Fall 2007 CS147 Final Exam Review Part 1 Solutions
1. Single cycle computer timing

We have an Instruction Set Architecture and Implementation as described in the lecture notes and textbook. Suppose that the components have the following propagation delay times.

Register: 3ns

4-1 Multiplexer: 3 ns

2-1 Multiplexer: 2 ns

ALU: 6 ns (Assume that all ALU operations, no matter how simple, take 6 ns)

Shifter: 2 ns

Zero detect: 1 ns

2-4 Decoder: 2 ns

AND Gate: 1 ns

Branch Control: 2 ns

Instruction Decoder: 2 ns

Zero fill: 1 ns

Extend: 1 ns

PC : 3 ns

Memory access: 12 ns

Assume that the PC and the Registers use the same clock. Assume also that the PC and the registers have the following set-up and hold times:

Set-up time: 2 ns

Hold time: 1 ns

What is the minimum clock period possible for the computer?

Answer: 3 (PC propagation delay) + 12 (Instruction Memory Access) + 2 (Instruction Decoder) + 3 (4-1 Mux) + 12 (Data Memory Access) + 2 (2-1 Mux D) + 2 (Register Set-up) = 36ns

2. Data hazards

We’re using the data hazard detection unit mentioned in the textbook and lecture (reproduced on supplementary page A-8). Suppose we’re executing the following instructions:

In the DOF stage: ADD R1 R2 R3

In the EX stage: AND R3 R1 R2

(a) What are the values of AA and BA in the DOF stage?

Answer: 010 and 011
(b) What are the values of HA and HB?

Answer: 0 and 1

(c) What is the input to the RW register in the EX/WB boundary?

Answer: 1
3. Data forwarding

Suppose we’re executing the following instructions:

In the DOF stage: ADD R1 R2 R3 (Address of this instruction is 00000010.)

In the EX stage: AND R3 R2 R1 (Address of this instruction is 00000001.)

Suppose we’re using the Data Forwarding hardware (on supplementary page A-10).

Suppose that prior to executing these instructions, the data in the registers are as follows:

R1: 00111001

R2: 00101010

R3: 00001011

(a) At the current time, what are the control inputs HA and MA to MUX A?
Answer: 0 and 0
(b) At the current time, what are the data inputs 0, 1 and 2 to MUX A?

Answer: 00101010 (Register A of DOF stage), 00000011 (PC of DOF stage + 1), 00101000 (output of EX stage)
(c) At the current time, what is the output of MUX A?

Answer: 00101010
4. Control hazards

Suppose that there are 1000 instructions in a program. This program is run on the RISC computer shown in class. Suppose that there are no data hazards. Suppose that there are 10 branch instructions in the program. For each of five of the branch instructions:
Two instructions before the branch instruction are re-ordered to execute after the branch instruction so that no stalling is necessary.
For each of three of the branch instructions:

One instruction before the branch instruction is re-ordered to execute after the branch instruction and one no-op is inserted.
For each of two of the branch instructions:

No instruction before the branch instruction can be re-ordered to execute after the branch instruction and two no-ops are inserted.

How many cycles does it take to execute the entire program?

Answer: 1000 + 3 (pipeline filling) + 3 (1 no-op) + 2*2 (2 no-ops) = 1010 cycles
5. Pipeline parallelism

In a particular ISA, there are four stages in the pipeline: IR, DOF, EX and WB. Suppose that a DIV operation takes 5 cycles in the EX stage, a MUL operation takes 3 cycles in the EX stage, and a SUB operation takes 1 cycle in the EX stage. All instructions take 1 cycle each in the IR, DOF and WB stages. There are three EX units. How many clock cycles does it take to complete the following sequence of instructions?

Make sure your scheduling handle any hazards. Assume that there is data forwarding hardware to forward the data from the EX stage to the DOF stage (as shown in supplementary page A-10).
MUL R1 R3 R4 

DIV R2 R3 R4

SUB R5 R3 R4
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6. Pipeline parallelism

In a particular ISA, there are four stages in the pipeline: IR, DOF, EX and WB. Suppose that a DIV operation takes 5 cycles in the EX stage, a MUL operation takes 3 cycles in the EX stage, and a SUB operation takes 1 cycle in the EX stage. All instructions take 1 cycle each in the IR, DOF and WB stages. There are three EX units. How many clock cycles does it take to complete the following sequence of instructions?

Make sure your scheduling handle any hazards. Assume that there is data forwarding hardware to forward the data from the EX stage to the DOF stage (as shown in supplementary page A-10).
MUL R1 R3 R4 

DIV R2 R1 R4

SUB R5 R3 R4
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Answer: It takes 11 cycles.
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