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float sum (float list[ ], int n) 0
{ 0
float s=0; int 1, ;]
for (1 =0; i<n; i++) n+1

= s + list[1]; n

return s; 1

} 0
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A : Array |1 .. n] of Integer,
For 1:=1 to n do
if (x =AN)) |
write ('Yes'),
exit () = abp 5l >
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vord Hanor (int n, A, B, C)

{
il (n==1) Move a disk from A to C;
else |
Hanoi (n -1, A, C, B),
Move a disk from A to C;
Hanoi (n-1, B, A, C);
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int T(int n)
{

if (n <= 1) return 1;

n n
Isereturn T(—) + T(—)
else return 2) (2)
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int Fact (int n) SO [ Lo PSSO DY RAP'Y PSSR X 35 PR P
{ ety 4 b 5l alls s v
if(n=0) W s gl 5l e Jo ¥
refurn 1;
else

return n*Fact(n-1);

Factorial(3) = 3« Factorial (2)

Factorial(3) = 3 « 2

Factorial(2) = 2 « Factorial (1)

I
D

Factorial(2) = 2 « 1

Factorial(1) = 1« Factorial (0)

Factorial(1) = 1 « 1

1l
"1

1 Factorial (0) = 1 I
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int Fibo(int n) > bgud (5w £ N Ao duwlno
{
if(n<=2)
return 1;
else
return Fibo(n-1)+Fibo(n-2);

/Fm@] [MJ {Fibo(2)} [Fibo1 J
: i

e

[Fibo(ﬂJ
1

1
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Fib(5)

=Fib(4) + Fib(3)

=Fib(3) + Fib(2) + Fib(3)

=Fib(2) + Fib(1) + Fib(2) + Fib(3)

=Fib(1)+ Fib(0) + Fib(1) + Fib(2) + Fib(3)

=Fib(1)+ Fib(0) + Fib(1) + Fib(1) + Fib(0) + Fib(3)

=Fib(1) + Fib(0) + Fib(1) + Fib(1) + Fib(0) + Fib(2) + Fib(1)
=Fib(1) + Fib(0) + Fib(1) + Fib(1) + Fib(0) + Fib(1) + Fib(0) + Fib(1)
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index /ocation ( index /ow, index high)
!
index mid
if ( low> high)
return O;
else {
mid=|( low+ high) ]/ 2;
if ( x== S| mid))
return mid.
else if ( x < S[mud))
return /location ( low, mid— 1),
else
return /ocation( mid+ 1, high);



Jo 9 pamdi (e

.

I oo 5 Ple) Sz

Slmid| L x aslin: Lo| Jos °

I]cd.ibe.at:— -"M :6.3})3 0)‘.14‘ b
ol (S Aoma ©

W(n)=W(§)+1 for n>1, n a power of 2

w(l)=1
Mn)=Ilgn+1: |~

LS 3 gdowe 93 5l Sl 1 51
W n) =|_lgnJ+ 1 € O(lgn)



Jo 9 pamdi (e

U.ou‘-bl 6}‘.«» o

,.a..:—n/2 °)"°U‘4'34:’.‘JTJ:’.)..9->4-34-3_‘)TM o

5 BT @l wtpe b Woalsl sl 125 o ghowe
UZJJQQTJ"LS‘J{ €3 g ég.a-; Y o)"uU‘A{Af.‘)T
05 o Joe S5

S b 0T plesl b s 4T 55 sla o oy a5 @
Ul



Jo 9 pamdi (e

27 10 12 20 25 13 15 22|

27 10 12 20\ 25 13 15 22
27 10 12 20 25 13 15 22
27/ 10 12 20 13 15 22
10 27 12 20 13 25 15 22
T~ ~_
10 12 20 27 1315 22 25

e

10 12 13

15 20 22 25 27




Jo 9 pamdi (e

27 10 12 20 25 13 15 22 |

\
27 10 12 20 25 13 15 22
|
|
| |
10 12 20 27 13 15 22 25

- ==

10 12 13 15 20 22 25 27 |




Jo 9 pamdi (e

e’

Merge sort el il i P.‘ngﬂl
Problem: Sort n keys in nondecreasing order.

Inputs positive integer n, array of keys S indexed from I to n
Outputs: the array S containing the keys in nondecreasing order.

void mergesort ( int n, keytype S[])
d
const int A=|n2] ,m=n-1,
keytype U[1..4], V[1..m],
if(n>1){
copy S 1] through S] /4] to {f1] through U] Al;
copy S| /A+ 1] through S]n]to 1] through Vm];
mergesort( /A, 1)
mergesort(/m, V),
merge(h, m, U, V. S),
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Merge
Problem: merge two sorted array into one sorted array.

Inputs: positive integer /1 and m, array of sorted keys {/indexed from 1 to A,

array of sorted keys Vindexed from 1 to m

Outputs: the array 5 containing the keys in nondecreasing order.

void merge ( int A, int m, const keytype U]],
const keytype Y],

keytype S[])
t
index 7 /, &,
=l /=1 4i=1;
while ( r<=A && j<=m) |
ir( Ud=< vyt
SLA = U1
]
|
else {
SlA = VL
JH

|

A+
{ // end of while
if(/>h)

else

copy [4:] thtough Z{/A] to S| 4] through S|4+ m|;

copy W] thtough ¥V m] to S| 4] through S|4+ m];

ples) o o5l
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procedure Partition (Var x: Arraylist; left, right : integer; Var pivotpoint : integc: )
Var ij,pivot : integer; Quick Sort
begin
i:=left; j:=right+l; pivot:=x[left];
repeat
repeat
i=i+];
until x[i] >= pivot;
repeat
j=j-1
until x[j] <= pivot;
if i<j then swap (x[i], x[j];
until i>=j;
swap (x[left], x[j]);
pivotpoint := j;
end;
{******************}
procedure Quicksort (Var x: Arraylist; left, right : integer) ;
var pivotpoint : integer,
begin
if (left <right) then begin
partition (x , left, right, pivotpoint); {55 . J\ 5 555 il Jous 53V
QuickSort(x, left, pivotpoint - 1); { o ound 15 3o )
QuickSort (x, pivotpoint+1, right); {cl) cud 5 siles o |
end;  [(if)
end;
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26 5 37 ! 61 1 9 15 48 19
(s 19 ! 5] Q9 59 6l 48 37
(1 si @ e 151 2 (59 61 a8 37
D G I (19 19 26  [59 6l a8 37
I 5 n @ 26 [59 6l 48 37
1 5 1 5 19 26 48 371 (9 6
! 5 3 15 19 26 37 48 59 (ol
! 5 3 15 19 26 37 48 59 6l

elrocedurc partition (Var x: Arraylist; left, right : integer; Var pwotpomt integer)
ar 1,J, pivot : integer;
gm
= Icft; pivot := x[left];
for i:=left+1 to right do
if x[l]<plvot then begin

Ji=)+1;
swap (8[11 s
end; -

swap (x[left], x[j]);
pivotpoint := j;
end;
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left ~ subarray  right subarray

I(n)=Tn-1)+n-1 for n>0

{T(O) =0
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my = ay( by, - byy)
ms=(a,, t+ a,5)by,
mg = (& - ay (b + by)
m; = (ay, - a)(by + byy)

C=[ml+m4_m5+m7 m;+ mi;
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Figure 2.4 @ The partitioning into submatrices in Strassen's algorithm.

Mo (e M acilos

M, = (A + Ay) (Bt By,)
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Figurc 2.5 @ The partitioning in Strassen’s algorithm with n = 4 and values given to the matrices.
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Large_int prod (Large_int u, Large_int v)
{
Large_int Xx,y,w,z;
int nm;
n = Maximum (number of digits in u, number of digits in v)
if(fu==01lv==0) retum O;
else i1f(n <= threshold)
return u Xyv;
else |
m=|n/2];
x=u divide 10™; y=u rem 10";
w=v divide 10"; z=v rem 10™;
return prod (x,w) X 10°™ + (prod(x.z) + prod(w,y)) x 10™ + prod (y,z);

}
}
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567.832 x 9,423,723 = (567 x 103 + 832)(9423 x 103 + 723) =
567 % 9423 x 106 + (567 x 723 + 9423 x 832) x 103 + 832 x 723
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S =L T(1) =1 Lol - L T(n) = T(n-1) + 3 22850 ol 2 Js
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T(n)=T(n-1) +3=(T(n-2)+3)+3=T(n-2) +2x3
=T(n-3)+3%x3=T(n4)+4x3=...
=T(n-(-1)+(m-1)x3=T()+(n-1)x3=1+(n-1)x3
=3n-2
Ok @ o) 090 P

T(l)=1
T2)=T(1)+3=1+3=4
TB)=TQ2)+3=4+3=7
T4)=T3)+3=7+3=10
TS)=T4)+3=10+3=13

'l'(l\) =3n -2
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int fib(int n) mt fib (int n)
{ {
int 1, f(0 .. n]; if (n<=1)
fl0] = 0; return n:
if (n>0) { else
fil]l=1; return fib(n-1) + fib(n-2);
for (I=2; 1 <=n; i++) )
fli] = fli-1] + f[i-2];
}

return fIn];

}
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int fib (int n)
{
int f1, f2, f;
f1=0; fR=1;
if(n == 0) return fl;
else if(n ==1) return f2;
for (1=2; i<=n; i++)
{
=11+ 12
3 B A
f2.=<1f:
|

retarn 1
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int bin(int n, int k)
(
if(k==0 |lIn==Kk) returnl ;
c¢lse return bin (n-1, k-1) + bin (n-1, k);
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int bin2 (int n, int k)
{
int i,); int B[O ..n][0. k],
for (i=0; i1<=n;1++)
for (j=0; ) <=minimum(i k); j++)

(
if(==0Ilj==1)
B{]j]=1;
else BIi](j) = B(i-1](j-1) + B(i-1](j};
}
return B[n](k];

|
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DON2][5] = length[ v, vs] = o

DA2][5] = minimum(/ength] v,, vi|, lengthl v,, v,, v¢ |
= minimum( «, 14)= 14

D2I2][5] = DVR][5] = 14

DAN2])[5] = D2][5] = 14

Figure 3.2 ® A weighted, directed graph.

DAN2][5] = minimum(/length [ v,, v,, vs |, fength{ v, v, v¢ ],
lengti{ vy, v., v, v 1, length[ vs, vs, vy, 1)
=minimum(14, 5, 13, 10)=5

D2)[5]1= D*2][5] =5
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D1/ = minimum( D%V 4[], DEY[A[ k] + DEDK])



Loy smsg ol

J0s
DA[S][4] avlona

DY[2][4] = minimum(29[2][4], DO[2][1] + DO[1][4])

=minimum(2,9+1)=2

DY[5][2] = minimum( DY[5][2], DO[5][1] + DO[1][2])

=minimum(eo, 3+ 1)=4

Figure 3.2 ® A weighted, directed graph.
DV[5][4] = minimum( DY[5][4], DO[5][1] + DO[1][4])

=minimum(eo, 3+ 1)=4

DD[5][4] = minimum( D V[5][4], DV[5][2] + DV[2][4])
=minimum(4,4 +2)=4
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Figure 3.16 & The optimal tour is [vy. va. va, va, vil.
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for (#such that s# 1 and v;1s not in A)|
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A /][ A] = value of jthat gave the minimum;
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D[ V= {v}] = minimum (W1][/]+ DIV = (v, v
2=y=n
Al V- {v;}] = value of sthat gave the minimum;
minlength=D[1][ V= {v;}]:
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while (there are more coins and the instance is not solved){

grab the largest remaining coin; // selection procedure
If (adding the coin makes the change exceed the
amount owed ) . /] feasibility check
reject the coin; '
else

add the coin to the change;
If (the total value of the change equals the
amount owed ) // solution check
the instance is solved;
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{c) A spanning tree for G {d) A minimum spanning tree for G.
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// Initialize set of
// edges to empty.

F=@
while (the instance is not solved){

select an edge according to some locally

optimal consideration; // selection procedure

if (adding the edge to F does not create a cycle)
add it: // feasibility check

if (T= (V,F) is a spanning tree) // solution check
the instance is solved;
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F=0;
Y= {wn};
while (the instance is not solved){

. gelect a vertex in V — Y that is
nearest to Y;

add the vertex to Y:
add the edge to F,

if (Y=="V)
the instance is solved;

// Initialize set of edges

// to empty.

// Initialize set of vertices to
// contain only the first one.

// selection procedure and
// feasibility check

// solution check
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F=@; // Imnitialize set of

// edges to empty.
create disjoint subsets of V, one for each

vertex and containing only that wvertex;

sort the edges in F in nondecreasing order;

while (the instance is not solved){

select next cdge; // selection procedure

if (the edge connects two vertices in // feasibility check
disjoint subscts){
merge the subsets; '
add the edge to F;
}
~if (all the subsets are merged ) // solution check
the instance is solved;
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while (the instance is not solved){
select a vertex v from V - Y, that has a // selection

shortest path from v, using only vertices // procedure and
in ¥ as intermediates; // feasibility check

add the new vertex v to Y;
add the edge (on the shortest path) that touches v to F:

if (Y==7V)

the instance is solved; [/ solution check
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