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Problem 1. Online Survey

You will receive an email to fill out a survey. Receive homework credit for completing the survey.

Problem 2. Storing State

a. State at least one difference between a D Latch and a D Flip-Flop?

b. Fill in the clock diagram for a negative edge-triggered D Flip-Flop.



Problem 3. Finite State Machines

a. In the case of a Mealy machine, output value(s) and next state depend on ______________.

b. In the case of a Moore machine, output value(s) and next state depend on ______________.



Problem 4. FSM Design

You have been asked to design a simple stateful firewall. You are processing a stream of events, of 
which there are three types: normal, suspicious, and malicious. Out of any 2 consecutive events, the 
firewall is on heightened alert if both are suspicious or if at least one of those events were malicious. 
Your firewall is to output ALERT if it is on heightened alert or IDLE otherwise.

Call the current input x0, the previous input x1 and the previous-previous input x2. Let normal=0, 
suspicious=1 and malicious=2. (For example, if the two previous inputs were malicious the current 
state is x2=2, x1=2)

a. What is the number of distinct states? Distinct means that no two states have the same transitions and 
output.

b. Draw the finite state machine. Place states which output IDLE on the left and states which output 
ALERT on the right. Draw labeled, directed transition arrows. Indicate the initial state.



Problem 5. Performance

Consider a processor with a clock rate of 2.5 GHz and a CPI of 1.5. This processor can execute a given 
program in 10 seconds.

a. How many cycles are required to execute the program?

b. Roughly how many instructions does the program contain?

c. If we want to decrease execution time by 15% without increasing CPI, what clock rate should we 
use?



Problem 6. Memory

a. There are three types of volatile memory. For each type, give a short (one or two sentence) 
description of how bits are stored and how the memory is addressed.

Register File: 

SRAM: 

DRAM: 

b. About how many transistors are required to store one bit?

Register: 

SRAM cell: 

DRAM cell: 

c. What are the tradeoffs between a Register file, SRAM, and DRAM?

Register: 

SRAM: 

DRAM: 



Problem 7. MIPS & MIPS Pipeline

a. While more pipeline stages generally mean higher throughput, give two reasons why having many 
additional pipeline stages will not always improve the speed of the processor.

b. Consider the following MIPS assembly program. (Disregard delay slots.)

addi $t0, $zero, 6
xor $t1, $t1, $t1

lp0:
bltz $t0, lp1
add $t1, $t1, $t0
addi $t0, $t0, -1
j lp0

lp1:

What are the values stored in register t0 and t1 when the program ends?

t0 =

t1 = 



Problem 8. C

Translate the following English statements to C declarations. Use C99 inttypes.h types for fixed width 
integers. 

a. P is an external function that has no parameters and returns no result. 

b. LT is a synonym for type "pointer to character". 

c. Q is an external function with two arguments and no result. The first argument, i, is an integer and 
the second, cp, is a string. The string will not be modified. 

d. R is an external function whose only argument, p, is a pointer to a function that takes a single 32-bit 
integer argument, i, and returns a pointer to a value of type double. R returns an integer value. 

e. STR is a static, uninitialized character string that should be mutable and hold up to 10 characters, not 
including the terminating null character. 

f. IP is a pointer to an integer, initialized with the address of the variable i. 



Problem 9. C Programming

Consider Java's ArrayList class. Its functionality (including insert) can be implemented by three 
functions: add, remove and get. Implement the add function. Error handling (out-of-bounds and out-of-
memory) is optional.

Your code must be memory efficient. You will be penalized if you allocate far more memory than you 
need (e.g., allocating 1000 bytes to hold a single integer is not acceptable). Ideally, you should not need 
to allocate more than twice the input size. Use valgrind to check your heap usage.

Use the program listing below and fill in the body of the arraylist_add() function. The function 

should append x to the end of arraylist a. Submit compilable source code and the compiled binary to 

CMS. You may use C99 standards.

Make sure to test your program thoroughly. Positive program arguments append elements to the 
arraylist. Negative program arguments delete elements from the arraylist. Use gdb to debug and 

valgrind to help you find memory errors.

$ gcc Wall g std=c99 arraylist.c o arraylist
$ ./arraylist 1 2 3
1, 2, 3,
$ ./arraylist 1 2 3 2
1, 3,
$ ./arraylist 1 2 3 2 2
1,

#include<stdio.h>
#include<stdlib.h>

struct arraylist {
  int *buffer;     // pointer to allocated memory
  int buffer_size; // the max number of integers the buffer can hold
  int length;      // the number of integers stored in the list
};

void arraylist_add(struct arraylist *a, int x) {
  // your code goes here ...
}

void arraylist_remove(struct arraylist *a, int index) {
  int i; 



  for(i=index;i<a>length1;i++) a>buffer[i]=a>buffer[i+1]; 
  a>length=a>length1; 
}

int arraylist_get(struct arraylist *a, int index) {
  return(a>buffer[index]); 
}

int main(int argc, char *argv[]) {
  struct arraylist a;
  int i,j;

  a.buffer=NULL;
  a.buffer_size=0;
  a.length=0;
  for(i=1;i<argc;i++) {
    j=atoi(argv[i]);
    if(j<0) arraylist_remove(&a,j1);
    else arraylist_add(&a,j);
  }
  for(i=0;i<a.length;i++) printf("%d, ",arraylist_get(&a,i));
  printf("\n");
  if(a.buffer!=NULL) free(a.buffer);
  return(0);
}


