Design Process Journal
First Group Meeting: 8:30 PM September 20, 2003

Divided up assorted jobs:

Decided upon an assembler (JAVA)

16 – bit bus as specified by the constraints given in  class,
 The immediates were decided to be 8 bits due to the length of the instructions and the op-code and the destination register taking up 4 bits
Worked to determine assembly language specifications

Discussed syntax for assembly commands:

Deciding between easy ( $r1  ‘+ or name of instruction’ $r2 ‘=’ $rd) or MIPS-like syntax
Phone call to Dr. Merkle about above ^^.

The outcome of this decision was for the more natural symbol syntax. Although this is unorthodox in the world of programming, it made for interesting syntax. We decided on using this odd syntax in order to make programming in the language easier.

will have:

- 2^4 registers general purpose registers due to the way the instructions reference the registers with 4 bits
- 8 – bit immediates due to each instruction having  only 8 bits after havinga 4-bit op-code and a 4-bit destination register
- 4 bit op code as we felt this would be just enough to reference the number of instructions (16) that would be necessary to fulfill the required operations
- 4 bit register access codes which would access up to 16 general purpose registers, which we felt would be enough to accomplish what was needed
- a zero register! Although a seemingly waste, having a register always set to 0 would be a tremendous help in later steps, like RTL

Machine code specs:

15
        1211              8 7                   4  3                  0
| op code         | Source 1     | Source 2         | Destination |   Register Instructions
15                12 11              8 7                                          0
| op code         | Destination | Immediate                           | Immediate Instructions
12 current instructions corresponding to these MIPS (out of 16):
add

sub

beq

jal

jr

lui

li

sll

slt

lw

sw

or

4 slots open for spare:

Determined assorted psuedoinstructions

Krishna: Compiler

Dan: Assemblor the Mighty

Shawn: Doc “person”
Evan : ze journal masta!
Change in Register listing:
re became the register for saving the address for a jal due to normal conventions (as in MIPS) that required a general purpose register for storing the PC in a jump and link
one saved register removed due to it’s lack of use and another register needed for other purposes

all procedure return/parameters shifted upward

Shawn prints out updated assembly code specifications:

Includes syntax for all commands

Machine Language specifications created ( 10:53 pm )
The register addresses and the instructions have already been specified in binary during the creation of the assembly, so this step consisted of compiling that information and translating the provided code to machine language.

11pm, Saturday,  Sept. 20, 2003

This meeting was used to assess the progress of the various subprojects in the group. The assembler was still in progress and the test code was implemented.
Assembler in progress
7:45pm, Wednesday, Sept. 24, 2003

Final meeting before the turn in of milestone one

The group met in order to discuss how interrupts will be handled in the program. A special register was created in order to handle all interrupts. Two more instructions were added (tint and output) to work with the interrupts. The website was designed by Krishna to display our up-to-date project.

Everything was then committed to CVS. 

7:30 pm, Monday, Sept. 29, 2003

Group met to design how interrupts would be handled in the assembly code. Three more instructions were added to the instruction list that would handle exceptions and interrupts. These included the save word, input, and return from colonel (kernel). We felt that these instructions would be able to handle all the interrupts that would arise in the code. With these, an interrupt would cause the program to pause and hand operation over to the colonel.
This was chosen over vectored interrupts due to its ease of use and how well it was understood by all of the group members. Having all interrupts handled by a single procedure (affectionately called the “colonel”) seemed easier and more adaptable to other interrupts that might arise if the processor was used by other programs. 

The assembly language was then written for the given higher-level test code to handle the interrupts.
9:45 pm, Sunday, Oct. 5, 2003

The group met in order to discuss the register transfer language (RTL) of the processor. Due to time constraints, the assembler project was canceled and the assembly language was converted by hand.
The team decided to have all the instructions begin with the same, first two steps in order to save on clock cycles. We did this because we acknowledged the wisdom that the designers of MIPS had (and because we could think of no other way that would save on clock cycles).


During the creation of the RTL for the instructions, we ran into a problem with the two load immediate instructions. This included whether the instructions should logical or the other 8 bits or convert them to zeros. The group decided to make 2-bit signal for the register file so that writing immediates to the register file could be controlled. This saved us from having to add another clock cycle to either load immediate instructions.

The instruction register, which is named IR in MIPS, was named XC for Extra Crispy to go along with the theme of the Colonel (not-so-obscure fast-food chain joke).

9:00 pm, Monday, Oct. 6, 2003


The group met to finalize the RTL specifications and test each instruction. Several mistakes were found in the RTL, and were changed without much hassle. This, for the most part, went smoothly without any problems. 
8:00 pm, Saturday, Oct.11, 2003


The group met to create a schematic and work on control and datapath.  We decided to use LogicWorks because it is the easiest way to quickly draw organized schematics without using Xilinx.  We aren’t quite sure how control works, but we are still going to try to write the English descriptions before learning about it in class. We decided that we couldn’t write any tests until the datapath was finished.  For some reason we started talking about the variable shift left logical and eventually got a plan to deal with it, but then went back to our proper work, because it was good.  We decided to use a zero output from the ALU when subtracted to check for equality because it will keep us from adding a separate comparator chip.  We ended up deciding to use a 4 bit control signal to the mux on the register because it saves us a clock cycle.  In the end we ended up with a 33 bit control, but decided that it wasn’t a big problem because it keeps our clock cycles down.  We decided to meet another day to finish up the test cases.
8:00 pm, Monday, Oct. 13, 2003


We met again in order to finish the test cases and start working on the control signals. Four instructions were chosen to be tested so that each type of instruction was tested. An exhaustive list of every instruction could not be thoroughly tested due to the time constraints and lack of caffeine. Also, Dr. Merkle explained that testing every instruction would take far too much time. However, every instruction was checked in order to make sure it would work. The ADD, LLI, SLL, and Interrupt0 instructions were put down as documented tests due to their representation of each type of instruction. These also list the important control signals that were enabled or disabled, which covers for the control testing later.

The finite state machine that determines all the control signals for each step was also created in Xilinx, although the actual control signals were not determined yet, and was saved for the next meeting.


The first cycle of every instruction was changed to reflect the need for interrupts. This included adding a step where the control checked for if the IEB was enabled and if an interrupt had occurred. If these two conditions were met, then one of the interrupt instructions would happen.

8:00 pm, Tuesday, Oct. 14, 2003


The group met one more time before turning in Milestone 3. During the meeting, we decided on the control signal for each RTL instruction and added them to the FSM. For easy reading, the states and control signals were broken down into a chart. These were then added to the FSM. Several changes were made to the datapath that included updating the paths and multiplexers so that the RTL instructions would actually execute.

Another change was made to the RTL that included changing OR and AND so that when A and B were ORed or ANDed, the result was saved into the Sum register. Another cycle was added so that this was then transferred to the registered specified in the XC.

7:00 pm, Sunday, Oct. 19, 2003


The group met in order to discuss the component specification of the 20x6. A flaw was located in the datapath and the RTL. The shifter required a 4-bit immediate and the datapath and RTL showed it taking data from a register. This was fixed so that it took an immediate from the XC.

8:00 pm, Wednesday, Oct. 22, 2003

The group met, and divided into two parts.  Dan and Evan split off to work on the register files.  The final specifications for the register files are as follows: 16 parallel register files, with a data input connected to each.  Parallel register files were selected to the apparent ease of use for the register files.  There is a decoder which ‘decodes’ WriteReg, and each of the decoder outputs are combined with the RegWrite control signal via an AND gate.  This allows writing only when RegWrite is asserted.  There are two outputs, each of which comes from a multiplexer, which are RegData 1 and 2.  Which output is outputted is selected by ReadReg 1 and 2.  Two outputs were added as they are required for the datapath/RTL.

Shawn developed a system in order to accomplish variable shifting by using a 16 by 16 array of 2-bit multiplexers. This included having each column of multiplexers controlled by the select lines. Each column would control if the bit got shifted or not. However, at the suggestion of Krishna, this idea was scrapped for a better one. The second form employed 16 16-bit multiplexers. Each multiplexer represented each bit of the output and the select lines would control which bit from the input would go through which multiplexer. This way was much easier to implement and would likely run faster due to each bit having to travel through one multiplexer instead of 16.

Krishna created the ALU and Compare units.  The 1-bit ALU developed in class was used in the construction of our 16-bit ALU.  The 1-bit ALU’s were connected in a ripple-carry fashion because this made expanding the 1-bit ALU’s to 16-bits very simple.  The carry-look ahead idea was dismissed due to favoring the simplicity of the ripple-carry method.  The Compare unit was kept separate from the ALU because we didn’t realize, at the time of designing the datapath, that we would be using subtraction to implement a comparison.  Keeping the units separate, however, did reduce the number of bits in the ALU control signal thus reducing the complexity of the ALU and Control units so the decision turned out to be fine.  Since we only needed subtraction to be performed on the numbers being compared we had Xilinx generate a 16-bit adder which was used to perform the needed subtraction.
8:00 pm, Monday, Oct. 27, 2003

...and so begins an epic tale.  A tale of heroism, chivalry, and computer architecture.  A once united group of coders split up to make better progress.  The one known as "Dan" worked on the register file, updating a few Xilinx errors. This included finding the elusive unconnected cables in order to appease the great Testbench Waveform. The one known as "Evan" decided to work on control.  He made the fateful decision to use the legendary "microcontroller," which was to be taught to him by the great master of computer architecture, known only by his initials three...LDM. This “microcontroller,” otherwise known as a “microprogram” proved far more promising than the convoluted maze of the “Finite Stat Machine” that only “Evan” has successfully navigated through and lived to tell his tale. The mighty "Shawn" assembled the mish-mash of Xilinx sources into what may verily become known as "the processor of 1337". Finally, the last of our heroes, “Krishna” took it upon himself to oversee the entire process and offer his thoughtful insight into such things as why certain lines needed to be connected in the register file.
8:00 pm, Thursday, Oct. 30, 2003


The four brave heroes returned from their separate journeys to discuss their findings. This included fixing the Xilinx model to house the updated components and sacrifice their work to the beast known only as “CVS.”
