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Overview 
In this assignment you are required to design circuits that would implement a simple Arithmetic 

Logic Unit (ALU) using the DSX Experimenter Module CPLD and Seven Segment Displays. You 

are also expected to write an assembly code for the PIC Microcontroller to program the LCD. 

Hardware Requirements 

 D Series DSX Experimenter Module 

 USB Cable 

 Hook-up wire 

 Side cutters for cutting and striping the wire 

Software Requirements 

 DSX Kirra 

 Xilinx ISE 9.2i 

 Microchip MPLAB IDE v8.00 

Hardware Block Diagram 
The following peripherals will be used on the DSX Experimenter Module 

 

 Seven Segment Displays 

 S10 Reset Switch 

 Rotary switch 

 Two dip switches and one push button 

 LCD Display 

 

A hardware block diagram for this assignment is shown below: 

 

 

 
 

Fig.1 Hardware block diagram 
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Specifications 

The ALU 

Four functions are to be implemented, which are “addition”, “subtraction”, “logical AND”, and 

“logical OR”. The circuit should have two 4-bit BCD inputs and produce a 4-bit BCD output “Sum” 

and an output carry “Cout”, as shown in Fig. 2. One of the inputs is external (to be entered by the 

user), while the other one is the current “Sum”. The circuit also has a “Reset” input, which is used 

to reset the “Sum” to zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Block diagram of the ALU 

 

 

The inputs and outputs 

The top-level block of your design will have the following inputs and outputs 

 Clock (input – from PIC 18F2550) 

 Reset (input – S10) 

 a1, a2, a3, a4 (inputs to represent the external 4-bit number – rotary switch) 

 p1, p2 (inputs to represent the Opcode – two dip switches) 

 pe (input to enable the Opcode, i.e., to implement the operation – push button) 

 d1, d2, d3, d4, d5 (outputs to switch between the five 7-segment displays – to be connected to 

H12)  

 a, b, c, d, e, f, g (7-segment display outputs – to be connected to H13) 

 Cout (output – to be connected to a LED) 

The 7-segment Displays 

Five 7-segments are to be used to display the current BCD input “A”, operation, the current BCD 

output “Sum”, the equal sign “=” and the new “Sum”. The initial value of “Sum” is „0‟, hence if the 

power has just turned on, then „0‟ is to be displayed on one of the 7-segment displays. Note that if 

the “Sum” is greater than “1001”, then it should be corrected, as we are dealing with BCD 

numbers. The value of the other input is to be entered externally (using the rotary switch of the 

DSX kit), and hence, it would take any value between “0000” to “1001”. Input values between 

“1010” to “1111” should be converted to “0000”. The value of the external input is to be 

displayed on another 7-segment display. The input “A” and the “Sum” are to be displayed in 

decimal (hence, you will need to implement a BCD to 7-segment decoder). “Cout” is to have a 

OpCode Operation 

00 Addition (Plus): Sum + A 

01 Subtraction (-): Sum – A 

10 Logical AND (A): Sum AND A 

11 Logical OR (o): Sum OR A 

 

A Sum 

Cout 

OpCode/pe 

ALU 

Reset 
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value of „1‟ if the outcome of the current operation is addition and produces an output carry. Also, 

if the operation is subtraction and “A” is greater than “Sum”, then “Sum” should be cleared to 

“0000” and “Cout” set to „1‟. Apart from those two cases, the value of “Cout” should be „0‟. As 

mentioned above, a LED is to show the value of “Cout”. 

As an example, if “A” equals to “0011” and we have just turned the power on, the five 7 segments 

will show the following 

 

 

If the Opcode is enabled and assigned a value of “00”, then the 7 segments will show 

  

If the input is changed to “0111” and the Opcode is enabled again with the same value of “00”, 

then the 7 segments will show 

 

Note that in this case, “Cout” will be assigned a value of „1‟. 

 

If the values of the input “A” and current “Sum” are “0111” and “1000”, and an OR operation is 

used, then the next value of sum will be “1111”, which is greater than 9. As we are using BCD 

number, you are expected in this case to assign a value of “0000” to the new “Sum” while “Cout” 

will be assigned a value of „0‟. 

 

 

 
As there is only one output set of seven segments (a,b,c,d,e,f,g), you will need to switch between the 

five 7-segment displays. Hence, a clock will be used for this purpose. In addition to that, five anode 

outputs (d1, d2, d3, d4 and d5) will be produced, with the following sequence: 10000, 01000, 00100, 

00010, 00001, 10000, etc. In other words, the 1st 7-segment will be on, then the 2nd one, then the 3rd one, 

then the 4th one, then the 5th one, and then back to the 1st one and so on. 

PIC and LCD 

You are required to write an assembly code for the PIC16F877a to display the following on the 

LCD: 

 

First line: your student number 

Second line: you are to display the values of the input “A”, the selected operation, current “Sum”, 

the equal sign “=” and the new “Sum”. 

 

The symbols of four operations are: Addition (+), Subtraction (-), Logical AND (/\), Logical OR 

(\/). For example, the LCD may look like: 

 

S / N : 1 2 3 4 5 6 7 8     

    8 \ / 7 = 0       
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Assignment Guidelines 

Completing the Assignment 

 Students may implement this assignment in pairs. Those students who choose to 

complete the assignment individually will receive a maximum of 2 bonus marks (12.5% 

of the original mark). For example, if the mark of a student who implemented the 

assignment individually is 12/16, then the student will receive a bonus of 1.5 marks, 

which adjusts the mark to 13.5/16. 

 You are expected to come up with an original design for this assignment. Any student 

found copying material or plagiarising will be awarded a mark of zero and may face 

disciplinary action. 

 PROTECT YOUR WORK: Do not give other students any part of your assignment – 

students found sharing work will be awarded a mark of zero and may face disciplinary 

action. If your friends are encountering difficulty with part of the assignment, help them by 

explaining the theory behind the problem, or refer them to a source where they can get 

further information, but DON’T give them your design or code.  

Due Date and Demonstration 

 The assignment is due on Monday the 8
th

 of November 2010.  

 The demonstration sessions for this assignment will run between 12:00 and 15:00 in room 

CB.01.21.22E. 

 You are required to book a demonstration time using SERT. 

 At the demonstration you are required to show a working implementation of this assignment 

on your DSX Kit. 

 No alternative demonstration times will be scheduled – therefore ensure that you 

complete the assignment by the due date, and attend the booked demonstration time. 

Submission Requirements 

 A hardcopy of the report must be submitted to your assessor during the demonstration of the 

assignment. 

 A soft copy of the assignment must be submitted to Turtitin by 12:00 pm on Monday the 8
th

 

of November 2010 – if you do not submit the softcopy, you will receive zero for the 

assignment. 

Demonstrating sufficient knowledge 

 During the demonstration session you will be asked a number of questions based on material 

which you have learnt in the subject and then used to implement the assignment. You are 

expected to know exactly how your implementation works and be able to justify the design 

choices which you have made. If you fail to answer the questions with the appropriate 

substance then you will be awarded zero for the entire assignment. 

CPLD Implementation 

 The entire digital logic design must be implemented only with schematics. 

 You are not permitted to use inbuilt counter symbols in Xilinx –counters and other circuits 

must be designed from scratch. 

 You are allowed to use built-in flip-flops and logic gates. 

 The full schematics of your design must be presented in your report during the 

demonstration of your assignment. 
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 You cannot simply copy and reference a circuit out of the text book or other source for this 

assignment. You must demonstrate the proper design processes for sequential and 

combinational logic circuits for each part of the digital logic design. Failure to show 

adequate design detail in the report will result in 0 marks being awarded for the CPLD 

part of the assignment. 

 

PIC Implementation 

1. All code on the PIC must be implemented in assembly code. You are NOT permitted 

to use any other higher level programming language. 

2. The full source code listing of your firmware must be presented in your report during 

the demonstration of your assignment. 

Help and Assistance 

 Any questions regarding this assignment should be posted on discussion forum on 

UTSonline. Please do not email any IDS staff member about any queries relating to 

this assignment. 

 A number of support sessions will be running for this assignment. The dates and times 

of these sessions will be posted on UTSonline. 
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Hardware Implementation Marking Scheme 
Seven Segment Displays 

 Display the correct input value 

 Displaying the input and sum values within the desired range 

 Getting the five 7-segments to work correctly 

 

Displays must be bright with no visible flicker. 

 

1.5 

1.0 

1.0 

 

ALU 

 Correct implementation of the four operations 

 Correcting the sum value if it exceeds 9 

 When the reset button is pressed, sum is cleared to 0 

 

 

3.0 

1.0 

0.5 

 

LCD Display 

 Display of Student ID Number 

 Display the correct input and sum values within the desired range 

 Correct implementation of the four operations 

 Correcting the sum value if it exceeds 9 

 When the reset button is pressed, sum is cleared to 0 

 

0.5 

1.0 

1.5 

0.5 

0.5 

 

  

Total for Demo 12.0 
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Report Marking Scheme 
Proper Report Format 
Layout, Correct Spelling and Grammar 

 

CPLD Implementation 
Detailed Design and Explanation 

Give a detailed Design of each logic block implemented on CPLD. 

(This may include Truth tables, State Diagrams, State Tables, K-Maps, and Logic 

equations where appropriate). A one to two paragraph explanation on how each logic 

block works is also required.  

 

Simulations, Schematics/Pin List 

Show simulation waveforms for each logic block in the design. You must provide 

suitable handwritten annotations on the simulations. The results of the behavioural 

simulations must be printed directly from the Xilinx Test Bench Waveform Editor. DO 

NOT USE SCREEN CAPTURES. The simulations are to be placed in Appendix 1 of 

your report. 

 

Provide a printout of each schematic page drawn in Xilinx. All schematics must be 

directly printed from the Xilinx Schematic Editor. DO NOT USE SCREEN 

CAPTURES. The schematics are to be placed in Appendix 2 of your report. 

Give a full list of all pin allocations on the CPLD device for your implementation. 

 

PIC Implementation 
Firmware Design 

Provide pseudo code and/or flowcharts which describe the basic operation of your 

firmware.  

 

Explanation 

Provide a one to two paragraph explanation on how each part of your firmware works. 

Where appropriate, detail settings used on the PIC and any calculations (eg timing 

calculations). Any assumptions should also be described. 

 

Simulation 

Using the MPLAB Simulator Logic Analyser, show waveforms for the changing of the 

traffic light outputs. The waveforms must show the switch inputs, and the output signals 

which interface into the CPLD. If you are to use Timers, use the StopWatch to show 

your Timer setting. The assembly code is to be placed in Appendix 2 of your report. 

 

Total for Report 

 

0.25 

 

 

1.25 

 

 

 

 

 

0.25 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 

 

 

 

1.5 

 

 

 

 

0.25 

 

 

 

 

 

4.00 
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Students with difficulty meeting assessment requirements 
Students who experience significant difficulty, or anticipate that they will experience significant 

difficulty, in meeting assessment requirements must submit an “Application for Special 

Consideration form” (available at http://www.sau.uts.edu.au/forms/sp_cons.pdf) to the Registrar 

before the due date of the assessment item. Significant difficulty means: 

 

 Serious illness or psychological condition. 

 Loss or bereavement 

 Hardship/trauma 

 

Note also that students may apply for special consideration because of illness or other 

circumstances (not work related) beyond their control. The “Application for Special 

Consideration form” has a section that must be filled in by a doctor, counselor or other relevant 

professional authority. A medical certificate alone is not adequate and will not be accepted. 

 

Note that it is up to the students to provide adequate information about their circumstances. 

University staff will not chase additional information and the Subject Coordinator has the right to 

reject applications that lack sufficient information. 

 

It is the student‟s responsibility to contact the Subject Coordinator to find out what action has 

been taken and to obtain details of any additional assessment required or learning and assessment 

special arrangements. 

 

For further details please refer to section 4.6 of the “Coursework Assessment Policy and 

Procedures Manual”. 

 


