ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test I, March 6, 2009





Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt any four out of the first five 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. One point is reserved for neatness. Thank you.
Problem 1:








(2+2+2)
Add comments to the following MIPS procedures and specify their functions:
a. Procedure 1

Proc1:

sub
$v0,
$zero,
$a0




bltz
$a0,
done




add
$v0,
$a0,
$zero

done:

jr
$ra
b. Procedure 2
Proc2:

add
$v0,
$a0,
$zero




sub
$s0,
$a1,
$v0




bltz
$s0,
okay



add
$v0,
$a1,
$zero

okay:

sub
$s0,
$a2,
$v0




bltz
$s0,
done




add
$v0,
$a2,
$zero

done:

jr
$ra

c. Should the compiler add code to these procedures to save and restore any registers? If so, specify code changes that will avoid register saving.
Problem 2:








(2+2+2)
a.  
A program uses four registers, $s1, $s2, $s3, and $t0, in its code. The values of these registers are initialized in the beginning of the program and are used throughout the execution. The program calls a procedure that uses $s0, $s1 and $t0. Write the instructions that the compiler should include in the assembly code of the program to save and restore registers.





b.  
Implement the following pseudoinstruction using the MIPS assembly language:



sum3
$reg1, $reg2, $reg3

# $reg1= $reg1 + $reg2 + $reg3
c. 
Assuming that a MIPS pseudoinstruction should fit in a 32-bit word for a possible hardware implementation in the future, what is the maximum number of registers that can be added in a single pseudoinstruction? Can you have sum6?


Problem 3:
Assume the following hardware delay: memory read or write 2ns, register read or write 1ns, and ALU operation 2ns. (a) What is the maximum clock rate for a single-cycle MIPS datapath? (b) What will be the throughput of this datapath in million instructions per second (mips)? (c) What should be the maximum clock rate for a multicycle MIPS datapath implemented using the same hardware units? (d) For a program with an instruction mix of 44% R-type, 24% load, 12% store, 18% branch and 2% jump, what is the throughput of the multicycle datapath in mips?







(2+1+1+2)

Problem 4:
 Suppose an additional instruction is implemented for multiplication in the datapaths of Problem 3. The datapth then has the original R-type instruction, we will call R1-type, and the new R2-type instruction. The multiply (MULT) hardware is placed in parallel with the original ALU. The ALU still takes 2ns but MULT takes 10ns. (a) What will be the maximum clock rate and (b) the mips throughput for the single-cycle datapath. (c) Multicycle clock rate is kept the same as in Problem 3. All instructions take the same number of cycles as before except R2-type takes 4 more cycles over R1-type. What is the multicycle throughput for a program with instruction mix of 22% R1-type, 22% R2-type, 24% load, 12% store, 18% branch and 2% jump.


(2+2+2)
Problem 5: 
Consider a MIPS instruction set in which all instructions can be classified into five types, load, store, register, branch and jump. Design the state diagram of a microcoded control for a multicycle datapath using only one dispatch ROM. (a) Sketch the state diagram showing an appropriate state assignment. (b) List microinstructions specifying their functions and sequencing values.
(3+3)
Problem 6 (Bonus Question): 





(2 points)
A multicycle MIPS datapath generally requires five clock cycles to complete the lw instruction, while all other instructions take four or fewer cycles. Discuss the possibility of reducing the execution time of lw by one cycle. Which parts, if any, in the multicycle system will require changes?
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