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Experiment 6: Direct-Mapped Instruction Cache
It is required to upgrade the Verilog module you have developed in Experiment 5 to include an instruction cache. This cache should be inserted between the processor and the instruction memory. However, in order to make this experiment more realistic, the instruction memory access time should be increased to 4 cycles. This cache should have the following characteristics:

· Direct mapped cache

· Has 4 blocks

· Block size = 8 bytes (can hold two instructions)

· From the processor side, the cache should have 16-bit output data bus, 8-bit input address bus, and a miss output signal. When the cache puts an active signal on the miss output at the clock rising edge, the entire processor must stall.

· From the instruction memory side, the cache should have 16-bit input data bus and 8-bit output address bus.

· Tag size = 8 – 2 – 3 = 3 bits plus one valid bit per block.
· Access time on hit = 1 cycle

· Access time on miss = 10 cycles; 1 cycle to discover the cache miss, 4 cycle to bring the first word, 4 cycles to bring the second word, and 1 cycles to retry the instruction fetch.
Use behavioral modeling to model the memory part of the cache and use structural modeling to model the cache controller. You need a state machine.
.

To test your design, make the following initializations:
· Program Counter = 0x0000

· All 16 registers are initialized to the value 0x0000

· The data memory is initialized such that each location has a number greater than the previous location by 1 and location 0x00 is initialized to 0x0000, e.g., location 0x02 should be initialized to 0x0001, and location 0x04 is initialized to 0x0002.

· All cache valid bits are false.

· The instruction memory should be initialized to hold the following code sequence, starting at location 0x00:



lw
R1, 4(R0)
loop:
addi
R1, R1, -1


bne
R1, R0, loop


sw
R1, 4(R0)
When you simulate this module using proper test code for 42 cycles, the word at memory location 0x04 should hold the value 0x0000.
