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ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test 3, December 3, 2004




          Total 24 points
Broun 306, 8:00-8:50AM
Instructions: This test contains four pages. Please write your name on top of each page. Read all questions before writing your answers and attempt all four (4) questions. Answers should be written directly on the question sheets in the spaces provided. Be sure to revise your answers before turning them in. Turn in all sheets (even if portions are blank) and any extra pages you have used. Thank you.
Problem 1:








          6 points
(a) What is the difference between a signal and a variable in VHDL? 
        (2 points)
Answer:
A signal assignment takes place either after an amount of time or after a delta delay. A variable assignment has no delay, it happens immediately at the current simulation time. Also, variables can be declared and used only inside a process statement.
(b) Define sensitivity list for a process.




        (2 points)

Answer:

A set of signals to which the process is sensitive is defined as the sensitivity list. In other words, each time an event occurs on any of the signals in the sensitivity list, the sequential statements within the process are executed in the order in which they appear. 
(c) What are the two different formats used for port mapping? Explain each with an example.








        (2 points)

Answer:

(1) "Positional association": signals are connected to ports in the order listed in the component declaration. 

Example. A1: adder port map (v, w, x, y, z); 

(2) "Named association": each signal-to-port connection is listed explicitly as "signal=>port". 

Example. A1: adder port map (a=>v, b=>w, s=>y, cin=>x, cout=>z); 

(The signal ordering is not important in this format).
Problem 2:








          6 points
Write VHDL code for the following:
(a) D-latch








        (2 points)

Answer:
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entity d_latch is
   port (D, clock : in bit; 
            Q           : out bit);
end d_latch;                                                     
architecture latch of d_latch is
begin
process (D, clock)
begin
   if clock = ‘1’ then
      Q <= D after 1ns;
   end if;
end process;
end;

(b) JK flip-flop







        (4 points)

Answer:
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entity jk_ff is

   port (J, K, clock, clr  : in bit; 

           Q, Qbar             : out bit);

end jk_ff;

architecture ff of jk_ff is

signal int_q : bit;

begin

process (J, K, clock, clr)

begin

   if clr = ‘1’ then

      int_q <= ‘0’ after 1ns;

   elsif (clock’event and clock = ‘0’) then

      int_q <= (J and (not int_q)) or ((not K) and int_q) after 1ns;

   end if;

end process;

Q <= int_q;

Qbar <= not int_q;

end;
Problem 3:                                                                             
                                  6 points
Suppose the time for an ALU operation can be shortened by 25% compared to the illustration in the following figure (Figure 6.2 on page 373 in third edition):
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FIGURE 6.2 Total time for each instruction calculated from the time for each compo-
nent. This calculation assumes that the multiplexors, control unit, PC accesses, and sign extension unit

have no delay,




(a) Will it affect the speedup obtained from pipelining? If yes, by how much? If not, why not?









        (3 points)

Answer:
Shortening the ALU operation will not affect the speedup obtained from pipelining. It would not affect the clock cycle, which will be determined by the operation that takes the most time, i.e., instruction fetch or data access.
(b) What if the ALU operation now takes 25% more time?                                   (3 points)
Answer:
If the ALU operation takes 25% more time, it becomes the bottleneck in the pipeline. The clock cycle needs to be 250 ps. The speedup now is about 850/250=3.4. The speedup used to be about 800/200=4. Therefore, speedup is 15% less.
Problem 4:








          6 points
A computer architect needs to design the pipeline of a new microprocessor. She has an example workload program core with 106 instructions. Each instruction takes 100 ps to finish.

(a) How long does it take to execute this program core on a nonpipelined processor?











        (2 points)
Answer:
It takes 100 ps × 106 instructions = 100 microseconds to execute on a nonpipelined processor.
(b) The current state-of-the-art microprocessor has about 20 pipeline stages. Assume it is perfectly pipelined. How much speedup will it achieve compared to the nonpipelined processor?








        (2 points)

Answer:
A perfect 20-stage pipeline would speed up the execution by 20 times (ignoring start and end transients in the pipeline).
(c) Real pipeline isn’t perfect, since implementing pipelining introduces some overhead per pipeline stage. Will this overhead affect instruction latency, instruction throughput, or both?









        (2 points)

Answer:
Pipeline overhead impacts both latency and throughput.                           
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