Name __________________________________________________________________


ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, December 13, 2004




          Total 25 points
Broun 306, 11:00AM—1:30PM
Instructions: This test contains seven pages. Please write your name on top of each page. Read all questions before writing your answers and attempt all five (5) 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:








5 points
a. When two signed two’s complement integers are added, can the sign bit of the result be used to indicate overflow? If not, why?


1 point


Answer: The sign bit does not indicate overflow because it can assume either 
value, 0 or 1, in the correct result even when there is no overflow.
b. State the overflow rule for two’s complement arithmetic.

2 points

Answer:  If two numbers in two’s complement have the same sign bit (i.e., both 
numbers are either positive or negative) are added, then an overflow occurs if the 
result has a sign opposite to that of the two numbers.

c. Obtain the product 13×(-6) by Booth’s algorithm using 5-bit two’s complement representation.







2 points

Answer:




0 1 1 0 1
+13



×
1 1 0 1 0 (0)
 - 6





0th pair is 00 → no partial product


         1 1 1 1 1 0 0 1 1

1st pair is 10 → partial product = - multiplicand

         0 0 0 0 1 1 0 1

2nd pair is 01 → partial product = multiplicand

         1 1 1 0 0 1 1

3rd pair is 10 → partial product = - multiplicand


         ___________________ 4th pair is 11 → no partial product


         1 1 1 0 1 1 0 0 1 0
- 78

Problem 2:








5 points
a. Which MIPS instruction determines the cycle time of a single-cycle datapath?










1 point


Answer: load word (lw) instruction takes the longest and hence determines the 
cycle time.

b. What datapath operations are performed during the execution of this instruction?











2 points


Answer: five operations to complete lw are instruction fetch (IF), instruction 
decode and register read (ID), ALU execution (EX), memory data access (MEM), 
and register write back (WB).

c. If memory access takes 200 ps, register file operation takes 100 ps, and ALU operation requires 200 ps, then find the upper bound on the clock rate of a single-cycle MIPS datapath.






2 points

Answer:


Time for fetching and executing lw



= 
time(IF) + time(ID) + time(EX) + time(MEM) + time(WB)



= 
200 + 100 + 200 + 200 + 100

= 
800 ps


Maximum clock rate
=
(1/800) × 1012

=
1.25 GHz

Problem 3:








5 points

a. What are the stages of a 5-cycle pipelined MIPS datapath?

1 point

Answer: The stages in the 5-cycle MIPS datapath are:

(1) instruction fetch (IF)

(2) instruction decode and register file read (ID)

(3) ALU execution (EX)

(4) Memory access (MEM)

(5) Register file write back (WB)

b. Does the execution of the following sequence of instructions generate a hazard? If yes, can the hazard be handled without a pipeline stall? Illustrate the handling of hazard by a sketch of pipeline stages.




2 points





 add
$s0, $t0, $t1





 add
$t2, $s0, $t3


Answer: Yes. A data hazard is generated in the fourth clock cycle (CC 4) because 
the result of the first add, though generated in CC3, is not written in $s0 until 
CC5. Thus, the value of $s0, obtained in CC3 is incorrect. This hazard can be 
handled without a stall by “forwarding.” Following diagram shows the 
forwarding.

c. You are to use a single-cycle control finite-state machine for controlling a 5-cycle datapath. Give a sketch to show the flow of signals between four pipeline registers and the control block. Name all control signals. It is not necessary to include datapath elements in the sketch.




2 points

Answer: See the following diagram.

[image: image1]
Problem 4:








5 points
a. Consider the following performance measurements for a program. Compute the MIPS ratings and program CPU times of the two computers. Is MIPS rating a reasonable measure of performance? Give reasons.


3 points
	Measurement
	Computer 1
	Computer 2

	Instruction count
	10 billion
	6 billion

	Clock rate
	1.0 GHz
	1.5 GHz

	Cycles per instruction (CPI)
	1.0
	1.5



Answer:
CPU time
 = (instruction count)×CPI × (cycle time)



MIPS rating
= (instruction count ×10-6)/(CPU time)


Computer 1:
Cycle time
=
1/(1 GHz)

=
1 ns




CPU time
=
10×109 × 1.0 × 1 ns
=
10 s



MIPS rating
=
10×109 ×10-6 / 10
=
1,000

Computer 2:
Cycle time
=
1/(1.5 GHz)

=
1/1.5 ns




CPU time
=
6×109 × 1.5 × 1/1.5 ns
=
6 s




MIPS rating
=
6×109 ×10-6 / 6

=
1,000

Two computers have the same MIPS rating but Computer 2 executes the program 
faster. Thus, MIPS rating is not a good measure of performance. Reason: MIPS 
rating simply measures how many instructions are executed per unit time without 
regard for how capable each instruction is. The performance or program 
execution speed, on the other hand, depends upon (A) the quality of the 
instruction set and compiler that together produce smaller machine code, and (B) 
simplicity of the instruction set and faster hardware that allow shorter clock 
cycle.
b. Define the following:






2 points
i. Instruction level parallelism (ILP)
ii. Superscalar

iii. Out-of-order execution

iv. Very long instruction word (VLIW)
Answer:

i. ILP – an architecture in which multiple instructions are issued in one clock cycle.

ii. Superscalar – a dynamic ILP where instructions to be executed together are selected during program execution.

iii. Out-of-order execution – a superscalar architecture in which the order of instruction execution depends on data and resource availability. This order may be different from that in the program.

iv. VLIW – a static ILP architecture in which the compiler, based on independence, selects sets of instructions for parallel execution. These sets are packed in words of a wide (e.g., 512 bits) instruction memory.
Problem 5:








5 points

A computer has a byte-addressable main memory with 32-bit address. We need to design a cache of 1K blocks with a block size of one word.
a. In the following table, fill in the sizes of tag and index for various cache organizations:







2 points

Answer: See entries in the table below:

	Type of cache
	Number of tag bits
	Number of index bits

	Direct-mapped
	20
	10

	Two-way set associative
	21
	9

	Four-way set associative
	22
	8

	Fully associative
	30
	0


b. If a memory word contains 32 bits of data, then how many bits of storage will be needed for a direct-mapped cache?




1 point

Answer:


Number of bits needed in direct-mapped cache



=  (#blocks in cache) × (data bits per block + tag size + valid bit)



= 1K × (32+20+1)
=  53 Kb
=  6.625 KB

c. What are “write-back” and “dirty bit”?



2 points


Answer:


Write-back – a technique to maintain consistency of data between cache and main 
memory. When a data block, that has been written in cache but not in memory, 
has to be overwritten in cache, it is called inconsistent. The block is first copied 



from cache to memory and then overwritten in cache.


Dirty-bit – a bit in cache block that indicates the inconsistent status of the block. 
It is used in the write-back method of maintaining consistency. The dirty-bit is set 
when the cache block is written by the processor. At the time when the block is to 
be overwritten, the dirty-bit is checked to determine whether or not it should be 
copied back to the main memory.
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