Register Transfer Language Specifications and Testing

*E is a component that extends a value to a 16-bit version of the value

**Note: All instructions do this interrupt checking routine prior to anything else:


i.e. “step 0”

0) if (Interrupt && (Interrupt Enable Bit == 0)) then


IPC = PC


PC = SPReg[CAUSE]

   else....

add:

1) PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0000) then

3) SUM = A + B

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

Test: add $3, $2, $1


Initial values: $1 = 2, $2 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0000001100100001

2) A = Reg[0010] = 4, B = Reg[0001] = 2, if (0000 == 0000) then

3) SUM = 6

4) $3 = 6

sub:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0001) then

3) SUM = A - B

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

Test: sub $3, $2, $1


Initial values: $1 = 2, $2 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0001001100100001

2) A = Reg[0010] = 4, B = Reg[0001] = 2, if (0001 == 0001) then

3) SUM = 2

4) $3 = 2

sne:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0010) then

3)SUM = E[NOT(ALUzero)] // ALUzero if(A - B == 0){ 1 }else{ 0}

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

Test: sne $3, $2, $1


Initial values: $1 = 2, $2 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0010001100100001

2) A = Reg[0010] = 4, B = Reg[0001] = 2, if (0010 == 0010) then

3) SUM = 1

4) $3 = 1

slt:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0011) then

3) SUM = A - B

4) Reg[IR[11-8]] = E[SUM[15]]

Test: slt $3, $2, $1


Initial values: $1 = 2, $2 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0011001100100001

2) A = Reg[0010] = 4, B = Reg[0001] = 2, if (0011 == 0011) then

3) SUM = 2

4) $3 = 0

addi:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0100) then

3) A = Reg[IR[11-8]], B = E[IR[7-0]]

4) SUM = A + B

5) Reg[IR[11-8]] = SUM

Test: addi $1, 20


Initial values: $1 = 2, $4 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0100000100010100

2) A = Reg[0001] = 2, B = Reg[0100] = 4, if (0100 == 0100) then

3) A = Reg[0001] = 2, B = E[00010100] = 20

4) SUM = 22

5) $1 = 22

subi:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0101) then

3) A = Reg[IR[11-8]], B = E[IR[7-0]]

4) SUM = A - B

5) Reg[IR[11-8]] = SUM

Test: subi $1, 2


Initial values: $1 = 20, $2 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0101000100000010

2) A = Reg[0001] = 20, B = Reg[0010] = 4, if (0101 == 0101) then

3) A = Reg[0001] = 20, B = E[00000010] = 2

4) SUM = 18

5) $1 = 18

and:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 0110) then

3) A = Reg[IR[11-8]], B = E[IR[7-0]]

4) C = A (AND) B

5) Reg[IR[11-8]] = C

Test: and $1, 20


Initial values: $1 = 4, $4 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0110000100010100


2) A = Reg[0001] = 4, B = Reg[0100] = 4, if(0110==0110) then


3) A = Reg[0001] = 4, B = E[00010100] =20


4) C = 0000000000000100


5) $1 = 4

shift:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]], if (0111 == 0111) then

3) C = A (LSHIFT) IR[3-0]

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

Test: shift $1, $2, 2


Initial values: $2 = 4, $4 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 0111000100100010

2) A = Reg[0010] = 4, B = Reg[0010] = 4, if (0111 == 0111) then

3) C = 0000000000001000

4) $1 = 8

load:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1000) then

3) A = Reg[IR[7-4]], B = E[IR[3-0]]

4) SUM = A + B

5) Reg[IR[11-8]] = Mem[SUM]

Test: load $1, $2, 2


Initial values: $2 = 4, PC = 0x1234, Mem[6] = 0x1111

1) PC = 0x1236, IR = Mem[0x1234] = 1000000100100010

2) A = Reg[0010] = 4, B = Reg[0010] = 4, if (1000 == 1000) then

3) A = Reg[0010] = 4, B = E[0010] = 2

4) SUM = 6

5) $1 = 0x1111

store:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1001) then

3) A = Reg[IR[7-4]], B = E[IR[3-0]]

4) SUM = A + B

5) Mem[SUM] = Reg[IR[11-8]]

Test: store $1, $2, 2


Initial values: $1 = 3, $2 = 4, PC = 0x1234, Mem[6] = 0x1111

1) PC = 0x1236, IR = Mem[0x1234] = 1001000100100010

2) A = Reg[0010] = 4, B = Reg[0010] = 4, if (1001 == 1001) then

3) A = Reg[0010] = 4, B = E[0010] = 2

4) SUM = 6

5) Mem[6] = Reg[0001] = 3

jit:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1010) then

3) B = Reg[IR[11-8]]

4) SUM = 0 - B, B = E[IR[7-0]](Lshift)1

    Reg[13] ($ra) = PC


if(SUM[15] = 1) then

5) PC = PC + B

Test: jit $1, 20


Initial values: $1 = 2, $4 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 1010000100010100

2) A = Reg[0001] = 2, B = Reg[0100] = 4, if (1010 == 1010) then

3) A = 0, B = Reg[0001] = 2

4) SUM = -2, B = E[00101000] = 40, $13 = 0x1236, if (1 == 1) then

5) PC = 0x1276

jump:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1011) then

3) B = E[IR[11-0]](LShift)1

    
Reg[13]($ra) = PC

4) PC = PC + B

Test: jump 20


Initial values: $1 = 2, $4 = 4, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 1011000000010100

2) A = Reg[0001] = 2, B = Reg[0100] = 4, if (1011 == 1011) then

3) B = E[000000101000] = 40, $13 = 0x1236

4) PC = 0x1276

jr: 

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1101) then

3) PC = Reg[IR[3-0]]

Test: jr 20


Initial values: $1 = 2, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 1101000000000001

2) A = Reg[0000] = 0, B = Reg[0001] = 2, if (1101 == 1101) then

3) PC = Reg[0001] = 2

PUT:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1100) then

3) SPReg[IR[11-10]] = B

Test: PUT SPR$1, $2


Initial values: $2 = 20, PC = 0x1234

1) PC = 0x1236, IR = Mem[0x1234] = 1100010000000010

2) A = Reg[0000] = 0, B = Reg[0010] = 20, if (1100 == 1100) then

3) SPReg[1] = 20

RFI:

1)PC = PC + 2


IR = Mem[PC]

2) A = Reg[IR[7-4]], B = Reg[IR[3-0]]


if (IR[15-12] == 1110) then

3) IEB = 0, PC = IPC

Test: RFI


Initial values: PC = 0x1234, IPC = 0x1111

1) PC = 0x1236, IR = Mem[0x1234] = 1110000000000000

2) A = Reg[0000] = 0, B = Reg[0000] = 0, if (1110 == 1110) then

3) IEB = 0, PC = 0x1111

