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Processor Architecture (debate):
· 16-bit instructions should be used.

· 4 bits for opcode, resulting in a possible 16 instructions.

Needed instructions (debate):

· Arithmetic:

· add
Definitely needed.  It should add two registers together.

· subtraction: (Should it be pseudo?)

· subtraction would not be necessary, since a not circuit could be built and added to form 2's compliments, and add appropriately.  However, subtraction would be handy and could implement a lot of the same circuitry.

· It is decided that the processor will include subtaction (sub)

· addi
Add immediate

· It is decided that we will not implement addi, and in stead use lui and lli to accomplish the same task (load upper immediate and load lower immediate.

· Memory:

· lui
load upper 8 bit value to register

· lli
load lower 8 bit value to register

· la
load the 16 bit address of register specified

· Possible implementation would be to use the first bit of instruction to signify la, making a 1 bit opcode

· It is decided that the processor will not implement la.

· lw
load word from memory (16 bit) to register

· sw
store word from register to memory (16 bit)

· Comparison:

· beq
Branch if two registers are equal

· slt
Set register to 1 if less than

· bne
Branch if not equal
· Jump:

· j
jump to instruction

· It is decided that we will always use jr, and therefore the processor will not implement j
· jal
jump and link to instruction from register memory
· It is decided that if the PC register is used as a general purpose register, jal is not necessary.  The processor will not implement jal.

· jr
jump to register

· Possible Commands:

· sll
shift left logical with offset

· srl
shift right logical with offset
· It is decided that these are not necessary, since most multiplication with at 16-bit architecture will be simply by 2, and this can be done easily with add commands.  sll and srl will not be implemented in the processor.
Note: the names listed here may be changed in order to save confusion with the MIPS architecture language.  This will be done on a later date.

Registers:

	Register Name
	Description

	$zero
	Always 0x0000

	$a0-$a1
	Two argument registers

	$v0-$v1
	Two return registers

	$s0-$s3
	Four saved registers

	$imm
	8 bit register for 8 bit immediates

	$pc
	Program counter

	$ar
	Return Address


Debate over implementation of $zero register. Final decision is to implement $zero.

Addressing Modes:
· A-Arithemetic:

· 4bit op, 4 bit destination, 4 bit source, 4 bit source
· I-Immediate:

· 4 bit op, 4 bit destination, 8 bit immediate
· L-Load type:

· 4 bit op, 4 bit destination, 4 bit source, 4 bit immediate

· It is decided that L-type is not necessary if register is going to be the offset: use A-type

· B-Branch type:

· 4bit op, 4bit source, 4 bit source, 4 bit source

· J-Jump type:

· Assume first 4 bits the same: 4 bit op, 12 bit destination (consideration for jump using a register that contains an address, but most likely use format stated above)
· It is possible to store PC to address register and use it as a link

Final Notes:
Make a list of questions to ask tomorrow:

· How interrupts and I/O work, and what registers should 
be implemented?

· Do we need instructions to turn on/off interruptions?

· Do we need to make different types based on destination or source?

· Can we make a PC a general purpose register?

· Ask about additional hardware for more instructions. 
Specifically: add vs. not
Post Meeting Follow-up:

After the meeting, it was agreed that another meeting (after tomorrows class at the same time as this meeting – 9/23 @ approximately 4:20).

We also distributed the following e-mail with assignments to be completed before the next meeting:

Sent: Mon 9/22/2003 7:41 PM

To 'golchega@rose-hulman.edu'; 'foxjd@rose-hulman.edu'; 'hochstja@rose-hulman.edu'; Adam.W.Westhusing@rose-hulman.edu

Team:
Good job with today's meeting. This e-mail is just to remind everyone of what they are assigned to do by our next group meeting (tomorrow!).
Jason: Machine Language Specification
Geoff: Write up GCD program in our assembly language

Gabe: Finish off the Assembly Language Specification (minus writing the test case program, which I am doing)

Adam: Write as much of the memo as possible. We will almost definitely add some to this after tomorrow -- but cover as much as possible. ALSO, write up a quick website with empty links to all the files we will eventually need to compile.

Jeremy: Type up the notes from our meeting in a nice format for our design process journal.

I think that's about it. Just send out an e-mail if you get stuck and someone will probably reply. Also, when you are done with your stuff, save a copy on the shared folder so we can all have access to it.

	9/23/03
	Meeting 2


General Accomplishments:

· Edited memo, machine specifications, and GCD program to reflect changes since our last meeting

· Question was answered in class regarding B-type 
instruction (see meeting 1 notes).

· This lead to decision to omit B-type instruction.

Exception Handling Instructions:

· Polling
· It is a simple, straightforward way of handling exceptions.
· Not very useful with multiple exceptions.
· Status Register Method
· Useful for multiple exceptions.
· More complicated to implement.
2 single bit general purpose registers could be implemented to check the state of the two switches.
In order to allow more easy access to the data (number) contained in the button, the idea was brought up to use a single general purpose register using the first bit as a signal of the button, and 8 of the remaining bits to represent the "immediate" input value (from dip switches).

Decision: Use a modified polling system. Use A special purpose register of up to 16 binary inputs. The processor will poll this single register to check the status of all 16 inputs at once, reducing the load from 16 steps to a single step.  Each bit signifies whether or not its represented button has been pressed.
Decision: Use a special purpose register to represent the data in the dip switches.
Decision: In order to allow for comparison with individual buttons, a new command: And "and" was added to our instruction set (type-A) to perform a logical and of its bits.
Decision: In order to allow for operations to be done to data in special registers, two commands were added to our instruction set: Retreive Value "rv" and Output Value "ov".
· Retreive Value gets the contents of a special purpose register and copies it to a general purpose register.More complicated to implement.
· Output Value takes and data in a general purpose register and places it in a special purpose register.
Special purpose registers:


A jump-and-link instruction would be handy in code, even though the PC is available as a general register.
Decision: Create a jump-and-link instruction (J-type).
Decision: PC is no longer needed as a general purpose register, so it is made a special purpose register.
· If necessary, Retreive Value could be used to get the contents of the PC

Naming of registers:
With the removal of PC as a general purpose register, a new register is free.

Decision: Take the address of the former PC register and 
make a new temporary register.

Debugging code/rework to fit new commands/architecture:
The machine language code was checked and changed to reflect the new commands and architecture of our processor, which had changed during this meeting time.
Post Meeting Follow-up:

After the meeting, it was agreed that another meeting we necessary (scheduled for 9/24 at 7:00 in the Worx ).

We also distributed the following e-mail with assignments to be completed before the next meeting:

Sent: Mon 9/23/2003 7:30 PM

To 'golchega@rose-hulman.edu'; 'foxjd@rose-hulman.edu'; 'hochstja@rose-hulman.edu'; Adam.W.Westhusing@rose-hulman.edu

Team,

Just a quick e-mail reviewing assignments and PROPOSING A MEETING TOMORROW (discussed below, but note that I need a reply from you all as to whether the time is good).

Assignments:

Adam: Memo. Make sure it looks nice, is complete, meets the specifications on the requirements, etc...

Jeremy: Design Process Journal for our two meetings.

Jason: Machine Language Specification.

Geoff: Write main segment of program.

Gabe: I think everything's covered... If you think of something that still needs to get done come tell me though

Next Meeting:

If everyone gets all their stuff done then we'll be almost done. I think there will be only three things left to do.

--We will need to quickly check over all documents to make sure there are no errors. --We will still need to compile our assembly language program into machine code according to our specification. --Also, we will need to make sure everything is up in the turn-in folder and the web site is correct.

For these two things I think we will need another team meeting on Wednesday. I think the best time for me is after dinner so I propose we meet in the Worx at 7:00.

SINCE WE DIDN'T SCHEDULE THIS TODAY I NEED EVERYONE TO RESPOND CONFIRMING THIS TIME OR SUGGESTING A NEW ONE AS SOON AS POSSIBLE!

	9/24/03
	Meeting 3


Old Business Issues (debate):
· Jeremy asked if we needed to have another command for shift left logical in order to shift the digits of the display register when entering new data.

· It was pointed out that we are currently getting around this problem by adding the number to itself the number of times we wish to shift it.
· It was decided to stay with this decision and not implement the new command for simplicity.

· It was also brought up that we may have an extra register because of changes made to the button state. However button state is currently a general purpose register and it was decided it would be best to keep it this way.
· The button state is a general purpose register because we need to write to it in order to clear button pushes once we handle them.

· Finally, we realized that we must add a section to the memo (how we feel we met the requirements for the milestone).

Conversion of Assembly to Machine Code:
· We decided to start the main program at 0x0000 in memory, start the relativePrime procedure at 0x1000 in memory, and start the GCD procedure at 0x2000.

· This decision was made to make the addresses easy to remember.
· All variables stored in memory start at 0xf000 (could be expanded downward if necessary), again to make things easier to remember.
· The main program (newly written since last meeting) was also reviewed for errors and converted to machine code.
Compilation of Milestone 1 Requirements:
· A CVSTurnin folder was created in our team folder for us to compile all files which should be tagged and committed through CVS.

· The website was also updated to include a section which indicates the latest versions of all the milestone three requirements. 

	9/30/03
	Meeting 4


Business from Previous Meetings:

· Our polling method of I/O does not satisfy the requirement that our processor handle exceptions which break the normal flow of the program. Thus, we need an alternate solution.

· We discussed whether the buttons should be hardwired to the button register (and automatically input a value when pressed as well as creating an exception), or whether each button should have its own exception and the exception code would adjust the button register.

· First Method: All interrupts go to the same code location (button pushes also cause the button register to be changed. The interrupt handling code then checks the button register to determine what buttons have been pressed and thus what exception handling code to execute.
· Second Method: All interrupts have their own ID which is used to determine what code is executed. The code that is executed updates the button register and then the program “polls” the button register as we have been doing to check if buttons have been pressed.
· This method has the benefit that it requires very little code re-writing.

· Some group members felt that this method had too much in common with the unacceptable polling method which we are currently using.

· We were unable to come to a decision after debate on the above issues, so we will bring up the topic at our team meeting with Dr. Merkle on Tuesday (9/2/03).
Changes to Assembly Language Specification (discussion):
· It was pointed out that our J type instruction is essentially the same as A type except with two of the register fields always holding 0.

· The suggestion was made to simplify our design down to two types by eliminating the J type instruction and classifying it under A type instead.
· However, it was also noted that since all the A type instructions have the destination register address in the bits 4 through 7, J should be changed so that the jump destination register is in bits 8-11.

· This change makes sense because then in our processor’s second clock cycle for implementing commands, we can load the two destination registers and will always have those values ready.

· However, it was pointed out that two instructions (BNE, and BEQ) actually do take 3 source registers and thus we will have to load the values in all three register fields of A type instructions into internal registers anyway.

· Thus, it was concluded that no change should be made to the J type instruction.

· It was also decided that J type should be kept as an instruction type even though it can be expressed as an A type because it is useful to group it separately.

· HOWEVER, we should keep in mind that we have the option to combine them and ask Dr. Merkel about it. Also note that there are other “jump” instructions (BEQ and BNE) which are already classified under A type.

· The final decision on this is deferred until our meeting with Dr. Merkel.
Work on Register Transfer Language Specification:
· The first step in our process to create the RTL specification was to map out the common elements that executing every instruction must follow (in our case these took up the first two clock cycles).

· First Clock Cycle: All that happens here is the program counter is increment by two (to point to the next instruction) and the program counter’s value is loaded into the instruction register.

· Second Clock Cycle: Here, we had a number of issues come up.

· At first, we were storing every set of 4 bits of the instruction (bits 0 through 3, 4 through 7, etc) into variable A through D. However, it was quickly realized that this made no sense as we can get those values through hardware wiring.

· Then, we realized that we would need the values of the registers specified by the bits 4-7 the bits 8-11, and the bits 12-15 since all those are used as sources for some instruction.

· Thus, it was decided that the values of the registers specified by those three bits of the instruction would be loaded into internal registers A, B, and C respectively.

· Also on the second clock cycle, the processor’s control unit will check the op code (bits 0-3) to see what command should be executed. 

· Later Clock Cycles: After the two cycles, all the commands differ in their implementation. W decided to get these done by splitting them up among the team members and then recompiling them

· Gabe was given the task of recompiling. All group members will post their parts of the RTL for the commands they were assigned on the network drive and Gabe will compile and format them and send them back to everyone in the group.
· At this point, after writing most of our RTL specifications, we ran across the problem of implementing the rv and ov commands to load and store values in special purpose registers. We saw that we had two options. Since in the case of those two functions, the values stored in the special purpose registers specified by the instruction should be loaded (not the value of the general purpose register), we could load the value of the general purpose register into A or B like we were doing, then also add the value of the special purpose register into two more registers, C and D.

· However, this method requires the use of two more registers and thus unnecessarily complicates the hardware.

· It was decided that for these two instructions, it was best to lose a clock cycle loading the from the general purpose register into A and B like we do automatically, then replacing those values on the next clock cycle with the correct values from the special purpose register specified in the instruction.
· Finally, our last order of business was to create the list of components and their inputs, outputs, and controls necessary to implement this RTL specification in hardware.
· However, as we were not yet done with compiling the RTL data, it was decided that we should put off this until our next meeting.
Next Meeting Time and Post-Meeting Follow-up:
· Our next meeting will be directly following our scheduled meeting with Dr. Merkel and will focus on completing all objectives for Milestone 2.
· The assignments for team members (to be completed before the next meeting) were:

· Geoff: Write up meeting notes in design process journal.

· Gabe: Compile the RTL definitions for the various instructions into a single document.

· Adam: Put the latest Machine Language Specification on our team folder.

Questions to ask at Meeting with Dr. Merkle:
· Ask about exception handling (see details above).

· Ask about A and J type instructions. Should they be the same or different?

· Ask about sign extend for lui (this problem is resolved, correct?).

· Ask about comparators (can we do less than, greater than or equal to?)

	10/2/03
	Meeting 5


Interrupt Handling (discussing):

· We continued our discussion about how to modify our current architecture to satisfy the requirement that we handle exceptions which break the normal flow of the program’s execution and still keep most of our previously written button handling code (which we like and want to keep the same) in place.

· We decided we need an interrupt instruction, being either an enable interrupt o a toggle interrupt, with the latter being more versatile. It would be useful for the general-purpose processor.

· We need to create a new portion of memory that handles interrupts. The interrupt would reset the interrupt and restore the return address register and leave it open for somebody to make use of it in the future.
· We are adding a special purpose 16-bit interrupt register called $ir which will automatically store the value of the program counter +2.
· Note, the value of the interrupt register should actually be set to the value of the program counter since we want to return to the instruction that we are currently executing.
· We need a new j-type instruction called Return from Interrupt (rfi), which just jumps unconditionally to the address after it came from interrupt and should toggle the interrupt bit.
· We asked whether we can change some registers while handling interrupts. We can.
· We are not having then the new j-type instruction, and all that related information is nullified.
· We eliminated $t4 to add a register $ir.
· We are going to make jump register check what register we are jumping to see if it is #15, and if it is, then we set the most significant bit of the button register to 0 (disabling interrupts). This means we are returning from interrupt and then we can perform interrupts again.
Meeting Wrap-Up:

· We are essentially done with Milestone 2, we simply have to complete the required documentation and update all of our previous documentation to reflect the changes we have made.

· All team members were assigned tasks related to this wrap-up.

	10/8/03
	Meeting 6


Meeting Agenda:

· This meeting was held simply to get the team together to finish and polish the requirements for Milestone 2.

· We had the following agenda:

· Create Test Cases for all of our RTL instructions.
· Add English descriptions of all of our RTL instructions.

· Add an RTL description of the events when an interrupt occurs.

· Add a component list and descriptions of the components.

· Update the Memo.

	10/14/03
	Meeting 7


Meeting Agenda:

· Finish the data path diagram (to do this we assigned someone to make a neat paper copy of the data path while one member sketched the ideas up on the white board):

· We debated whether the buttons should go directly into the register in our datapath. We decided they should.
· It was brought up that we have no register to store the result of ALU operations, we decided we needed one and called it Sum.

· We have an extra output from the ALUOut. We are deciding what to call it: either “branch control” or “zero”. It was named “EqualTo” in the end.
· This was needed for bne and beq commands to determine whether a branch should occur or not. It is hooked into the control unit.
· Also, we wanted to send the “EqualTo” directly to the PC, but that might prevent us from writing to the PC sometimes. Thus, we are sending it to the control. The control will handle that problem.
· It was brought up that we have no register to store the result of ALU operations, we decided we needed one and called it Sum.

· We had originally a “zero extend” chip which was renamed to “concatenate”.
· WriteData in Memory is named the same as WriteData in the Register, so WriteData in Memory, got renamed to MemWriteData to prevent confusion.
· How do we specify that we are changing one bit in one part of our datapath. We are thinking of making an extra input. We are going to add special purpose inputs to the register. 16 of them, one for each bit. This is not exactly sure. There is difficulty in finding a workable approach to this. It is difficult to specify the bit, also how to handle the bit we want in the Register and the logic for it. In the end we decided we needed a write interrupt and an interrupt enable bit. They’re both going into the register.
· For the exception handling, we are debating how to proceed. We decided to change the register bit considerably because it has 18 inputs and we decided to add another output that will feed directly it’s NOT into anOR with the button inputs. All this goes directly into the IR-Input.
· By this method, we also need to hold the input created by a button being pressed (signaling an interrupt) until the control resets it to make sure that each button press causes an exception.
· We developed a naming convention for our multiplexers based on the name of the input pin they are attached to.
· After finishing the data path it was decided that we needed another meeting tomorrow at 10:30 to finalize the control logic.
	10/15/03
	Meeting 8


Meeting Agenda:

· The purpose of this meeting was to put all the parts of the project together and get ready to submit the milestone.

· A couple of decisions were taken, primarily that we needed to add a MemRegData component to our Datapath to store loaded word during the clock-cycle in order to read it the next clock-cycle.
· We also corrected various errors in the RTL:
· AND was storing the result of bitwise and directly into the IR, which was lengthening our clock cycle.
· Branch if equal to, we weren’t sure if the register C which holds the branch target would get overwritten during the if statement, so we re-specified C.
· Set Less-than, was changed so it did not use memory addresses, but instead took sum and put it directly into the memory register.
· All components of the project were then place in the team folder. Adam completed the website, Jeremy scanned in the data path, and Geoff complete the design process journal.
	10/21/03
	Meeting 9


Meeting Agenda:

· The purpose of this meeting was to determine what we must accomplish by the next milestone due date (which is 10-24).

· We determined we must have gate level descriptions of all of the main components in our data path. The difficult components to do this for will be:
· ALU
· Control
· Register File
· We ran into a problem because we did not know how to implement a number of our components in Xilinx, including:
· The memory component (we believe this is given to us, however we are not sure of this)
· Registers in general (do we need to build them from 1 bit registers, essentially d-flip-flops, or from larger components)
· We have a number of ideas for the control unit, but are again unsure of how we can transfer our ideas into Xilinx.
· Our basic strategy is to, for as many components as possible, implement them in Xilinx at the same time as we model them on paper. This will allow us to test our design immediately.
· We also addressed a number of random design issues which came up during our discussion:
· We are starting by asking ourselves what would happen in our special purpose register if we try to access a register that does not exist. We are not sure what to do.
· We decided to adapt the existing ALU example from class. The difference is that our ALU does not support all functions included in the ALU from class, namely OR. Also, we had to make the transition to a 16 bit ALU and create a component for it.
· We decided that we would not need a “binvert” control signal (and that only a 2 bit opp signal would be necessary) because the least significant bit of the opp signal could also function as the “binvert” signal.
· This works because opp(0) = 0 for ADD and AND, both of which require “binvert” to be 0 or do not care and opp(0) = 1 for SUB and SLT, both of which require “binvert” to be 1. Finally, the carry in bit of the least significant 1 bit ALU can be set to opp(0) as well for the same reason.
Wrap-Up and Future Meeting:

· We decided that we needed another meeting tomorrow (10-22) in the morning in order to continue working on the various components.
· The meeting tomorrow was also important since we planned to meet in the CS lab and attempt to talk to Dr. Merkel about some of the questions which came up during the meeting.

	10/22/03
	Meeting 10


Meeting Agenda:

· The main purpose of this meeting was to get our questions answered by the professors and to continue creating the schematics and descriptions for our components.

· We completed and tested the ALU component in Xilinx.
· We discovered that we would have to make our registers out of 1 bit d-flip-flops, but that it would not be extremely difficult.
· We have a number of ideas for the Control unit, however we are still not completely sure how to implement them.
· Our basic idea is to have the sequence of control signals stored in ROM chips where the control signals of each clock cycle of each instruction are represented by a 26 digit long number stored in the ROM. This way, we simply have to change this number to change the control signals.
· This has a huge advantage over building a finite state machine or something of that nature because it is much easier to make changes to.
· After the meeting (which was short because of scheduling concerns) we still had quite a bit of work to do to get the minimum for the milestone completed.

· Thus, we split up the remaining work and decided to call another meeting for Friday during the time that we would normally have class.
· The work was split as follows:
· Geoff:

Write-up for ALU and Design Journal
· Adam:

Memo
· Gabe:

Button State Register of Register File
· Jason:

Register File
· Jeremy:

Control Unit and Scanning Schematics
