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GCD Finder Assembly Language Specifications

GCD Finder Programming Model
The project will have 16 addressed registers and 5 special purpose registers.

· A PC register to store the next memory address for program execution.

· An EPC register to store the PC value when an exception occurs.

· An INT register to store interrupt information including a masking bit and the type of interrupt that has occurred.

· A $zero register that stores the value of zero.
· A $one register for storing the value “1”.
· A $ra register to be used for storing the current location upon executing a procedure call.

· A $a0 register to pass data to a procedure

· A $v0 register to return data from a procedure

· $n0-$n10 to be used by programs.
· $input and $output serve as special registers to read button presses from the user
This processor will have a load-store architecture and will only be able to work with data in registers.

Assembly Language Instructions

All instructions will be a single word in length. They can be grouped into the following categories:

Memory
*Load Word

lw
RT, RS

Loads the word stored at address RS into RT
*Store Word

sw
RT, RS

Stores the data in RS in the memory address RT
Immediates

*Load upper immediate

lui
RD, IMM

Loads the immediate into the top 8 bits of a register.
*Load Lower Immediate

lli
RD, IMM

Loads the immediate into the bottom 8 bits of a register.

Math

Add Registers
*Add
RD, RS, RT

Adds the contents of RS and RT and stores the value in RD.

*And
and
RD, RS, RT

Performs a logical and on RT and RS and store the result in RD.

*Or
or
RD, RS, RT

Performs a logical or on RT and RS and store the result in RD.
*Set Less Than

slt
RD, RS, RT

Sets RD to all 1’s if RS is less than RT. Otherwise set RD to zero.

*Set Equal To
seq
RD, RS, RT

Sets RD to all 1’s if RS is equal to RT. Otherwise set RD to zero.

*Subtract

sub
RD, RS, RT

Sets RD to the difference between RS and RT (RS-RT)
*Shift Left

sll
RT, RS, IMM

Shifts the register RS by the number of bits specified by the immediate, and stores the result in RT.
*Invert

inv
RT
Inverts the bits in register RT
Movement

Branch
b
RD, IMM

Branches to the offset in the immediate if RD is not equal to 0. Sets the $ra register the the current value of $pc.

Jump and Link

jal
IMM

Jumps to offset IMM and sets $ra to the next instruction. 

Jump Register

jr
RD

Transfers execution to the address in register RD.

Special Register

Load Special

lds
RT, SPECIAL

Loads the value in special register SPECIAL (specified by a constant code) into RT.

Store Special

spc
RT, SPECIAL

Stores the value in register RT in special register SPECIAL
PseudoInstructions
These instructions will be expanded by the assembler.
Move

move
RD, RS

Copies the contents of RS to RD.

add
RD, $zero, RS
Load Immediate

li
RD, IMM

Loads the contents of big IMM into register RD.

lui
RD, IMM(top 8 bits)

lli
RD, IMM(lower 8 bits)
Branch equals

beq
RS, RT, IMM

Branch to offset IMM when RS equals RT.

seq
$at, RS, RT

b
$at, IMM

Branch Not Equals
bne
RS, RT, IMM

Branches to offset IMM when RS is not equal to RT.
seq
$at, RS, RT

inv
$at

b
$at, IMM

Branch Less Than
blt
RS, RT, IMM

Branches to offset IMM when RS is less than RT.
slt
$at, RS, RT

b
$at, IMM

Branch Greater Than
bgt
RS, RT, IMM

Branches to offset IMM when RS is greater than RT.
slt
$at, RS, RT

inv
$at

b
$at, IMM

seq
$at, RS, RT

inv
$at

b
$at, IMM

Branch Greater Than or Equal to
bge
RS, RT, IMM

Branches to offset IMM when RS is greater than RT

slt
$at, RS, RT

inv
$at

b
$at, IMM

Branch Less Than or Equal to
ble
RS, RT, IMM

Branches to offset IMM when RS is less than or equal to RT

slt
$at, RT, RS

inv
$a

b
$at, IMM
Load Address
la
RD, Symbol

Loads the address of Symbol into RD

lui
$RD  (upper 16 bits)

lli
$RD, (lower 16 bits)

Machine Code Specification

type: I

	16            12
	11              8
	7                                        0

	op-code
	RD
	immediate/var


type: R

	16            12
	11              8
	7                4
	3                  0

	op-code
	RT
	RS
	funct/shift/RD


op-code: basic operation of the instruction

RD: destination register

RS: first source register

RT: second source register

immediate: a literal

funct: function.  this selects a variant of the given op-code

var: a variable or branch name

I-type instructions:
	jal
	0101
	-
	var

	jr
	0110
	RD
	-

	lui
	1000
	RD
	immediate

	lli
	1001
	RD
	immediate

	b
	1010
	RD
	var


R-type instructions:

	add
	0001
	RT
	RS
	RD

	sub
	0010
	RT
	RS
	RD

	and
	0011
	RT
	RS
	RD

	sll
	0100
	RT
	RS
	shift

	slt
	1011
	RT
	RS
	RD

	seq
	1100
	RT
	RS
	RD

	or
	1101
	RT
	RS
	RD

	lw
	1111
	RT
	RS
	0000

	sw
	1111
	RT
	RS
	0001

	lds
	1111
	RT
	special
	0010

	spc
	1111
	RT
	special
	0011

	inv
	1111
	RT
	-
	0100


For RD,RS, and RT

$0=$zero = 0



=0000

$1=$one = 1



=0001

$2=$n0=normal


=0010

$3=$n1=



=0011

$4=$n2=



=0100

$5=$n3=



=0101

$6=$n4=



=0110

$7=$n5=



=0111

$8=$n6=



=1000

$9=$n7=



=1001

$10=$t0=temp



=1010

$11=$t1=



=1011

$12=$t2=



=1100

$13=$a0=procedure in parameter
=1101

$14=$v0=procedure out parameter
=1110

$15=$ra=holds addresses to jr to.
=1111
*Since our program does not use any special purpose registers or instructions, we will have to test all special purpose instructions later when we can write from the assembler's viewpoint.

*given all the listed information and the example translation following, we should be able to translate any instruction into machine code using this document as a guide.
Register Transfer Language

	Instruction
	RTL
	Control Line Values (Lines without specified values are don’t cares or inherit previous values)

	lds


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1111 && IR[3:0] == 0010]

3) Reg[IR[11:8]]  = SPECIAL[IR[7:4]]


	1) ToMux2 = 0

    RegWrite = 0

    ToMux6 = 001

    ToMux1 = 100
    IRWrite = 1

    ToMux5 = 0

    PCWrite = 1

    ALUOperation = 000

2) PCWrite = 0

    IRWrite = 0

    ToMux8 = 01
3) RegWrite = 1
    ToMux7 = 011

	spc


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1111 && IR[3:0] == 0011]

3) SPECIAL[IR[7:4]] = A


	1) Same as lds
2) Same as lds

3) (IR[7:4])Write = 1

            ToMux0 = 1

	b


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1010]

3) Sum = PC + SE( IR[7-0] << 1)
4) IfNotZero(A) 
       PC = Sum

    Else
       End
	1) Same as lds

2) Same as lds
3) ToMux10 = 1
            ToMux2 = 0

            ALUOperation = 000

ToMux3 = 00
ToMux1 = 011
ToMux9 = 0

ALUOperation = 000

4) ToMux6 = 100
PCWrite = 1 

	jr


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0110]

3) PC = A


	      1)   Same as lds

      2)   Same as lds

      3)   ToMux6 = 000
            PCWrite = 1

	jal


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0101]

3) PC = PC[15-13] || (IR[11-0] << 1)

    Reg[ra] = PC


	      1)   Same as lds

      2)   Same as lds

      3)   PCWrite = 1
            ToMux6 = 011
            ToMux8 = 00
            ToMux7 = 111
            RegWrite = 1

	sub


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0010]

3) Sum = A-B

4) Reg[IR[3:0]] = Sum


	      1)   Same as lds

      2)   Same as lds
      3)   ALUOperation = 1

            ToMux9 = 0

            ToMux2 = 1

            ToMux1 = 000
4) ToMux8 = 10
RegWrite = 1
ToMux7 = 000
 

	sll


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0100]

3) Reg[IR[11:8]] = (B << IR[3-0])


	      1)   Same as lds

      2)   Same as lds
      3)   ToMux8 = 01
            ToMux7 = 101
            RegWrite = 1

            ToMux3 = 01

	inv


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1111 && IR[3-0] == 0100]

3) Sum = NOT(A)

4) Reg[IR[11:8]] = Sum

	      1)   Same as lds

      2)   Same as lds
      3)   ALUOperation = 4

            ToMux9 = 0

            ToMux2 = 1

4)   ToMux8 = 01

RegWrite = 1

ToMux7 = 000



	lw


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1111 && IR[3-0] == 0000]

3) Sum = Mem[A]

4) Reg[IR[11-8]] = Sum

	      1)   Same as lds

      2)   Same as lds
      3)   ToMux9 = 1
      4)   ToMux8 = 01
            RegWrite = 1

            ToMux7 = 000



	sw


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1111 && IR[3-0] == 0001]

3) Mem[A] = B


	      1)   Same as lds

      2)   Same as lds
      3)   ToMux5 = 1
            MemWrite = 1



	lui


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1000]

3) Reg[IR[11-8]]=(IR[7-0]<<8)


	      1)   Same as lds

      2)   Same as lds
      3)   ToMux8 = 01
            RegWrite = 1

            ToMux7 = 110
            ToMux3 = 00



	lli


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1001]

3) Sum = A or IR[7-0]

4) Reg[IR[11:8]] = Sum
	      1)   Same as lds

      2)   Same as lds
      3)   ALUOperation = 3

            ToMux2 = 1
            ToMux1 = 010
      4)   ToMux8 = 01
            ToMux7 = 000
            RegWrite = 1

	add


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0001]

3) Sum = A+B

4) Reg[IR[3:0]] = Sum
	      1)   Same as lds

      2)   Same as lds
      3)   ALUOperation = 0

            ToMux2 = 1

            ToMux1 = 000
      4)   ToMux8 = 10
            ToMux7 = 000
            RegWrite = 1

	and


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0011]

3) Sum = A and B

4) Reg[IR[3:0]] = Sum
	   1)   Same as lds

   2)   Same as lds

   3)   ALUOperation = 2

            ToMux2 = 1

            ToMux1 = 000
   4)   ToMux8 = 000
            ToMux7 = 10
            RegWrite = 1

	slt


	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==1011]

3) Sum = A-B 

4) Reg[IR[3:0]] = SE[Sum[15]]    (if SUM is positive, Register is all 0's, if negative, all 1's)

	   1)   Same as lds

   2)   Same as lds

   3)   ALUOperation = 1
          ToMux2 = 1
          ToMux1 = 000
    4)   ToMux3=10
          ToMux8 = 10
          RegWrite = 1

          ToMux7 = 100


	interrupt
	1) EPC = PC-2

      PC = interrupt address
      INT = interrupt cause
	1) ToMux0 = 0
      ToMux1 = 100
      ToMux2 = 0

      ToMux6 = 010
      EPCWrite=1

      PCWrite = 1

	or
	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

    B = Reg[IR[7:4]]

    If[IR[15:12]==0011]

3) Sum = A or B

4) Reg[IR[3:0]] = Sum


	   1)   Same as lds

   2)   Same as lds

   3)   ALUOperation = 011
         ToMux2 = 1
         ToMux1 = 000
   4)   ToMux8 = 10
         ToMux7 = 000
         RegWrite = 1

	seq
	1) PC = PC+2

    IR = Mem[PC]

2) A = Reg[IR[11:8]]

     B = Reg[IR[7:4]]

3)  Sum = A – B

4)  If(Sum == 0)

     Reg[IR[3:0]] = OxFFFF

     Else

     Reg[IR[3:0]] = Ox0000
	   1)   Same as lds

   2)   Same as lds

   3)   ALUOperation = 001
         ToMux2 = 1

         ToMux1 = 000
   4)  If(Sum == 0)
  RegWrite = 1

        ToMux8 = 10
        ToMux7 = 010
        Else

        RegWrite = 1

        ToMux8 = 10
        ToMux7 = 001


Components
The following components are required to implement the above RTL. All numbers in parenthesis refer to the number of bits.
	Component
	Description
	Inputs
	Outputs

	Register File
	Required to store data in registers.
	RegWrite(1)
RegSelect1(4)

RegSelect2(4)

RegWriteData(16)
	RegDataOut1(16)
RegDataOut216)

	ALU
	Performs addition, subtraction, and bitwise “or”, “and”, and” “inv” operations.
	DataA(16)

DataB(16)

ALUOperation(3)
	ALUDataOut(16)

	Control Unit
	Controls the functions of all other components in the processor.
	IRInput(16)
ZCValue(1)
	RegWrite (1)
ALUOperation(1)

IRWrite(1)

PCWrite(1)

SumWrite(1)

EPCWrite(1)

INTWrite(1)

	IR
	A special register that stores the current instruction.
	IRDataIn(16)

IRWrite(1)
	IRDataOut(16)

	PC
	A special register that holds the memory address of the next instruction to execute.
	PCDataIn(16)

PCDataWrite(1)
	PCDataOut(16)

	Sign Extender
	Extends 8 bit numbers to 16 bits by copying the largest bit.
	Input(8)
	Output(16)

	Bit shifter
	Shifts the bits in a number.
	DataIn(16)

ShiftDistance(4)
	DataOut(16)

	A
	Temporary Register
	ADataIn(16)


	ADataOut(16)

	B
	Temporary Register
	BDataIn(16)


	BDataOut(16)

	Sum
	Temporary Register
	SumDataIn(16)
	SumDataOut(16)

	INT
	Special Register that holds interrupts information.
	INTIn(16)

INTWrite(1)
	INTData(16)

	ZeroChecker
	Checks to see if a number is zero
	ZCDataIn(16)
	ZCValue(1)

	Concatenator
	Concatenates to inputs together
	PCIn(3)

JumpIn(13)
	Output(16)

	EPC
	Stores the PC address when an interrupt occurs.
	EPCIn(16)

EPCWrite(1)


	EPCOut(16)

	Input
	Reflects the input to the chip. (12 MSBs will be grounded, since 16 bits must be sent into other registers for data)
	
	Output(16)

	Output Register
	Presents the chip output to the outside world. 
	Input(16)

Write(1)
	Output(16)

	Mux (16 bit 2 input)
	Selects between 2 16 bit buses
	Num1(16)

Num2(16)
	Output(16)

	Mux (16 bit 4 input)
	Selects between 4 16 bit buses
	Num1(16)

Num2(16)

Num3(16)

Num4(16)
	Output(16)

	Mux (16 bit 8 input)
	Selects between 8 16 bit buses
	Num1(16)

Num2(16)

Num3(16)

Num4(16)

Num5(16)

Num6(16)

Num7(16)

Num8(16)
	Output(16)

	SPCLogic
	Determines when the special register write pins are enabled
	IR(4)

SPCWrite(4)
	EPCWrite(1)

INTWrite(1)

OutWrite(1)


Control Signal Descriptions
MemWrite-when asserted the register on the MemAddress input is written with the value on MemData

IRWrite- when asserted the IR register is written with the value input through the in port

PCWrite- when asserted the PC register is written with the value input through the in port

IRInput-Input to control unit using opcode to decide what instruction to execute

IntWrite-Allows the Interrupt register to receive a value (acknowledge that an interrupt has occurred)

ZCValue-Input that allows the ALU to decide whether the bit determining whether to branch =0

RegWrite-when asserted the register on the RegSelect1 input is written with the value on RegDataWrite

EPCWrite- when asserted the EPC register is written with the value input through the in port

ALUOp-Provides bits for combinational logic for the ALU to select between, add,sub,…

ToMux1-ToMux10-Determine which values are selected for inputs into different components ( values described elsewhere in documentation for individual muxs)

Testing Strategies
To test the implementation of the datapath, first start by checking that the first 2 instructions are implemented properly, that the PC is incremented properly, and that an instruction is retrieved from the register.  Since these are two independent instruction and use different components, they can be implemented in the same clock cycle.  For the next

step, we must check that the appropriate registers A and B get update for the current instruction.  A multiplexer is rather important here, because A and B are general temporary registers and get used for multiple operations.  At this point we must jump to the appropriate instruction type based on the op code.  The funct code does not come into play yet.  The Control Unit is designed to select between the major states.  Later the funct code checks whether a load or store word will be done, and where it will be coming from.   Invert is also available with the funct code, but this can be easily be ignored if not needed for the cycle since it is a simple bitwise operation.   Listing out the inputs and outputs allows us to make sure that each instruction is able to be implemented with what

components are available.
To test the rest of the datapath, after cycle 1 and 2, requires using specific examples of instructions.  For example, look at the implementation of the branch instruction, b.  Cycles 3 and 4 require a zero checker, which is present as a separate component.  This allows us to do the check and the addition of the PC+SE (IR[7-0]<<1) at the same time.  If this were all implemented in the ALU, this would not be possible without extending the clock cycle.  However with the separate zero checker, we can do both “operations” and then at the end decide whether to use calculated sum or not.  The last cycle is just a simple assignment; however a multiplexer must be used again.  This is one reason testing/checking the datapath is important.

We were forced to change a few RTL instructions due to the components that we decided on.  Another thing to check is that we have enough multiplexers or registers available.  In class several times we made random register such as D and started using them.  If we reuse these we must be careful to include multiplexers.  In our design however, we limited other registers and instead reused A and B much more.  Our implementation is trying to limit hardware use.  We must remember to follow the basic design

principles when constructing datapath.  Theoretically, each decision could be decided by 1 bit.  However 4 options should be selected using only 2 bits, which not only allows for more readable design and less hardware/wire, but also limits delay and error in bit transfer.
Using the state diagrams is important for checking control.  We made sure to put all necessary bit changes in our loop.  Because it is impossible to check what the wire is sending out each second, the way to test the implementation is to make sure that all options are unique.  This applies not only to each single control signal, but multiple ones as well.  It is rather easy to check that the ALU receives an ALUOp bit.  However it is more important to check that this is coordinated with the right register multiplexers.  Otherwise, if we look at each component independently, we are looking solely for undefined options.  Although it is almost impossible to look at all control bits at once in the processor, we must use judgment to check interacting components.  The INT and A register don’t interact; however as with the example above of the ALU and Zero Checker, we must be careful to be sure appropriate control bits are on.
Component Specifications

	Component
	Description

	Control Unit
	The control unit will have the following inputs:

· IRInput[16]

· ZCValue

The control unit will decide what instruction microcode to execute based on the opcode and funct code in IRInput. ZCValue is used to determine the next state on the branch and seq instruction.   

Control Unit outputs will be:

· PCWrite

· MemWrite

· RegWrite

· SPCWrite[0:3]
· ALUOperation[3]

· Mux0

· Mux1[3]

· Mux2

· Mux3

· Mux5

· Mux6[2]

· Mux7[3]

· Mux8[2]

· Mux9

· Mux10

This component will be implemented as a finite state machine with the outputs listed above set by a microprogram. A state diagram for this component is available on the website. 

	ALU
	The ALU is built using verilog. The code is available on the website.

Combinational Logic for ALU Component

ALUOp Bit 1

ALUOp Bit 2

ALUOp Bit 3

Operation 

0

0

0

add (+funct(add,sub) using + negative)

0

0

1

Subtract

0

1

0

And

0

1

1

Or

1

0

0

Inv

Other Combinations

Unused



	Register File
	This component will store 16 registers and allow reading and writing. The documented verilog code is available on the website.

	Zero Checker
	[image: image1.png]



Zero Checker: input is 16 bits. Checks if 16 inputs are equal to zero, outputs one bit – true/false. 

Used a comparator in Coregan.  It checks if A = B, and B is set to zero. 

	Sum
	[image: image2.bmp]
A, B, Sum, Output 

Register that takes in 16 bits and outputs 16 bits. Used a register in Coregan. 

Has a clear and a clock.

	A
	[image: image3.bmp]
A, B, Sum, Output 

Register that takes in 16 bits and outputs 16 bits. Used a register in Coregan. 

Has a clear and a clock.

	B
	[image: image4.bmp]
A, B, Sum, Output 

Register that takes in 16 bits and outputs 16 bits. Used a register in Coregan. 

Has a clear and a clock.

	Input
	[image: image5.bmp]
input of 4 bits. 



	Output
	[image: image6.bmp]
A, B, Sum, Output 

Register that takes in 16 bits and outputs 16 bits. Used a register in Coregan. 

Has a clear and a clock.



	Concatenation
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module concatanation(PCIn,JumpIn,output16);

    input [2:0] PCIn;

    input [12:0] JumpIn;

    output [15:0] output16;


assign output16 = {PCIn,JumpIN};

endmodule

Concatenates two inputs together. One input is 3 bits and the other one is 13 bits. It’s output is 16 bits long with the 3 bit input being the most significant.


	Bit Shifter
	The bit shifter is defined in verilog code available on the website.

	Sign Extender
	Extends 8 bit numbers to 16 bits by copying the largest bit.  Build Component: 8 bit input, 16 bit output.  The most significant 8 bits are all wired to the most significant bit of the input (bit 7).  The remaining lower bits are just wired to the lower bits of the output (bits 0-6 of input and output are the same, bits 7-15 are all the same as bit 7 of the input).

	EPC
	Stores the 16 bit PC address when an interrupt occurs.  Register: 16 bit input (EPCIn) and output (EPCOut), one bit write control (EPCWrite).

	INT
	Special 16 bit Register that holds interrupt information.  Register: 16 bit input (INTIn) and output (INTOut), one bit write control (INTWrite).

	IR
	A special 16 bit register that stores the current instruction.  Register: 16 bit input (IRDataIn) and output (IRDataOut), one bit write control (IRDataWrite).

	PC
	A special register that holds the memory address of the next instruction to execute.  Register: 16 bit input (PCDataIn) and output (PCDataOut), one bit write control (PCDataWrite).

	Mux (16 bit 2 input)
	Selects between 2 16 bit buses

	Mux (16 bit 4 input)
	Selects between 4 16 bit buses

	Mux (16 bit 8 input)
	Selects between 8 16 bit buses

	SPCLogic
	Determines when the special register write pins should be enabled. There will be 8 inputs and 3 outputs:

Inputs:

· IR[7-4] Contains a code for which special register to write to for the spc instruction.

· SPCWrite[0:3]

· SPCWrite[0] is a general write pin that determines if any special registers are to be written to.

· SPCWrite[1] is enabled if the EPC is to be written to.

· SPCWrite[2] is enabled if the INT register is to be written to.

· SPCWrite[3] is enabled if the output register is to be written to.

Outputs:

· EPCWrite is enabled when the EPC should be written to.

· INTWrite is enabled when the INT  should be written to.

· OutWrite is enabled when the output register should be written to.


Component Testing

Testing the components in this stage requires many different methods, some applying to each individual part.  This is due to the fact that our group decided to take many different routes in constructing the components.  Macie and I decided that it would be most efficient to create the register file and ALU using Verilog code.  Thus the first step in this process is testing the syntax by synthesizing the part from the Verilog code.  Also sometimes it can be sent that the code is bad due to the fact that when the schematic symbol is created, nothing is displayed.  However finally, the code also must be tested to make sure that it will transfer to the ModelSim wizard.  Although it would seem if the part is synthesized it could be ran in the ModelSim wizard, I ran into this problem when creating the register file.  ModelSim did not like the way that I was creating a register array and access.  I finally gave up on this and used case statements instead.  However when testing the bit shifter, few problems arose and I easily checked the bits in a test bench to make sure my module was implemented correctly.  To do this, I patterned a 2 waves one that incremented the 16 bit input and another that incremented the shift distance.  Using ModelSim I could show that the bits were correctly moving.  Incrementing the shift distance eliminated any doubt that our part was solely a constant shifter rather than a barrel shifter.  Writing Verilog code allows the problem to optimize the creation of some of these parts; however it is more time consuming to get visual feedback and can be trickier at first.


Anna and Victoria used the parts in Coregon IP to make most their components that they were assigned to work on.  This insures that if the ports are labeled correctly a schematic will always appear, and prevents syntax.  This biggest problem here is just checking that the right circuit is created.  Using Verilog code insures that correct gates are hooked up as long as the right functions are called.  Checking the waveform against random inputs is important.  Finally checking that the correct number of bits is entering a port is important.


Some of our components require a clock, such as the control unit. Without the entire thing hooked up, the part is impossible to test.  Thus for initial testing it should be ignored.  However this does result in quite a few warnings when running Verilog code.  At a certain point a clock will need to be hooked up to test the cycle.


Slowly we will hook up related components.  This will allow us to make sure our mux and controls are working, and that we are going to the right state.  Writing microcode for some of our components could make them more reliable and easier to modify.  At this point we need to remember that we should keep our additions as modifiable as possible.  This allows adding “extras” or speed-ups to our processor.

Explanation of Component Construction and Testing

Verilog was used to construct many of the parts.  For the Barrel Shifter, simple code was written.  I wrote up two versions to determine which was more optimized.  Much of the design process and decision on which barrel shifter to choose is discussed in the journal (entry 13). I was actually quite surprised by the time it takes for Xilinx to implement the barrel shifter.  Traveling through most of the parts should not take too long, and hopefully the delay in travel through wires is not too long.  However, I realized the levels of logic are a very significant; parallel implemented chips have much less cascading delay. At least for now, we will just go ahead and use Version 1 of this component in our path due to the slightly smaller gate count and smaller delay time.  Due to the small degree of difference in methods though, there may be a way still to optimize either of them, and this will be further investigated. Speeding our barrel shifter is important, because as shown in Table 1 below, it currently has the greatest impact on our clock cycle time.  

Two versions of the register file were also constructed.  However, unlike the barrel shifter, one version was significantly faster and also had many fewer gates.  Originally written using many case statements, with the help of Professor Merkle, I developed a much faster version.  In this instance, the optimization from Verilog algorithms is shown prominently.  Thus selecting the second version of this is very important to our design.  Even simplicity of the Verilog code favors this selection.

The ALU was designed originally such that it was not changing with certain signals.  This was due to errors in the construction of the always loop.  When ModelSim continuously had trouble with this, we were forced to change our algorithm.  Our current approach does not require ifs or case statements, but rather directly assigns the signal.  This approach also seems to be more efficient as well.  Using this idea, we were also able to construct a newly required part, the SPCLogic, which assigns EPCWrite, INTWrite, and IRWrite.  These are assigned directly, and although they have a somewhat long delay time due to several layers of logic that cannot be prevented, the gate count is small.   Both of these parts are now working quite well and have been tested using a test bench.  

Several important factors of performance are documented below for each of our parts.  This allows us to test our processor and determine ways to make it more efficient.  Running ModelSim with incremented output bits allows us to test each part.  Once each part is tested individually, all the parts can be put together in one project.  For Verilog modules, this is easy.  Just insert the Verilog file into the folder and use the symbol as necessary.  Constructed components using Coregan IP require several more files for operation.  The most difficult part is getting everything together and all the files working in coordination with one another.  Making the overall schematic is simple and much easier to test.  However, once everything is together, we still must be careful before updating parts or when making changes.  The easiest way to test is to hook up things one at a time, testing along the way.  If something crashes, we then know exactly where the error was caused.  The minimum period or max delay is determined by whether the part is a combinational logic unit purely or requires a clock input and thus has sequential logic input.  The minimum period indicates the minimum clock cycle that will prevent glitches in the part due to delay.  Maximum Combinational logic delay indicates the time it takes for a signal to propagate through the levels of logic.  (These quantities are roughly the same thing).  The time quantities can be found in the synthesis report after the part is constructed and synthesized.  Gate count provides the number of parts necessary to construct the chip.  This quantity can be found in the mapping report for each part.   Both of these should be minimized, as longer clock cycle lengthens the time each instruction take, and the gate counts adds more hardware, thus increasing cost and size.  From our knowledge so far, gate count is more of an additive factor, while the period and clock cycles relies on max values for components, one or two main parts.  

	Part Name
	File Name (applicable for Verilog Modules only)
	Min Period/Max Delay (ns)
	Gate Count

	Barrel Shifter (Version 1)-not used current
	BarrelSh.v
	14.095
	360

	Barrel Shifter (Version 2)
	BarrelShifter2.v
	13.329
	387

	Register File (Version 1)
	CustomRegFile.v
	3.212
	2304

	Register File (Version 2)-not used currently
	RegNonM.v
	5.286
	2784

	ALU
	ALU.v
	13.971
	957

	SPCLogic
	SPCLogic.v
	9.359
	36

	Control Unit
	CONSTATE.v
	8.323
	1817

	Zero Checker
	zerochecker.v
	-------------
	----------

	Sign Extender
	sign_extend2.v
	7.095
	0

	Concatenation
	concatenation.v
	6.319
	0

	A
	Simple Registers-Optimizing Gate Count and Period Time on these is impossible without going to lower level transistors and diodes.  

	B
	

	Sum
	

	Output
	

	PC
	

	IR
	

	INT
	

	EPC
	


**Note: The Zero Checker was made using a core generator module.  Xilinx currently does not support mapping for this.  However, this part should be relatively efficient compared to the others.  
