EEL 4713 / Computer Architecture / Fall 2004
Sample Midterm Exam #2
Out: 11/1/’05 / Review: 11/3/’05
This document contains examples of questions that would be typical of the kinds of questions that might appear on a real midterm exam #2.  The actual exam questions will not be the same, or necessarily even very similar, although they will be generally within the same overall topic area, and will have roughly the same overall level of difficulty.

Sample Exam Questions

Question #1 (CIO 1 / POs a,e,o) – Floating-Point Representations
Suppose you have been asked to design and implement a microprocessor-based embedded system for analysis of sensor data.  The application involves performing floating-point arithmetic on input data values that could be as small as 10−30 in magnitude.  In one part of the algorithm (section A), results are obtained by adding various data values together.  In another part of the algorithm (section B), results are obtained by multiplying together pairs of data values.  You are trying to decide which IEEE standard floating-point data type (single or double precision) to use in each part of the algorithm.  You want the application to be as energy-efficient as possible, and you know that your microprocessor has separate single-precision and double-precision floating-point units that are each optimized to achieve the best possible energy efficiency.

1a) Identify the engineering problem to be solved.  What must you calculate in order to determine which floating-point data type can be used in a given case?

1b) Formulate the engineering problem.  For each of section A and section B, write an inequality that indicates whether single-precision can be used for that section.  Use the variable M to stand for the minimum value (in this case, 10−30) of an input datum. 
1c) Solve the problem.  Which data type should be used for section A?  Which data type should be used for section B?  Justify your answers.

1d) Hand-convert the value 10−30 to IEEE-standard single-precision floating-point.  Show your calculations and clearly delineate all fields in the binary result.
Question #2 (CIO 2 / POs a,e,o) – Control and dataflow
Below is the single-cycle MicroMIPS datapath from the textbook (fig. 13.3, p. 248).  Suppose you are told that the SLTI instruction on a certain test chip is malfunctioning.  You suspect that the problem may be that one of the wires in the below diagram is broken or disconnected.
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2a) Identify the problem to be solved.  Which wires in the above diagram are required for successful functioning of the SLTI instruction?  Highlight all the wires or sections of wires that are required.  Assume that any broken control wires will manifest as “stuck-at-0” faults.

2b) Formulate the problem.  How would you go about determining which wires are most likely the broken ones if you could not get test probes inside the chip?  Formulate a strategy for narrowing down the possibilities.  Hint:  It may involve executing other instructions of specific types to see if they work correctly.

2c) Suppose that after some investigation you find that all other instructions work correctly except for ANDI, ORI, XORI, and LUI.  What now are the remaining possibilities as to where the broken wire may be?
Question #3 (CIO 3 / POs a,o) – Multipliers and Dividers
The following MIPS program takes a 16-bit unsigned multiplicand and multiplier in registers $a0 and $a1 respectively, and returns their 32-bit unsigned product in $v0.

    ###########################################################

    #  Multiply 16 bit numbers

    # INPUT: $a0 => multiplicand $a1 => multiplier

    # RETURN: $v0 =>32-bit product

    # NOTE: 

    # $t0 => bitnum

    # $t1 => 15, num of bits (const)

    # $t2 => multiplier & 1 

    ###########################################################

001 MULT16:
li
$v0,0

# Clear product register
002

li
$t0,0

# Initial bit position = 0
003

li
$t1,15

# Final bit position = 15 (const).
004 FOR:
bgt
$t0,$t1,END1
# Loop through bits of multiplier, LSB to MSB

005

andi
$t2,$a1,1 
# multiplier & 1

006

beq
$t2,$0,END2 
# if (multiplier & 1)

007

addu
$v0,$v0,$a0  
#
product += multiplicand;

008 END1:
sll
$a0,$a0,1 
# shift m’and left 1 place

009

srl
$a1,$a1,1 
# shift m’er right 1 place 

010

addi
$t0,$t0,1 
# bitnum++

011

j
FOR

# continue loop
012 END2:
jr
$ra 

# $v0 now contains complete product; return it.

Hand-simulate the execution of this code given the initial values $a0=13, $a1=5, through the first three iterations of the loop.  Indicate each line of code executed and each value written back to a register.  We have filled in the first six lines of the table for you.
	Iter.

No.
	Line
No.
	$v0
	$t0
	$t1
	$t2
	$a0
	$a1

	
	1
	0
	
	
	
	
	

	
	2
	
	0
	
	
	
	

	
	3
	
	
	15
	
	
	

	1
	4
	
	
	
	
	
	

	1
	5
	
	
	
	1
	
	

	1
	6
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	











