Objective:

Design a simple computer design, which include registers, instructions decode and bus control using the Xilinx Design Interface and the XS40 board.. It must be able to perform a load, clear, shift left or right and swap operations. 

Components and its Usage:
For MUX block diagram:

· Four 8:1 MUX – select which register is taking to load.

· One TEMP[3:0] bus line – comes from TEMP register

· One RZ[3:0] bus line – comes from R0 register

· One RONE[3:0] bus line – comes from R1 register

· One OPERAND [3:0] bus line – comes from external input 3 bit data.

· One OUTPUT [3:0] bus line – 3 bit data will go to MAIN [3:0] bus line.

For IR block diagram:

· Three FDC flip flop.

· Three 2:1 MUX – when select line (S0) is 1, it will load IR register.

· One input bus line (input [2:0]) – three bit instruction.

· Input Clock – CLK

· Input Clear – CLR, clear instruction register

· Output I0,I1,I2 – instructions

For four registers (R0, R1, Temp, Output) block diagram:

· Four FDC flip flop.

· Four 2:1 MUX – when select line (load) is 1, it will load register.

· One input bus line (REG [3:0]) – 3-bit data goes in register.

· One output bus line (OUT [3:0]) – 3 bit data comes out register.

· Input Clock – CLK

· Input Clear – CLR, clear register.

For main block diagram:

· One MUX block - select which register is going to load

· Four Registers block.

· One INS [2:0] bus-line for instructions.

· One OPERAND [3:0] bus-line for data.

· One MAIN [3:0] bus-line for data transfer.

· Logic gate for control signal.

· ( S0,S1,S2,LDIR,LDR0,LDR1,LDOR,LDTEMP,RESETSC,CLEAR ) 

· One 3:8 decoder – for decoding the instruction (IN0, IN1, IN2, IN3, IN4, IN5, IN6, IN7)

· One 2:4 decoder – for decoding the timing (T0, T1, T2, T3)

· One SEG display – display output on FPGA board.

· INBUFs

· OBUFs

· IPADs – use for input pin

· OPADs – use for output pin

For SC block diagram:

· One XOR Gate

· One inverter

· Two FDC flip flop

· Output Q0 and Q1 – it will go to 2:4 decoder to get time (T0, T1, T2, T3)

· Input CLK and CLR – for clear counter

Design Procedure:

1. Construct the instruction format as following:

Description
Binary
Decoder
Operation

Clear
000
IN0
Clear register

Load R0
001
IN1
R0(OPRAND[3:0]

Load R1
010
IN2
R1(OPRAND[3:0]

Load OR
011
IN3
OR(R0


100
IN4
OR(R1

SHL R0
101
IN5
R0(SHL R0

SHL R1
110
IN6
R1(SHL R1

SWAP
111
IN7
SWAPING R0&R1

2. Construct the micro-operation table as following:

Load IR
T0
IR(INS[2:0]

Clear
IN0
Rn(0 SC(SC+1


IN0T2
SC(0

Load R0
IN1T1
R0(OPRAND[3:0]SC(SC+1


IN1T2
SC(0

Load R1
IN2T1
R1(OPRAND[3:0]SC(SC+1


IN2T2
SC(0

Load OR (out put reg.)
IN3T1
OR(R0  SC(SC+1


IN3T2
SC(0


IN4T1
OR(R1 SC(SC+1


IN4T2
SC(0

SHL R0
IN5T1
R0(SHLR0 SC(SC+1


IN5T2
SC(0

SHL R1
IN6T1
R1(SHLR1  SC(SC+1


IN6T2
SC(0

SWAP
IN7T1
TEMP(R0   SC(SC+1


IN7T2
R0(R1         SC(SC+1


IN7T3
R1(TEMP……END

Logic for control units:

LDIR( T0

LDR0((IN1T1) or (IN5T1) or (IN7T2)

LDR1((IN2T1) or (IN6T1) or (IN7T3)

LDOR((IN3T1) or (IN4T1)

LDTEMP((IN7T1)

RESETSC((IN0 or IN1 or IN2 or IN3 or IN4 or IN5 or IN6) and T2

                     --- sequence counter clears at T2

Clear(IN0

3. Finding the equation for each select line:

S2 S1 S0
Load from

0    0    0
OPRAND

0    0    1
R0

0    1    0
R1

0    1    1
TEMP

1    0    0
SHL R0

1    0    1
SHL R1

Logic function for 

S0((IN3T1) or (IN7T1) or (IN7T3) or (IN6T1)

         ---load from R0, temp, SHL R1.

S1((IN4T1) or (IN7T2) or (IN7T3)

         ---load from R1, temp.

S2((IN5T1) or (IN6T1)

         ---load from SHL R0, SHL R1.

4. Design a sequence counter:

Present State
Next State
D1 D0

00
01
00

01
10
11

10
11
10

11
00
01

Logic function for sequence counter:


D0((Q0)’

D1((Q0 XOR Q1)

Conclusion:

In the CPU each instruction has an assigned binary code to perform its operation. When the specific operation is completed, sequence counter goes to zero (T0) and another instruction is fetched until all the operations have been completed.

