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Problem 1.  Linking and Calling Conventions

Linking

(a) Briefly describe dynamic linking in your own words. Give one advantage and one disadvantage to 
dynamically — as opposed to statically — linking shared library functions in a program.

Advantage:

Disadvantage: 

Calling conventions

(b) What should be done at the beginning (prologue) of a function?

(c) What should be done at the end (epilogue) of a function?

(d) Write the prologue and epilogue for a function of no arguments. The body of the function calls a 
subroutine with five arguments, has one local variable that is referenced before and after calling the 
subroutine, and uses two callee-saved registers $s0 and $s1. Assume 32-bit registers.

Prologue:

Epilogue:



Problem 2.  Caller/Callee save registers

Consider the following pseudo C program.

void fn1(void) {
  int a,b,c,d,e,f,g,h;
  // do something with local variables
}

void fn2() {
  int a;
  // do something with local variables
}

void fn3() {
  int a;
  // do something with local variables
}

void fn(void) {
  int a,b,c,d;
  // do something with local variables
  fn1();
  // do something with local variables
  fn2();
  // do something with local variables
  fn3();
  return;
}

(a) For each sub-function, how many local variable registers need to be saved for caller versus callee? 
Ignore specific calling convention optimizations and assembly tricks. Count each register value which 
needs to be maintained as one saved register.

Caller-save Callee-save

fn1

fn2

fn3



(b) Write the assembly for fn1, fn2, fn3 and fn. Highlight where you are doing register saving.



Problem 3.  Data Hazards

Do Exercise 4.20 in P&H. Describe both the hazard register and which instructions participate in the 
hazard. For example, "r8, line 2 to 3" would mean register r8 is the subject of a hazard between lines 2 
and 3 of the assembly listing.

4.20.1 RAW WAR WAW

Program A

Program B

4.20.2 With forwarding Without forwarding

Program A

Program B

4.20.3 With forwarding Without forwarding

Program A

Program B

4.20.4 First forwarded 
instruction

Overridden value Forwarded value

Program A

Program B

4.20.5 R0 R1 R2 R3

Program A

Program B



4.20.6

Program A

Program B



Problem 4.  Control Hazards

Refer to Exercise 4.22, Program B, parts 1 and 2 in P&H. Do not do Program A.

4.22.1

Fill in the pipeline table for Program B.

In the first column write the actual executed instruction sequence (for the given branch taken/not-taken 
annotation).

Instructions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

4.22.2

Fill in the pipeline table for Program B.

Instructions 1 2 3 4 5 6 7 8 9 10 11 12 13 14



Problem 5.  C to ASM

The following C code is an iterative method of producing the Fibonacci sequence:

int theArray[40];  

int main() {   
    int n = 2;   
    theArray[0] = 1;   
    theArray[1] = 1;  
 
    do {     
        theArray[n] = theArray[n-1] + theArray[n-2];     
        n++;    
    } while (n < 40);  // compute the first 40 terms
  
    return 0; 
}

Rewrite this using the MIPS assembly language. Be sure to use correct directives.

To check that your program works, use SPIM (http://spimsimulator.sourceforge.net) by downloading it 
yourself or using the version installed on the CSUG Lab machines 
(csug*.csuglab.cornell.edu). It's easy to use: first, save your program as a file like test.s. 
Here's an example:

File: test.s

  .data 
theArray:   
  .space 160   
  .text 

main:   

la    $s0, theArray  
li    $t0, 123            # Set t0 to 123
sw    $t0, ($s0)          # Store t0 to memory
lw    $t1, ($s0)          # Retrieve the 123 to register t1
jr    $ra

Then, at the command prompt, run your program within spim and check that $t1 is set to 123 at the 
end of execution:

$ spim
Loaded: /usr/share/spim/exceptions.s
(spim) load "test.s"
(spim) run
(spim) print $t1
Reg 9 = 0x0000007b (123)
(spim) quit

Submit your assembly program as fibonacci.s on CMS. Program submissions will be checked by 
running them with SPIM, so make sure your program works properly before submitting.

http://spimsimulator.sourceforge.net/


Problem 6.  C Programming

Read Chapters 7 and 8 in C A Reference Manual.

In Homework 2, you began implementation of a C version of an arraylist pseudo-class, mirroring 

Java's ArrayList class. We gave you code for arraylist_remove and arraylist_get, and you 
wrote your own code for arraylist_add. In this problem we will extend our arraylist class to 
support the following new functionality:

Positional insert: implement an  arraylist_insert function that inserts an integer item into the 
list at the given index location (instead of at the end, as arraylist_add does). The insert operation 
should not overwrite the data currently at the given location, but should shift all necessary values back 
in the list. Linear running time is acceptable. The functional signature should be:

void arraylist_insert(struct arraylist *a, int index, int x);

Arraylist New: write a function that returns a new, blank arraylist:

struct arraylist arraylist_new();

Arraylist Copy: often you will wish to make a copy of an entire array list. Implement a function that 
creates and returns a copy of a list. Changes to the copied list should not affect the original list, and  
vice versa:

struct arraylist arraylist_copy(struct arraylist *a);

Arraylist  Free:  we'll  eventually  need  to  get  rid  of  all  these  extra  copies.  Implement  an 
arraylist_free function that frees the memory used by an arraylist:

void arraylist_free(struct arraylist *a);

Calculation of Mean: finally, add the ability for a populated arraylist to return the mean of all of its 
elements in constant time. Solutions that use O(n) time per call to arraylist_mean will receive no credit.  
For the purposes of this problem, consider the mean of an empty list to be 0.

double arraylist_mean(struct arraylist *a);



Use  arraylist.c from CMS to test your functions. You'll want to copy your  arraylist_add 
code from Homework 2. Submit compilable source code and the compiled binary to CMS. You may 
use C99 standards. Make sure to test your program thoroughly. Use gdb to debug and valgrind to 
help you find memory errors. When all components are implemented correctly, your program should 
output the following:

[0, 1, 2]
[0, 1, 2]
[0, 1, 2, 3]
[0, 1, 2, 300]
Clean: [0, 1, 2, 3]
Insert position 0: [100, 0, 1, 2, 3]
Insert position 1: [0, 100, 1, 2, 3]
Insert position 2: [0, 1, 100, 2, 3]
Insert position 3: [0, 1, 2, 100, 3]
Insert position 4: [0, 1, 2, 3, 100]
Clean: [0, 1, 2, 3]
Mean is: 1.500000


