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Locking relies on programmer conventions!

• If a thread holding a lock is delayed, other contending threads cannot 
make progress
• All contending threads will possibly wake up, but only one can make progress

• Deadlocks

• Priority inversion

• Locking relies on programmer conventions
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/* 
* When a locked buffer is visible to the I/O layer
* BH_Launder is set. This means before unlocking
* we must clear BH_Launder,mb() on alpha and then
* clear BH_Lock, so no reader can see BH_Launder set
* on an unlocked buffer and then risk to deadlock. 
*/

Actual comment 
from Linux Kernel

Bradley Kuszmaul, and Maurice Herlihy and Nir Shavit



Transactional Memory

• Transaction: A computation sequence that executes as if without 
external interference
• Computation sequence appears indivisible and instantaneous

• Proposed by Lomet [‘77] and Herlihy and Moss [‘93]
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Advantages of TM

Programmer says what needs to be atomic
• TM system/runtime implements synchronization

Declarative abstraction
• Programmer says what work should be done

• Compare with imperative abstraction

• Programmer says how work should be done

Easy programmability (like coarsegrained locks)
• Performance goal is like finegrained locks
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Basic TM Design

• Transactions are executed speculatively

• If the transaction execution completes without a conflict, then the 
transaction commits
• The updates are made permanent

• If the transaction experiences a conflict, then it aborts
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Version Management

TMs need to track updates for conflict 
resolution

Eager

• Tx directly updates data in memory  (direct 
update)

• Maintains an undo log with overwritten values

• Values in the undo log are used to revert 
updates on an abort
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Eager version 
management

Upon 
commit

On abort

Flush undo 
log

Write back 
undo log



Version Management

Lazy

• Tx updates data in a private redo log

• Updates are made visible at commit 
(deferred update)

• Tx reads must lookup redo logs

• Discard redo log on an abort
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Lazy version 
management

Upon 
commit

On abort

Write back 
redo log

Flush redo 
log
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Pessimistic Concurrency Control
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time

rdTx p wrTx q wrTx rstartTx
commit

Tx

rdTx p wrTx qstartTx wrTx r
commit

Tx

Conflict occurs, is detected, and is resolved by 
delaying Thread 2’s Tx

Thread 1

Thread 2



Optimistic Concurrency Control
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time
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Conflict 
occurs

Thread 1

Thread 2

rdTx p wrTx q wrTx rstartTx

Conflict 
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Providing Txs: TM Implementations

Software Transactional Memory (STM)

Hardware Transactional Memory (HTM)
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STMs vs HTMs

STM

• Supports flexible techniques in 
TM design

• Easy to integrate STMs with PL 
runtimes

• Easier to support unbounded Txs
with dynamicallysized logs

• More expensive than HTMs

HTM

• Restricted variety of 
implementations

• Need to adapt existing runtimes 
to make use of HTM

• Limited by boundedsized 
structures like caches

• Better performance than STMs

CS636 Swarnendu Biswas 73



▪

▪

▪



▪

▪

▪



▪

▪



▪

CPU

Cache

ALUs

TM State

Tag DataV

Registers



CPU

Cache

ALUs

TM State

Tag DataVWR

Registers

▪



CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

▪

Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

0 0

0 0

0 0



Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

A 3311 0

▪

0 0

0 0



Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

A 3311 0

▪

1 0

0 0



Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

A 3311 0

B 510 1

▪

1 0



Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

1 0

A 3311 0

B 510 1 upgradeX C
0 0

0 0

0 0

▪



Xbegin

Load A

Load B

Store C ⇐ 5

Xcommit

CPU

Cache

ALUs

TM State

Tag DataV

C 91

WR

Registers

A 331

B 51

upgradeX D 

upgradeX A

▪

1 0

0 1

1 0



Software Transactional Memory (STM)

Data structures

• Need to maintain perthread Tx
state

• Maintain either redo log or undo 
log

• Maintain perTx read/write sets

• McRTSTM, PPoPP’06

• BartokSTM, PLDI’06

• JudoSTM, PACT’07

• RingSTM, SPAA’08

• NoRec STM, PPoPP’10

• DeuceSTM, HiPEAC’10

• LarkTM, PPoPP’15
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Implementing STM

• Use compilation passes to 
instrument the program
• startTx()  Tx entry point (prolog)
• commitTx()  exit point (epilog)

• readTx/writeTx  Transactional 
read/write accesses

• TM runtime tracks memory 
accesses, detects conflicts, and 
commits/aborts Txs
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atomic {
tmp = x;
y = tmp + 1;

}

td = getTxDesc(thr);
startTx(td);
tmp = readTx(&x);
writeTx(&y, tmp+1);
commitTx(td);


