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Executive Summary

The objective of this project was to form a processor that could accept an integer and return the greatest relatively prime integer.

Two numbers are relatively prime if they share no common divisors other than one.  An example of this would be the integers 9 and 10.  The factors of 9 are 1, 3, and 9; the factors of 10 are 1, 2, 5, and 10.  The only factor that they have in common is one, and thus, they are relatively prime.

Our process for finding the relatively prime numbers implemented Euclid’s algorithm.  We looped through all integers less than the input number and used Euclid’s algorithm to find the GCD of that number and the input number.  The program would then return the greatest number for which the GCD was one.
Initially we started out by defining our assembly language.  It was to be a 16-bit processor so we decided on a 4-bit control signal; this would give us 16 instructions to work with but not take up an inordinate amount of bits.  The other twelve bits were divided up depending on the type of instruction; these layouts are listed in Appendix A.
After that, we wrote an assembly language program (Appendix A) to implement the procedure that we had determined for finding the greatest relatively prime number.  This was started by writing an original program in a style similar to a high-level language, although no specific high-level language was used.  After coming up with this, the program was “translated” into our assembly language.
Following that, we put together RTL (Register Transfer Language) instructions for the program.  This allowed us to produce an initial datapath, which was heavily modified to our current and final datapath.
Finally, we designed a control unit which allowed us to simulate the processor in Xilinx.
At the current state, our project is essentially complete.  Time constraints prevented us from using interrupts for our input; instead, we were forced to load values from memory.  Other than that, our project is complete with the possible exception of a few minor glitches which will be fixed given appropriate time.

Introduction

The goal of our project was to create a processor that could successfully duplicate Euclid’s algorithm.  There were several different phases of the project that we were required to complete by certain dates, much like projects in the work environment would be.  The only specification that all groups had was that the processor had to be 16 bits.  We were put into groups of four or five students each in order to create this processor.   We had minimal skills in each aspect of the project, and sometimes would only learn what we needed to know to complete that phase of the project days before it was due.  For each phase of the project we were required to write three documents: a design document, a design process journal, and a memo.  The design document was to describe the designs in a way that anybody not working on the project could understand it.  The design process journal contained the steps that the group went through and decisions that were made along the way.  The memo would explain the current status of the project for each phase.  

Main Body

The first step of our design was to create the assembly language specifications.  We were to describe everything that a user needs to write a program in our assembly language.  We decided that simple was the way to go, so each of our instructions was represented by a single character.  Looking back, it might have been a good idea to make them words instead so that it would be easier to understand what each instruction does.  Our registers were represented by ~0 through ~9 and then ~a through ~f.  We made a few of these registers special purpose registers, like ~0 was permanently zero and ~1 was permanently one.  Other registers were designated as the instruction register and the jump register.  There were also registers to hold the values of the output, the PC, the location of an error, and a location used in a jump command.  At this point we separated the instructions that we had made into three categories: I-type, R-type, and J-type.  The I-type instructions were the ones that were based on the instruction using an immediate value, the R-type instructions use different registers as parameters, and the J-type instructions are all of the instructions that jump to a label held by the instruction.  We then took each of these types of instructions and grouped the bits into categories for the opcodes, parameters, immediate values, locations, and addresses that each type of instruction needed.  We now had enough of the project done to start writing Euclid’s algorithm using our assembly language.  
The next step in our process was the machine language specifications.  This basically entailed turning all of the aspects of our assembly language into an equivalent binary statement.  We had already decided, based on the instruction type, how many bits each part of each instruction was going to be.  So, we just had to assign binary values for the opcodes and the registers.  We arranged the different instructions in alphabetical order and then labeled them with a binary representation.  For the registers we just took the register name and made it binary (ex: ~0 = 0000, ~f = 1111).  Turning our assembly language program into machine language was now pretty simple.  
The next milestone in the project was to create the register transfer language for each of the instructions.  The RTL took us several milestones to actually get it right, but in the end everything worked out.  There were some instructions that took us a while to get the RTL just right, like the branch if equal instruction and the input instruction.  
It was now time to design our datapath.  Our approach to doing this was to start with one instruction and have a datapath that did that, and then with each new instruction we would add parts as needed so that the datapath worked for each instruction.  We later changed some things in our datapath because we had some problems designing the finite state machine the way the datapath was.  We based our finite state machine off of our RTL and the datapath that we made.  We made a few modifications to the datapath and the RTL because we couldn’t accomplish those instructions in the finite state machine.  
Now, we started making the components of the datapath in Xilinx, testing each one as we went.  Then, we put all of the components together according to our test plan, and tested it each step of the way.  We didn’t have time to add interrupts to our processor, so if we had more time we would do that.
Performance Evaluations

To calculate the gcd using Euclid’s algorithm, the Obfusk8r requires 26 instructions.

8 (+) * 5 cycles = 40
2 (-) * 5 cycles = 10
4 (I) * 5 cycles = 20
3 (=) * 6 cycles = 18
1 (M) * 3 cycles = 3
1 (W) * 3 cycles = 3
5 (J) * 4 cycles = 20
2 (<) * 4 cycles = 8
Total cycles = 122

CPI = (122 cycles / 26 instructions) = 4.69
Since our final Xilinx design was not completely functional, we were unable to produce a map report which lists how many gates were used in the design.  Also, the necessary number of clock cycles to calculate a value relatively prime to 0x13B0 remains undetermined due to the unfinished processor design.

Conclusion

Although we were not able to fully implement our design in Xilinx, we were very content with the majority of design decisions we made.  In early stages of our design process, we met once or twice a week, depending on the requirements of the current milestone.  From the start, we created our assembly and machine code almost simultaneously.  Not only we were able to meet the requirements of pre-milestone 1, but it greatly lightened the load of work during the first couple weeks of project meetings.  Upon reaching the milestone involving register transfer language, our progress started to slow down due to other obligations.  Despite these conditions, we still managed to meet twice a week through most of our allotted development time.  Unfortunately, one of our group members was absent for most of our process until finally being removed from the group altogether.  Our division of the work certainly would have been different if we would have been aware of that group member’s work habits ahead of time.
A change we would make in looking back at our process is to the assembly language.  Although single character instructions save code space, they are very difficult to keep track of when programming.  This is especially due to some commands having like first letters, presenting a less obvious selection for one of them.  Overall, we were pleased at the outcome of the processor.  I lot of hard work went into the Obfusk8r.  Even though it did not function, plenty was learned, and we strongly believe given a little more time, it could be made fully functional.
 Individual Reflections

Paul Bogard

This project emphasized the importance of scheduling team meeting dates much earlier than they were intended to occur.  Especially towards the end of the term, it became difficult to find meeting times that every group member could attend.

As far as material learned, I found the drawing of datapaths was the most interesting and seemingly most relevant material to me.  Having a good datapath allowed for a relatively simple transfer of the circuit to Xilinx (ignoring minor bugs in the transfer process which were worked out later.

I feel that I did a fair share of work on this project; however, it wasn't distributed over all of the parts; I did more work on the datapath (probably my most significant contribution) and the documentation and less in the RTL and Xilinx.  As such, I probably should have asked to work on more of the Xilinx and RTL, and allowed others to help in the areas I excelled at.  That said, it seemed that work was divided up properly according to individuals' strengths, which I honestly thought was the best way to do it.
Meg Collins

I think the most valuable thing I learned about working in a group is that you never know how your group members will perform until they are put to the test.  Someone that you think would work hard and produce good work may turn out to be one of the biggest detriments to your project.  Others, who you might think would not help too much, surprise you and turn out to be the some of the most supportive team members.  Another thing I learned was about time management.  There were many times where we could only meet for a few hours and we wouldn’t get much work done because we would talk.  I think toward the end we learned to just talk about the project and were able to get more work done.  

I think the most technical thing I learned from this project is how a processor is made.  I now understand the thought that goes into building a processor and have a better understanding of the inner workings if a computer.  I also learned a little bit about Xilinx.

I could have been a more effective member if I could have made all the meetings.  Time demands from other classes and activities made it hard to attend all the meetings.  I also talked a lot about trivial things during our meetings.  To be more effective, I should of not talked as much and not distracted people. 

I think my most important contribution was the ALU and keeping everyone smiling when I could.  I think that my work on the ALU could have been done by anyone else in the group, but I think that keeping spirits high was also a major contribution.

David Cornelius

By working in a team, I learned that getting organized can be much more difficult than it is individually.  Instead of dealing with just one schedule, four schedules had to be dealt with in finding meeting times.  This was an issue at times which restricted us to one meeting for some milestones, and because of that, the work could have used some polishing prior to turn in dates.

The most valuable technical material I learned was register transfer language.  It took the most time for me to learn, but proved to be crucial in the development of the datapath and the finite state machine for the control.

I could have been a more effective member of my team by showing more motivation.  Group meetings were rarely exciting, but the work had to be done.  Also, I could have tried harder in sharing certain portions of the work I focused on.

My most significant contribution to the project would certainly be with Xilinx.  I worked on the majority of the final Xilinx datapath design, and although it was not functional, I ensured that something fully connected with tested modules was turned in on time.

A suggestion for future projects would be allowing less time on early milestones of the project.  The assembly and machine language took up less time than later stages of the process, but for me at least, I had more time to work earlier in the quarter.
Kim Krug
What is the most valuable thing you learned about working in teams?

I learned that everybody has to do their fare share, but you also need to know some of the details about what everybody else is doing.  Like, if one person was working on the datapath, another person couldn’t exactly just start working on the finite state machine until they knew what some of the controls were going to be called first.  So, I learned a great deal about how to function as a team with time constraints.  

What is the most valuable technical material you have learned?

I think the whole class will end up being valuable actually.  Maybe not the MIPS instructions as much as everything else, but I think that turning the RTL into a datapath and finite state machine was pretty cool.  I think that might be useful later.

How could you have been a more effective member of your team?

I could have been a more effective member of my team by trying to be more involved.  Because I didn’t understand a lot of the MIPS instructions, I didn’t really get into the first part of the project as much as everybody else.  I really started to get interested and involved during the making of the finite state machine and the datapath.  I could have been more willing to take some extra time and do something.

I would say that my most significant contribution to the project was the finite state machine.  I was really into that.  We were doing it late, because we didn’t realize that it was due at the same time as the datapath.  So, I was working on that with Dave when Meg and Paul were working on Xilinx stuff.  I caught some pretty bad errors with our RTL that needed to be taken care of.  

Appendix A: Design Document

Addressing (Translating assembly to machine code)
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Registers

~0
Permanent Zero
This register always contains the logical value zero.

~1
Permanent One

This register always contains the logical value one.

~2 to ~8
Temporary Registers

These registers are available for any part of the program to use for temporary storage.

~9
Input

This is a temporary storage register for processes having to do with the interrupt.

~a
IR (Instruction Register)

This is the register for storing instructions.

~b
JR (Jump Register)

When performing a jump and link instruction, the location of PC + 2 is stored here.

~c
Output


The final result of the computation is stored here, to be output later.

~d
PC

This holds the address of the current instruction.

~e
Temporary Location

When jumping to a given address, the location to jump to is stored here precedent to the jump command.

~f
EPC

Holds the location of an error
Commands

0000
+
add (R-type)


+ ~2, ~3, ~4

Takes the sum of ~3 and ~4 and stores it in ~2.

0001
–
subtract (R-type)


– ~2, ~3, ~4

Takes the difference of ~3 and ~4 (~3 – ~4) and stores it in ~2.

0010
@
jump and link (J-type)

@ 0


Stores PC + 2 to the jump register ~b and jumps to the given immediate address 0.

0011
=
branch if equals (R-type)
= ~2, ~3, ~4

Compares ~3 and ~4 and if they are equal jumps to the location specified in the temporary location register ~2.

0100
<
is less than (R-type)

< ~2, ~3, ~4

Compares ~3 and ~4 and if (~3) < (~4) sets the value of ~2 to one.

0101
J
jump (J-type)


J 0
Jumps to the given immediate address 0.

0110
L
load from memory (R-type)
L ~2, ~3

Loads the value from memory at location ~3 into the register ~2..

0111
S
store to memory (R-type)
S ~2, ~3

Stores the value in register ~2 into memory at location ~3.

1000
U
load upper (I-type)

U ~2, 0

Loads the immediate value 0 into the upper 8 bits of register ~2, ignoring the lower 8 bits.

1001
&
AND (R-type)


& ~2, ~3, ~4

Stores the bit-wise logical AND of ~3 and ~4 into register ~2.
1010
|
OR (R-type)



| ~2, ~3, ~4

Stores the bit-wise logical OR of ~3 and ~4 into register ~2.

1011
!
NOT (R-type)


! ~2, ~3

Stores the bit-wise logical NOT of ~3 into register ~2

1100
I
input
(I-type)


I ~2, 0

Loads the immediate value 0 into the lower 8 bits of register ~2, ignoring the upper 8 bits.

1101
-
Unused




Unused.

1110
M
move from IR (R-type)

M
Loads the value from external input into the input register ~9.

1111
W
write to output (R-type)

W
Writes the value currently in the output register ~c to the external output.

Register Transfer Language

Multi-cycle RTL Specifications

0. if(INTERRUPT != 0 && IRQ != 0) then

IPC = PC; IRQ = Port[IRQ[1:0]]; INTERRUPT = 0;

PC = 00000000000000

1. IR = Mem[PC]
PC = PC + 2

2. A = Reg[IR[7:4]]
B = Reg[IR[3:0]]

add (+)
2. if(IR[15:12] == 0) then

3. ALUOut = A + B

4. Reg[IR[11:8]] = ALUOut

AND (&)
2. if(IR[15:12] == 9) then

3. ALUOut = A & B

4. Reg[IR[11:8]] = ALUOut

branch if equals (=)
2. if(IR[15:12] == 3) then

3. ALUOut = A - B

4. if(Zero) then

5. PC = B

input (I)
2. if(IR[15:12] == 12) then

3. ALUOut = A | SE[IR[7:0]]

4. Reg[IR[11:8]] = ALUOut

is less than (<)
2.
if(IR[15:12] == 4) then

3.
if((A - B) < 0) then Reg[IR[11:8]] = 0x0001

jump (J)
2.
if(IR[15:12] == 5) then

3.
PC = IR[11:0]

jump and link (@)
2. if(IR[15:12] == 2) then

3. Reg[11] = PC

4. PC = Reg[IR[11:0]]

load from memory (L)
2. if(IR[15:12] == 6) then

3. MDR = Mem[B]

4. Reg[IR[7:4]] = MDR

load upper (U)
2.
if(IR[15:12] == 8) then

3.
Reg[IR[11:8]] = SL8(IR[7:0]) #shift left 8 bits

NOT (!)
2. if(IR[15:12] == 11) then

3. ALUOut = !A

4. Reg[IR[11:8]] = ALUOut

OR (|)
2. if(IR[15:12] == 10) then

3. ALUOut = A | B

4. Reg[IR[11:8]] = ALUOut

store to memory (S)
2. if(IR[15:12] == 7) then

3. MDR = Reg[IR[7:4]]
4. Mem[A]= MDR

subtract (–)
2. if(IR[15:12] == 1) then

3. ALUOut = A - B

4. Reg[IR[11:8]] = ALUOut

move from Input Register (M)
2. Reg[9] = INPUTVALUE

write to output (W)

2. OUTPUTVALUE = Reg[12]

Design Components

PC
The program counter keeps track of the reading location of a program in memory.  After an instruction is executed, the PC is incremented.  Also, jump commands can change the PC location.

Input signals

12 bits: PCIn

Output signals

12 bits: PCOut

Memory
The memory serves as storage for assembly instructions that are sent to the instruction register.  The output is dependent on the location in memory requested by the PC.

Input signals

16 bits: Address

16 bits: Write data

Output signals

16 bits: Mem Output

Instruction register
Instructions from memory or an external device go through the instruction register and are outputted to various devices; registers are the main target for most output signals.

Input signals

Instruction

Output signals

4 bits:
Instruction[15-12]

4 bits:
Instruction[11-8]

4 bits:
Instruction[7-4]

4 bits:
Instruction[3-0]

Registers
Registers are the fastest storage devices available for the processor.  The devices functions include reading, writing, and outputting data based on input from other devices.
Input signals

4 bits:
ReadReg1

4 bits:
ReadReg2

4 bits:
WriteReg

16 bits:
WriteData

Output signals

16 bits: RegOut1

16 bits: RegOut2

ALU
The ALU primarily performs arithmetic operations between two input values.  Control options include addition, subtraction, or, and, not, as well as equals.

Input signals

16 bits: Mux1(A, IR[7:4])

16 bits: Mux2(B, IR[3:0])

3 bits:
ALU control

Output signals

16 bits: ALU result

Machine Code

; The following assembly language and machine code program performs Euclid’s

; Algorithm for a given input value from an external device.  The result is sent

; to an external output register to be displayed on a device.

;

; ~0
The value zero

; ~1
The value one

; ~2
a

; ~3
b

; ~4
c

; ~5
temp

; ~6
m

; ~7
lessthantrue

; ~a
receives external input register value

; ~e
templocation

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

address
Commands
Comments
Machine Code

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

00 000000000000
I
~6, 1
; m = 1
1100011000000001

02 000000000010
M

; ~a = InputRegister
1110000000000000

04 000000000100
+
~4, ~a, ~0
; c = n (User Input)
0000010010100000

06 000000000110
+
~6, ~6, ~1
; m = m + 1;
0000011001100001

08 000000001000
I
~e, 46
; templocation = 46
1100111000101110

10 000000001010
=
~e, ~4, ~1
; if c = 1 goto 46
0011111001000001

12 000000001100
+
~3, ~7, ~0
; b = m;
0000001101110000

14 000000001110
+
~2, ~4, ~0
; a = c;
0000001001000000

16 000000010000
J
18
; goto 18
0101000000010010

18 000000010010
<
~7, ~0, ~3
; lessthantrue = is(0 < b)
0100011100000011

20 000000010100
I
~e, 44
; templocation = 44
1100111000101100

22 000000010110
=
~e, ~7, ~1
; if 0 < b goto 44
0011111001110001

24 000000011000
<
~7, ~2, ~3
; lessthantrue = is(a < b)
0100011100100011

26 000000011010
I
~e, 40
; templocation = 40
1100111000101000

28 000000011100
=
~e, ~7, ~1
; if a < b goto 40
0011111001110001

30 000000011110
J
32
; goto 32
0101000000100000

32 000000100000
+
~5, ~2, ~0
; temp = a
0000010100100000

34 000000100010
+
~2, ~3, ~0
; a = b
0000001000110000

36 000000100100
+
~3, ~5, ~0
; b = temp
0000001101010000

38 000000100110
J
18
; goto 18
0101000000010010

40 000000101000
-
~2, ~2, ~3
; a = a - b
0001001000100011

42 000000101010
J
18
; goto 18
0101000000010010

44 000000101100
+
~4, ~2, ~0
; c = a
0000010000100000

46 000000101110
J
6
; goto 6
0101000000000110

48 000000110000
-
~6, ~6, ~1
; m = m - 1;
0001011001100001

50 000000110010
W
~6
; OutputRegister = m
1111011000000000

52 000000110100


; program end





; This Obfusk8r assembly language and machine code program tests the functionality

; of various processor commands.  External input is given an OR command with the

; value 0000000001010101.  If the resultant value equals 0000000011011101, then the 

; program exits after sending the value 1 to the OutputRegister; otherwise, the 

; value 0 is sent as output. 

;

; ~0 The value zero

; ~1 The value one

; ~2 a = 85

; ~3 b = 221

; ~4 OR result

; ~5 Program Result (0 or 1)

; ~a Receives external input register value

; ~e templocation

 0 000000000000
M

; ~a = InputRegister
1110000000000000

 2 000000000010
I
~2, 85
; a = 85
1100000001010101

 4 000000000100
I
~3, 221
; b = 221
1100000011011101

 6 000000000110
|
~4, ~a, ~2
; Input OR a
1010010010100010

 8 000000001000
I
~5, 1
; Program Result = 1
1100010100000001

10 000000001010
I
~e, 16
; templocation = 16
1100111000010000

12 000000001100
=
~e, ~4, ~3
; if(OR result == b) goto 16
0011111001000011

14 000000001110
I
~5, 0
; Program Result = 0
1100010100000000

16 000000010000
W
~5
; OutputRegister = ~5
1111010100000000

18 000000010010


; program end

Datapath Block Diagram and Control Unit
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All opcode routes go back to Fetch.  These arrows were left out to remove clutter.

The control design used with our Xilinx model excludes the interrupt states.
Appendix B: Design Journal

December 15, 2003
During the first meeting, we discussed and then agreed on many of the specifications for our processor.  Paul typed all the details into a Word document while the rest of the group aided in fulfilling all pre-milestone 1 requirements.  The final step we performed was implementing Euclid’s algorithm in our newly created assembly language which remains unnamed.

We thought about the different types of instructions we would need in our program and how we would represent them.  We were tired of some of the obscure MIPS commands.  We decided that we did not want bulky instructions.  Therefore, we made our instructions to be a fixed length, 16 bits long, and only one symbol is used per instruction.  We knew that we would need add, subtract, load immediate, is less than, load, and store instructions.  We decided to also include a jump instruction, an input instruction (so that we can store values in a register), and other logic instructions (AND, NOT, and OR, and equal to).  We felt that these added instructions would be sufficient to run simple programs other than the Euclid’s Algorithm program.  We thought it best to make our registers be referenced by number (in hexadecimal), starting at ~0 and going through ~f.  To save some time and register usage, we decided to make a register always have the value of 0 and another register always have the value of 1.  

December 16, 2003
Dave set up the project turn-in folder for CVS.  Both required pre-milestone 1 documents as well as this journal were then uploaded via CVS.

January 8, 2004
We met again to finish milestone 1 and improve on our pre-milestone.  Paul and Dave worked on the webpage and the design document.  Meg and Kim worked on the design process journal.   Dave and Paul used CVS to turn in our documents and webpage.

We decided to add jump register and jump and link instructions to our language so that we could incorporate procedures into our programs.  We set register ~f to always be the value of 0 and register ~d to always be 1.  Register ~4 would always hold the result of the “is less than” command.  Our processor was named Obfusk8r by Dave.

January 18, 2004
At our third meeting, we discussed the changes that Professor Chidanandan and Tim suggested after they looked over our milestone 1.  Paul worked on fixing his website and made changes to the design document.  Dave and Kim started on the RTL for milestone 2.  Meg worked on the design process journal.  We changed the contents of our ~f register and our ~d register.  They no longer hold the values of 0 and 1.  We made register ~0 contain 0 and register ~1 contain 1.  We decided to put all of our temporary registers together.  So, registers ~2 to ~9 are now temporary registers.  We also changed the symbol for “jump and link” instruction from A to @.

January 20, 2004

During our fourth meeting, we made registers ~a, ~d, and ~f special purpose registers (IR, PC, and EPC respectively).  We set aside these registers so that we could hold the instruction temporarily, keep count of which step the program is currently on, and deal with interrupts.  We also made ~9 reserved so that it could serve as our temporary input register in the event of an interrupt.  We made ~b our jump register, which stores the return location when using the jump and link instruction.  Register ~e holds the address that the jump instruction will jump to.  This register is needed because we need to be able to store the immediate value from the jump instruction and then convert it to a 16 bit value.  We also decided that we needed to have some instructions that would allow us to write a value to an output device or retrieve a value from an input device.  Therefore, we made M to be our retrieval instruction and W to be our write to output instruction.  Dave fixed our test code and our machine code.  We had previously made some mistakes in our machine code and we were incrementing our PC by four instead of two.  Dave went through and made sure all of our machine code was correct and consistent in our program. Paul and Kim updated our design document and the website to reflect the changes we made with the registers and instructions.  Meg updated the design process journal.  Paul alphabetized our RTL section of the design document and added a table of contents.    We finished the RTL as a whole.

January 28, 2004

At this meeting, we fixed the RTL problems that Tim pointed out.  Dave, Paul and Kim worked on the datapath while Brandon caught up on the progress of the project.  The design document was updated.

February 3, 2004

During this meeting we spent the majority of our time getting caught up on things that were supposed to be done but weren’t.  Meg worked on designing the components in Xilinx.  There was a bit of a problem with the add/subtract component, because we couldn’t figure out why it wasn’t subtracting B from A like it was supposed to.  We then decided that we would have two adds and one would take in positive B to add the numbers together, and the other would take in 2’s complement of B for the subtraction.  Paul worked on having a better datapath than the one that we previously had.  He spent time putting the datapath into Photoshop so that it would look nicer and be easier to read than our previous picture was.  Dave and Kim worked on the Finite State Machine that was due in Milestone 3, but wasn’t done.  There were some problems with the current datapath that were fixed along with some necessary changes to a few RTL instructions.  An MDR component was added which helped correct some memory read problems in out RTL.  Some things needed to be moved around, or done in a different way.  Probably the thing that changed the most was added inputs to the multiplexers.  Brandon came to the meeting and attempted to help, but since we pretty much had everything under control he left.  

February 13, 2004

Kim worked on the schematic for the sign extend with some assistance from Brandon.  She also completed the schematic for the 8-bit shift left.  Dave finished up the RTL and included the details for the interrupts.  He also made modifications to the datapath and the state diagram to reflect these changes.  In addition, Dave wrote up the test plan for connecting the components of our processor and wrote Verilog code for the PC, A, and B, also adding the Register File Verilog module to the project.  Kim typed the document into word.  Meg assembled the ALU in Xilinx while Paul and Brandon worked out some of the details of the presentation.  In addition, Paul modified the digital picture of our new datapath.  The design process journal entry was written by Brandon.

February 19, 2004

We had a short meeting to determine some roles of the project for people to work on individually; and agreed to meet in the New Res classroom on February 20 whenever each group member was free to finish up the project.

February 20, 2004

This wasn’t really a formal meeting.  David and Paul met in the classroom at 10 AM, and the others joined later.  Group members left as necessary for class and lunch but other than that were in the classroom the entire time.  A large portion of what was required in the final Xilinx model was completed, though a functioning processor within Xilinx did not result.  Paul also worked on the PowerPoint presentation for the final presentation.
opcode





location





immediate





opcode





location





param1





param2





I – Type (immediate)





R – Type (parameter)





opcode





address





J – Type (jump)

















































































































































































































































































Paul Bogard, Meg Collins, David Cornelius, Kim Krug

Page 5 of 22

[image: image4.png]Ter
A amsibay ancur-eon
i
K o
sat wanle—%
x & [€ oo
> .
le—T]
i as ! s J<s
o)<
o
.
Jonuer |€
v
7 F : oz 5
T e
y p :
Az - b 53
. 7 p
e o Jffase ewomn e s
DI e soymn (< 0 uonmar
- 1900 e
. e Tte v MRS ot oie
oj<q woupeoy (0 €- 411
<[
~ o
Z € zTisT 3 *
5 i
o H
. T = v |3 oo
p. H 5
Heidsi W i
9= anding. o =Edmeq T
T o -
e PPe (€ 0
= x
S
o Peewn
S = [T
apesy ™




