ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test I, September 24, 2004




Total 24 points
Broun 306, 8:00-8:50AM
Instructions: Please read all questions before writing your answers. Attempt all five (5) questions. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test shown as above, write your name and write the total number of pages you are submitting. Thank you.
Problem 1:








3 points
a. Draw a block diagram of the hardware of a computer identifying each block.                                                                                                                                                                                                                                 

b. How do the blocks communicate with each other?
c. Which block controls the communication between blocks?

Answer:

a. The block diagram of a computer system is given below:

[image: image1]
b. The blocks communicate through a communication bus.
c. The control block in CPU generates the signal to control the bus communication between the blocks.
Problem 2:








3 points
a. Identify the name of the computer in the following figure.

b. Why is it not possible to build this computing machine?

[image: image2]
Answer:
a. The computer shown in the figure is “Turing machine.”

b. It requires an infinite memory, which is impossible to build.
Problem 3:








6 points
Suppose a MIPS compiler uses the following instructions:



move
$s1, $s2
# $s1 = $s2



clear
$t5

# $t5 = 0




ble
$t3, $t5, L
# if ($t3 ≤ $t5) go to L

that are not implemented in the hardware. How will the assembler translate each of these instructions into a minimal sequence of actual MIPS instructions?
Answer:
A “move” instruction can be implemented (assuming that the content of $s2 is placed in $s1) as:



add
$s1, $s2, $zero
# add 0 to $s2 and place result in $s1
The following implements a “clear” instruction:

add
$t5, $zero, $zero
# $t5 gets the result of 0+0
An instruction “ble” can be implemented as:


slt
$t1, $t5, $t3

# $t1=1, if $t5 > $t3, else $t1 = 0



beq
$t1, $zero, L

# jump to L if $t1 =  0

Problem 4:








6 points
A procedure uses registers $s1 and $t0. Write the instructions that compiler should include at the beginning and end of the assembly code of the procedure to save and restore registers.
Answer: According to the MIPS convention of register usage, only $s1 needs to be saved and restored by the procedure. Therefore, following instructions (shown in bold) will be added to the procedure:


addi
$sp, $sp, -4


# push stack pointer down one word

sw
$s1, 0($sp)


# save $s1 in memory


.
. . .


(assembly code of proc)


.
. . .


lw
$s1, 0($sp)


# restore $s1 from memory

addi
$sp, $sp, 4


# bring stack pointer to original value


jr
$ra



# return to caller
Problem 5:








6 points
A RISC assembler is especially written to process the output of a CISC compiler for running the code on a RISC machine. This assembler treats CISC instructions as RISC pseudoinstructions. It is found that on an average one CISC instruction produces four RISC instructions. The code from the CISC compiler, when run on a CISC computer, takes 8 cycles per instruction (CPI). The RISC computer for the modified code takes 1.5 CPI and this RISC computer has a 1.5 times faster clock. Show that the RISC computer will execute the program twice as fast.
Answer: We will use the RISC machine cycle, which is 1.5 times faster than the CISC machine cycle, as the standard for comparison.

Average time per CISC instruction on CISC computer = 8×1.5 
= 12 RISC cycles
Since one CISC instruction produces four RISC instructions, each using 1.5 RISC cycles, the average time to execute the code equivalent to one CISC instruction on a RISC computer





= 4×1.5
= 6 RISC cycles
Thus, the RISC computer will complete the program in half the time taken by the CISC computer.
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