UNIVERSITY OF WISCONSIN

ECE 757 Adv. Computer Architecturell

Midterm Exam 1 - Ch. 1-5

Take-home exam, distributed October 17, 2000, Due back October 19, 2000

Name;

This exam isopen books, open notes, andopen all handouts (including preious homevorks and
exams, project descriptionsxteook, and readings)owever, it must be your own work--do not
discuss any aspects of the exam problemswith other studentsuntil after the examshaveall been
turned in.

Write all your answers in the space yaded. If you use the back of mpage, please clearly indicate
on the front of the page.

If youfeelthereis ambiguityin the problemstatementpleasecontactthe TA or the professor When
in doubt, state your assumptions.

Problem 1. [45 points] Cache Coherence
Problem 2. [25 points] Shared Memory and MessagasBing
Problem 3. [30 points] Programming for Multiprocessor Systems

TOTAL: [100 points]
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1. Cache Coherence [45 points]

1. Cache Coherence [45 points]

Part A: State of cacheusing M SI [20 points]

You aretrying to decidewhatcachecoherencerotocolto usefor atwo processoSMP system. The

two processors are connected together using a simple electrically shatedtdoes not perform
split-transactionsYou have takenatraceof thereadsandwrites of a parallelprogramon the system,
with thereadsandwriteslistedin theorderin whichthey occur In particular you arelooking atfour
different cache lines: A, B, C, and D. First look ab thifferent types of MSI protocol. In the first
version,whichwe call MSI1, areadto aline thatis in themodifiedstatein theotherprocessomakes
theline go from modifiedto shared.In thesecondversion,calledMSI2, theline goesfrom modified

to invalid state. Specify the state of the cache lines after each read and write. Also speasy the b
transaction that occurs for each read and write (tisdriansactions are BusRead, BusReadX,
BusUpgr and BusWB).

MS1
Proc 1 Proc 2 A B C D Bus Transaction
I I I I I I I I None
Read A
Write B
Write C
Write D
Write B
Read C
Write A
Read C
Read D
Write D
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1. Cache Coherence [45 points]

MSI2
Proc 1 Proc 2 A B C D Bus Transaction
| | | | | | | None
Read A
Write B
Write C
Write D
Write B
Read C
Write A
Read C
Read D
Write D
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1. Cache Coherence [45 points]

Part B: Improvementsto M Sl protocol [18 points]

Address Bus
Data Bus

Mem

Controller  Memory
Bus

RAM

For naw, you hae decided to use the first MSI protocol (MSI1). wéeer, you would like to see if
the MESI or MOESI protocolscanimprove the performancef the system. Theabove pictureshavs
a diagram of the system. Specifyashmary transactions occur on each of the thregels (address
bus,databus,andmemorybus)for thetraceprovidedin Part A. Notethatcommandsresentacross
the addressus. Ignore all responses on thesb (Remember to sivaall of your work)

Protocol Address Bus Data Bus Memory Bus
MSI1
MESI
MOESI
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1. Cache Coherence [45 points]

Part C: Designing an adaptive M Sl protocol [7 points]

Rather than statically choose whether to go from the modified to sharedlat state when the
second processor performs a read of a line that is modified in the first praceasbé, you auld
like to use an adapé method to choose which state to use. Propose a dynamic method for
implementingthis andjustify your proposaby discussingheissuesaffectingyour proposediesign.
Address the diérent types of sharing patterns that can occur angt Bba your mechanism will
identify them efliectively. Do not just optimize your mechanism for the trace used in partitAale
a step back and focus on the big picture.

Exam #1 ECE 757 Advanced Computer Architecture Il



2. Shared Memory and Message Passing [25 points]

2. Shared Memory and M essage Passing [25 points]

[10 points]Explainwhy it is relatively easyto createa high performancemplementatiorof message
passing on shared memphbut difficult to create a high performance implementation of shared
memory on top of message passing.

[15 points] Wly would you vant to use asynchronous message passing instead of synchronous
message passing? Describe a scenario where asynchronous messages can be useful.
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3. Programming for Multiprocessor Systems [30 points]

3. _Programming for Multiprocessor Systems[30 points]

[12 points] Gve an @ample of a program thatosks well with the folleving types of machines in
Flynn’staxonomy:SIMD, MIMD, andSPMD. For eachtype,describenow theprogramwouldwork
and wly the program wuld work better on that type of machine than on the othertypes.
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3. Programming for Multiprocessor Systems [30 points]

[10 points] In a cache coherent system that uses the MESI protocol, when a program uses a load-
lock instruction for acquiring a lock, is it better to load the lock into the cachelmsee or
shared state. Wf?

[8 points]In asharednemorysystemhatimplementsSequentiaConsisteng, whatarethelegal
outcomes of the code b&@ (Note that A, B, and C are initialized to 0)

Pl P2 P3

A= 4 C=2 if (A>0)

if (B ==0) if (B == 3) B =3
C = C=A
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