ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2008

Homework 1 Problems

VHDL

Assigned 1/9/08, due 1/23/08

Question 1: Your friend Jack wrote a VHDL model for a finite state machine for a controller. The code compiles without any errors, however when he tried to synthesize the code using Altera’s Quartus-II tool it did not give the expected results. There were mainly three problems which Jack noticed:

1. No finite state machine was generated and the clock signal had not been used in the synthesized circuit.
2. Unwanted latches were generated for the state variables (ST0 .. ST7a). 
3. 32 latches had been generated for a variable named ‘count’, for which he had expected only 4. 
Jack thinks he has made three kinds of errors in the code due to which he is observing the above mentioned problems. Help Jack to rectify his VHDL code (controller.vhd). After making the corrections to the code, compile and synthesize the code using Altera’s Quartus-II tool. 
(Please refer to the tutorial “Altera Quartus II and DE2 Manual” for using Quartus-II tool. The tutorial can be found at: http://www.eng.auburn.edu/~vagrawal/COURSE/E6200_Fall07/PROJECT/Quartus tutorial.doc. 
Follow bullets 1 to 10 in the tutorial to successfully compile and synthesize the circuit). 
Please submit the following:
· Corrected VHDL code

· RTL schematic generated by Quartus-II (Go to Tools>Netlist Viewers> RTL viewer)

· State machine generated by Quartus-II (Go to Tools>Netlist Viewers> State Machine Viewer)

(Schematic images can be copied to the clip board by using CTRL+C on the schematic) 

Question 2: Write a VHDL model for a generic N-bit register (using the ‘generic’ construct) which has the following ports: 

· CLK: Clock signal 
· RST: Asynchronous reset signal (active high) (Register clears to 0s)
· LD: Load control signal 
(Load register when LD = ‘1’ and on rising edge of clock)

· REG_IN: N-bit data input

· REG_OUT: N-bit data output

Simulate the model for N = 4 using ModelSim verifying all functions. Test your model using 3 cases of load operations and an asynchronous reset test. 
(A tutorial for running ModelSim can be found at http://www.eng.auburn.edu/department/ee/mgc/quickvhdl/modelsim.html)  

Submit the following:

· VHDL code for the N-bit register

· Simulation results in list format highlighting the different tests (inputs applied and outputs observed).

Question 3: Using the ‘controller’ and the ‘register’ designs from questions 1 and 2, write a VHDL code to implement the top level design “Data_path” as shown in the figure below. Compile and synthesize the circuit using Quartus-II software. Submit the following:
· VHDL code of the top level design “Data_path”
· RTL schematic generated by Quartus-II (Go to Tools>Netlist Viewers> RTL viewer)
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Figure: Top level “Data_path” design
CLK





RST





RDY_IN





SIG_IN





DATA_HI_LD





DATA_LO_LD





LD





LD





DATA_OUT_LD





LD





SIG_OUT





COUNT�(3:0)





RDY_OUT





COUNT (3:0)





DATA_IN (3:0)





CLK





CLK





CLK





RST





RST





REG_IN (3:0)





REG_IN (3:0)





4-bit register





4-bit register





8-bit register





REG_OUT (3:0)





REG_OUT (3:0)





RST





REG_IN (7:0)





REG_OUT (7:0)





DATA_OUT (7:0)





Controller








