CEG 360/560 – EE 451/651
Lab 1

Dr. Doom


 Lab 1: Combinational Arithmetic Circuits

CEG 360/560 - EE 451/651

PURPOSE

The purpose of this introductory laboratory project is to familiarize students with the digital design and simulation software available in the laboratory while reviewing important prerequisite concepts.  In this lab, we will design a purely combinational device: a 4-bit arithmetic logic unit (ALU).  This device will be used in the datapath of the simple computer we implement in Lab 4. This is a two-week project.

PRELAB (WEEK ONE):  Combinational Arithmetic Devices

(10 pts.)  The goal of the first week is to review digital arithmetic and design very simple ALU-like circuit.

1) Review prerequisite course material in the text.  Pay particular attention to the material on number systems and binary arithmetic, the implementation of combinational devices to perform such operations, and the interpretation of standard symbols for combinational logic. 

2) Construct a truth-table for a combinational circuit Lab1comp with a one 1-bit enable EN, a 2-bit input A (A[1:0]), a 2-bit input B (B[1:0]), and one 2-bit output Z (Z[1:0]).  The inputs A and B represent 2-bit binary numbers. When disabled (EN = 0), Z = x0 (binary 00).  When enabled, the value of the output Z depends upon the values of A and B, as shown below:

	Condition 
	Z (Hex)
	Z (Binary)

	A < B
	x1
	01

	A > B
	x2
	10

	A = B
	x3
	11


3) Design a combinational circuit that realizes the functionality of Lab1comp using a 2-bit 4-to-1 line multiplexer (such as the X74_153 macro or a pair of M4_1E macros) and a minimal number of logic gates. Using functional decomposition, attempt to implement the design using no more than the multiplexer(s) (two 4-to-1 multiplexers are allowed), two inverters (INV macro), two AND (AND2 macro) gates, and two OR (OR2 macro) gates.  Implement your design using Xilinx Foundation 2.1i and save the circuit.  Use bus and net hierarchical port connectors to provide the necessary bit-values from the multi-bit inputs in an organized fashion.  Include a printout of your schematic in your lab book.  Your lab write-up for every circuit designed in this class should also include a description of the circuit's functionality (as you understand it) and an explanation what factors led to final implementation of your design.  A good lab book should include any "false starts" which provided additional knowledge that lead you to the final implementation presented.  Also Include test/simulation results for every circuit designed in this course.

4) Construct a truth-table for a two-bit adder Lab1add with a 2-bit input A (A[1:0]), a 2-bit input B (B[1:0]), a 2-bit output SUM (SUM[1:0]) and a 1-bit output COUT. Design a combinational circuit that realizes the functionality of Lab1add.  Save the circuit and include a printout or sketch of your schematic in your lab book along with any necessary commentary and test/simulation results.

5) Design and implement a 3-bit 2-to-1 line multiplexer.  Your design should accept a two 3-bit inputs (labeled 0IN[2:0] and 1IN[2:0]), a 1-bit select input (labeled S) and produce a 3-bit output (labeled MUX[2:0]). Refer to the textbook if you require assistance.  You may implement this circuit with existing multiplexors (recommended), or logic gates (not recommended).  Save the circuit on your diskette.  Include a logic diagram (circuit printout) of your 3-bit, 2-to-1 line multiplexer in your lab book as well as test/simulation results.

6) Design a combinational circuit Lab1both with two 2-bit inputs (A[1:0] and B[1:0]) and a 1-bit input ADD_COMP_N. The design has one 3-bit output C[2:0] whose value is determined as follows.  When ADD_COMP_N = 1, C = A + B (i.e. C[2] = COUT and C[1:0] = SUM[1:0] from Lab1add).  When ADD_COMP_N = 0, the value of C is x1, x2, or x3 as described in the table for Z in circuit lab2comp (i.e. C[2] = 0, C[1:0] = Z).  Simulate this circuit with the Xilinx Foundation Simulator.  You can create instances (macros) of the circuits that you created previously using the “Create Macro From Current Sheet" selection in the "Hierarchy" menu of the schematic editor.  Using the macro circuit allows you to avoid recreating each element and focus on the design of a simplified block diagram.  Save the circuit on your diskette and include a printout or drawing and simulation/test results in your lab book.

IN-LAB (WEEK ONE)

(5 pts.) Demonstrate the function of your circuits to your lab instructor.  Be prepared to answer questions about the function of the devices and the design choices you faced in the implementation.  You will be asked to demonstrate the functionality of your design for some input values.

PRELAB (WEEK TWO):  A 4-bit Arithmetic/Logic Unit

(10 pts.)  The goal of the second week is to construct a 4-bit ALU using a hierarchical design.  Students familiar with the prerequisite material should be able to develop a truth table, derive simplified logic expressions, and implement a 4-bit ALU in a straightforward fashion.  

1) a.) How well would such a design technique scale to an 8-bit ALU? A 16-bit ALU?  A 64-bit ALU?  Large combinational devices implementing a regular function are usually designed hierarchically.  Small components (that are easy to design and test) are implemented and then interconnected to produce the functionality of a more complex device.

      b.) Prepare to construct a 4-bit ALU using a hierarchical design by reviewing its functionality.  You may find the figures below helpful (from Mano, Section 7-7).  The block diagram for the 4-bit ALU is presented as Figure 7-10.  The functionality of the device is described below (Table 7-8).  You should build your 4-bit ALU by interconnecting four 1-bit ALU stages (Figure 7-15).  Note that the 1-bit ALU stage is itself a hierarchical design, consisting of a stage for a 1-bit arithmetic and a stage for a 1-bit logic circuit (detailed in Figure 7-14).  Become familiar with this device (if you require aid, refer to the textbook to refresh your knowledge of ALUs).  Explain your implementation methodology (in your own words) in your lab notebook.

2) An arithmetic circuit stage can be constructed using a full adder (G  = A + Y + Cin) and some input logic that translates the primary input B into adder's input Y based upon the value of the selection inputs.  By allowing the input Y takes on the value 0, B, B' or 1 based upon the value of the selection inputs the stages is capable of performing the arithmetic operations (described in Table 7-7).  Figure 7-12 demonstrates the design of the input logic necessary to produce Y and Figure 7-13 shows a 4-bit arithmetic circuit constructed using four such 1-bit arithmetic stages.  Create a Xilinx Foundation Series implementation of a 1-bit arithmetic stage.  Include any notes regarding the operations of this device in your lab notebook as well as simulation/test results.

3) Create a Xilinx Foundation Series implementation of a device that performs one stage of the logic circuit (Figure 7-14).  Include any notes regarding the operation of this device in your lab book as well as simulation/test results.

4) Use the 1-bit arithmetic and logic stages (as user-defined macros) to implement one stage of the ALU (refer again to Figure 7-15).

5) Finally, implement a 4-bit ALU using four of your 1-bit ALU stages.  The block diagram of the ALU (Figure 7-10) shows that it has two 4-bit inputs A[3:0] and B[3:0] as well as a 3-bit selection input S[2:0] and a 1-bit carry-in bit CIN.  The 4-bit output should be labeled G[3:0].  Include necessary additional logic to provide the V (overflow) and C (carry) status bit outputs (consult Figure 3-31).  Verify that your circuit implements the functionality described in Table 7-7 and include a copy of all diagrams and simulation/test results in your lab book.  Save this file.  We will use this circuit again in Lab 4; don't misplace it (and make a backup copy)!  

IN-LAB (WEEK TWO)
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(5 pts.) Demonstrate your ALU implementation to your lab instructor.  Be prepared to answer questions about the ALU.  You will be asked to demonstrate the functionality of your ALU by providing inputs that correspond to an arithmetic expression and demonstrating that your circuit solves the problem correctly.  In order to solve x3 ^ x7, for instance, we set input A to x3, input B to x7 and the control input S to x4.  The output G should produce the solution: x3

FIGURE 7-10: Block Diagram of n-Bit ALU
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TABLE 7-8: Function Table for ALU
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FIGURE 7-15: One Stage of ALU
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FIGURE 7-13: One Stage of Arithmetic Circuit         TABLE: 7-7: Function Table for Arithmetic Circuit

General Lab Book Requirements

The lab book for this course is the primary proof of a student's work.  Therefore, it should be an accurate and complete document reflecting the student's effort.

In addition, the purpose of the lab book is to get the student accustomed to proper design and documentation practices.  When a student enters the "real world", it is very likely that he/she will work on a project for some time and then move on to another project or company.  Just because a given individual has left a project does not mean that the project disappears.  Often a project will be maintained and updated for several years after it's initial release.  Some unfortunate individual is usually left maintaining a project long after the original designers are gone.  This person does not have to be so "unfortunate".  His fate is determined by the documentation left by those that went before him.   A well-documented project is fairly simple to take over, but a poorly documented project can be a nightmare. 

So, in an attempt to proliferate better documentation practices, a reasonable effort will be expected of students in this course.  It is well known that engineers typically hate to write documentation -- they like to design new and exciting things, but good documentation is often critical to the success of a project, both during the development phase and the maintenance phase.

Documentation is especially important to you, because if your TA cannot follow your work, points will be deducted.

Try to be as clear and concise as possible.  Act is if you are turning your lab book in to your boss.  Your documentation is an important part in judging your overall skill and effort.

That being said, it is understood that this is a college course and students have many other requirements on their time.  Please do your best, and at a minimum, follow the subsequent guidelines.

1.) Show all of your work.  

Many students will do preliminary design work on scrap paper. The lab book is also made of paper, why not do your work there?  Preliminary design is an important part of the process.  Label your work as "preliminary" - incorrect initial approaches will not count against you.  Some circuits are very simple and it is not necessary to show work.  Some circuits are not so simple.  If there is only a final print-out for a complex circuit, can you prove that it is your own work?  Can you explain its operation?  It is best to show your design process - then there is no question about a circuit's origins.

2.) Include printouts of all of your circuit designs. 

 In this course, we will use hierarchical design practices - this means that our final circuits will be composed of smaller sub-circuits.  Include the printouts of the smaller circuits so that person who reviews your schematics knows what the circuit does.  You may know what is inside of a sub-circuit block, but without a printout, your TA will not.

3.) Always include printouts of your most recent circuits.  

The lab book is a living document of your design.  It should eventually reflect the final circuit that you have designed (or are working on).  It is not necessary to remove previous versions of your work from the lab book, just mark them as "old" or "outdated" and add the new designs to your book.  This will help the person who follows you to understand your thinking process when learning the function of your circuit.  It will also help you when you need to remember why you made certain design decisions.  Finally, note that your lab book is your emergency backup. If disaster strikes, and lose or corrupt your files, you will want your most recent fully debugged schematics available.

4.) Include simulation/test results for every circuit that you design.  

Anyone can throw logic gates and wires onto a schematic page.  Simulation and testing are the proof that it works.  Some circuits in this course are quite large and complex. If exhaustive testing is not feasible, then please document the test cases that you performed.  One of the most important aspects of engineering design is the development of adequate (and methodical) test procedures.  A well thought out test plan shows thorough understanding of a design and its requirements.

5.) Present your test results in a clear and readable way.  

Your TA will give you guidelines during your lab sessions.

6.) Document any assumptions that you make.  

If any portion of the lab assignment is unclear, then document what you believe the lab is specifying.  It is best to clarify any doubts with your TA or professor, but this is not always possible -- especially when you start working on a lab assignment at 2:00 AM the morning the lab is due.

7.) Document any known bugs or problems. 

If the time has come to turn in your lab book and the circuit is not operating correctly, then document the problems that you are facing, the things that you have tried, and any ideas you have about fixing them.

It is difficult to admit to yourself that you are unable to complete your project on time, but documenting your known bugs is far better than having the TA discover them.  Undocumented bugs in industry can result in lawsuits and lost jobs.  Proper documentation is looked upon favorably in this course - so do not be afraid to describe your problems.

8.) Label your Schematics. 

When drawing your schematics, it is in your best interest to label all nets (wires) in your design.  Appropriate signal labeling also aids in the understanding of circuit functionality.  Label your circuits... you will find it handy in debugging, your TA will find it useful in grading and understanding your work.  Anyone who may pick up your design sometime in the future (including you) will also find it very beneficial.

It is not really necessary to label some nets, (e.g. small nets between gates that implement a bigger function) but it is best to be generous with your labeling.  Also it is sometimes very helpful to label a net in multiple places.  If the signal is commonly used and travels great distances across the schematic page it is nice to have a label at locations where that signal is an input or output.  Finally, make a strong attempt at maintaining a signal name throughout different levels of the design hierarchy. 


Why keep lab books?

Initially, it may seem as though there are many extra requirements being placed upon you in generating good design documentation.  In the long run, you should find that these guidelines will help you to create better designs, and more importantly help you to create working designs.  Many of these documentation practices will really make things easier as you work on more complicated designs.  You may think that you have a good memory, but if you spend one or two days away from a project, it is amazing how much you can forget.  Don't waste time figuring out what you did two days ago when it only takes a few seconds to write it down or print it out.  Perhaps more immediately important, don't lose points for a poor lab book presentation when you have done the work!

When are lab books due?

Unless you are otherwise notified, your labbook containing your prelab for the week is due in the lab drop box at 5:00PM two days before your scheduled lab meeting.  You can turn your lab book in early, but you will loose 2 points per day for lab books that are turned in late. Lab TAs can not accept work that is more than a week late.  Such work will be given an automatic zero unless the course instructor approves late submission due to prolonged sickness or other documented emergency.

Final Note

Additional guidelines and expectations may be required by your TA and presented during the in-lab session.  Please make note of them. If you have any questions or concerns, please do not hesitate to ask.



























































































