ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2007
Homework 6 Solution
Assigned 3/23/07, due 4/4/07
Note: A useful, though not essential, reference is: B. Parhami, Computer Architecture from Microprocessors to Supercomputers, New York: Oxford, 2005.
Problem 1: Write a MIPS instruction that reads from and writes to the same register. Sketch a schematic showing the execution of this instruction in a single-cycle MIPS datapath. In your schematic you may include only those units that participate in the execution of the instruction. If you are the designer how will you ensure that register read and write are done in the correct order?
Answer: An instruction that reads and writes the same register:




add
rd, rs, rd

# rd = rs + rd

The following schematic shows a single-cycle datapath for this instruction. Notice that when new data is written in rd, its effect can circulate through the path shown in bold lines and change the content of rd repeatedly since the entire operation is done in the same clock cycle. This is a potential race condition.

[image: image1]
The execution cycle begins when the clock signal increments PC by +4 and activates fetching of the instruction from memory. Sensing the opcode, the control asserts RegWrite, sets ALU to add and selects the multiplexer to send ALU output to register file. Since the processing of new data for register file takes some time, we must delay the clock applied to register file. One way to do this is to clock PC and register file on different edges of the clock signal.
Problem 2: Sketch a schematic showing a multicycle MIPS datapath for the execution of the jump and link (jal) instruction. In your schematic you may include only those units that participate in the execution of this instruction.
Answer: The MIPS jal instruction (opcode = 000011) does two things:

1. Writes PC+4 in the return address register ra (#31 in register file).


2. Multiply the 26-bit argument by 4 (i.e., shift left 2) and place the result in PC.
Sequence of operations: Following sketch shows the data paths set up for execution of the jal instruction. Several multiplexers controlled by the control FSM are not shown for clarity:
Cycle 1: PC supplies address to memory, which outputs instruction word to instruction register. Constant 4 is added to PC and result is written back into PC.


Cycle 2: Bits 26-31 (opcode) of instruction register are decoded by control FSM, which advances to jump state in the next clock cycle.

Cycle 3: Content of PC is written to register #31 of register file. Bits 0-25 of instruction register are left shifted by 2, four MSBs from PC are concatenated and the resulting 32 bits are written to PC. Control FSM advances to fetch state in the next clock cycle.
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Loop that can potentially corrupt the data written in the register file.
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