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Atomic blocks and scalability

ÅTypical implementations of atomic blocks let 
them execute concurrently as long as there are 
no conflicts at an object level

atomic { tmp1 = o1.x; } atomic { tmp2 = o1.x; }

atomic { o1.x = 17; } atomic { o2.x = 42; }

atomic { o1.x = 42; } atomic { o1.y = 17; }

atomic { tmp1 = o1.x; } atomic { o1.y = 17; }



ÅThis provides a way for programmers to 
anticipate which transactions will run 
concurrently and which cannot

ïUnlike hashing on heap addresses

ÅPrograms can suffer from ôbenignõ conflicts

ïInformally: conflicting operations where òthe conflict 
doesnõt really matteró

Problem: benign conflicts



#1 ðShared temporaries

atomic { // Tx-1 atomic { // Tx-2

workOn(g_o1); workOn(g_o2);

} }

void workOn(Object o) {

g_temp = o;

// Work on óg_tempô

}

Both threads will update 
Ψg_tempΩΦ  hƴƭȅ ƻƴŜ ǿƛƭƭ 
be allowed to commit.  

ÅTransactional version of ôxlispõ

ÅRed-black tree sentinel node fields

ÅHaskell-STM identifies transactionally-silent stores



#2 ðFalse sharing

atomic { // Tx-1 atomic { // Tx-2

g_obj.x ++; g_obj.y ++;

// Private work // Private work

} }

Both threads will update 
ŦƛŜƭŘǎ ƻŦ Ψg_objΩΦ  hƴƭȅ ƻƴŜ 
will be allowed to commit.  

ÅDifferent perf-counter fields

ÅCan be avoided by restructuring code...

Å...or by a finer-granularity of conflict detection



#3 ðCommutativity & layering

atomic { // Tx-1 atomic { // Tx-2

g.Insert(100, v1); g.Insert(200, v2);

// Private work // Private work

} }

The operations on the shared collection 
commute, but the STM operations and 

memory accesses do not

ÅUpdates to the same perf counter 

ÅCan avoid with open-nesting (ONTs) ðbut care 
required to retain serializability of transactions



#4 ðLow-level conflicts

atomic { // Tx-1 atomic { // Tx-2

f = g_l.Find(1000); g_l.Insert(10);

} }

LŦ Ψg_lΩ ƛǎ ŀ ǘȅǇƛŎŀƭ ƭƛƴƪŜŘ ƭƛǎǘ ǘƘŜƴ 
Tx-мΩǎ ǊŜŀŘ ǎŜǘ ǿƛƭƭ ōŜ ƳŀǎǎƛǾŜ ŀƴŘ 

conflict with Tx-нΩǎ ǳǇŘŀǘŜ

ÅSTM-specific hooks to trim the read set

ÅNeed great care to ensure correctness (suppose 
we add DeleteFrom...)



#5 ðArbitrary choices

while (true) {

atomic { // Tx-1 

t = getAny(g_in); 

if (t == null) break; 

// Work on t 

put(g_out, t);

} } }

Run two loops in parallel ς
ǘƘŜȅΩƭƭ ōƻǘƘ ǇƛŎƪ ǘƘŜ ǎŀƳŜ 
ƛǘŜƳǎ ŀƴŘ ŎƻƴŦƭƛŎǘΧ

ÅOpen-nesting can be used directly (taking care 
with empty lists)

ÅUse randomization



Discussion

ÅSome cases can/could be handled automatically

ïShared temporaries: recognise as a form of silent store

ïFalse conflicts due to granularity

ÅSome cases are handled by ONTs

ïCommutative operations on a collection

ïArbitrary removal from a work-queue

ÅOther cases use manual optimization interfaces

ïLow-level conflicts in linked-list operations

Do this transparently in 
the implementation

Use randomization?

Develop analyses or new 
dynamic techniques?



Overview: abstract nested transactions

ÅANTs identify possible benign conflicts in the 
source code

ïWe do this manually

ïIt could be automated in the future

ÅOur new syntax is semantically transparent

ïImpacts the programõs performance, not possible 
behavior

ïPoor usage of ANTs may slow down a program; it 
wonõt make it crash



#2 ðFalse sharing

atomic { // Tx-1 atomic { // Tx-2

ant { g_obj.x ++; } ant { g_obj.y ++; }

// Private work // Private work

} }

Both threads will update 
ŦƛŜƭŘǎ ƻŦ Ψg_objΩΦ  hƴƭȅ ƻƴŜ 
will be allowed to commit.  

ÅDifferent perf-counter fields

ÅCan be avoided by restructuring code...

Å...or by a finer-granularity of conflict detection



#3 ðCommutativity & layering

atomic { // Tx-1 atomic { // Tx-2

ant  { g.Insert(100, v1); } ant { g.Insert(200, v2); }

// Private work // Private work

} }

The operations on the shared collection 
commute, but the STM operations and 

memory accesses do not

ÅUpdates to the same perf counter 

ÅCan avoid with open-nesting (ONTs) ðbut care 
required to retain serializability of transactions



What does this actually do?

ÅGoal is to

ïDetect conflicts experienced by an ANT

ïUpon conflict just re-execute the ANT, not whole tx

ÅDo this by

ïTracking the inputs to the ANT (values it reads from 
the heap, variables it reads from)

ïTracking the outputs from the ANT (values it writes to 
the heap, variables it updates, result value/exception)

ÅIn case of conflict

ïRe-execute the ANT with the same inputs 

ïCheck it produces the same outputs



Why can it help?

ÅBefore:

First ANT execution Fail to commit

After:

First ANT execution Re-execute ANTs

Commit

ANT invalidated by physical 
conflicts in this interval

Re-executed ANT recovers 
from physical conflict 

Re-execute 
everything



Basic implementation (GHC)

r0 = <LOTS-OF-WORK> ; 

ant { o1.ctr ++ } ;  

r1= <LOTS-OF-WORK> ; 

ant { o2.ctr ++ } ;

Addr Old New

Ordinary transaction log

Addr Old New

0x2000 20 21

0x3000 40 41

ANT log

0x1000 100 200

0x6004 400 500

ANT action list

Closureto run
{ o1.ctr ++;  }

Closureto run
{ o2.ctr ++;  }



Commit: refresh the ANT log
ÅValidate the ANT log

ïOK? Weõre done

ïInvalid? Discard the log and re-run ANTs

Addr Old New

Ordinary transaction log

Addr Old New

0x2000 20 21

0x3000 40 41

ANT log

0x1000 100 200

0x6004 400 500

ANT action list

Closureto run
{ o1.ctr ++;  }

Closureto run
{ o2.ctr ++;  }

Addr Old New

0x2000 340 341

0x3000 500 501



Commit
ÅFinish the commit operation:

ïCommit the ANT log into the ordinary log

ïCommit the resulting log to the heap

Addr Old New

Ordinary transaction log ANT log

0x1000 100 200

0x6004 400 500

ANT action list

Closureto run
{ o1.ctr ++;  }

Closureto run
{ o2.ctr ++;  }

Addr Old New

0x2000 340 341

0x3000 500 501

0x2000 340 341

0x3000 500 501



Prototype perf



Conclusion

ÅPrototype implementation in progress in GHC

ïFall-back to direct execution in complex cases

ïSeveral ideas for perf improvements

ÅKey argument for this approach:

ïDeal with some of the uses of open nesting

ïGuarantee atomic means atomic

ïProvide reasonable perf, good scalability


