (

- Store armkl elements tn al] with index= pofition
Store  directions i dicL] where index= element

Funttion called from wain — print permutationstn)

Constanks fp Helper Functions

// Constants

#define MAX 10
#define RtoL 0
#define LtoR 1

int fact(int n) {
int res = 1;
for (int 1 = 1; i <= n; i++) {
res = res x 1ij;
b
return res;

}

void swap(int xelel, int xele2) {
int temp;
temp = xelel;
xelel = xele2;
xele2 = temp;
}



Print o\l Permutations

void printpermutations(int n) {
int perm[MAX], dir[MAX];

// Initialise with all pointing RtoL, order 1...n
for (int 1 = 0; 1 < n; i++) {

perm[i] = 1 + 1;

dir[i] = RtoL;

printf("\nPermutations:\n");

// First permutation

for (int 1 = 0; 1 < n; i++) {
printf("%sd ", perm[i]);

}

printf("\n");

int factn = fact(n);

// Print subsequent permutations

for (int i = 1; i < factn; i++) {
// Gets next permutation
getonepermutation(perm, dir, n);

Helper funthion— position of  element

// Gets the position of the mobile element (indexed at 1)
int searchperm(int perm[], int n, int mobile) {
for (int i = 0; 1 < n; i++)
if (perm[i] == mobile) {
return i + 1;
+

return -1;



Get Nexr Permutration

// Get next permutation

void getonepermutation(int perm[], int dir[], int n) {
int mobile = getmobile(perm, dir, n);
// Gets the position of the mobile element (indexed at 1)
int pos = searchperm(perm, n, mobile);

// If pointing left, swap with left element
if (dirlperm[pos - 1] - 1] == Rtol) {
swap(&perm[pos - 11, &perm[pos - 2]);

// If pointing right, swap with right element
else if (dir[perm[pos - 1] - 1] == LtoR) {
swap(&perm[pos], &perm[pos - 1]);

// Check entire array for elements greater than
// the one being moved and flip direction
for (int 1 = 0; 1 < n; i++) {
if (perm[i] > mobile) {
if (dir[perm[i] - 1] == RtoL) {
dir[perm[i] - 1] = LtoR;
¥
else if (dir[perm[il
dir[perm[i] - 1]

1] == LtoR) {
RtolL;

}

// Print the permutation

for (int 1 = 0; 1 < n; i++) {
printf("sd ", perm[i]);

}

printf(*\n");



// Gets largest mobile element
int getmobile(int all, int dir[], int n) {
int mprev = 0, mobile = 0;
for (int i = 0; i < n; i++) {
// Largest moving element from right to Left
if (dir[a[i]l - 1] == RtoL && 1 !'=0) {
if (alil > ali - 1] && alil > mprev) {
mobile = alil;
mprev = mobile;

}
// Largest moving element from left to right
if (dirfa[i] - 1] == LtoR && i '=n - 1) {
if (ali]l > ali + 1] && alil > mprev) {
mobile = alil;
mprev = mobile;

}

if (mobile == 0 && mprev == 0)
return 0;

else
return mobile;

LEX\COLGRAPHIC ORDER — WENERATE  PERMUTATIONS

LR & L[4, — 1,32, 4 ) -

ALGORITHM LexicographicPermute(n)

/{Generates permutations in lexicographic order

/Mnput: A positive integer n

//Output: A list of all permutations of {1, ..., n} in lexicographic order

initialize the first permutation with 12. . . n

while last permutation has two consecutive elements in increasing order do
let i beits largest index such thata; <= a;y  Maj > a;p > - > a,
find the largest index j such thata; <a; //j =i+ 1since ¢; <a;.4
swap a; witha;  /la; ;1445 . . . a, will remain in decreasing order
reverse the order of the elements from g; _ to a, inclusive
add the new permutation to the list

o y N Y
1,2, 5 & i=12
( 33

-
-

? perm
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IMPLEMENTATION w (

void lex(int *a, int n) {
int i, j, finished = 0, temp;
quicksort(a, @0, n - 1);
display(a, n);
while (!finished) {
// Find pair of increasing elements
for (i=n-2; i>=0; —1i) {
if (alil < ali + 11) {

break;
+
}
// If i = -1, all are in decreasing order
if (1 ==-1) {
finished = 1;
+
else {
for (j =n-1; j > i; —j) {
if (alj] > alil) {
// Swap alil and aljl
temp = alil;
alil = aljl;
alj]l = temp;
break;
1
}
quicksort(a, i + 1, n = 1);
display(a, n);
+
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FAKE COIN erosiem

Given n coint where one & fake C\(ﬁh\'ﬂ' in
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L\\@O rithm
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Russian Peasant muteiPlication

N\uuhplg m and n reu,trsivel”

nxm = (n)2) x am n o even

nem o= (-N/2 x Am 4 m n odd

Q. Sox¢S
n M
SO X 19
= ag X (2D
DI X 260 + 120
= 6 X S0 + 130D
= 3 X (o040 £ 130
= | X 20 80 + (30
= 3280

int russian_peasant(int m, int n) {
int sum = 0;
if (m'=9 || n!=0) {
while (n !'= 1) {
if (n%2 !1=0) {
sum = sum + m;

}

=n/ 2;
m=m+ m;
¥
sum = sum + m;
¥
return sum;

Fack fourier § Taverse
Mmultipyy 0 (n log n)
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(MPLEMENTATION N C

int josephus(int n) {
if (n == 1)
return 1;
else if (n % 2) {
/* 0dd number x/
return (2 *x josephus(n / 2)) + 1;

H
else {

/* Even number x/

return (2 *x josephus(n / 2)) - 1;
+

EFFILIENT ALLGOR\THM o™ (

int josephus_eff(int n) {
int temp = n, size;

// size = highest set bit in number
for (int i = 0; i < sizeof(int) * 8; ++i) {
if ((temp >> i) & 1) {
size = i + 1;

}
;:eturn ((n << 1) & (__UINT32_MAX__ >> (sizeof(int) % 8 - size)) | 1);
}
cirewlay  LefF  swift
ey 8-bit n=6 . sireof(nm =3
n: 00 o001 | O
N<l= 0o ool | 00
MRR 7?5z 0 popo0O0 | | \

|l = oo 00O O 0



TRANSFORM < CONGUER

- Prodem transformed wto  simpler  fsym

* Three m{)w vayioh gng

) Tnstance Simplification
simpler instance of  problem

oluph‘ca’re elements: presost ownd  nen ompare o\o\\'\oxcerd’
elements

ALGORITHM PresortElementUniqueness(A[0O..n — 1])

/[Solves the element uniqueness problem by sorting the array first
/Mnput: An array A[0..n — 1] of orderable elements

//Output: Returns “true” if A has no equal elements, “false” otherwise
sort the array A ] ©(n lma n))

fori <—0Oton—2do C
if A[i]=A[i+ 1] return false ] 2 r\)

return true

T E OLn Log M+ 0oln) = DCn \oSnW
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ALGORITHM HeapBottomUp(H|1..n])

//Constructs a heap from elements of a given array
// by the bottom-up algorithm
//Input: An array H[1..n] of orderable items
//Output: A heap H[1..n]
fori < |n/2| downto 1 do
k<—i; v« H[k]| index =k, value=v
heap < false
while not /icap and 2 x k < n do
unhil j<—2xk left hild .
Subiree if j <n //there are two children (N 7 ) Meéans
formt if H[j]< H[j +1] j < j+1 )4l exiehe)
heap ifv> H[j] N cight child
heap < true %MO\‘\'CY
else H[k]| < H[j], k< j
H[k] < v Yoo+ of subivee i
ac earer child

Let  root = old
ind.e of areo\i—er child

. ] 2 omps:
— 4ime omplexity oneg bjw shildren

'.' ardl one w parent

= Z Z: A(h-i)

ic0 ,)-0
i: levels h-_he;ah} of tree
h= Llos ML
h- ; h
Covort () = Zw 2 Alh-i) h=2

=0

wortt
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\MPLEMENTRATION v C

void heapify(int heap[], int n) {
int i, j, k, v;
int flag; /* heapify still happening */
for (i=n/2; i>=1; i—) {

k = 1i;
v = heapl[k];
flag = 0;
while (flag == 0 && 2 *x k <= n) {
j =2 % k; /x 2xk —> k's left child */

if (j < n) { /* Right child exists x/
if (heapl[j] < heaplj + 1]) {
/* Right child bigger s/
=3+

}
if (v > heapljl) {
flag = 1;
b
else {
/* Move large child up *x/
heap[k] = heapljl;
/* Large child = new key index */
k=17;

¥
/* Original parent stored back x/
heap[k] = v;



—Insert an Element

Add eclement +o end of array

© Pertolate up fo vight- place

A (1
£ —>/@ _a/@’ :?\
@/E)\@ @@7\@)@%}7 ),

top- down OQPProach

» Insert a new key K into a heap by attaching a new node with key K in it
after the last leaf of the existing heap.
» Sift K up to its appropriate place in the new heap as follows.
» Compare K with its parent’s key: if the latter is greater than or equal to
K, stop (the structure is a heap);
» otherwise, swap these two keys and compare K with its new parent.
» This swapping continues until K is not greater than its last parent or it
reaches the root
» Insertion operation cannot require more key comparisons than the heap’s
height.
» The time efficiency of insertion is in O(log n).

. 9(.[06 n)



IMPLEMENTRTION v (

void top_heap(int *h, int n) {
int i, j, k, key;
for (k = 1; k <= n; k++) {
i=k;
key = h[il;
j = (i) / 2; // get the parent

while ((i > 1) && (key > h[jl)) {
h[il = h[j]l; // move the parent down

i=17;
j = (i) / 2; // find the new parent
}
h[i] = key; // insert key
}
}
—1Delete Mo

Remove voot, conthruct new heap

B O
o P S P

6( (03 n)



hea?P Sorg

h\ﬁor'\-\'\nw\
1. Conttruet heap for arra
2. “\’\’\‘6 delete -voo¥ n-1 hmes

B(n log n)
© Merge, quick Sort  preferred

\MPLEMENTRTION v C

void heapsort(int xh, int n) {
int i, t;
// Create initial heap;
top_heap(h, n);
for (1 =n; 1> 0; i—) {
// Swap the first and the last element

t = h[0];
h[o] = hlil;
hli] = t;

// Recreate a heap for remaining set of elements
heapify(h, i - 1);

} )
¥ (U

wn wse w\'\uﬂ— olso




BINPRY SEARLH TREES

* lormen fextoook ; log, n = ‘5“3 Py 28C (203)

binary Searth +Hree Property

Let x be a node in a binary search tree. If y 1s a node in the left subtree
of x, then y.key < x.key. If y 1s a node in the right subtree of x, then
y.key > x.key.

SEARCH
Nﬁoﬂ-\'\f\m

TREE-SEARCH(x, k)

I if x ==NIL or k == x.key

2 return x

3 ifk < x.key

4 return TREE-SEARCH (x.left. k)

wn

else return TREE-SEARCH (x.right. k)

if heiah*- of tee =h . T € 06(Lh)

b}



INSERT

TREE-INSERT(T. 2)

y = NIL

x = T.root

while x # NIL
=%
if z.key < x.key

= xleft

else x = x.right

Z.p =%

if y ==NIL
T.root = 2 // tree T was empty

elseif 7. key < y.key
y.left = z

else y.right = 2

SO Wi

— bk )
) N =

if \neiah%' of tee =hh . T € 6(h)

)

DELETION

Three cases - delete wode z from 4ree

L I¢ 2 hag no children, Simply remove 7 and parent
thowld replace 2 with NIL

2. I€ 2 hos yuk one child, elevate that child to take 2's
Postﬁon and Paren’r veplaces z ‘o& V'8 dnild

3. B 2 hat two dhildren, find inorder SuccesssY y of 2, and
have take 2% place i Hhat  dvee. The vest of 2's
original - Fight subree lecomes y right Sulshree and +he
st of 2'¢ \eft  Ssubree becomes Y \efl  subtvee.



0 IF Y 6 2l vight caild, ceplace 2 b , leavin
y's right  chil alone’ 99 d

aiy IF W w2k riﬁ\n’r gublee bl & wor the
direck” gt child of Y2, veplace Yy by its rignt
dnild ond” ¥hen repice 2 b Y

Example :

. 2 has vno children

9 ®

2. 2 hag one dhild




3. 2z has & children

M Y s 2 right child




Time Complexity

- Tnorder successor: 8(h)

Elel&e € olw)
BINARY TREE

- £ind olw)

- ingeck o)

- delete — olw)

Order of TIwngertion Matters

) Best-cage: %,2,6,1,3, 5,7

(2> Wortr-case: 7,6,5, 43,2,




AVL TREES

Rotations
P LEFT-ROTATE(T, x) A
\:\ .\\ /| .||:. ................................ \j X :4
\: X :‘ }/ ................................. I o “‘ ); “\
P RIGHT-ROTATE(T, y) P i %
o B B Y

Maintenante and rotationg take o lov\& Yime

RED BLACK TREES

No¥ &trict complete BST

Tnitead of he‘(&\m— = log,n , Oflow for 3 log,n levels

* Ench node has extva bit represevﬁv‘na Colour of +he node
(red o black)

PROPERTIES
I €verm node is either or black
2. The root is bLlatk
3. every \eaf (NW s black
4 Tf o wnode is ved, both WS daldren are bWack
5. For eadh node, all simple patae from Yae node 4o descendant

leaves tontaing e tame number of black  nodeg



Lemma
if o BB 4ree has n internal nodeg, heiam- i ot most
2!03,_ n+)

Note
* Logically, need NiL nodes for every leaf node
: Imylew\en’riv\%, o\l leaves Po'm+ to tawme NIL
Parent of voot also NIL

fooY

=)

”\ o
o o 8, B8
foftin & gk

] i

) ] ] i)




OPERATIONS
© find — 0 Clog n)
ingert —

FIND | SERRCY
+ 8ome Qs BST
findmax, findmin, inorder Succesey all some as BT

ALGLORITHM

RB-INSERT(T. 2)
y = Tiil
x = T.root
while x # T.nil

Y =%

if z.key < x.key

x = x.left

else x = x.right
z.p=y
9 if y == T nil
10 T.root = z
11 elseif z.key < y.key
12 y.left = z
13 else y.right = z
14 z.left = T.nil colour ingerted
15 z.right = T.nil wode ved
16  Z.color = RED
17 RB-INSERT-FIXUP(T, Z)

— 5 fixup  function
(on\& YT parent "< ved)

Same
0s
BST

oW -

o0~ O

N M




Fixup

RB-INSERT-FIXUP (T, 2) while ¢ ?o\rm\— w ved
1 while z.p.color == RED

2 if z2.p==z.p.p.left = if z-p e lef4+ child of i pavent
3 v = z.p.p.right

4 if y.color == RED > (oge 4

5 Z.p.color = BLACK

6 y.color = BLACK

7 z.p.p.color = RED

8 Z=2zZ.p.p

9 else if z == z.p.right > (age 2
10 Z =Z.p
11 LEFT-ROTATE(7. 2)
12 z.p.color = BLACK

13 z.p.p.color = RED
14 RIGHT-ROTATE(T, z.p.p)
15 else (same as then clause

with “right” and “left” exchanged)

16 T.root.color = BLACI§ OV&TWYH’Q root nodc (.olOu.f

new 2

one ireration

(ose 1 -unde of 2 & ved

p)

new z>z.pp Ghrerte upwoards)



Cage

Clage %)
converted

R(z.p-
o< \(2?\0 )
N 29

o e inSevked vode




Com?a ¢t Case 2

- No¥e: if Some-w\'mQ goes down, turnt red and i Sornething
gous up, furnt Vac

¢+ LR rotate (z.P)
2P moved up

2-pP q
0 LR(2.p) / 't
J % % z @ moved

g =P Q / dowrn
L O nen « ©

d/\rm%c coloure
boted on wovement

iy



— ol lalrevt

Black height geke offected ¥ Ylack node delered

Detlekion m  BST

D Leaf node - timple

?) Singe dild - connect  child o grandparent

? Two dhildren - veplate  with inorder Successer, move
righk  cnild  of  inorder Succetsoy to ite parent
Cteat or 8'\1\6\6 thild)

Red-Blatk Tree Deletion

Case 4L

« one of them & ved
oelete Vv

@ Vv s red, u s blatk

s'\mp\a delete Vv




k) Vv s blatk , u s red

delete Vv and wake o black

65 6S

v
§O

Cagse

both W and V are bLactk
delere v

one bvlatk log+ heia\r&

@ Si\o\\‘r\s s ved
Right case (S 1 r‘\(o)\r\\- ) — L(P)
lett cage - R(P)

Swop colours of Pg §
Van be a

@ P NiL node
P

(S

& [



L(P)

sibli

olacl !Z‘?Lce 6S @
& ©
see  nexy cage @

double
black
(temp)

mn

(o Siblina s black, G Yy Vack
thanae clour of 8 to red
double blactk — Single blactk

i€ parent red, Onange o black
if parent black, wake double blatk ond vecurte

() Parent red

65 65 f

\ > v S
v @ - m < dOub\ € @ Ca
@ @ @ black @ @

(temp)



recurse v
: & s

© If oot becomes DB, make B



(© Siblins 18 black, one or twd childeen ore  ved

Mark the red ild of & as v or £ (r- vight, £- lef4)
* AVL vototion tondik¥iont on P ,d«anﬁz ved cwild to lblack
e, v, ve, A0

ARE SR N
L - & R




RL(P)




&-3 Treeg
B-dvee of ovoer 2
. M\A\ﬁwu5 balahted seareh Aree

Node Can ‘have | weu (2 nildeen) 6 A eys (3% Gnaildeen)

AL elements odded v \enf
A leaves ofF soawe \ewvel
- B-4ree of order m = m- keys

a-node 2-node

T, T T -E

8. onvert 4o A3 Ayee

§, 5,1, 3,1, 4,6,1%,20, a3 ]

1,5,8 — exceeds

l SPlH'

c
7\
\ 8



!

N\ — oxceeds
\7?’7"" 8,\7—

J/ s‘;\i‘r

3,8
YRR

\ L 6,812 — exceeds
l sP\H—
3,5,8
J,SP\“ aao\'m
S
N
3 8
\ /

/ \
l b 6 (2,18,20 — exceeds

l 5P\H'
S
N
3 3,18

/N 71\
{ L|' G)', (2 10’13



B-Trees

B-Tree of Ovder m

D AW \eaves on tame level

D AL internal nodes  except the roo+ have OF most ()
non-emply children ond o leat M) non-empt

Gnildren , at most (m-D keyc and ok least T2 =11
keys (non-root)

3) Nuwber of keus n endn inxermal node i< owe lets twan

e number non-empry  childfen and par-ﬁﬁon‘m@ K
bosed on Searth Avee umce?x—

¢ k Vk

2%\
C-( CLC‘LL C?>
¥) Roo¥ wax @ m children ond wan: 3 cnildren /o0 cwildren

Delexion in B-Trees

+ Deletion can be inverna) node or leaf node
D Non-\eof [interna) node

* e immediofe  predecessor | Successor will be n o ek

* promote imwediode predecestor [ suctessor +o  posikion of
elered node



2 Leof node
G) Case L- leof containg keys > min no. of keys
* simply delefe the key
@) Case 2~ leaf contains min no. of keys

* ficsk look ok two odyncent \eaves Limmediate) and are
twildten of Same pafent

* W one of Mem at wore Yhan min mowe key to
pafent ond move pavent to oelehion potition

« ik odiacent leal Wwas on\U mwnimum  number  of
endries) then Awo leavet “ond tne median entry from
parent are Gombined as new \eaf whida will
tontain N0 more ¥aan ¥he moaximum no. of
entyies

* TF Wie skep leaves the parent node with few endries,
the Process pcopogates Upwords

* vefer data  Shructuvel | wmir & — 8 trees



