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Objective:

The objective of this lab was to implement a few new features to lab 3, which was previously completed.  These features are the PC and memory.  This is to be done using Xilinx Design Interface and the XS40 board.

Instruction Format:

We used two formats in our project.  We used Memory reference and Register reference formats.  

Memory Reference:

Bit 15 = I

Bit 14-12 = Opcode

Bit 11 – 0 = Address

Register Reference:

Bit 15-12 = Opcode

Bit 11-0 = Register Operation

Computer Instruction Reference Table:

R0->OUT

0000

Sends value in R0 to output register.

R1->OUT

0001

Sends value in R1 to output register.

LSL->R0

0010

Logic shift left value in R0.

LSL->R1

0011

Logic shift left value in R1.

SWAP R0 & R1
0100

Swaps the values in R0 and R1.

MEM->R0

0101

Loads R0 with value from memory.

MEM->R1

0110

Loads R1 with value from memory.

R0->MEM

0111

Loads value from R0 to memory.

R1->MEM

1000

Loads value from R1 to memory.

Micro Operations:

R0->OUT

SC=000 IR=0000

r0_bus <= '1'




SC=001 IR=0000

ld_out <= '1'




SC=010 IR=0000

clr_scntr <= '1'

R1 ->OUT

SC=000 IR=0001

r1_bus <= '1'




SC=001 IR=0001

ld_out <= '1'




SC=010 IR=0001

clr_scntr <= '1'

R0 < LSL R0

SC=000 IR=0010

lsl_r0 <= '1'




SC=001 IR=0010

clr_scntr <= '1'

R1 < LSL R1

SC=000 IR=0011

lsl_r1 <= '1'




SC=001 IR=0011

clr_scntr <= '1'

SWAP R0 & R1
SC=000 IR=0100

swap_r0_r1 <= '1'




SC=001 IR=0100

r0_bus <= '1'




SC=010 IR=0100

ld_temp <= '1'




SC=011 IR=0100

r1_bus <= '1'




SC=100 IR=0100

ld_r0 <= '1'




SC=101 IR=0100

temp_bus <= '1'




SC=110 IR=0100

ld_r1 <= '1'




SC=111 IR=0100

clr_scntr <= '1'

MEM->R0

SC=000 IR=0101

ld_r0 <= '1'




SC=001 IR=0101

mem_bus <= '1'




SC=010 IR=0101

mem_read <= '1'

MEM->R1

SC=000 IR=0110

ld_r1 <= '1'




SC=001 IR=0110

mem_bus <= '1'




SC=010 IR=0110

mem_read <= '1'

R0->MEM

SC=000 IR=0111

r0_bus <= '1'




SC=001 IR=0111

mem_write <= '1'

R1->MEM

SC=000 IR=1000

r1_bus <= '1'





SC=001 IR=1000

mem_write <='1'

Design Details:

In this design, we were supposed to add a program counter, a few new instructions as well as memory.  The new instructions dealt with direct memory addressing mode.  We had to implement instructions that would load values into memory as well as instructions that would read values from memory.  In our design we used VHDL to decode the binary instructions.  In the code, we needed to check if certain values were true.  For example, in order to execute an instruction, we needed to make sure that the sequence counter was in the right position before it would be true.  We also had to design a bus system for the registers.  All of the registers (excluding the MBR) are 4 bit.  That means the outputs are also 4 bits.  We had to implement a series of multiplexers so we could combine the output bits for the registers.  The MAR1 register is used to address memory.  MBR looks at the address value in MAR1 to decide what to access.

For the system reset, we set up an input pin that goes to all of the clr inputs of the registers.  When the input is 1, the values inside of the registers are reset.  When the input is 0, nothing happens.

Conclusion:

This lab was very difficult at first to grasp because everything was new to us.  Once we understood some of the basic concepts everything became clearer however.  This lab would have been much more burdensome if we did not use VHDL.  I regret not using VHDL on lab 3 because it would have made it much simpler.  

