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1 Mock test 2018
1. In the algorithm shown below, assume a decomposition such that each execution of Line 7 is a task. For

n = 8 draw a task-dependency graph. [5 points]

Algorithm 1 Sample code
1: procedure FFT_like_pattern(A, n)
2: begin
3: m := log2n;
4: for j := 0 to m− 1 do
5: k := 2j ;
6: for i := 0 to n− 1 do
7: A[i, j + 1] := A[i, j] + A[i XOR 2j , j];
8: endfor
9: end FFT_like_pattern

2. Using a sequence of pictures illustrate the communication steps in Cannon’s algorithm on 16 processes.
Describe the mapping of the input and output data, and describe the communication steps of the algorithm.
[3 points]

3. Prove that if To ≤ Θ(p) for a given problem size, then the parallel execution time will continue to decrease
as p is increased and will asymptotically approach a constant value. Also prove that if TO > Θ(p), then
if TP first decreases and then increases with p; hence, it has a distinct minimum. [5 points]

4. Show that, in the hypercube formulation of bitonic sort, each bitonic merge of sequences of size 2k is
performed on a k-dimensional hypercube and each sequence is assigned to a separate hypercube. [5
points]

5. The parallel runtime of a parallel implementation of the FFT algorithm with p processing elements is given
by Tp = (n/p)logn + tw(n/p)logp for an input sequence of length n (assuming ts = 0). The maximum
number of processing elements that the algorithm can use for an n-point FFT is n. Compute the minimum
execution time T min

p for tw = 10? Also determine number of processing elements for which Tp is minimum.
[8 points]

6. Assume algorithm Odd-Even Transposition for sorting n number. Let p be the number of processes,
where p < n. Derive the parallel run time and the isoefficiency function of the algorithm. In addition,
characterize the scalability of the system. [11 points]

7. A one-dimensional 0/1 knapsack problem is defined by a given knapsack capacity c and a set of objects
numbered 1,2,...,n. Each object i has weight wi and profit pi. Graphically illustrate parallel formulation
of this algorithm on a CREW PRAM, describe how many processors you will use for parallelization, and
derive the parallel runtime. Is the parallel algorithm cost optimal? [8 points]

2 Exam 19.1.1028
1. The parallel runtime of a parallel implementation of the FFT algorithm with p processing elements is given

by Tp = (n/p)logn + tw(n/p)logp for an input sequence of length n (assuming ts = 0). The maximum
number of processing elements that the algorithm can use for an n-point FFT is n. Compute the minimum
execution time T min

p for tw = 10? Also determine number of processing elements for which Tp is minimum.
[8 points]

2. Assume algorithm Odd-Even Transposition for sorting n number. Let p be the number of processes,
where p < n. Derive the parallel run time and the isoefficiency function of the algorithm. In addition,
characterize the scalability of the system. [11 points]

3. A one-dimensional 0/1 knapsack problem is defined by a given knapsack capacity c and a set of objects
numbered 1,2,...,n. Each object i has weight wi and profit pi. Graphically illustrate parallel formulation
of this algorithm on a CREW PRAM, describe how many processors you will use for parallelization, and
derive the parallel runtime. Is the parallel algorithm cost optimal? [8 points]
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3 Exam 26.1.2018
1. For the task graphs given below, determine the following [4 points]:

(a) Maximum degree of concurrency.
(b) Critical path length.
(c) Maximum achievable speedup over one process assuming that an arbitrarily large number of processes

is available.
(d) The minimum number of processes needed to obtain the maximum possible speedup.

Scanned with CamScanner

2. Give a hypercube algorithm to compute prefix sums of n numbers if p is the number of nodes and n/p is
an integer greater than 1. Assuming that it takes time todd to add two numbers and time ts to send a
message of unit length between two directly-connected nodes, give an exact expression for the total time
taken by the algorithm. [5 points]

3. Describe DNS algorithm for matrix-matrix multiplication assuming 3x3 dense matrices. Write how many
processors will be used and describe the interconnection topology. Describe each step of the algorithm
including a graphical illustration. [5 points]

4. Describe how two-dimensional transpose algorithm for FFT maps on parallel processors. For the descrip-
tion assume an 16-point FFT on 16 (or 4) processes. Graphically illustrate each step of the algorithm. [4
points]

5. The efficiency of a parallel algorithm for determining the longest common subsequence of two given equally
length sequences if

E = n2tc

n(2n− 1)(ts + tw + tc) (1)

in this expression, n is the size of a sequence, tc is time to perform a single computation and tp + tw is
time to communicate a single word. Show that the efficiency is upper bounded by 0.5. [8 points]
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6. Assume Floyd’s algorithm for the all-pairs shortest path problem on a graph with n vertices. Let p be
the number of processes, where p < n, organized into a 2-D mesh. Derive the parallel run time and the
isoefficiency function of the algorithm. In addition, describe the scalability of the system. [11 points]

7. Assume the parallel bitonic sort algorithm such that n = p (i.e. the length of the sequence to be sorted
equals the number of processors). Derive its parallel runtime Ts. [8 points]

4 Exam 1.2.2018 (incomplete)
1. For a 2D mesh with wraparound network (2D torus) having √px

√
p processors derive [3 points]:

(a) diameter
(b) bisection width
(c) cost

2. Using a sequence of pictures illustrate the steps of the 2D transpose algorithm for the Fast Fourier
Transform (FFT). Assume that algorithm computes 16-point FFT. How many processors the algorithm
uses. [3 points]

3. Give a hypercube algorithm to compute prefix sums of n numbers if p is the number of nodes and n/p is
an integer greater than 1. Assuming that it takes time todd to add two numbers and time ts to send a
message of unit length between two directly-connected nodes, give an exact expression for the total time
taken by the algorithm. [4 points]

4. Compute the total amount of memory required by the different parallel formulation of the all-pairs shortest
paths problem. Assume that each variant uses the maximal number of processors and the size of the graph
is n. Consider the following algorithms [3 points]:

(a) Dijkstra’s algorithm with source-partition formulation
(b) Dijkstra’s algorithm with source-parallel formulation
(c) Floyd’s algorithm

5. Consider the parallel algorithm for solving the longest-common-subsequence given by two sequences of
length n. Show that the efficiency of this algorithm cannot be increased beyond a certain value. Assume
that the time for communication can be neglected. [5 points]

5 Exam 2018 (incomplete)
1. For a hypercube network having p processors derive [3 points]:

(a) diameter
(b) bisection width
(c) cost

2. Define cost of a parallel system and define when a parallel system is said to be cost optimal [2 points].

3. In the parallel formulations of bitonic sort on a hypercube (below) we assumed that we have n processes
available to sort n items. Show how the algorithm needs to be modified when only n/2 processes are
available. [3 points]

4. Efficiency of Prim’s algorithm is E = 1
1+ p∗logp

n

write a condition that will guarantee that the algorithm is
cost-optimal. Explain why. [5 points]

5. Show that if the message startup time ts is zero, then the expression twm(p − 1) for the time taken by
all-to-all personalized communication on a p-node hypercube is optimal. Hint: Average distance between
any two nodes on a hypercube is (logp)/2.[5 points]
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Algorithm 2 Sample code
1: procedure BITONIC_SORT(label, d)
2: begin
3: for i := 0 to d− 1 do
4: for j := i downto 0 do
5: if (i + 1)st bit of label != jth bit of label then
6: comp_exchange max(j);
7: else
8: comp_exchange min(j);
9: end BITONIC_SORT

Algorithm 3 Sample code
1: procedure FFT_like_pattern(A, n)
2: begin
3: m := log2n;
4: for j := 0 to m− 1 do
5: k := 2j ;
6: for i := 0 to n− 1 do
7: A[i, j + 1] := A[i, j] + A[i XOR 2j , j];
8: endfor
9: end FFT_like_pattern

6 Semestral test 2019
1. Define efficiency of a parallel algorithm E and explain its range of values.[1 points]

2. In the algorithm shown below, assume a decomposition such that each execution of Line 7 is a task. For
n = 8 draw a task-dependency graph. [3 points]

3. Using a sequence of pictures illustrate the communication steps in Cannon’s algorithm on 16 processes.
Describe the mapping of the input and output data, and describe the communication steps of the algorithm.
[3 points]

4. Derive the lower bound on the total communication time of the all-to-all personalized communication on
a hypercube having p = 2d nodes. You can assume that the average distance between any two nodes on
a hypercube is (log p)/2 and there is a total of (p log p)/2 links. Size of the message is m. [3 points]

7 Mock test 2019
1. For a 2D mesh (no wraparound) network having √px

√
p processors derive [3 points]:

(a) diameter
(b) bisection width
(c) cost

2. Parallel algorithms can often be represented by dependency graphs. A dependency graph, having nxn
nodes, of a parallel algorithm is shown below. Assuming that each task takes one unit of time and that
interprocessor communication time is zero [2 ponts]:

(a) Compute the degree of concurrency.
(b) Compute the maximum possible speedup if an unlimited number of processing elements is available.

3. If a problem of size W has a serial component Ws, prove that W/Ws is an upper bound on its speedup,
no matter how many processing elements are used. [5 points]

4. Compute the total amount of memory required by the different parallel formulation of the all-pairs shortest
paths problem. Assume that each variant uses the maximal number of processors and the size of the graph
is n. Consider the following algorithms [3 points]:

(a) Dijkstra’s algorithm with source-partition formulation
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(b) Dijkstra’s algorithm with source-parallel formulation
(c) Floyd’s algorithm

5. Consider the parallel algorithm for solving the 0/1 knapsack problem parametrized by the number of
items is denoted by n and the capacity of the knapsack is c (both positive integers). The algorithm is
implemented on a distributed memory machine. Show that the efficiency of this algorithm cannot be
increased beyond a certain value by increasing the problem size (n,c) for a fixed number of processing
elements p. What is the upper bound on efficiency for this formulation as a function of t2 and tc?. Hint:
Assume that time needed to perform circular shift with a message of size m is 2ts + twm. [5 points]

6. Derive expressions for the parallel run time and speedup of the parallel connected-component algorithm.
The input is an undirected graph with n vertices. The algorithm uses p processors such that p < n. [8
points]

7. Assume the parallel matrix-vector multiplication based row-wise 1D partitioning. The size of the matrix
n x n and the size of the vector n x 1. Let p be the number of processes such that p < n. Derive parallel
run time and the isoefficiency function algorithm. In addition, characterize the scalability of the system.
[11 points]

8. Derive expressions for the cost of all-to-all broadcast and all-reduce communication operations on a√px
√

p
2D-mesh. Explain the difference between those two costs. [8 points]

8 Exam 17.1.2019
1. Draw a task-dependency graph of a dynamic programming algorithm for 0/1 Knapsack problem. Assume

an instance having 3 object with weights w = [2,3,4] and profits p = [2,8,11]. The capacity of the knapsack
is c = 8. [4 points]

2. On the sequence of numbers 2,5,0,4 illustrate all steps of Enumeration Sort Algorithm. In addition, write
how many processors the algorithm can use and its parallel run time. [4 points]

3. Give a hypercube algorithm to compute prefix sums of n numbers if p is the number of nodex, and n/p
is an integer greater than 1. Assuming that it takes time todd to add two numbers and time ts to send a
message of unit length between two directly-connected nodes, give an exact expression for the total time
taken by the algorithm. [5 points]

4. Consider the parallel Prim’s algorithm for Minimum Spanning Tree problem. A weighted adjacency matrix
defines the input graph having n vertices. Derive asymptotical parallel runtime, speedup and efficiency.
[5 points]

5. The parallel runtime of a matrix-matrix multiplication algorithm with p processing elements and n x n
matrices is Tp = n3/p + 2tw(n2/

√
p (assuming ts = 0). Compute the minimum execution time T min

p and
the number of processing elements pmin for which Tp is minimum. Is the algorithm still cost-optimal for
p = pmin? Why? [11 points]

6. Assume algorithm Odd-Even Transposition for sorting n numbers. Let p be the number of processes,
where p < n. Derive the parallel run time and the isoefficiency function of the algorithm. In addition,
characterize the scalability of the system. [8 points]

7. Derive expression for the cost of all-to-all personalized communication operations on a ring with p pro-
cessors. Describe the terms of the formula and simplify it (no sums).[8 points]

9 Extra
1. Consider seven tasks with running times of 1,2,3,4,5,5 and 10 units, respectively. Assuming that it does

not take any time to assign work to a process, compute the best- and worst-case speedup for a centralized
scheme for dynamic mapping with two processes. [4 points]

2. Using a sequence of pictures illustrate the communication steps in Cannon’s algorithm on 16 processes.
Describe the mapping of the input and output data, and describe the communication steps of the algorithm.
[5 points]
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3. Describe Tree-based termination detection algorithm. Illustrate several steps of the algorithm on an
example exploiting at least 5 processors. Describe a potential drawback of the algorithm and propose its
solution. [4 points]

4. Describe how binary-exchange algorithm for FFT maps on parallel processors. For the description assume
an 8-point unordered FFT on 8 processes. Graphically illustrate the interaction pattern induced y this
mapping. [5 points]

10 Exam 24.1.2020
1. On the graph G(V,E) below illustrate parallel Luby’s algorithm for Maximal Independent Set problem.

Choice random numbers such that the algorithm needs exactly two iterations. [4 points]

Scanned with CamScanner

2. On the sequence of numbers 2,5,0,4 illustrate all steps of Bitonic Sort algorithm. First, draw the bitonic
sorting network for this sequence. Then, write what is on the output of each comparator of the network.
In addition, write how many processors the algorithm can use and its parallel run time. [4 points]

3. Derive parallel runtime and speedup of Binary-Exchange algorithm for Fast Fourier Transformation. The
size of the input vector is n, and the number of processors p = n. In the expressions, denote the setup time
as ts, the per-world transfer time as tw and the time to compute a complex multiplication and addition
as tc. [5 points]

4. Consider a parallel algorithm for the Longest Common Subsequence problem. The length of both sequences
is n. Derive parallel runtime, speedup and efficiency. In the expressions, denote the setup time as ts, the
per-world transfer time as tw and the time to compute one cost function tc. [5 points]

5. Assume a parallel algorithm for a matrix-vector multiplication based on 2-D partitioning. The size of the
matrix n x n. and the size of the vector is n. Let p be the number of processes, where p < n. Derive the
parallel run time and the isoefficiency function of the algorithm. How many processors can the algorithm
use cost-optimally? [10 points]



9

6. Show that if the message startup time ts is zero, then the expression twm(p − 1) for the time taken
by all-to-all personalized communication on a p-node hypercube is optimal. Hint: The average distance
between any two nodes on a hypercube is logp/2. [8 points]

7. Derive expressions for the cost of all-to-all broadcast communication operation on a p-node hypercube.
Describe the terms of the expression and simplify it (no sums). [9 points]
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