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So each element requires 3 multiplications. The total 2 3 4 5|=7
number of multiplicationsfor Cis 4 5 6
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2x3x4=24.
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A(B(CD)): 30x12x8+2x30x8+20x2x8=3680  ((AB)C)D: 20x2x 30+ 20x 30x 12+ 20x12x 8 =10320
(AB)(CD): 20x2x30+30x12x8+20x30x8=8880 (ABC))D: 2x30x 12+ 20x 2x12+ 20x12x 8 = 3120

A((BC)D): 2x30x12+ 2x12x 8+ 20x 2x 8 = 1232
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MIi][§]= min ML)+ Mk + D[]+ ddd; | for i<
{M[i]m =0
@
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M[1[2] =5x2x3=30

M[2][3] = 2x 3x 4 = 24 A XA X A< A Agx Ay
M[3][4] = 3x4x6=T72 5x2 2x3 3x4 4x6 6x7 7x8
M[4][5] = 4x6x 7 =168 d,d, d,d, d,d; d;d, d, ds dsds
M[5][6] = 6x 7x 8 =336
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MID[3] = min{ME[K] + MIK+1[3] + d,d, ds MID[4] = min{ M[1[K] + M[K + 1[4] + d, d,}

= min{M[1[1] + M[2][3] + d,d,d,
M[1[2] + M[3][3] + d,d,d, }
=min{O+24+5x2x4, 30+0+5x3x4}

=64

= min{M[J[1] + M[2][4] +d,,d,d,,
M[1[2] +[3][4] + d,d,d,,
M[1[3] +[4][4] + d,dyd, |
=132

Problem: Determining the min no. of multiplications needed to

multiply n matrices.

Inputs : no. of matrices, n, array of integers d where
d[i-1]xd[i] is the dimension of the ith matrix.

Outputs: minmult, the min no. of multiplications.

void minmult (int n, const int d[], index P[][])

{
index i, j, k, diagonal;
int M[1..n][1..n];

for (i=1,i<n;i++)
M[i][i]=0;

for (diagonal=1; diagonal < n—1; diagonal++) {
for (i=1; i < n—diagonal; i++)

{

j = i+ diagonal;

MIITL] = isfpgijrjl{'\/'[i][k] +Mk+3[j]+di ~Yd[K]d[ j1}

Pli][j] = avalue of k that gave the minimum,;

}
return M[1][n]; }

Alg. 6-1

Time Complexity?
T(n) e ®(n?)

Problem: Print the optimal order for
multiplying n matrices.

Inputs: positive integer n and the array P.

Output: the optimal order for multiplying
the matrices.

By yilo (G105 561y STy g ol ¥ Q>

void order (index i, j)

if i==))
cout << “A” << i;
dse{
k=P[i][j] ;
cout <<“(”;
order (i, K);
order(k+1, j);
cout <<*)”;

Alg. 6-2
Time Complexity?

T(n) € ®(N)
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Definition of Binary Tree: A binary treeisthe tree that each node has at most two children.
1. Depth (Level): the number of edges from the root to the node.
2. Left Subtree: the subtree whose root is the | eft child of the node.
3. Right Subtree: the subtree whose root is the right child of the node.
4. Balanced: the depth of the two subtrees of every node never differs by more than 1.
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A binary search tree isabinary tree of items (keys) that come from an ordered set, such that:
1. Each node contains one key.
2. Thekeysintheleft subtree of agiven node are less than the key in that node.
3. Thekeysintheright subtree of agiven node are greater than or equal to the key in that node.
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Five different trees where n=3. Let p,=0.7, p,=0.2 and
ps=0.1. What is the average search time?
5
4

3(0.7)+2(0.2)+1(0.1) = 2.6
2(0.7)+3(0.2)+1(0.1) = 2.1
2(0.7)+1(0.2)+2(0.1) = 1.8
1(0.7)+3(0.2)+2(0.1) = 1.5
1(0.7)+2(0.2)+3(0.1) = 1.4
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A more efficient algorithm is Dynamic Programming. The optimal tree for Key; through Key; is arranged in a tree that

J
minimizes Ali][j1=>"c,p, . Aillill=p
Cm: the number of comparisonsto locate Key,. pm: the probability that Key,, isthe search key.
j
AT = min{ATTTk -1+ Ak+ DLl + Y p,, for i< |

m=i

QA
N
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( Traveling Salesperson Problem = TSP) & ;50398 09 8 dfluo

void travel (int n, const number W[][], index P[][], humber& minlength)
{ indexi, j, k;
number D[1..n][subset of V{Vv1}];
for(i=2;i<n;i++)
D[i][#]=WI][1] ;
for (k= 1; k< n-2; k++)
for (all subsets Ac V—{v1} containing k vertices)
for (i suchthat i #1 andvi isnotinA) {
Di][A]=min {Wli][j]+D[I[A—{vi}]} ; dis 1,507 S
P[i][A]= value of j that gave the minimum;}
DI][V={Vv1} ]=min {WMi][1]+D[j][V-{v1V2}]} ;
Pli][V—{V1} ]= vaue of j that gave the minimum ;
minlength=D[1][V-{V1}];

Length[vl,v2,v3,v4 V1] = 22
Length[v1,v3,v2,v4,v1] = 26

} Length[v1,v3,v4v2,vl] =21
Alg. 6-3
n-2 n-1 2 (n-2 If there are n vertices, how many
T(”):;(“‘l‘ k)k( ‘ ]=(n—1)kZ=; k( ‘ ] possible tours?

=(n-D(n-2)2"° e O®(n*2") (n-1)(n-2)(n=3)...1 = (n-1)!
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Brute-force: 19! ps= 3857 years ® Dynamic Programming: (20-1)(20-2)2%° 2 us= 45 sec ©O!!
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