1(a)

Time Complexity for Brute force approach:
Let No of Data=D

No of process = n

Data/process = D/n = d

Total Time = Communication time + Computation time

Communication:

Root distributes data to n-1 process communication time = (n-1) λ

Sum is passed to root after calculation Communication Time = (n-1) λ

Communication = 2(n-1) λ

Computation:

Data/process = D/n = d, root involved

Time to compute sum/process= (d-1) χ

This is sent to root and root then calculates

No of data in root = n, Time = (n-1) χ

Total Computation = (d-1) χ + (n-1) χ

So total time = TCommunication + TComputation



=2(n-1) λ + (n-1) χ + (d-1) χ

1(b)

Then the thing can happen in two ways
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We assumed the second case

Again Let

D = no of total data

n = no of total process

D/n = data/process = d

Communication Time

Root distributes to (n-1) process, communication time = (n-1) λ

n/2 -1 process groups send parallelly sum to semi roots, communication time= (n/2-1) λ

Semi root to root communication time= λ

Total Communication time = (n-1) λ + (n/2-1) λ + λ < communication time of brute force approach

Computation Time:

Computation for division is ignored

Each of n process has data = D/n = d, Time/process= (d-1) χ

(n/2-1+1) element is summed in semi roots, computation time = (n/2-1) χ (semi roots execute parallelly)
In root one computation, time = χ

Total Computation time= (d-1) χ + (n/2-1) χ + χ < computation time of one root (a)

Total Time = TCommunication + Tcomputation


      = (n-1) λ + (n/2-1) λ + λ + (d-1) χ + (n/2-1) χ + χ

1(c)

4 root

Communication:

If one root distribute all data root(all data communication time = (n-1) λ

Group of n/4-1 process send data to a semi root, so time = (n/4-1) λ

every 2 semi roots communicate, time= λ

then also a communication= λ

Total Communication time = (n-1) λ + (n/4-1) λ + 2 λ < 2 semi root < brute force

Computation:

First all n process computes, time = (D/n-1) χ

Then 4 semi roots compute, time = (n/4-1) χ

Then 2 semi roots compute, time = χ

Root computes, time = χ

Total computation time = (D/n-1) χ + (n/4-1) χ +2 χ

Total Time = (n-1) λ + (n/4-1) λ + 2 λ + (D/n-1) χ + (n/4-1) χ +2 χ < 2 semi root < brute force

1(d)

Time of communication = (n-1) λ + (n/p-1) λ + λ log (p) 

Time of computation = (D/n-1) χ + (n/p-1) χ + χ log (p)

1(e)
sequential execution time = (D-1) χ = O (D)
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