CS 351 Computer Architecture                                                    Fall 2007
Mid-term test # 1 solutions

Section A 

1)[image: image1.png]A CPU has an arithmetic uni that adds bytes and then sets its V, C, and Z flag bits as follows. The V-bit is set if
arithmetic overflow oceurs (in two’s complement arithmetic). The C-bit is set if a carry-out is generated from the
most significant bit during an operation. The Z-bit is set if the result is zero. What are the values of the V, C, and
Z flag bits after the 8-bit bytes 1100 1100 and 1000 1111 are added?
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Circle the correct answer.                                                                                                                                       

2) Express f(A, B, C) = (A 
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 B) V C in the sum of product form.


  
      AB’ + A’B + C

3) If $r0 contained 0x39ab0f18 and $r1 contained 0x1011ffff, what is the content of register $r0 after the following instruction is executed? (Write the result in hexadecimal notation.)

        addu $r0, $r1, $r0

                       49bd0f17

4) Which of the following distinguish a procedure from a macro?

(a) a macro is a procedure that gets called very frequently

(b) a macro is a very short procedure

(c) macros do not incur the overhead when called while procedures do.

Circle the correct answer:

(1) a only   (2) a and b    (3)  c only   (4) b and c only   (5) none of them.

5) Classify each of the following instruction as R-type, I-type, J-type or pseudo-instruction.

1) sll                                          ______R_________

2) lw                                              ______I_________

3) slt                                          ______R_________

4) la                                             ______P________

5) jal                                          ______J_________

6) What is the range of address for unconditional jump (e.g. using the instruction j) in MIPS? Circle the correct answer. 


          

(a) addresses to about 2^25 before the current instruction to about 2^25 after.

(b) addresses up to about 2^27 before the current instruction to about 2^27 after.

(c) addresses up to about 2^31 before the current instruction to about 2^31 after.

(d) addresses up to about 128 K before the current instruction to about 128 K after.

7) Which of the following are necessary conditions for overflow when two integers A and B (in two’s complement) are added?


          

(a) A < B < 0

(b) both A and B have the same sign.

(c) the sign of the sum (added as unsigned integers) is different from that of at least one of the operands.

(d) either A or B is a string of 1’s

Circle the correct answer:

(1)  a and b only (2)  b and c only (3)  b only (4)  c and d only (5) b and d only.

8) Which of the following factors most likely cause glitching?

        (a) power supply

        (b) propagation delay

        (c) the clock source 

Choose the correct answer:

A) a only 

B) a and b only

C) b only

D) a and c only

E) b and c only
Section B

This section is open-book/open-notes.

1) What does the MIPS procedure do? (Describe the mathematical relation between the input n stored in $a0 and output m stored in $v0.)                                                 
 addi    $t0,   $zero, 1       


     
         addi   $v0, $zero, 1

         addi   $t2, $zero, 1       


     
Loop:    sle    $t1, $t0, $a0          
         beq    $t1, $zero, Exit    
         sll    $t2, $t0, 1

         addi   $t2, $t2, 1                   
         add    $v0, $v0, $t2       

     
         addi   $t0, $t0, 1         


     
         j      Loop                
            Answer:     m = (n+1)2

 2) (a) Write a recursive procedure count_bits in C that counts the number of 1’s in the input n, which is a 32 bit integer. Thus, count_bits(12) should return 2 since the number of 1’s in the binary representation of 12 is 2. (Make a recursive call on the number after shifting the input by one bit.)

           int count_bits (int n) {

              if (n == 0) return 0;

              else return ((n > 0) + count_bits(n >> 1) );

           }                                    
               (b) Translate your solution in (a) into a MIPS assembly language function.  

          Please add comments to every instruction of your code.                            

countbits: addi $v0, $zero, 0

           beq  $a0, $zero, done

           bge  $a0, $zero, rec

           addi $v0, $v0, 1

    rec:   addi $sp, $sp, -8

           sw   $ra, 4($sp)

           sw   $v0, ($sp)

           sll  $a0, $a0, 1

           jal  countbits

           lw   $ra, 4($sp)

           lw   $s0, ($sp)

           addi $sp, $sp, 8

           add  $v0, $v0, $s0

    done:  jr   $ra

 3) A k-bit decrementer is a circuit that takes as input a k-bit (unsigned) integer x and produces a k-bit integer y such that y = x – 1. (When x is a string of k 0’s, the output will be a string of k 1’s.) Design an 8-bit decrementer using two 4-bit decrementers and as few additional logic gates as possible. Assume that there is a control input bit c to the decrementers (both 4 and 8 bits) such that the circuit decrements if c = 1, else (i.e., if c = 0) it simply outputs the input.  

Solution:
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4) A computer manufacturer offers two types of systems. The high-end system comes  equipped with a floating-point coprocessor while the low-end processor (without the coprocessor) uses integer-based software routines to perform the floating point operations. Both systems use a processor with the same clock speed. The high-end system has a CPI of 10 and takes 3 second to run a benchmark program, whereas the low-end system has a CPI of 6 and takes 10 seconds for the same task. (Assume that 40% of the instructions in the benchmark run on the high-end system are floating-point instructions.)

a) If the MIPS rating of the high-end system is 4.2, what is the MIPS rating of the low-end system? 

MIPS(high-end) = Clock speed / (10^6 x CPI(high))

Thus, Clock speed = 4.2 x 10^6 x 10 = 42 x 10^6 Hz/sec

Thus, MIPS(low-end) = 42 x 10^6/ (10^6 x CPI(low)) 

                          = 42 x 10^6/ (10^6 x 6) = 7                                                                                                     

b) What is the speed-up exhibited by the high-end system over the low-end one? 

Speed-up = Time(low)/Time(high) = 10/3 

c) On average, how many integer instructions does it take to simulate a floating-point operation in the low-end system?

First, we will determine the size of the benchmark program P(h) when run on the high-end system.

4.2 x 10^6 instructions are executed on the high-end system in 1 sec. => 4.2 x 3 x 10^6 instructions will be executed in 3 secs. Since it takes 3 seconds to run the benchmark on the high-end system, P(h) = 4.2 x 3 x 10^6.

Similarly, P(l) = program size on the low-end system

                = 7 x 10 x 10^6

  The number of non-FP instructions in P(h) = 4.2 x 3 x 0.6 x 10^6 and the number of FP instructions in P(h) = 4.2 x 3 x 0.4 x 10^6 = 4.2 x 1.2 x 10^6

  The latter corresponds to (70 - 4.2 x 1.8) x 10^6 ~ 62.44 x 10^6 integer instructions in P(l).

Thus, the average number of instructions needed to simulate a FP instruction is 62.44/(4.2 x 1.2) ~ 12.39
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