
EASTERN MEDITERRANEAN UNIVERSITY
Department of Computer Engineering
CMPE-523 Parallel and Distributed Programming 
MT Exam 27.11.2025, 16.30, CMPE-028 
(30 points, 110 min)

Student’s Name-Surname _____________________________________
Student’s Id  _________________________________________
Instructor Alexander Chefranov

Three A4-sized sheets of paper with your own handwritings and calculators (standalone) may be used for your help. 
Telephones, laptops, other electronic devices are not allowed

Totally 4 tasks. 7 pages
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	1
	2
	3
	4
	Total

	Point
	7,5
	7,5
	7,5
	7,5
	30

	Grade
	
	
	
	
	



Good Luck!

Task 1. (7.5 points). Consider Fig. 1-9 below:
[image: ]
Assuming A=3E5, B=4E3:

1) (2 points) Specify packed form of A and B (mantissa (in binary form) and order (in binary or decimal, up to you) for packed A and B). Explain your answer
A=3e5=. Hence 
Mantissa 0.5722 of A in 8-bit binary is approximately . 
To convert a fractional number to binary, we convert it to hexadecimal by successive multiplication by 16 of respective fractional parts, and then each hexadecimal digit replace by respective four binary digits:



Thus 

Its 8-bit part’s packed form is 7-bit 0010010. Order of A is 19 in decimal and 10011 in binary
B=4e3=. Hence 
Mantissa 0.9766 of B in 8-bit binary is approximately . Its packed form is 7-bit 1111010. Order of B is 12 in decimal and 1100 in binary
2) (1 point) Do exponent compare of the unpacked A and B. Explain your answer.
Exponent of A is19 is greater than exponent of B (12), hence we cannot add the numbers directly, aligning of mantissas is necessary





3) (1.5 points) Align mantissas. Explain your answer
We align mantissas to the highest exponent of A (19) shifting 









4) (1 point) Add the numbers. Explain your answer
 
It differs from the expected exact  by 1%.







5) (1 point) Normalize result. Explain your answer

Result, , is already normalized






6) (1 point) Pack the result (show packed mantissa (in binary form) and order (in binary or decimal, up to you)). Explain your answer
Packed mantissa of the result is  and exponent is 19.







Task 2. (7.5 points). Consider the code from the Lecture Notes:
/* matrix multiply, C=A*B. Compute elements of C by

*/
	Instruction #
	Instruction

	1 
	for i:=0 step 1 until N-1 begin /*compute 1 row of C */

	
	/*initialize the sums for each element of row of C*/

	2 
	   c[I,j] :=0, (0<=j<=N-1);

	
	/*loop over the terms of the inner product*/

	3 
	   for k:=0 step 1 until N-1

	
	      /*add the k-th inner product across columns in parallel*/

	4 
	       c[I,j]:=c[I,j]+a[I,k]*b[k,j], (0<=j<=N-1);

	
	    /*end of the product loop*/

	
	end /*of all rows*/



Assume N=3 processors are available, .
1) (2 points) What is the number of instructions executed by the code? For each instruction, specify the number of times it is executed
There are four instructions numbered 1..4. Instruction 1 executes 3 times, 2 – 3 times, 3 – 9 times, and 4 – 9 times






2) (1 point) What is the time to complete the program if each instruction takes one time unit? Explain your answer.
[bookmark: _GoBack]According to the answer to Task 2, 1), the total number of instruction executions is 3+3+9+9=24. If each instruction takes 1 time unit, the time to complete the code is 24 18 time units








3) (4 points) Trace this SIMD code (show each variable (i, k, and C) value after execution of each instruction of the code filling in the table below
	Step #
	Instruction #
	i
	k
	c11
c00
	c12
c01
	c13
c02
	c21
c10
	c22
c11
	c23
c12
	c31
c20
	c32
c21
	c33
c22

	1 
	1
	0
	
	
	
	
	
	
	
	
	
	

	2 
	2
	
	
	0
	0
	0
	
	
	
	
	
	

	3 
	3
	
	0
	
	
	
	
	
	
	
	
	

	4 
	4
	
	
	2
	3
	1
	
	
	
	
	
	

	5 
	3
	
	1
	
	
	
	
	
	
	
	
	

	6 
	4
	
	
	4
	5
	5
	
	
	
	
	
	

	7 
	3
	
	2
	
	
	
	
	
	
	
	
	

	8 
	4
	
	
	10
	11
	8
	
	
	
	
	
	

	9 
	1
	1
	
	
	
	
	
	
	
	
	
	

	10 
	2
	
	
	
	
	
	0
	0
	0
	
	
	

	11 
	3
	
	0
	
	
	
	
	
	
	
	
	

	12 
	4
	
	
	
	
	
	8
	12
	4
	
	
	

	13 
	3
	
	1
	
	
	
	
	
	
	
	
	

	14 
	4
	
	
	
	
	
	13
	17
	14
	
	
	

	15 
	3
	
	2
	
	
	
	
	
	
	
	
	

	16 
	4
	
	
	
	
	
	25
	29
	20
	
	
	

	17 
	1
	2
	
	
	
	
	
	
	
	
	
	

	18 
	2
	
	
	
	
	
	
	
	
	0
	0
	0

	19 
	3
	
	0
	
	
	
	
	
	
	
	
	

	20 
	4
	
	
	
	
	
	
	
	
	14
	21
	7

	21 
	3
	
	1
	
	
	
	
	
	
	
	
	

	22 
	4
	
	
	
	
	
	
	
	
	22
	29
	23

	23 
	3
	
	2
	
	
	
	
	
	
	
	
	

	24 
	4
	
	
	
	
	
	
	
	
	40
	47
	32



Thus, the matrix 




4) (0.5 points) What is the speedup and efficiency for this code?
T3=24, T1=3 (change I by 1) +3*3 (initializations by 2)+9(change k by 3)+9*3 (calculations by 4)= 3+9+9+27=48
S3=48/24=2
Hints: Speedup with p processors is defined as




and efficiency with p processors as



Task 3. (7.5 points). Consider Fig. 2-5 below:
[image: ]
Write a MIMD-type pseudo-code for it. Explain it.
Hints:
“The fork operation takes a single argument that specifies a label in the program at which the newly started process will begin execution while the original process continues with the statement following the fork. 
The join operation takes an integer argument that specifies how many processes are to participate in join.
In MIMD it is natural to specify that a single variable name represents a different memory cell for each process by declaring it as private.
A shared declaration means that the declared variables are shared by all processes.”
N=8;
Shared V[N];
Private I,k;
For l=0:log2(N)-1 do begin
   K=2^l; //group size
   For i=1:N/2-1 do fork Add;
   I=N/2;
   Add: 
   V[2*k*floor((i-1)/k)+k+mod(i-1, k)+1]=V[2*k*floor((i-1)/k)+k]+
                                                                   V[2*k*floor((i-1)/k)+k+mod(i-1, k)+1];
   Join N/2;
End;

The code has log2(N) parallel parts (Add) corresponding to N/2=2 levels of calculation in Fig. 2-5. Each level has N/2 independent operations executed by N/2 respective MIMD processes in the instructions labelled by Add. Master process invokes N/2-1 children and works on the N/2th operation itself, waiting then for the completion of the N/2 processes.

Task 4. (7.5 points). Consider the code below:
	Instruction #
	Instruction

	1. 
	For k:=1 step 1 until N-1 begin

	2. 
	   P:=1/a[k,k];

	3. 
	   A[k,k]:=p;

	4. 
	   For i:=k+1 step 1 until N

	5. 
	       A[I,k]:=-a[I,k]*p;

	6. 
	   For j:=k+1 step 1 until N begin

	7. 
	       Q:=a[k,j];

	8. 
	       For i:=k+1 step 1 until N

	9. 
	           A[I,j]:=a[I,j]+q*a[I,k];

	10. 
	   End;

	11. 
	End; 


1. (1 point) What is the target computer for the code (SISD/SIMD/MISD/MIMD)? Why do you think so?
SISD, because parallel constructs are not used




2. (1.5 points) What is the computational complexity of the code using “big O” notation. Explain your answer
The code structure has three nested loops (on k=1:N-1, j=k+1:N, and i=k+1:N), so its complexity for k=1 is , for k=2 is , .., for k=N-1 is . Thus, sum of squares is .


3. (5 points) Assuming N=3, , trace this code (show each variable (k, i, p, q, and A) value after execution of each instruction of the code filling in the table below
	J
	Step #
	Instruction #
	i
	k
	p
	q
	a11
	a12
	a13
	a21
	a22
	a23
	a31
	a32
	a33

	
	1 
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2 
	2
	
	
	1
	
	
	
	
	
	
	
	
	
	

	
	3 
	3
	
	
	
	
	1
	
	
	
	
	
	
	
	

	
	4 
	4
	2
	
	
	
	
	
	
	
	
	
	
	
	

	
	5 
	5
	
	
	
	
	
	
	
	-2
	
	
	
	
	

	
	6 
	4
	3
	
	
	
	
	
	
	
	
	
	
	
	

	
	7 
	5
	
	
	
	
	
	
	
	
	
	
	-3
	
	

	2
	8 
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	9 
	7
	
	
	
	2
	
	
	
	
	
	
	
	
	

	
	10 
	8
	2
	
	
	
	
	
	
	
	
	
	
	
	

	
	11 
	9
	
	
	
	
	
	
	
	
	1
	
	
	
	

	
	12 
	8
	3
	
	
	
	
	
	
	
	
	
	
	
	

	
	13 
	9
	
	
	
	
	
	
	
	
	
	
	
	1
	

	3
	14 
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	15 
	7
	
	
	
	3
	
	
	
	
	
	
	
	
	

	
	16 
	8
	2
	
	
	
	
	
	
	
	
	
	
	
	

	
	17 
	9
	
	
	
	
	
	
	
	
	
	0
	
	
	

	
	18 
	8
	3
	
	
	
	
	
	
	
	
	
	
	
	

	
	19 
	9
	
	
	
	
	
	
	
	
	
	
	
	
	-4

	
	20 
	1
	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	21 
	2
	
	
	1
	
	
	
	
	
	
	
	
	
	

	
	22 
	3
	
	
	
	
	
	
	
	
	1
	
	
	
	

	
	23 
	4
	3
	
	
	
	
	
	
	
	
	
	
	
	

	
	24 
	5
	
	
	
	
	
	
	
	
	
	
	
	-1
	

	3
	25 
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	26 
	7
	
	
	
	0
	
	
	
	
	
	
	
	
	

	
	27 
	8
	3
	
	
	
	
	
	
	
	
	
	
	
	

	
	28 
	9
	
	
	
	
	
	
	
	
	
	
	
	
	-4



The sequence of the matrix transformations is as follows:

Usual Gaussian elimination is as follows:

We see that the last state upper triangular matrices are the same.

Hints;
“The notation f(n)=O(g(n)) means that there exists a constant c and an integer N such that for all n>=N, |f(n)|<c|g(n)|.
Definition: The notation f(n)= Ω(g(n)) means that there exists a constant c and an integer N such that for all n>=N, |f(n)|>c|g(n)|.
Definition: If both f(n)=O(g(n)) and f(n)= Ω(g(n)) then f(n)=Θ(g(n))”



4
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Example of an SIMD floating point addition pipeline.




image2.wmf
å

-

=

=

1

0

N

k

kj

ik

ij

b

a

c


oleObject1.bin

image3.wmf

oleObject2.bin

oleObject3.bin

image4.wmf
p

p

T

T

S

1

=


oleObject4.bin

image5.wmf
p

S

E

p

p

=


oleObject5.bin

image6.png
VI V2] VISL V4L VIS] Vel VIT] o VIS]

VI VIRE V3L VL VST Vil VT VII8)

Figure 2-5

Recursive upper/lower division for N =8, P(8).




