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Register Transfer Language


Each instruction is broken down into its RTL steps as shown below. The code used is a fairly simple pseudo-code that employs basic Java syntax. For example, “=” indicates that a register is getting a value and “==” indicates that two values are being compared.
RTL Specifications
ADD:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0000)

3) Sum = A + B

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

BEQ:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0001)

3) if( A == B)

4) PC = Reg[XC[3:0]]
JAL:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0010)

3) Reg[XC[3:0]] = PC
PC = A

JR:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0011)

3) PC = A

LLI:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0100)

4) Reg[XC[3:0]][7:0] = XC[11:4]

LUI:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0101)

3) Reg[XC[3:0]][15:8] = XC[11:4]

LW:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0110)

3)
C = Mem[A]

4) Reg[XC[3:0]] = C

OR:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 0111)

3) Sum = A OR B

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

SLT:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1000)

5) C = Compare[A, B]

6) Reg[XC[3:0]] = C

SLL:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1001)

3) C = ShiftLeft[A,XC[7:4]]

4) Reg[XC[3:0]] = C

SUB:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1010)

3) Sum = A - B

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

AND:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1011)

3) Sum = A AND B

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

OUTPUT:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1100)

3) Output = A

INPUT:
1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1101)

3) Reg[XC[11:8]] = Input

SW:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1110)

3) Mem[B] = A

RFC:

1) PC = PC + 2
XC = Mem[PC]

2) A = Reg[XC[11:8]]; B = Reg[XC[7:4]]
if(XC[15:12] == 1111)

3) r9 = 1
PC = IPC
Interrupt 0 (The Shift)

1) PC = PC + 2
XC = Mem[PC]
if(intrpt0 == 1 && r9 == 1)

2) IPC = PC - 2

3) r9 = 0
PC = 0x0014

Interrupt 1 (GCD)

1)   PC = PC + 2
      XC = Mem[PC]
       if(intrpt1 = 1 && r9 == 1)

2)   IPC = PC - 2

3)   r9 = 2
      PC = 0x0014

RTL Part Descriptions
· PC – PC is a 16-bit register which keeps track of the address of the next instruction. It has one 16-bit input, one 16-bit output and a 1-bit control signal so the register is not written every clock cycle.


· IPC – IPC is a 16-bit register used to save the PC when an interrupt is called.  It has one 16-bit input, one 16-bit output and a 1-bit control signal so the register is not written every clock cycle.


· XC – XC is a 16-bit register which contains the instruction being executed. It has one 16-bit input, one 16-bit output and a 1-bit control signal so the register is not written every clock cycle.


· Reg[i] – A group of registers which can be accessed by the index i, where i is number from 0 to 15. It has one 16-bit input (for writing to a register), three 4-bit inputs (for choosing which registers to read data from, and which register to write data to), and two 16-bit outputs (to read data out of registers). It also has a two-bit control signal which can have the following states: 00 – nothing is written, 01 – the 8 least significant bits of WriteData are written into the 8 least significant bits of Reg[i], leaving the upper bits the same, 10 – the 8 least significant bits of WriteData are written into the 8 most significant bits of Reg[i], leaving the lower bits the same, 11 – normal writing of data which puts WriteData into Reg[i].


· Mem[i] – The external memory which is accessed by providing the address i.  It has two 16-bit inputs (Addr for the address i, and WriteData) and two control signals (MemRead and MemWrite).


· ALU – ALU is a combinational logic device which can perform 2’s complement addition and subtraction of two 16-bit numbers.  It has two 16-bit inputs (ALUIn1, ALUin2), one 16-bit output (ALUOut), and a 1-bit control signal which controls whether addition or subtraction is performed.

· Output – Output is 16-bit register used to send data to outside the processor.  It has one 16-bit input, one 16-bit output and a 1-bit control signal so the register is not written every clock cycle.


· Input – Input is 16-bit register used to get data from outside the processor.  It has one 16-bit input and one 16-bit output.


· A – A is a 16-bit register used for temporary storage. It has one 16-bit input, one 16-bit output and has no control signal so the register is written every cycle.


· B – B is a 16-bit register used for temporary storage.  It has one 16-bit input, one 16-bit output and has no control signal so the register is written every cycle.


· C – C is a 16-bit register used for temporary storage.  It has one 16-bit input, one 16-bit output and has no control signal so the register is written every cycle.


· Sum – Sum is a 16-bit register used for temporary storage.  It has one 16-bit input, one 16-bit output and has no control signal so the register is written every cycle.


· ShiftLeft – ShiftLeft is a combinational logic device which takes a 16-bit input and shifts it to the left a certain amount drawing zeros from the right (i.e. no wrapping is performed).  It has one 16-bit input (SLIn), one 4-bit input (ShAmt), and one 16-bit output (SLOut).
 

· Compare – Compare is a logic device which compares two inputs (CmpIn1, CmpIn2) and if CmpIn1 < CmpIn2, then the output is 1, otherwise the output is 0.  It has two 16-bit inputs (CmpIn1, CmpIn2) and one 1-bit output.



	Component
	Input
	Output
	Control

	PC
	16-bit input
	16-bit output
	PCWrite

	IPC
	16-bit input
	16-bit output
	IPCWrite

	XC
	16-bit input
	16-bit output
	XCWrite

	Reg
	One 16-bit (WriteData), three 4-bit inputs (ReadReg1, ReadReg2, WriteReg)
	Two 16-bit outputs (RegData1, RegData2)
	RegWrite (2-bit)

	Mem
	Two 16-bit inputs (Addr, WriteData)
	16-bit output
	MemRead, MemWrite

	ALU
	Two 16-bit inputs (ALUIn1, ALUIn2)
	16-bit output (ALUOut)
	ALUFunc (1-bit)

	Output
	16-bit input
	16-bit output
	OutputWrite

	Input
	16-bit input
	16-bit output
	-

	A
	16-bit input
	16-bit output
	-

	B
	16-bit input
	16-bit output
	-

	C
	16-bit input
	16-bit output
	-

	Sum
	16-bit input
	16-bit output
	-

	ShiftLeft
	16-bit input (SLIn), 4-bit (ShAmt)
	16-bit output
	-

	Compare
	Two 16-bit outputs (CmpIn1, CmpIn2)
	1-bit output
	-


RTL Testing

For the following tests, it is assumed that the following registers contain the numbers given.

PC = 0

r0 = 0

r1 = 3

r2 = 4

r3 = 6

All other registers are initialized with 0 and, at the end of each instruction, all registers are assumed to return to the values given here. The variable S at the address 4 and contains the value 30.

Also, all instructions will begin with the following step:

1) The program counter will be incremented by 2 and the XC register will contain the instructions to be performs

Add: r1 + r2 = r4

2) A = 3, B = 4

3) Sum = 7

4) r4 = 7

Beq: r0 == r4 go r3

2) A = 0, B = 0

3) A = B, then

4) PC = 6

Jal: go r3 r4

2) A = 6, B = 0

3) r4 = PC (which is 2), PC = 6

Jr: go r2

2) A = 4, B = 0

3) PC = 4

Lli: 5 v= r5

2) A = 0, B = 5

3) r5 = 0x0005

Lui: 6 ^= r5
2) A = 0, B = 6

3) r5 = 0x0600

Lw: (r2) => r5

2) A = 4, B = 0

3) C = Mem[4] (which is 30)

4) r5 = 30

Or: r2 or r3 = r5

2) A = 4, B = 6

3) r5 = 0b 0000 0000 0000 0110 (which is 6)

Slt: r1 < r3 = r6

2) A = 3, B = 6

3) C = 1

4) r6 = 1

Sll: r2 << 5 = r5

2) A = 4, B = 5

3) C = 0b 0000 0000 0100 0000

4) r5 = 0b 0000 0000 0100 0000

Sub: r1 – r2 = r4

2) A = 3, B = 4

3) Sum = -1

4) r4 = -1

And: r1 and r3 = r4
2) A = 3, B = 6

3) r4 = 2

Output: output r2

2) A = 4, B = 0

3) Output = 4

Input: input r4

2) A = 0, B = 0

3) r4 = Input

Store Word:  (r2) <= r1

2) A = 3, B = 4

3) Mem[4] = 3

Return From Colonel: rfc
2) A = 0, B = 0

3) r9 = 1
    PC = IPC

Interrupt 0
2) A = 0, B = 0

3) IPC = PC - 2

3) r9 = 0
    PC = 0x0014
Interrupt 1
2) A = 0, B = 0

3) IPC = PC - 2

4) r9 = 2
    PC = 0x0014
These tests are conclusive in that they show exactly how each instruction works.
