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An exampleSPARC architecture[2, 3] is shown below. Thereis onewrite buffer associated
with eachprocessor1. A buffer is local to its processor. Themainmemoryis singleportedwith a
non-deterministicswitchproviding onememoryaccessat a time.
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Eachbuffer operatesin parallelwith theprocessor. Whenaprocessorperformsawrite, it does
notwait for it to becommittedto mainmemory. Instead,thewrite is sentto thewrite buffer which
will be responsiblefor committing the pendingwrites to main memory in a First-In-First-Out
(FIFO)order.2

Whena readis issuedby a processor, theassociatedwrite buffer is checked for any pending
writesto thesamelocationor variable.If thereis any suchwrites,thevalue“to bewritten” by the
lastsuchwrite is returned.In this case,thereadcompleteswithout accessingmainmemory. The
readaccessesmainmemoryin thenormalmannerwhenthereareno pendingwrites to thesame
locationin theassociatedbuffer.

Thebuffer mechanismimpliesthatawrite by aprocessor, sayP, becomesimmediatelyvisible
to P, but may take sometime to becomevisible to others.That is, a write will not be visible to
otherprocessorsuntil it is committedto mainmemory.

For this reason,a solutionto thecritical sectionproblemwithout hardwaresynchronizationis
impossible(a formal theoremis elsewhere[1]). For instance,recallPeterson’s Algorithm for two
processes(thecodefor processPi is givenbelow).

1Thetermprocessoris usedto meana processaswell.
2FIFO buffersapplyto oneversionof SPARC; oneotherbuffer arrangementexists.
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Here is a scenariowhereMutual Exclusionis violated betweenP0 and P1 on SPARC. The
scenariois basedon the possibility of both P0 andP1 enteringtheir critical sectionsbeforethe
contentsof theirbuffersareemptied.

O In sharedmemory,
&�')()*-,

0/QP false,
&�')(+*-,

1/RP false, and 8+> � 6SP 0.

O P0 executeslines
BDC)E

and
BIH�E

. Thesewrites are sentto the buffer. P0’s buffer contains
“
&�')()*-,

0/TF true” and“ 8+> � 6UF 1”. P0 executesline
BLK�E

reading
&�'+()*-,

1/ from shared
memory. Since

&�')()*-,
1/ is false, P0 entersits critical section.

Thevaluesin sharedmemoryarestill intact (
&�')()*M,

0/VP false,
&�')()*M,

1/VP false, and 8+> � 6P 0.)

O P1 executeslines
BDC)E

and
BIH�E

. Thesewrites are sentto the buffer. P1’s buffer contains
“
&�')()*-,

1/RF true” and“ 8�> � 6WF 0”.

Thevaluesin sharedmemoryarestill intact (
&�')()*M,

0/VP false,
&�')()*M,

1/VP false, and 8+> � 6P 0.)

P1 executesline
BLKXE

reading
&�')()*-,

0/ from sharedmemory. Since
&�')()*-,

0/ is false, P1

entersits critical section.

Hardware syhcnronizationis supportedin SPARC through the Y � ([Z!\ 8 �9] 4  B^E instruction3

whichcanbedescribedasfollows:

Y � ([Z!\ 8 �_] 4  %` x ? v a%b
begin[atomic]

t F x
x F v
return t

end[atomic]
3Also referedto as cDd9egf!hDikj_e�lDm_n^d9epo9q .
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This instructionis executedatomically, meaningthat its executionis performedin a critical
section.As thenamesuggests,this instructionis botha loadanda store.4 Therefore,it is sentto
the buffer like any otherstore. Sinceloadsareblocking a SwapAtomicis alsoblocking. When
buffersareFIFO,aSwapAtomicflushesthewrite-bufferbeforetheprocessorisallowedto proceed.
TheprocessorproceedswhentheSwapAtomicchangesthevalueof x in memoryandreturnsthe
old valueto theprocessor.

Exercises

1. Modify Peterson’s two processalgorithmsothatit workson SPARC. OneSwapAtomicper
processis necessaryandsufficient.

2. Arguethatwhenbuffersarenot FIFO theSwapAtomicinstructionis no longersufficient to
solve theproblem.That is, whenthebuffersarenot guaranteedto beFIFO,morehardware
supportis required.
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4A storeis a write anda loadis a read.
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