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Abstract 
With single thread performance starting to plateau, HW architects 
have turned to chip level multiprocessing (CMP) to increase 
processing power. All major microprocessor companies are 
aggressively shipping multi-core products in the mainstream 
computing market. Moore’s law will largely be used to increase 
HW thread-level parallelism through higher core counts in a CMP 
environment. CMPs bring new challenges into the design of the 
software system stack.  

In this tutorial, we talk about the shift to multi-core processors 
and the programming implications. In particular, we focus on 
transactional programming. Transactions have emerged as a 
promising alternative to lock-based synchronization that 
eliminates many of the problems associated with lock-based 
synchronization. We discuss the design of both hardware and 
software transactional memory and quantify the tradeoffs between 
the different design points. We show how to extend the Java and 
C languages with transactional constructs, and how to integrate 
transactions with compiler optimizations and the language 
runtime (e.g., memory manager and garbage collection).    

Categories and Subject Descriptors    D.3.3 [Programming 
Languages]: Language Contructs and Features – Concurrent 
programming structures. 

General Terms   Algorithms, Performance, Languages. 

Keywords transactional memory, atomicity, parallel 
programming, hardware architecture. 

1. Introduction 
Transactional memory provides a new concurrency control 
construct that significantly eases concurrent programming. 
Composing software modules written using locks can lead to 

well-known problems such as deadlock and poor scalability. 
Transactional memory avoids the pitfalls of lock-based 
synchronization while providing scalability. Transactional 
memory brings to mainstream parallel programming proven 
concurrency control concepts used for decades by the database 
community. Transactional language constructs are easy to use and 
can lead to programs that scale. By avoiding deadlocks and 
automatically allowing fine-grained concurrency, transactional 
language constructs enable the programmer to compose scalable 
applications safely out of thread-safe libraries. 
This tutorial gives a comprehensive overview of transactional 
memory, presents the current state of the art in transactional 
memory research, and discusses open research problems. 
We show how transactional memory can avoid the problems of 
lock-based synchronization such as deadlock and poor scalability 
when lock-based software modules are composed. We discuss 
how transactional constructs can be added to languages as an 
alternative to current synchronization constructs. We present 
hardware and software strategies for implementing transactional 
memory, as well as hybrid approaches that combine hardware and 
software techniques. We show how to integrate transactional 
memory with other language and runtime features such as garbage 
collection and exception handling. We also show how to leverage 
compiler optimizations to reduce the overheads of transactional 
memory. We will also discuss advanced semantic issues such as 
nesting and two-phase commit. Finally, we will present some 
important open research issues. 
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Transactional solution

class Bank {

HashMap accounts;

…

void deposit(String name, int amount) {

atomic {

int balance = accounts.get(name); // Get the current balance

balance = balance + amount; // Increment it

accounts.put(name, balance); // Set the new balance

}

}

…

}

Thread-safe – and it scales!

Safe composition + performance
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Transactional memory benefits

As easy to use as coarse-grain locks

Scale as well as fine-grain locks

Safe and scalable composition

Failure atomicity:

• Automatic recovery on errors
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Traditional exception handling

class Bank {

Accounts accounts;

…

void transfer(String name1, String name2, int amount) {

synchronized(accounts) {

try {

accounts.put(name1, accounts.get(name1)-amount);

accounts.put(name2, accounts.get(name2)+amount);

}

catch (Exception1) {..}

catch (Exception2) {..}

}

…

}

Manually catch all exceptions and determine what needs 
to be undone 

Side effects may be visible to other threads before they 
are undone
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Failure recovery using transactions

class Bank {

Accounts accounts;

…

void transfer(String name1, String name2, int amount) {

atomic {

accounts.put(name1, accounts.get(name1)-amount);

accounts.put(name2, accounts.get(name2)+amount);

}

}

…

}

System rolls back updates on an exception

Partial updates not visible to other threads 
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Condition synchronization using locks

Enqueue() must explicitly notify to wake up blocking thread

Forgetting the notify causes a lost wakeup bug

Recheck isEmpty() in a loop because of spurious wakeups

Object blockingDequeue(…) {

synchronized (this) {

// Block until queue has item

while (isEmpty()) {

try {

this.wait();

} catch(InterruptedException ie) { }

}

return dequeue();

}   }

Lock-based condition 
synchronization uses 

wait & notify
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Condition synchronization with transactions

Object blockingDequeue(…) {

// Block until queue has item

atomic {

if (isEmpty())

retry;

return dequeue();

}

}

retry

• Rolls back (nested) transaction

• Waits for change in memory state

• Store by another thread implicitly signals blocked thread

���� No lost wakeups

• See paper by Harris et al [PPoPP ’05] & Adl-Tabatabai et al [PLDI ‘06]
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Conditional atomic regions

Object blockingDequeue(…) {

// Block until queue has item

when (!isEmpty())

return dequeue();

}

when

• Blocks until condition holds

• See Harris & Fraser’s paper in [OOPSLA ’03] and IBM X10 paper in

[OOPSLA ’05]
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Composing alternatives

atomic {

q1.blockingDequeue();

} orelse {

q2.blockingDequeue();

} orelse {

q3.blockingDequeue();

}

orelse

• Execute exactly one clause atomically

• Left-bias: Try in order

• User retry: Try next alternative

���� Allows composition of alternatives

• See paper by Harris et al [PPoPP’05] & Adl-Tabatabai et al [PLDI‘06]
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Scalability of component-based software 
using TM

Mainstream software composed using modular SW components

– TM makes this easy for parallel apps

Component-based code can form long-running transactions

� large read & write sets + long execution time

Long-running transactions may not perform well

– More likely to conflict 

– More expensive to abort

– Higher STM overheads

– Won’t fit in cache

Many false data conflicts in components-based code

– 2 API calls that don’t conflict semantically but conflict at the memory level
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Nested transactions

class AtomicHashMap {

HashMap m;

Object get(Object key) {

atomic {return m.get(key);}

}

Object put(Object key,Object val) {

atomic {return m.put(key,val);}

}

. . .
}

T1: 

atomic { 

. . .

v2=m.get(k2); 

. . .

}

T2:

atomic { 

. . .

m.put(k3,v3);

. . .

}

Closed nesting: child transaction merged into parent on commit
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Example: HashMap

T1: 

atomic { 

. . .

v = m.get(k2); 

. . .

}

T2:

atomic { 

. . .

m.put(k3,v3); 

. . .

}

K1:v1 K2:v2

K3:v3

Conflict!

T1 & T2 conflict at the memory level but not at the semantic level
Semantically, conflict only if T2 updates the value that T1 gets

Solution: T1 should remember only that k2 was accessed
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Open nested transactions

Object get(Object key)  {

atomic

{return map.get(key);} }

Object put(Object key, Object value) {

atomic

{

Object oldValue = map.put(key, value);

return oldValue;

} 

onabort {

if (oldValue != null)

map.put(key,oldValue);

else map.remove(key);

}

[key:SHARED] [key:EXCLUSIVE]openatomic openatomic

Open atomic: 
• commit makes side effects 
visible independently of parent

Abstract locks: 
• avoids semantic level conflicts

Compensating actions: 
• rolls back side effects on parent 
abort

See paper by Ni et al [PPoPP’07] & Carlstrom et al [PPoPP’07]
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Summary

Multicore: an inflection point in mainstream SW development

Navigating inflection requires new language abstractions
– Safety

– Scalability & performance

– Modularity

Transactional memory enables safe & scalable composition of 
software modules
– Automatic fine-grained & read concurrency

– Avoids deadlock

– Automatic failure recovery

– Avoids lost wakeups, allows composition of alternatives

– Allows development of scalable libraries via open nesting

Many open research challenges
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Research challenges

Performance

– Compiler optimizations

– Right mix of hardware & software components

– Dealing with contention

Semantics

– Memory model

– Nested parallelism

– Integration with locks

Debugging & performance analysis tools

– Good diagnostics

System integration

– I/O

– Transactional OS

– Distributed transactions
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Questions?
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