IMPLEMENTATION NARRATIVES

Immediate Register

The Immediate Register is the component that holds immediate data gleaned from the

current instruction. It allows for what are essentially 16-bit immediates.

It works by having separate internal 15 and 1 bit registers to represent an entire 16-bit

number. The 15-bit portion is filled in with data from the instruction while the remaining

bit is set independently by an instruction added by the assembler. These two registers are then merged on output.

Although it is a register outside of the register file, it is implemented in such a way that it can still be accessed as if it were part of the register file using combinational logic and multiplexers.  This is accomplished by using the register indices (as passed in the instruction) as a switch to a multiplexer, to which outputs from the register file and the immediate register run into.   If register 29 (i.e. $IR) is being accessed, then the multiplexer will select the input from the immediate register; otherwise, the requested data comes from the register file.

Immediate Register Signals
DataOut – 16-bit data line representing the 16-bits currently stored in IR.

DataIn – 16-bit data line to be written into IR when IRWrite is ‘1’.

MSBWrite – When ‘1’, ‘1’ is written into the 1-bit register that represents the MSB.

IRWrite – When ‘1’, DataIn(14:0) is written into the 15-bit register and ‘0’ is written

into the MSB register.

Status Register

The Status Register is a sort of ‘scratch’ register that is used to hold various pieces of

state/status information, including: results of a comparison, if interrupt handling is

currently enabled, if an interrupt service is pending, and which interrupt is waiting.

It works by having several internal registers, each representing a set of data. It contains 3

1-bit registers: comparison result register, pending interrupt register, interrupt enable

register; as well as 1 3-bit register to hold a number (0-7) that specifies the current

interrupt line waiting to be serviced.

Status Register Signals
StatusService – 4-bit control line that specifies the action to perform on internal scratch

registers. Internally, combinational logic is used to choose to which register to write, as

well as what data to write. See the Control Signal Specification document for specifics.

BitIn – A source bit used as write data for various internal operations. Its exact use

varies depending on what operation the status register is performing. In some cases it is

unused.

DataOut – 16-bit data line representing the bits currently stored in the status register.

Note: not all bits are used and will always be ‘0’.
ALU
The Arithmetic Logic Unit (ALU) is a combinational logic circuit that performs addition and subtraction, as well as the logical operations AND, OR and XOR.  The addition and subtraction functionality are provided by a preexisting Xilinx component, while the logical operations are performed by arrays of the corresponding gate types. All operations are performed in parallel; the desired output is controlled using a multiplexer, which in turn is controlled by the ALUControl control signal.

ALU Signals
SrcA – First operand (16-bit)

SrcB – Second operand (16-bit)

ALUOp – Specifies which ALU operation to perform.  Details in control signal spec.

ALUOut – 16-bit result of the given operation on the operands.

Zero – Single bit line. ‘1’ if the result from the ALU operation was zero.
Register File

The Register File houses 32 16-bit general purpose registers.  It is constructed using a Verilog description which functions as follows:
- 32 16-bit wide registers are created.

- On the rising clock edge, do two operations:
- Always output the data in the registers as requested by the Register 1 and Register 2 inputs.

- If RegWrite is high, then select the register specified by WriteReg, and input the data provided by WriteData.

Register File Signals
Register 1 – Input for register 1

Register 2 – Input for register 2

WriteReg – Specifies the Register being written to

WriteData, - Input of 16 bits in the register being specified

RegWrite – signal to write to register

ReadData1 – Output from register 1

ReadData2 – Output from register 2

Variable Barrel Shifter
This shifter component is implemented using a series of 1-bit shifters, hooked together in a cascading fashion.  Outputs are split between each shifter and run into a multiplexer so that we obtain shifts for all possible shift values, and then only have to choose which shift value we want using the multiplexer control.

Two such cascading constructs are required – one for left-shift, the other for right-shift.  These run into a 32-bus multiplexer (bus width: 16 bits).    5 bits are therefore required for the multiplexer control; these bits are used as follows:
bit 4: Shift direction; 0=left, 1=right

bit 3-0: Shift amount 

There are two cases that deserve special attention: the case in which the shifter does not shift at all, or when the shifter shifts all 16 bits.  These are handled as follows:

Variable Barrel Signals
	CTL
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	LFT
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	CTL
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	RT
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16


Temporary Registers (A, B, Sum, MDR)

Temporary registers are used for storage of 16-bit values.  They have no write access control, and therefore can only store a value for a single cycle.  Temporary registers are constructed using flip-flop-based parallel-load registers provided by XILINX Coregen IP.

Temporary Registers Signals

16-bit input

16-bit output
Temporary Registers with write-control signals (PC, EPC, code register)

Temporary registers are used for storage of 16-bit values.  They have no write access control, and therefore can only store a value for a single cycle.  Temporary registers are constructed using flip-flop-based parallel-load registers provided by XILINX Coregen IP.

These temporary registers differ from the above registers in that they provide an active-high write-control line.  If asserted, the input will overwrite the currently stored input; otherwise, no writing will be done.

Temporary Registers with write-control signals Signals

16-bit input

16-bit output

1-bit write-control line

Note
The code register component, internally, is represented with this same component.  The division of the 16-bit input into a 6-5-5 bit grouping occurs outside the code register component.

Fixed bit-shifter (shift 16 << 1)

This fixed bit-shifter component shifts all the bits in its input by 1 bit left.  It is used for computing the byte to instruction count conversion required by jumps.


The shifter is implemented as wiring.  It splits a 16-bit input bus into its 16 component bits, and remaps bit 14 -> 15, bit 13 -> 14, bit 12 -> 13, … , bit 2 -> 3, bit 1 -> 2, bit 0 -> 1.  Output bit 0 is set to GROUND.  Input bit 15 is discarded. 

For further information consult the XILINX ECS schematic.
Fixed bit-shifter Signals

16-bit input line

16-bit output line
