INEL 4206 Spring 2002  Exámen Final    5/15/03
Nombre: ____________________________       
                                             Sección: ______


¡Anota tu nombre y número de sección en todas las hojas del examen AHORA! (penalidad de 5 puntos)

Tienes 2 horas para completar todos los problemas.  Lee cuidadosamente todo el examen antes de empezar a trabajar.  Muestra todo el trabajo conducente a tu contestación.  Podrás recibir crédito parcial por contestaciones parciales siempre y cuando muestres tu trabajo por escrito.  Usa tu tiempo inteligentemente.  Exito!

INEL 4206 Staff



Problem 1. (30 points) Implementing procedures
The following code has been produced by a compiler for a function of a single integer parameter written in C:

f:
addi
$sp,$sp,C1

sw
$ra,C3($sp)


beq
$a0, $zero, f1


addi
$a0,$a0,-1


jal
f


add
$v0,$v0,$v0


j
f2

f1:
move
$v0, $a0

f2:
addi
$v0,$v0,1


lw
$ra,C3($sp)


addi
$sp, $sp,C2

jr
$ra

The compiler follows the procedure calling conventions used in class but tries to avoid saving registers unnecessarily, thus generating more efficient code.

(a) (6 points) What is the value that the compiler should generate for constants C1, C2 and C3?

C1 = 



C2 = 



C3 = 

(b) (6 points) What is the maximum number of stack frames from f that will reside on the stack at any given time during the computation of f(k).  In other words, what is the maximum depth that the stack will reach.  Choose the correct answer.  You get 2 point if you do not answer the question, and 0 points if you answer it incorrectly.

___   1

___ 2  

___ k + 1
___ 2*(k+1)

___ 3*(k+1)

(c) (6 points) What is the result returned by f(k) for k greater or equal to 0. Choose the correct answer.  You get 2 point if you do not answer the question, and 0 points if you answer it incorrectly.

___   k

___ k+1  
___ 2k

___ 2k - 1

___ 2k+1 - 1

(d) (12 points) Write a function in C that accomplishes the same functionality as the MIPS function f above:

int f(int k) {

}

Problem 2. (10 points) Practical computers
Consider the following sequential circuit with two inputs and one output:








(a) (5 points) What is the maximum number of states that can be implemented using this circuit? 

___   k

___ 2k  

___ 2k + 2

___ (k+1) 2k + 2

___ (k+3) 2k + 2
(b) (5 points) What is the total number of bits held in the ROM?

___   k

___ 2k  

___ 2k + 2

___ (k+1) 2k + 2

___ (k+3) 2k + 2
Problem 3. (30 points) Interrupt-driven I/O
Appendix A shows the SPIM interrupt handler routine discussed in class.  Based on the code shown answer the following questions:

(a) (10 points) Write a sequence of MIPS instructions that modify the status register in order to enable all interrupts from level 0 up to level 5.

(b) (10 points) Write a sequence of MIPS instructions that modify the keyboard control register in order to enable interrupts from the keyboard device.

(c) (10 points) Modify the the handler routine to make it print the message “Inside interrupt handler” only when the user presses the ‘x’ key (ASCII code ).  You only need to show the segment of code that changes.

Problem 4. (30 points) Memory Structures

Here is a sequence of address references given as word addresses: 

1, 4, 8, 5, 20, 17, 19, 56, 9, 11, 4, 43, 5, 6, 9, 17

(a) (6 points) Assuming a direct-mapped cache with 16 one-word blocks that is initially empty, indicate which references will be hits and which will be misses AND indicate the final contents of the cache.

List of memory word in cache:

(b) (6 points) Calculate the hit ratio achieved by the same cache on the same reference sequence.

(c) (6 points) Consider a two-level memory hierarchy with the cache described in (a) and a DRAM module.  Assume the access time to the cache is 4 ns and the access time to the DRAM is 30ns, including the miss penalty.  Compute the average access time to the memory hierarchy.

(d) (12 points) Repeat problem (a) this time assuming a fully associative cache with one-word blocks and a total size of 16 words.  Assume that the block not accessed for the longest time is the one selected for replacement in case the cache gets full.

Appendix A. Interrupt Handler Discussed in class

Appendix B.  MIPS/SPIM Exception Handling Architecture
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