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Abstract

As part of the requirements of Electrical Engineering 480 (Advanced Digital Design) at the University of Alberta, students were required to use VHDL to build a four-bit adder/subtracter unit.  The unit is capable of accepting two four-bit numbers serially, as well as an operation code which determines whether addition or subtraction is to be performed.  The numbers and the operation code are entered by setting a total of eight DIP-switches to represent a four-bit number as well as a four-bit code specifying what type of data the number represents, and then pressing a pushbutton switch to load the number into the unit.  When final “go-ahead” data of ‘1111’ is entered the unit performs the addition or subtraction and displays the result on five LEDs: four representing the bits of the answer in two’s complement form, and the fifth signaling that the unit has completed the operation.  The unit accepts input from –7 to 7, and performs a check for overflow in the result.  If input is invalid or overflow occurs, the unit displays on the LEDs ‘1000’ and lights the “Done” LED.

Originally intended to allow recursive addition and to be generic so that it could be expanded to any number of bits, the final design is non-recursive and fixed at four bits.

The unit was constructed using modular design, entirely in VHDL in the MaxPlus-II development environment, and implemented on a University of Alberta prototyping board built around the Altera EPM7128SLC-10 Field-Programmable Gate Array.
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1.0 Introduction

The assignment was to use the hardware specification language VHDL to design a four-bit adder/subtractor circuit, capable of adding or subtracting two three-bit numbers a and b (represented as four bits, with most significant bit set to 0).  The four-bit two’s complement result was to be displayed using four LEDs.  If the user specified addition, the result would be a+b; if the user specified subtraction, the result would be a-b.  A fifth LED was to be used to indicate that the circuit had completed the current operation.  The circuit was to reject any input value outside the range allowed by the three-bit representation, i.e. outside the range –7 to 7.  If either of the input values were out of range, or if overflow occurred while calculating the result, the circuit was to set the output LEDs to ‘1000’ (negative zero) to indicate error.

Originally, the specifications called for the adder to allow recursion, i.e. to allow the result to be used as an input for the next operation.  The final circuit does not have this capability.  There were some additional minor changes to the specifications with respect to how the circuit accepts and stores input, but these would be invisible to the user.

Design was undertaken according to the principles of modular design.  The circuit was divided into two parts: the data path, which represented the physical components of the circuit, and the control path, which represented how the flow of data would  be controlled and coordinated among the various physical components of the data path.  The data path and control path were designed, constructed and tested separately before being integrated into the final complete adder circuit.  All code was written and debugged in MaxPlus-II VHDL development environment.

VHDL was used to build a structural implementation of the data path for the four-bit adder, based on behavioral implementations of components such as registers. The adder was tested using the Max-Plus II waveform editor and timing simulator.  The control path was implemented using behavioral architecture.

Testing of the final circuit was not exhaustive, but instead concentrated on ensuring appropriate behavior given boundary conditions, where error would be most likely to occur.

Introduction - a brief description, in your own words, of the lab problem.

2.0 Design

The overall design of the adder is modular, allowing easier debugging and reuse of components.  The adder is made up of two main modules: the control path and the data path.  The data path implements a more-or-less common sense approach to how the data must be stored and manipulated in order to perform the indicated operation.  The control path is a finite state machine that coordinates the movement of data through the data path so that the desired operation is carried out.  The data path is specified structurally, since it is natural to think of data moving through physical components such as buses and registers.  The control path is specified behaviorally, since it is natural to think of the coordination of events in behavioral terms.

Data Path Design

The data path of the recursive adder is intended to specify the flow of data among convenient mid-level (MSI) components such as registers and counters.  The required flow of data becomes clear as the goal of a 4-bit adder is successively broken down from the top-level down.

There must be two 4-line input buses, one for each number to be added or subtracted.  To ensure the stability of these numbers while the operation is being performed, each four-digit input is stored in a buffer (register).  Because the subtraction operation is performed by the addition of the two’s complement of one of the numbers, one of the four-line buses must continue to a component that will produce the two’s complement of its input.

There must be some way to select whether the final circuit will perform an addition or a subtraction, so a 2-1 MUX becomes a natural choice, selecting whether to give the direct input or the two’s complement as input to the adder.  Of course, the output of the MUX must flow to the adder itself, along with one of the original inputs.  The output of the adder must be stored in a register, to ensure the stability of the answer until the user has recorded it.  Finally, to ensure orderly transfer of data from one component to the other, a system clock is needed.

The actual implemented data path follows closely the above informal description, as can be seen from the attached VHDL code.  It should be mentioned that the two’s complement converter was implemented structurally simply by performing bitwise negation, then using an N-bit adder from the library provided to add one to the result.

Some additional comments are as follows.

The rising edge of the clock will load the stabilized input signals, while the falling edge will load the stabilized output signals.  This is a conservative design meant to eliminate false readings due to propagation delay.

A global reset signal resets all buffers to 0-condition.  This allows the user to manually reset the adder to a known initial condition, in case unexpected erroneous states occur.

Note that the data path takes as an input a signal indicating whether it is to add or subtract, that is to say, add b or –b.  The other feature of the adder, allowing recursive addition, is not implemented in the data path.  It will be implemented in the control path in a way similar to how b or –b is selected: a 2-1 MUX will determine whether or not the output of the adder is fed back into the input a of the adder.

The data path is implemented using modular design principles, to separate the data path from the control path, allowing the programmer to design and debug smaller units of code and hardware.

The data path as it is implemented does not check for overflow: that’s left for the control path.  The data path is easily modified to act as the data path for an N-bit adder, for any N.  The present design specifications call for a 4-bit adder. 

Control Path Design

The control path of the recursive adder is intended to control the flow of data among the convenient mid-level (MSI) components (such as registers and counters) of the data path.  Whereas the data path was implemented using structural architecture, the control path was implemented using behavioural architecture, specifically a Moore state machine.  Since a state machine is defined behaviourally, it would be difficult and time-consuming to design, debug, and refine a structural description of the state machine.

Design of the control path began with top-level diagrams for the control path, data path, and the entire add/subtract unit.  (See attached.)  Inputs to the entire adder unit consist of four-bit numbers A and B, Reset, and Enter.  Output consists of a one-bit Done signal and a four-bit Result signal.  A, B, Reset and Clk are piped directly to both control path and data path, rather than passing the signals to the data path through the control path.  This decision leads to less delay and simplifies the interface between the control path and the data path.  Also note that the control path translates the four-bit opcode into a single bit, which it sends to the data path.

The interface between control path and data path consists of a one-bit Load signal, to load the registers with available values; a one-bit add_sub signal, to tell the data path whether to add or subtract; and a four-bit result coming back to the control path from the data path.

A rough flow chart of the decisions and actions required to perform the required additions and subtractions was drawn.  The rough flow chart was refined into a detailed flow chart according to the guidelines in the EE 480 notes, i.e. every flow loop must have both an action box and a decision box.  (See attached for detailed flow chart.)  From the detailed flow chart a state graph was derived.  (See attached.)

The initial state of the state machine, named Wait4Enter, waits for the user to press Enter.  It is expected that by this point the user has set the switches to represent the values she wishes to add or subtract, and to select whether she wants to add or subtract the values.  Note that the only way to exit this initial state is to press Enter.

The LoadInputs state Loads A, B, and the opcode.  Output associated with this state includes enabling the input registers and resetting the output LEDs.

On the next clock cycle, the CheckInputs state checks the input for error.  There is no output associated with this state; depending on the outcome of the check the machine either goes ahead and does the addition or subtraction, or enters an error state.

If the inputs pass the check, the CheckAddorSub state checks whether the user wishes to add or subtract the numbers.  There is no output associated with this state; depending on the outcome of the check the next state either clears or sets the select line of the MUX in the datapath to select subtraction or addition.

When the result comes back from the adder, the CheckResult state determines if it is inside the valid range.  If so, the Done displays the results until the user presses Enter.  If not, the Error state displays the specified error code until the user presses Enter.

Note that although it appears that there are redundant states, the extra states are required for one of two reasons.  Either at least one clock cycle is required to allow register contents to stabilize (e.g. from CheckInputs to CheckAddorSub) or because we don’t want the output to change (e.g. ShowResult could be replaced by Wait4Enter, except that Wait4Enter must not overwrite possible error flags).  The number of states could be reduced by using if…then statements to control output, but the state machine is then no longer strictly a Moore machine, i.e. a given state would then have more than one possible output associated with it.

Note also that as a consequence of the state machine implementation, six clock cycles are required to arrive at a result (after the user presses Enter).  Similarly, if there is an error in input, the error will be signalled after three clock cycles.  Note that because there is only one state transition between asking the datapath to perform an operation and reading the results, the datapath delay must be less than one clock cycle.

The state machine was implemented in VHDL using the template provided in MaxPlusII.  (See attached for control path and full adder code.)  Note that the MaxPlus-II template titled as having “asynchronous reset” in fact has a synchronous reset.  The correction is easily made by moving the reset state assignment outside the clock process.

Design Section - describes in words the design of your solution. It is recommended that you make reference to

     appendix items, such as schematic diagrams and VHDL files. For this lab, you must have a section for your datapath,

     and a section for your controlpath. A lot of this section can be an expansion on your previous design summaries. This

The pin assignments required for the adder unit were fully specified by the layout of the University of Alberta prototyping board.  The pin assignments relating the DIP switches, pushbutton switches, and output LEDs to pins on the Altera FPGA are detailed in the Appendix.

Maximum clock speed was determined by running a MaxPlus-II Timing Analysis on our completed design.  The minimum allowable time between clock pulses was 13ns, corresponding to a maximum clock frequency of roughly 76MHz.  Since the University of Alberta prototyping board uses a 4MHz oscillator, this leaves a wide margin of safety.

The final adder design used approximately 48% of the logic cells in the FPGA, as determined by running a MaxPlus-II analysis.  This is close to the specified maximum of 50%.

 section should also include details of the pin assignments for your final circuit design, as well as calculating the maximum

     clock speed and percentage of FPGA used by your final design.

3.0 Waveforms

See the Appendix for a full listing of annotated Waveforms for the Datapath, Controlpath and Final Adder/Subtractor.

All the waveforms simply simulated the operation of the FPGA.  Since a timing delay was present, this created some difficulty when first familiarizing oneself with the propagation delay; however, with practice, reading delayed outputs became second nature.

Of course, the only reason for creating the waveforms was to ensure that the design was correct.  Although one may have simply loaded the design directly into the FPGA and do tests from there, creating waveforms were much easier to read and faster to implement than creating I/O sequences directly into the hardware.

Specific Notes:

Datapath Waveforms:

The Datapath can be thought of as the operator of the Add/Sub unit.  It mindlessly accepts input and immediately responds by giving an output.  This implies that no error checking is done in the Datapath, thus there are some waveforms that do have “garbage inputs”, but if interpreted correctly, the outputs can be understood.  For example, Datapath Waveform 2 has the addition of 7+7 (0111+0111).  Although the result should not make sense, it can be interpreted as correct since the output simply truncates the sign bit (overflow – (0)1110, this can be thought of as 14 in 5-bits, which is correct).

The Datapath waveforms simply ensure that numbers are being correctly added and subtracted, as well as ensuring that the logic circuit is responding to input signals correctly (e.g. clock pulses).

Controlpath Waveforms:

The waveforms of the Controlpath were much harder to interpret than the Datapath since a finite state machine was used.  The outputs took several clock-pulses before a responding to the input.  A problem with the Controlpath waveforms is that it took in dummy inputs.  This is because the final design had the Datapath passing input to the Controlpath, but since integrating the Datapath and Controlpath was last, the Waveforms had to “fake” a Datapath response. 

Final Logic Circuit Waveforms:

Most of the waveforms were for the Final Adder/Subtractor circuit.  The reasoning for this is simply the notion that VHDL does not behave like sequential programs, and even though the Controlpath and Datapath may work perfectly, learning how to integrate the two becomes a task in itself.

Most of the bugs occurred in the Controlpath, thus the Controlpath was not treated like a black box in the add/sub waveforms.  To make debugging easier, the states of the Controlpath were monitored, along with the I/O signals from the add/sub circuit.

It should be noted that it was decided to make all signals active high (except the reset) for the waveforms.  This made things much easier to read.  Since a simple signal assignment is needed to make all signals active low (something that is required in the hardware), testing for all active high signals was equivalent to testing for active low signals.  Also, the clock pulses in the add/sub waveforms are at 5 megahertz.  Although the maximum working speed of the add/sub circuit is around 20 megahertz, the use of a much slower clock speed ensured that the clock pulses would not be a source of error when debugging.

     Waveforms - should be included in the Appendix of your report. However, there should be a brief description of the

     waveforms in the body of your report. This report should have waveforms for your datapath, your controlpath, and

     your full circuit. Your waveforms should be clearly annotated, and testing sequences should be pointed out.

4.0 Testing

Testing was found to be the most tedious of the whole project design steps.  Since there was no automation in the testing sequences, manual inputs and outputs had to be put in and compared to expected values.  Since the number of input combinations has exponential growth, focus on extreme cases were given precedence as to save time.

Modularity was key to the test strategy for this design project.  The circuit was not designed in one coding session, but in several sessions.  First the Datapath was made and tested.  Next the Controlpath and finally the add/sub circuit.

Datapath Test Strategy

Testing the Datapath was the easiest.  Several simple addition and subtraction of two numbers were done and it’s output was analyzed.  As the waveforms show, the addition and subtraction started with well behaved cases (e.g. no-negative numbers, no-overflow, etc.), but then became progressively complex.  One reason for the simplicity of testing the Datapath was that the Datapath was not responsible for error checking.  However, bad inputs and outputs were entered, as shown in some Datapath waveforms.  It was up to who ever was testing the Datapath to interpret these types of results and deem if the circuit is functioning as expected.

The following list shows the tests, a higher number indicates that more focus was put to that particular test case.  The waveforms made for the Datapath illustrate this progressive testing strategy.

1) addition and subtraction of 0

2) addition and subtraction of numbers 0-7 (no overflow)

3) addition and subtraction of numbers -7-7 (no overflow)

4) running circuit in maximum clock frequency

5) alternating LOAD in the middle of operations 

6) use of RESET in the middle of operations

7) addition and subtraction of numbers -7-7 causing overflow

Datapath Waveform Results

The annotations on the waveforms provide a clear explanation on what is occurring.  One simply needs to compare the operation results with any standard calculator to ensure that the Datapath is running correctly.

One interesting case includes the use of overflow.  Overflow is simply the truncation of the sign bit in an operation.  If one simply adds the correct sign on a 5th bit, a tester can see if the circuit is behaving properly.  For example, as shown Datapath Waveform 2, although the 7+7 (0111+0111) causes overflow.  But the result should be 14 or 01110 in 5-bit binary notation.  What is shown is 1110, which is simply 14 with the positive bit truncated off.

Also, although the final circuit would not accept negative inputs, several waveforms have negative inputs since the Datapath was designed with this added fuctionality.

Special interest should be put on when the waveform pushes the clock frequency to its limits (Datapath Waveform 2).  The Datapath has very strange results, but one simply has to realize that this is because new inputs are being entered while the output is being stabalized.   

Controlpath Testing Strategy

As stated in the waveform section, testing the Controlpath was much more difficult than the Datapath due to several factors.  These included: the Finite State Machine (FSM), the need to “fake” the Datapath, and error handling capabilities given in the Controlpath.

The state signal of the FSM was essential for testing the Controlpath for it would demonstrate that the correct outputs were being loaded based on the current state.  Also, it ensured that the Controlpath was responding to the clock pulses correctly.  By showing the states, this had an added bonus of allowing the tester to isolate the location of a bug.  For one simply would have to look at what state a bad output occurred, then step through the code of only that state.

Faking the Datapath was a bit tricky.  One would have to decide on a probable delay for the time to take between loading values into the Datapath to getting final stable results.  Actually, the added complexity of faking a Datapath created the decision of moving several tests for the Controlpath to the final integrated Datapath and Controlpath circuit.

Testing the error handling abilities of the Controlpath was fairly basic.  The design specs had several specific invalid inputs (i.e. no-negative inputs, no-bad opcodes).  As for invalid outputs, this was simply the case of overflow.

The following list shows the tests, a higher number indicates that more focus was put to that particular test case.  The waveforms made for the Controlpath illustrate this progressive testing strategy.

1) input numbers for 0-7 and valid opcodes (add-1100/sub-1101)

2) using circuit for maximum clock frequency

3) using RESET during normal operation

4) input of negative numbers (error checking)

5) input of bad opcodes

6) sending overflow (faking overflow)

Controlpath Waveform Results
Since no computations occur in the Controlpath, the waveforms created would be interpreted simply by what state the Controlpath was currently in.  As expected, states only change with the positive edge of clocks, as to the outputs (of course with some propagation delay).

Again, as with the Datapath, increasing the clock pulses pass the maximum frequency of the circuit creates very strange results.  As seen in Controlpath Waveform 2, extreme clock frequencies causes invalid states to arise.

Add/Sub Testing Strategy

The majority of the tests occurred at this level.  As stated in the Waveforms section, the reason for this is simply because ensuring that the Controlpath and Datapath works perfectly does not guarantee that they will work perfectly together.

Test began with simple operations and followed the progression very similar to the Datapath testing strategy.  Since the Datapath was very simple to design and is very passive, it was treated as a black box and its signals were ignored while testing the final circuit.  However, several tests could not be done on the Controlpath without the Datapath connected to it; thus add/sub waveforms would include the state signals of the Controlpath.

Particular focus during testing was on inputs that spanned across several clock pulses.  The reason for this is that this simulates “normal” operation behaviour.  When a user pushes a button, for example ENTER, that would last for about 1 second, but that 1 second consists of thousands of clock pulses.  Thus spanning input signals is very important as a test case.

Also, it should be noted that the true behaviour of the add/sub circuit should have all signals active low.  However, since active low signals are not intuitively easy to read, and also since converting signals from active high to low is very easy, the decision of simulating with active high signals was made.

Testing was generally done with a very slow clock frequency (around 5 megahertz), except when observing extreme clock frequency behaviour.  Testing at such a safe clock frequency ensured that bugs were not due to the clock pulses, thus isolating bug causes to other factors.

It was observed that pretty much all of the logical bugs occurred in the Controlpath alone.  Intuitively, since the add/sub circuit only connects the Controlpath and Datapath, which has no logic to it, there were no bugs found in the add/sub module itself.

Since the Controlpath was the source of most bugs, several tests focused on ensuring that the Controlpath was behaving well.  The following list shows the tests, a higher number indicates that more focus was put to that particular test case.  The waveforms made for the add/sub illustrate this progressive testing strategy.

1) input numbers for 0-7 and valid opcodes (add-1100/sub-1101)

2) using circuit for maximum clock frequency

3) using RESET during normal operation

4) alternating ENTER during normal operation

5) spanning inputs over several clock pulses

6) inputting invalid enable signals

7) input of negative numbers (error checking)

8) input of bad opcodes

9) causing overflow

add/sub Waveform Results
Ensuring that the add/sub results were correct followed the same methodology as the Datapath, but along with some added features.  The addition and subtraction of valid numbers were easy to check.  This simply involved comparing the binary answer with an expected result.

Again, several overflow operations were tested, as were bad inputs.  Simply checking if the ERROR_STATE would be entered in the FSM was good enough to test these cases.  This is shown in add/sub waveform cases.

Testing the behaviour of the RESET was a bit tricky.  One had to understand the code of the Controlpath to fully see what’s going on.  The RESET would do several things, one “hidden” feature was that it would reset the inputs to 0, except the op-code.  So, if a invalid op-code was previously entered, hitting RESET would not get rid of this invalid op-code.  This would force the user to enter a valid operation, since it is not clear on what a default op-code should be.  See the add/sub waveforms in the appendix for a clear picture of this behaviour.

As with the Controlpath, pushing the clock frequency to its limits has very odd results.  The most unusual being that invalid states are entered and the FSM gets “stuck” in those states, even though the Controlpath code took care of invalid states (see design section for details).

Overkill was the idea to the add/sub waveforms, since it is much easier to test for bugs with the simulator, as opposed to the hardware itself.

     Testing - consists of two parts. You must describe, in the body of your report, the strategy behind your testing

     sequences (ie. Why are you using this test, and why is this a good test?). Describe your inputs and expected outputs.

     The second part of testing is the results. Are the results of your simulation, as displayed on the waveforms, what you

     expected? All of this should be explained in the body of the report, with references made to the annotated waveforms

     in the Appendix.

     Conclusion - summarizes the results of your work.

     Appendix - includes waveforms (with annotation), diagrams, schematics and other such items. The appendix for this

     report should include the following items: 

          A Schematic Diagram of your DataPath 

          A State Diagram for your ControlPath 

          A Top Level Diagram showing the connections between your Controlpath and your DataPath 

          Annotated Waveforms for your controlpath, datapath, and full circuit. 

          The VHDL files for your orginal controlpath, datapath, and addsub_2 component (ie the ones without pin

          assignments). Your final VHDL files (ie. the ones with pin assignments) are submitted electronically, and do not

          need to be included with this report. 

     All appendix items should be clearly labelled, and, in the case of diagrams, neatly drawn. If a diagram is handdrawn, it

     must be drawn using a straight edge, preferably on graph paper or engg paper. 

     Marking Sheet - must be attached to the lab report. The names and student ID numbers of your group members, as

     well as your group number, must be filled in on this sheet.

Appendix

Data Path Code

-------------------------------------------------------------

-- Data Path for Recursive Adder/Subtractor

-- Author       : A Ling     285197

--                J Brown    376438

-- Date         : November 8, 2000

-- File Name    : datapath.vhd

-- Architecture : 

-- Description  :

--   

-- Acknowledgements:  

-------------------------------------------------------------

library ieee;

use ieee.std_logic_1164.all;

library work;

use work.addnsub_pack.all;

-- this is the datapath interface

entity datapath is


generic(N : positive := 4);


port(ainput

: in std_logic_vector(N-1 downto 0); -- input to be entered



 binput

: in std_logic_vector(N-1 downto 0); -- input to be added or subtracted

         addsub

: in std_logic;

-- should we add or sub, 0 to add, 1 to sub



 Clk

: in std_logic;

-- clock pulse of system



 GlobalRes
: in std_logic;

-- resets all buffers active low



 load_bufs
: in std_logic;

-- loads register, 1 for load, 0 no-load



 answer

: out std_logic_vector(N-1 downto 0) -- result of addition or subtraction



);

end datapath;

architecture struct2 of datapath is

-- internal signals

signal abuf : std_logic_vector(N-1 downto 0);

signal bbuf : std_logic_vector(N-1 downto 0);

--signal int_ans : std_logic_vector(N-1 downto 0);

-- signals needed to convert binput to 2s complement

signal int_bcomp : std_logic_vector(N-1 downto 0);

signal int_bcompout : std_logic_vector(N-1 downto 0);

signal one : std_logic_vector(N-1 downto 0);

signal tmpcin : std_logic;

signal int_carry : std_logic;

signal int_load
 : std_logic; -- signal to enable load buffers

signal muxout
 : std_logic_vector(N-1 downto 0); -- output of mux

signal finalcin : std_logic;

signal finalcarry : std_logic;

begin


finalcin <= '0';





one <= "0001";


tmpcin <= '0';

    -- register to hold input a:


abuffer: registerN port map





(Input => ainput,





Load => load_bufs,





Clock => Clk,





Reset => GlobalRes,





Output => abuf);


-- buffer to hold input b


bbuffer: registerN port map





(Input => binput,





Load => load_bufs,





Clock => Clk,





Reset => GlobalRes,





Output => bbuf);


-- 2's complementer:


int_bcomp <= not bbuf;

-- complement b ...


int_addN: adderN 



generic map(N => 4)



port map (




a => int_bcomp,




b => one,



-- ...and add 1 to produce 2's complement repr'n




cin => tmpcin,




sum => int_bcompout,




cout => int_carry);


-- 2-1 mux selects whether to send b or -b to adder:

    addorsub: Mux2N_N



port map (Input0 => bbuf,





  Input1 => int_bcompout,





  Sel => addsub,





  Output => muxout);


-- unit to perform addition


finaladder: adderN 



generic map(N => 4)



port map (




a => abuf,




b => muxout,




cin => finalcin,




sum => answer,




cout => finalcarry);

end struct2;

Control Path Code

-------------------------------------------------------------

-- Control Path for Recursive Adder/Subtractor

-- Author       : A Ling     285197

--                J Brown    376438

-- Date         : November 8, 2000

-- File Name    : control.vhd

-- Architecture : 

-- Description  :

--   

-- Acknowledgements:  

-------------------------------------------------------------

library ieee;

use ieee.std_logic_1164.all;

library work;

use work.addnsub_pack.all;

-- this is the control path interface

entity controlpath is


port(data_result
: in std_logic_vector(3 downto 0);
-- result from datapath



 Input


: in std_logic_vector(3 downto 0);



 Enable


: in std_logic_vector(3 downto 0);
-- control code for current input type



 Clk


: in std_logic;

-- clock pulse of system



 Reset


: in std_logic;

-- resets all buffers active low



 Enter


: in std_logic;

-- loads register, 1 for load, 0 no-load



 Done


: out std_logic;

-- am I done, 1 yes, 0 no



 result


: out std_logic_vector(3 downto 0); -- result of addition or subtraction



 Load_Bufs

: out std_logic;



 add_sub

: inout std_logic;
-- 0 to add, 1 to subtract



 Aout


: inout std_logic_vector(3 downto 0);
-- A to send to datapath



 Bout


: inout std_logic_vector(3 downto 0)
-- B to send to datapath



);

end controlpath;

architecture behavioural2 of controlpath is

TYPE STATE_TYPE IS (LOAD_INPUT, CHCKINPUT, DO_OP, CHECK_RESULT, DONE_STATE, ERROR_STATE);

SIGNAL state: STATE_TYPE;

signal op_code : std_logic_vector(3 downto 0); -- hold our operation colde

begin


STATE_PROCESS: process(Clk, Reset)


begin



if Reset = '0' then




state <= LOAD_INPUT;




done <= '0';




Load_Bufs <= '0';




Aout <= "0000";




Bout <= "0000";




add_sub <= '0';



elsif Clk'EVENT and Clk = '1' then




CASE state IS





WHEN LOAD_INPUT =>







If Enter = '1' then








if Input = "1111" then









 state <= CHCKINPUT; 








elsif (Enable = "1000" and not (Input = "1111")) then









Aout <= Input;








elsif (Enable = "0100" and not (Input = "1111")) then









Bout <= Input;








elsif (Enable = "0010" and not (Input = "1111")) then









op_code <= Input;








end if;








Load_Bufs <= '0';








result <= "0000";







end if;





WHEN CHCKINPUT =>






if (Aout(3) = '0') and (Bout(3) = '0') and (op_code = "1100" or op_code = "1101") then







Load_Bufs <= '1';







state <= DO_OP;






else







state <= ERROR_STATE;







result <= "1000";






end if;





WHEN DO_OP =>






if op_code = "1100" then







add_sub <= '0';






else







add_sub <= '1';






end if;






state <= CHECK_RESULT;





WHEN CHECK_RESULT => -- make sure no overflow






if ( (data_result(3) = '1') and (add_sub = '0') ) then







state <= ERROR_STATE;







result <= "1000";






else







state <= DONE_STATE;







result <= data_result;






end if;





WHEN DONE_STATE =>






if Enter = '1' then







state <= LOAD_INPUT;







result <= "0000";






end if;





WHEN ERROR_STATE =>






if Enter = '1' then







state <= LOAD_INPUT;







--result <= "0000";






else







result <= "1000";






end if;





WHEN OTHERS =>
-- try to reset the fsm to a good state in the case of error






state <= LOAD_INPUT;






result <= "0000";




END CASE;



end if;


end process STATE_PROCESS;


WITH state SELECT



Done <=
'1'
WHEN ERROR_STATE,






'1' WHEN DONE_STATE,






'0' WHEN others;

end behavioural2;
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