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EECS 370 Exam? fall ‘02

EECS 370 Exam 2
Fall 2002

Name: unique name:

Circle the time of your lecture: 10:00am 11:30am 3:00pm

Sign the honor code:

I have neither given nor received aid on this exam nor observed anyone else doing so.

Scores:

Points
/28
/42
/30

Total /100

WiIN| =3

NOTES:

Open book and Open notes
¢  Calculators are allowed, but no PDAs, Portables, Cell phones, etc.
¢ Don’t spend too much time on any one problem.
¢ You have about 120 minutes for the exam.
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EECS 370 Exam? fall ‘02

Section | — Short Answer and Multiple Choice

Multiple choice ~ 4 points each.
1) The major advantages of the multi-cycle design over single-cycle design is/are:
1) The ability to allow instructions to take different numbers of clock cycles
ii) The ability to have a simpler control structure
iii) The ability to share functional units within the execution of a single
instruction.
a) iionly
b) iii only
¢) iand ii only
d) i and iii only
e) all of i, ii, and iii

2) Consider the single-cycle, multi-cycle and pipelined version of the LC2K?2 discussed

in class. Which one of the following is true?

a) All else being equal, one would expect the pipelined processor to have a shorter
cycle time than the multi-cycle processor

b) The single-cycle processor will generally have a lower CPI than the pipelined
processor or the multi-cycle processor.

¢) If one were running a stream of non-dependent add instructions, the CPI of the
multi-cycle processor would be better than that of the pipelined processor

d) All else being equal, one would expect the single cycle processor to have a shorter
cycle time than the multi-cycle processor.

e) All of the above statements are false.

3) If you have a 4KB cache consisting of 16-byte blocks and which is fully-associative,
how many index bits are needed?
a) 0
b) 5
c) 7
d) 9
e) none of the above are correct.

4) Which of the following is not a way of reducing delay associated with control
hazards?
a) Branch delay slots
b) Branch prediction
¢) Resolving branches earlier in the pipeline
d) Using PC-relative branches

Page 2/10



EECS 370 Exam?2 fall ‘02

Short answer (6 points each, very limited partial credit, must show work for credit)

5) How many cycles would it take to execute this code on a MIPS pipeline with
forwarding? Assume that branches are always predicted not taken. Further, branches
are resolved in the decode stage and that the BEQ is TAKEN ($10 and $11 are equal

at that point in the program)

1w
add
1w
sw
add
add
beq
sub
add
there sSwW

$4,
$8,
$3,
$6,
$7I
$10I
$10,
$7.,
$4,
$7,

4 ($5)
$8, $4
0($5)
0($5)
$7, $3
$7, $8
$11, there
$8, $5
$3, $10
4 ($5)

6) Say you have a 16-bit, byte-addressable memory. The data portion of a given cache
is 4KB in size. Further, the cache is 2-way set-associative and has 32-byte blocks. If
the address 0x0123 were given, what would be the offset, index and tag of that

address (in decimal)?
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Section Il - Long Answer

1) AMtel is looking at two different architectures for its next PC processor, the
PentHammer X1I.

The first design is a 5-stage pipelined architecture, identical to the one you've been
working with in Project 3, with a clock frequency of 400 MHz.

For the second design, AMitel researchers determined that extending the pipeline to
10 stages would allow them to run the chip with a clock frequency of 500 MHz.
However, instead of resolving in the 4th stage, branch instructions resolve in the 8th
stage of the pipeline.

The most important program for these processors to run is the "Generic-o Office
Suite". 21% of its instructions are branches. Assume that 60% of branches are taken.

Assume both designs have perfect data forwarding (that is, there is never a need to
stall due to a data hazard).

Based only on performance on this program (and ignoring everything else, such as
power consumption, cost, or color), which design should AMtel choose? Why? (You
must clearly show your work for credit.) (10 points)
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2) We are given a register file with only two ports: a read port and a shared read/write
port. Sharing means that in a given cycle, only a read or a write can happen on this
port, but not both. Given the following LC2 code:

il:
i2:
i3:
id:

add 1 1
add 1 2
add 3 4
sw 0 2

[ )N 62 VSR V)

a) Show the pipeline diagram and compute number of cycles for this code. (10

points)
Instruction | 1 2 3 4 5 6 |7 |8 |9 |10 (11 |12
il IF [ID [EX |MEM |WB
i2
i3
i4
Cycles needed:

b) Reorder the instructions to improve the performance. The same instructions
should be performed and the results of memory and the register file should be
exactly the same as it would be after the above (unmodified) code segment were
run. Include the reordered code and how many cycles your reordered code would

require for execution. (7 points)

Cycles needed:
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3) A “memory trace” for a program is a list of the addresses accessed by the execution
of that program in the order in which they were accessed. Fill in the table below by

answering questions a) though c) for the following LC2K program.

a) Generate the memory trace when run on a single-cycle computer. (3 points)
b) Consider a 2-way set-associative cache in which there are 2 sets and the block
size is 2 words. Indicate if each access in your memory trace is a hit or a miss.

Assume you are using an LRU replacement policy. (10 points)

c) What is the hit rate for this program (you may leave as a fraction)? (2 points)

lw 0 1 X
lw 0 3 Y
add 1 3 3
1w 0 4 Z
lw 0 3 Y
1w 0 2 X
lw 0 3 Z
halt
X fill 4
Y L£111 2
A .fill 10
Access Number | Address Hit or Miss?
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Hit rate:
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Section Il - Design

On a separate handout is the specification and a multi-cycle datapath of the HOB ISA.
You are to describe the state machine used to control this datapath for the instructions
add, push, and beq. We have provided three templates for you to fill in. Each template
is labeled with the instruction name. The shared fetch state, which you may not change,
is provided on each template. Please use the appropriate sheet for each instruction.
Your grade will be based upon correctness and efficiency (that is, not using too many
cycles.) Specify every control line in each state you use. If that signal is a “don’t care”
indicate that with “D.C.”

You are constrained by the following rules:

e The following actions are “slow”:

o Reading or writing memory
o Writing the stack
o Using the ALU

e All other actions are “fast,” including reading from the stack.

e The clock cycle is long enough that you have time to do just one slow operation
and as many fast operations as you wish. Of course two (or more) slow
operations can be done in parallel in a single cycle.

e Writes to devices don’t happen until the very end of the cycle.

¢ You may introduce “if” statements to choose the next state. You may only do so
at the very end of a state, just like Project 2.

Be sure that for each state it is clear what state to go to next. (10 points per instruction)
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