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Session of Computer Architectures and Systems 
Qualifying Exam – Wednesday, September 11, 2013 

 
 
Select four out of five problems. 
 
QUESTION 1.  [25 points, 2.5 each]:  Indicate which of the followings are architectural and which are 
not.  Explain why yes or why no.   
 
a) cache 
 
b) pipelines 
 
c) Register Windows 
 
d) Register coloring 
 
e) Bit pairing multiplication 
 
f) floating point numbers 
 
g) interrupts 
 
h) stack 
 
i) subroutines 
 
j) branch prediction 
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QUESTION 2.  [25 points]:  Pipelining  
Consider the following operations: 
 
A = B + C 
D = A - F 
 
The corresponding assembly code instruction list generated by a compiler is: 
 
1 load [%r0 + 4], %r1  
2 load [%r0 + 8], %r2 
3 add %r1, %r2, %r3  
4 load [%r0 + 12], %r4 
5 sub %r3, %r4, %r5  
6 store %r3, [%r0 + 16]  
7 store %r5, [%r0 + 20] 
 

a) Identify the potential pipeline hazards. [10 points] 
b) State if the found hazards can be eliminated and if so, propose a scheme that eliminates all hazards.  

[15 points] 
 
	  
 
QUESTION 3.  [25 points]:  The code shown below is written in SPARC machine code and begins in 
memory location 0. All are instructions except for lines 11 and 12.   
 
a) Provide the SPARC assembly language version of each of the instructions. (20 points) 
 
10000010000000000010000000101000 
11000100000010000000000000000001 
11000110000010000110000000000001 
10001010000000000000000000000000 
10001010000000001000000000000101 
10000110101000001110000000000001 
00010010101111111111111111111110 
10000000000000000000000000000000 
11001010001010000110000000000100 
00010000100000000000000000000100 
00011001000001010000011100000100 
00000000000000000000000000000000 
00010000100000000000000000000000 
10000000000000000000000000000000 
 
b) Describe the functional operation of the program (what the program does) without stating what each 

instruction does. (5 points) 
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QUESTION 4.  [25 points]:  Cache Memory [25 points] 
 
Consider the following list of memory block references: 
2,3,7,12,15,9,21,44,64,16,2,80,39,2,66,18,55,7,2,63. 
If we have a reconfigurable cache (either on direct-mapped or fully-associative mode-LRU) with a total 
of 16 blocks, for each configuration and starting with an empty cache: 
 

a) Mark each memory reference as a hit or miss to the cache. [15 points] 
b) Show the final contents of the cache. [10 points] 

  
 
 
 
QUESTION 5.  [25 points]:  The SPARC rett instruction has the following operation: 
 

If WIM(CWP-1) <= 0 
	
   CWP  <= CWP+1;  
	
   PC <= nPC 
	
   nPC <= rd <= rs1+rs2 or rs1+simm13 
	
   S = 0  Dissable supervisor mode 
	
   ET = 1 (enable trap) 
 

	
 Assume that WIM(CWP-1) <= 0.  
 

 
a) For the following data path show which values (zero or one) should every control signal has on 

each state to execute the rett instruction (use the following page for your answer).  You only 
need to specify the cycle after the fetch.  If it is necessary to modify the data path or any of its 
components show the modifications and take them into consideration in your answer. (20 
points).   

 
b) Show the state diagram corresponding to the cycles of part a.  (5 points). 
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A2-A0 OUT  
000 B 
001 B+4 
010 A+B 
011 A-B 
100 A or B 
101 A and B 
110 SAR B 
111 SLL B 
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Session of Analysis of algorithms 
Qualifying Exam – Thursday, September 12, 2013 

 
 
For these problems, when asked to provide an algorithm, always describe it first in plain 
language.  If you are also providing pseudocode, is should be at a level of detail only fine 
enough that a competent programmer could take your code and implement it.  You may 
assume that low-level data structures have been provided for you.  So, it is clearer to say 
“Delete x from the head of the queque Q” than to give code for pointer manipulation.  Any 
pseudo-code must include comments describing the main variables used.   
 
Select four out of five problems. 
 
 
QUESTION 1.  [25 points]:  
 

(a) 12 points 

 
 
 

(b) 13 points  

 
 
 
QUESTION 2.  [25 points]:  Suppose in a 0-1 knapsack problem, that the order of items when 
sorted by increasing weight (or volume, according to the constraint on the knapsack) is the same as 
their order when sorted by decreasing value.  Give an efficient algorithm to find the optimal 
solution in this case, and show that your algorithm is correct. 
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QUESTION 3.  [25 points]:   
 

 
 

(a)  How many inner walls (hence how many potential doors) does an m x n prison have?  
 

 
 
 
 
QUESTION 4.  [25 points]:   
 

 
 
 
 
QUESTION 5.  [25 points]: Assume you have a list of English words (say, all in lower-case).  One 
of the words occurs once, all the others twice.  Describe an efficient procedure for identifying the 
word that occurs once.   
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Session of Theory of Computation 
Qualifying Exam – Friday, September 13, 2013 

 
 
Select four out of five problems. 
	  
The	  problems	  allow	  you	  to	  demonstrate	  your	  skill	  in	  applying	  the	  theoretical	  tools.	  	  Justify	  
your	  claims.	  Your	  proofs	  do	  not	  need	  to	  exhibit	  full	  technical	  detail.	  However,	  all	  relevant	  
steps	  have	  to	  be	  presented	  clearly. 
 
QUESTION 1.  [25 points]:  

 
 
QUESTION 2.  [25 points]:  
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QUESTION 3.  [25 points]:   
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QUESTION 4.  [25 points]:   

 

 
 
 



  
      Doctoral Program in Computing and 
      Information Sciences and Engineering            
 

 

 

  
 
 
 
 

Universidad de Puerto Rico 
Recinto Universitario de Mayagüez 

 

 

4 

 

 
 
 
QUESTION 5.  [25 points] Automata:  
 


