
COMP 525V: Modeling and Verifying Cache Coherence in ACL2
due: Apr 22, 2001; 11:59pm (electronically, using assignment name acl2cache.)

For thisassignment,modelandverify thecachecoherenceprotocoldescribedbelow (theprotocolis thesameasin
theSMV assignment).A cachecoherenceprotocolmaintainsconsistentviewsof a centralmemoryacrossdistributed
processors.Suchaprotocolis consideredcorrectif for eachaddressin eachcache,thecachedvalueis thesameasthe
centralmemoryvalue.This assignmentis designedto allow you to contrastmodelcheckingandtheoremproving on
a common,non-trivial example.

The System Model

Thedistributedsystemmodelincludessomenumberof processors,aglobalmemory, andasharedbus.Eachprocessor
hasits own cachewhich is connectedto the globalmemoryvia a sharedbus. A cacheis a setof cachelines. Each
cacheline is associatedwith a memoryaddressandcontainstwo fields: a datavalueanda flag indicatingwhetheror
not the line is valid. Whenthe flag is true, the datavalueshouldbe consistentwith the valuein the corresponding
addressof theglobalmemory.

Eachprocessorcansendreadandwrite requeststo its cache;theserequestsdrivetheprotocol.Thefollowing rules
governsystem-wideresponsesto messages:

� Whena cachereceivesa readrequestfrom its processor, it suppliesthe datavalue if the cacheline for that
addressis valid. If thecacheline is not valid, thecachefetchesthecontentsfrom theglobalmemory, storesthe
value,setsthecacheline to valid. andreturnsthevalueto theprocessor.

� Whenthecachereceivesa write requestfrom its processor, it putsa write requestout on thebusandstoresthe
new datavalue.

� Every cachesnoopsthebus. Whena cacheseesa write requestfrom anotherprocessor, it invalidatesits cache
line for therequestedaddress.

� Theglobalmemorysharesthebuswith thecaches.Whentheglobalmemoryseesa write requeston thebus,
it storesthe provideddatavaluein theprovidedaddress.Whenthememoryseesa readrequeston thebus, it
suppliesthestoredvaluefor therequestedaddress.

Exercises

1. DevelopanACL2 modelfor thecachecoherenceprotocol.

2. Providea high-level (english)descriptionof thetheoremsthatyou expectto needto proveconsistency. Do this
beforeyoustarttrying to provethesystem– you’ll havea muchgreaterchanceof actualgettingtheproof to go
throughthis way! Don’t includeminor lemmasaboutdatastructuresin this description– stick to thetheorems
thatframea proofof cachecoherence.

3. Verify thatthemodelpreservesconsistency betweenthememoryandthecaches.

4. Commenton thedifferencesbetweendoing this exercisein ACL2 andSMV. How werethe modelsdifferent?
How wastheverificationprocessdifferent?If you hadto verify a cachecoherenceprotocolon the job, which
approachwouldyou take andwhy?

Notes
� This assignmentis a bit challenging,andI suspectmany of you won’t completelyfinish it. This is why the

high-level descriptionis important– it will let meevaluateyour work on how you thoughtout theproof, rather
thanwhatyou actuallygot ACL2 to verify.

� ReminderthatACL2 hasa facility for returningmultiple valuesfrom a functiondefinition. Look for mv in the
documentation.
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� Unlike in the SMV version,do not attemptto modelarbitrarybusdelayswith your ACL2 model(unlessyou
feel truly ambitious).Also, treatthebusasuni-directional,with messagesgoingfrom thecachesto thememory.
Let thecachesreadfrom memorydirectly.

� Here’sa suggestionfor theoverall structureof your “single-step”function:

1. Thestep functiontakesa processor� , anactionto perform(read/write,with theappropriateinfo), andthe
currentstateof themodel.

2. Performtheactionon � ’scache.Capturethisasafunctionthatreturnsthedatathattheprocessorrequested,
� ’s new cache,andthemessagethatperformingtheactionwouldsendout on thebus.

3. Returna new modelstatecontainingthedatathat theprocessorrequested,theupdatedsetof caches(for
all processors)andtheupdatedmemory;boththecachesandthememoryshouldbeupdatedaccordingto
themessagethatwassenton thebusin thepreviousstep.

� Keepin mind thesketchesof microprocessorproofsthatwe studiedin class,whendecidinghow to setup both
yourmodelandyourproof of cachecoherence.
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