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Question 1: Short Answers (35 points)

a) (5 points) In what circumstances is throughput the desired performance metric and in
what circumstances is latency the desired metric?

b) (5 points) Which of the three factors of CPU time can a compiler influence? Provide
examples.

¢) (5 points) How much faster than a 1GHz single-cycle MIPS processor would a 3.0Ghz
Pentium4 x86 processor be if it achieved a CPI of 0.5 on a workload?

d) (10 points) Using only XOR, AND, OR and SLL instructions (and not necessarily all
of those), write the shortest possible MIPS program to add two unsigned each of which is
either zero or one (i.e. the sum will be either zero, one or two). Assume that the source
values are in $r2 and $r3 and the result is stored in $r4.
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e) (10 points) The MIPS instruction set provides instructions which support conditional
branching (beq, bne, etc.). It is also possible to implement instructions which perform
other operations conditionally. One such instruction is a conditional move.

Suppose a new instruction is added to the instruction set:
cmove $rl, $r2, $r3

This instruction works as follows:

if($r3 ==0)
$rl = $r2;
else
do nothing

In other words, the instruction only performs a move from $r2 to $r3 if $r3 is zero.

Assume that the instruction is used to replace the following two instruction MIPS
sequence whenever they are seen.
bne $r3, $r0, skip
move $rl, $r2
skip:

Suppose that 20% of the conditional branches in a program are used in this manner, so
that the two instruction sequence can be replaced with a conditional move. Assume that
the CPI of the cmove instruction is the same as the CPI of the move instruction. Thus,
the effect of this change is to eliminate the time required by the branch instruction. What
is the overall program speedup from this change, given the data in the following table?

Instruction Category Frequency CPI
Arithmetic 43% 1.0
Data Transfer 40% 1.4
Conditional Branch 15% 1.8
Other 2% 1.3
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Question 2: Arithmetic (30 points)

The figure below shows a 64-bit carry lookahead adder with three levels of lookahead.
Some signals are shown in the figure to give you an idea of the structure of the adder;
however not all relevant signals are shown (for example the carries from the first level
lookahead to the single-bit adders).

(-III
Third Level Lookahead
Gt pY!
Second Level Lookahead ]
16-bit 16-bit 16-bit
) ) _ Gi | Pl
CLA CLA CLA First level
Lookahead
o P{;.
=

Single Bit Adders

a) (15 points) Let Xi, Yi, Ciand Si, withi =0, 1, ..., 63, represent the individual bits of
the two operands, the carries, and the sums, respectively. Let GI.I and PI.I ,i=0,....,63

represent the first level generates and propagates. Let G}” and Pj” , j=0,...,15 represent

the second level generates and propagates, and let G;" and P", k=0,..,3 represent the
third level generates and propagates.

Write the logic equations for the following signals, in the space provided. (The equations
should be in terms of the inputs to the logic block for which they represent the outputs.)

Gl =

r_
G, =

yuus
P1 =
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b) (6 points) Assume that each gate delay is T time units, and all gates are available with
up to 5 inputs. Further assume that all X;, all Y;, and Cy are ready at time 0. In the table
below, show at what time the chosen signal value is ready. Use the comment column for
any comments (comments will be used to determine partial credit in case of an incorrect
answer).

Signal Time Ready Comments

S,

Sg

Cs

¢) (9 points) Calculate the number of gates of each type in the lookahead logic (include
all levels and do not count gates in the 64 single-bit adders). Show your work.
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Question 3: Single Cycle Processor (30 points)

Let’s simplify the MIPS instruction set architecture a little by removing the original lw
and sw instructions and replacing them with ones that do not contain a constant offset.
Our new loads and stores will have the following general forms:

Iw rt, 1s # rt = Mem|rs]
SW rt, 1S # Mem[rs] = rt

These are I-type instructions, but you may not make any assumptions about the
instructions’ constant fields.

a) (10 points) Show what changes must be made to the single-cycle datapath below so
the new lw and sw instructions can avoid going through the ALU. Please keep your
modifications as neat as possible!

Add
PC 4
1'1"'-’" i =
Reg | fite Mem Mem
Wirite
Read Instr rs Write ToReg
addr  [31:0) [ ™ Reaf Read |
it red data 1 Read Read q
Instruction E{eea;i Read - ALU addr data M
memory 0 g dahc2 ] Result Write u
M Write ‘ M addr  Data X
u register ')-" Write Memory 0
rd | ¥ —p| Wiite  Registers|gut—p) , ALUOp data
1 data
) MemRead
RegDst ALUSrc
[15-0] Sign
extend

b) (5 points) Fill in the table below to show the correct control signals for the new Iw and
sw instructions. You must write ‘X’ to indicate any don’t-care conditions.

Iw

Sw

RegDst | RegWrite | ALUSrc | ALUOp | MemWrite | MemRead | MemToReg | PCSrc
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¢) (5 points) Assume that memories and the ALU have 2ns delays, and the registers have

a Ins delay. Find the minimum clock cycle times for both the original single-cycle
datapath and your modified one.

d) (10 points) What general conclusions can you draw, if any, about the performance of
the original processor as compared to your modified one?



