Assignment 11
Reading: Counters, Shift registers, multipliers and state machines.

1. PowerPC and MIPS Assembly Language: Consider the following C procedure:

int SumArray (int *A, int N)
{int sum;  int i;

sum = 0; for (i=0; i < N; i++) sum = sum + A[i]; return sum; }

(a) Write the assembly level code for this procedure both in MIPS and PowerPC assembly. PowerPC code needs to be EABI compliant and MIPS code needs to be MIPS convention compliant. Try to optimize the code as much as you can. 

(b) How many instructions are executed for both MIPS and PowerPC versions? Answer your question in terms of parameter N. 

(c) How much memory it takes to store the program in each case.

2. Design a 4-bit asynchronous up/down-counter with Enable using T flip-flops and any combinational circuit devices. The direction of the counter is controlled by a 1-bit signal U. If U=1, the counter will count up. If U=0, the counter will count down. The counting can be enabled/disabled by a 1-bit signal E. If E=1, the counter will count whenever there is a rising edge in clock. If E=0, the counter will keep the same value stored. 
3. Bob needs to use a 3-bit down-counter. However, he only has a 4-bit synchronous up-counter with output q3-q0 and their complement available. He does not know how to modify the internal structure o the up-counter. How can he construct the 3-bit down-counter using only the device he has? 
4. Show multiplication of (i) 5 by 5; (ii) 5 by -5; (iii) -5 by 5; and (iv) -5 by -5 in tabular formats using 4 bit registers.
5. Consider the state machine specified by the following state transition table. 
  

	Current
	Input
	Next

	X Y
	I
	X  Y

	0  0
	0
	1  1

	0  0
	1
	0  1

	0  1
	0
	0  0

	0  1
	1
	1  0

	1  0
	0
	0  1

	1  0
	1
	1  1

	1  1
	0
	1  0

	1  1
	1
	0  0


a) Draw the state transition diagram of the machine.

b) Write two next-state expressions in canonical sum-of-product form for X and Y that implements the transitions of the state machine. Simplify the expressions.

c) Show a circuit that implements the machine using D flip-flops and logic gates.

d) Consider the state machine in question above. Assume the initial state is 00 (i.e., X=0 and Y=0). Indicate for each input sequence below, the state the machine is in after the last digit has been read in. Assume the digits are read in from left to right. (i) 1110001100; (ii) 111111; and (iii) 555 1s followed by 234 0s.
6. Design a state machine with three output bits. The machine repeatedly outputs the sequence 100, 101, 111, 111, 000, 001, 011, 011. 
(a) Draw a state diagram for the machine. 
(b) Write a truth table for the next state logic and the output logic. 
(c) Write the canonical sum-of-product expressions for the next state logic and the output logic. Simplify the expressions. 
(d) Implement the state machine using D flip-flops and basic logic gates. 

7. A state machine with n states has only a clock input and a single bit output Q. The value of Q is 1 if and only if the number of clock ticks (after reset) is either a multiple of 3 or a multiple of 2. Otherwise, the value of Q is 0. Draw a state diagram for the machine. Use as few states as possible. 
8. Give an implementation-level next state table corresponding to the state diagram given below. Note that you have one input variable, W. A transition labeling of 0,1 means input can be 0 or 1. Write the state assignment clearly. Label your table appropriately. 

[image: image1.jpg]



9. Draw state transition diagrams for state machines that will (a) read in a sequence of binary digits, one at a time, and will stop when it has read in five 1s (not necessarily consecutive); and (b) read in a sequence of binary digits, one at a time, and will stop when at least three consecutive 1s followed by a 0 have been read in. After that it gets stuck in a successful state.


1

