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Question 3 3 34 Points

TOTAL 80 Points

Page 1 of 1 3



Name______________

Question 1: Directory-Based Protocol 1 (28 points)

Ben Bitdiddle wants to implement an array increment routine on a 4-processor system. The

system uses the directory-based cache coherence invalidate protocol from lecture 18 and

handout 11, which is reproduced at the end of the quiz for your reference. Each processor

has its own cache and register set.

Assume that the machine is byte-addressable and that the caches start out empty. Also

assume that the cache line size is 1 word. In this question we focus on the data caches

only.

The array has 128 elements. Assume that in each processor register RI contains the address

of the first element of the array and register R2 contains 32. The following code segments

are executed on the four processors. All the code segments are identical except for the

offset in the LD and ST instructions.

Processor A Processor B Processor C Processor D

Li: LDR3,O(Rl) LI: LDR3,4(R1) Ll:LDR3,8(R1) LI: LDR3, 12(RI)

ADDI R3, R3, #1 r\l ) )i R. R. U N )i R3. R. I N N R.. R.

ST R3, O(Rl) ST R3, 4(Rl) ST R3, 8(R1) ST R3. 12(R1)

ilIlIl,R1,#l6 \l)i)Iki.R14i

SUBI R2, R2, #1 sim R2. k. H St HI i2. R. #i St Hi k R

BNEZ R2, LOOP H\EZ R L(( )P HEZ R. U )( )P B[z/. R2,

Part A (6points)

Assume that Processor A completes the first iteration of the loop before any of the other

processors start execution. Provide a sequence of messages that will be generated during

the first iteration of the ioop on Processor A.

Instructions Messages

LI: LD R3,O(Rl) 5 (1 )
-

STR3,O(Rl) P

,- 1)

J

Page 2 of 13



Name /

Part B (6 points)

Now assume that all the processors start execution simullaneously. Provide a sequence of

messages that will be generated during the first iteration of the ioop on Processor A.

Instructions Messages

Li: LD R3, O(R1) F

-

STR3,O(Rl)

,.—,.

“
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J

Part C (6 points) (,
Louis Reasoner learned from Professor X that longer cache lines improve performance. He

decides to change the cache line size to 4 words. When he runs the same code on the four

processors, he observes that it takes more time to execute. Explain why this might happen.
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PartD (10 points)

For a cache line size of 4 words, rewrite the code segment for each processor so that the
least possible number of messages is generated. ,

.1
Processor A Processor B . Processor U Processor I.. -

J

‘Z 2’
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Question 2: Directory-Based Protocol 2 (16 Points)

Consider a multiprocessor system with a directory-based cache coherence invalidate
protocol which preserves sequential consistency. Each processor has its own cache and
register set, and the cache lines are 4 words long.

Part A (8 Points)

A cache PP might receive an ExRep message when it is in the C-Nothing state. It
dequeues the message, changes the state of the cache line to C-Exclusive and updates the
cache data with the data in the message. Describe a scenario that will cause this situation.
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Part B (8 Points)

We have decided to slightly modify our directory-based cache coherence invalidate

protocol in order to speed up stores. On a store miss a cache PP changes its state to C-
Exclusive instead of C-Pending and sends an ExReq message to home. Upon receiving an

ExReq message, home either sends out InvReq messages to all the cache PPs which have

shared copies of the cache line, or an InvReq message to the cache PP which has an

exclusive copy of the cache line. Upon receiving the InvRep message(s), home moves

into the W(id) state. If no processor has either a shared or an exclusive copy of the cache

line, it moves into the W(id) state directly. It does not send an ExRep message to the
cache PP which requested the exclusive copy of the cache line.

Do you think the directory-based protocol will function correctly with this modification?

Explain your reasoning.
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Question 3: Load-reserve & Store-conditional
(34 points)

In this question, we are going to experiment with two synchronization instructions: Load-

reserve and Store-conditional. The following are the definitions of the instructions given in

Lecture 16.

Load-reserve R, (m): Store-conditional (m), R:

<flag, addr> - <1, m>; if <flag, addr> == <I, m>
R E- M[m]; then cancel other procs’ reservation

on m;
M[m] - R;
status E— succeed;

else status E- fail;

In this question, we will write code for multiple producers and multiple consumers sharing

a single queue.

cer

____

I Rtaii I

cer

_ _

I Rtaii I

I Iheadi: I Rtaii I I Rheadli R

H
I Rtaii I
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Part A (9 points)

try: Load-reserve Rhead, (head)
spin: Load Raji, (tail)

f Raj == Rtaii goto spin
Load R. (Rhead)

Rhead Rhead + 1
Store-conditional (head), Rhead
if (status==fail) goto try
process(R)

The above code is for the consumers. it is the same as the one given in Lecture 16.

Assume that multiple consumers execute the code at the same time and there are many

items to be consumed. Can deadlock, livelock or starvation occur? Explain your

reasoning for each case.
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Part B (5 points)

Ben Bitdiddle is responsible for writing the code for the producers. He looks at the code in
Part A and then modifies the code for the producer in Lecture 16 to give the following.

try: Load-reserve Riaji, (tail)
Store (Rtaij), X

Rtaji = Rtaji + I
Store-conditional (tail), R1
if (status==fail) goto try

Ayssa P. Hacker looks at Ben’s code and says the code won’t work. What’s the problem?
(c\pr 7 ‘I”

24

Cs e
-

Part C (12 points) .S )(

\• f c-<r
Rewrite the code in Part B to make it work correctly. You are allowed to introduce
additional shared variables.
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PartD (8 points)

Ben now extends his in-order 5-stage pipeline machine to support load-reserve and store-
conditional. Prior to this, Ben has already modified his original direct-mapped cache design
into a snoopy cache with invalidate protocol. He remembers from the 6.823 lecture that the
implementation of Load-reserve and Store-conditional matches very well with the
invalidate protocol. To minimize hardware cost, he uses his existing cache design to track
the reservation instead of adding additional registers. In his scheme, when the processor
executes a load-reserve instruction, it will bring in an exclusive copy of the address to its
cache. Later on, when the processor executes a store-conditional on the same address, it
will succeed only if the exclusive copy is still in the cache (i.e., if the store hits in the
cache).

After the modification, Ben nins the producer/consumer programs from part A and part C
on his multiprocessor system. He discovers that no consumer is able to consume any item.
Suggest two possible causes for this to happen.
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