ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test 1, March 8, 2010





Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt all six (6) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








(5 points)
(a) What is von Neumann bottleneck?

(b) How does a modern architecture reduce the effects of the von Neumann bottleneck?
Problem 2:








(5 points)
(a) A computer uses a 6 bit explicit opcode without any function code. What is the maximum numbers of hardware instructions and pseudoinstrictions that this architecture can have?
(b) Implement the following pseudoinstruction:


swap
$t1, $t2

#
swap contents of $t1 and $t2
Problem 3:








(5 points)
It is given that Tm is the time required for reading or writing the memory, Tf is the time for reading or writing the register file and Ta is the critical path delay of the ALU. Derive an expression for lower bounds on the cycle times for single-cycle and  multicycle datapaths.
Problem 4: 








(5 points)
Clock rates for single-cycle and multicycle computers are 250MHz and 1GHz, respectively. The following subroutine is used to compare their performances. The argument register $a0 contains a very large positive integer (a million or greater) and $a1 contains a valid address in the data memory:



repeat

beq
$a0, $zero, finish





lw
$v0, 0($a1)





addi
$a0, $a0, –1





jump
repeat



finish

add
$v1, $a0, $zero


Determine:

(a) Average cycles per instruction (CPI) for two datapaths.





(b) Find the ratio of single-cycle to multicycle execution times?

Problem 5:








(5 points)
Suppose it is decided that any illegal (undefined) opcode or function code will be ignored and the processor will go on with the execution of the next instruction. What changes are required in the state diagram of the control FSM for a multicycle datapath?
Problem 6 (Bonus Question): 





(1 point)
The maximum throughput of a highway is measured as the maximum number of cars that can move through it per hour. If the speed limit is s mph and average car length is x in miles then a theoretical limit on throughput of a single-lane is s/x. This is the number of passing through a point in the highway in one hour but assumes that the cars are butted together like the carriages of a train. For practical reasons, however, we use a rule of thumb that says that cars must maintain a distance of one car length per 10 mph of their speed. What is the highest upper bound on throughput with this rule?
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