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This document is a rudimentary tutorial and documentation for SXM 1.1, the C# software transactional memory software package. An elementary knowledge of C# is helpful.
SXM is intended to facilitate experimentation with new algorithms and techniques for implementing software transactional memory. Users are encouraged to implement and experiment with new components, particularly benchmarks, contention managers, and object factories, and to contribute them to future releases of SXM.

What is Software Transactional Memory?

Software Transactional Memory is a concurrent programming API in which conventional critical sections are replaced by transactions. A transaction is a sequence of steps executed by a single thread. Transactions are atomic: each transaction either commits (it takes effect) or aborts (its effects are discarded). Transactions are linearizable (or serializable): they appear to take effect in a one-at-a-time order. Transactions are intended to facilitate fine-grained synchronization: there is no need to track of which locks protect which objects, and no need for elaborate deadlock-avoidance protocols. See the bibliography for a more complete discussion.
How To Run Benchmarks

Important: your executable must be trusted by the common language runtime or SXM will not work. Effectively, this means your executable must reside on a local disk (say, C:\)and not on a network file system

To run SXM from a shell, build SXM.exe using Visual Studio .Net 2003 or later. From a shell call

SXM -b main [-m mgr] [-t #threads] [-n #ms] [-e experiment#] [-f factory]
Where

· -b fully-qualified benchmark program name (for example, SXM.List) 
· -m fully-qualified contention manager name. Default: SXM.GreedyManager
· -m fully-qualified transactional object factory name. Default: SXM.TMemFactory
· -t number of threads. Default: 1.

· -n milliseconds to run. Default: 5000 (five seconds). 
· -e integer to be interpreted by benchmark.  Defaults to 1.

· -f fully-qualified object factor.  Default: SXM.TMemFactory.

Defaults can be set by changing the file Defaults.cs.

To run SXM from Visual Studio, right-click SXM in the Solution Explorer window, go to Properties, and set Debugging->Command Line Arguments as described above.
Benchmark Walkthrough

Perhaps the easiest way to learn how to use SXM is to walk through a simple benchmark. In the List benchmark, a number of concurrent transactions add items, remove them, and search through a sorted list. The complete code is in the Benchmarks folder.
A list element is declared as follows:

 [Atomic]

 public class Node

 {

 
protected int value;

 
protected Node next;       


public Node(int value) 


{



this.value = value;


}      

public virtual int Value


{



get



{




return value;



}



set



{




this.value = value;



}


}


public virtual Node Next


{



get



{




return next;



}



set



{




this.next = value;



}


}

}

The first line, [Atomic], assigns the SXM.AtomicAttribute attribute to this class. All objects shared by concurrent transactions must belong to a class having this attribute.
The class itself has two fields: value and next with the obvious meanings. The fields themselves must be protected. Access to the fields is controlled by properties called Value and Next
.These properties must be public and virtual.
This class provides a constructor Node(int value). You should not call this constructor directly via new. Instead, atomic objects are created by a two-step process. First, create a factory for the Node class:

IFactory factory = new XAction.MakeFactory(typeof(Node));
This factory creates transactional proxies that intercept property calls. Once the factory is created, individual objects are created as follows:


Node node = (Node)factory.Create(value);

The call to factory.Create(…) calls the base type constructor with the same number and types of arguments.

Method calls that occur outside a transaction have the same effect as regular, unsynchronized method calls. They are not thread-safe, but are useful for initializing data objects before running benchmarks and running sanity checks afterwards.
A method that operates on shared data takes a variable-length list of object arguments and return a value of type object. For example, here is the code for inserting an element into the list: 
public override object Insert(object _v) 

{


int v = (int)_v;


Node newNode = (Node)factory.Create(v);


Node prevNode = this.root;


Node currNode = prevNode.Next;


while (currNode.Value < v) 


{



prevNode = currNode;



currNode = prevNode.Next;


}


if (currNode.Value == v) 


{



return false;


}


else


{



newNode.Next = prevNode.Next;



prevNode.Next = newNode;



return true;


}

}
This code fragment illustrates how to use factories and properties to structure the body of a transaction.

To prepare this method to be executed by a transaction, we must turn it into an XStart delegate, a kind of strongly-typed function pointer:

XStart insertXStart = new XStart(Insert);

This call creates a new XStart delegate that takes a variable number of arguments and returns a result. We can execute this delegate as a transaction like this:
XAction.Run(insertXStart, value)

Here, the method is called with a single argument, which is passed through to the method.
Here  are the rules for implementing atomic objects:

· All fields must have protected visibility.
· All field types must either be

· Scalar (that is, System.ValueType or System.Enum)

· References to classes with the Atomic attribute (if you need an array field, use the AtomicArray class provided).

· A new atomic object is created using a transactional object factory
· Create a factory of default type  by calling
IFactory factory = XAction.MakeFactory(type)
· Create an object of type type by calling 
Type x = factory.Create(…);

Conditional Waiting
SXM supports a new, modular form of conditional waiting via the method XAction.Retry(). This call aborts the current transaction, and restarts it when some object accessed by that transaction has been modified.
For example, here is how one might implement a bounded buffer. We start with the atomic object itself.

[Atomic]


public class Buffer


{



protected int capacity;



protected int size;



protected AtomicArray data;



public Buffer(int capacity) 



{




this.data = new AtomicArray(capacity);




this.size = 0;




this.capacity = capacity;



}



// Size and Capacity properties omitted for brevity.


… 


// Indexer to access the buffer array.


public virtual int this[int i]



{




get




{





return (int)this.data[i];




}




set




{





this.data[i] = value;




}



} 
}

As in the previous example, the protected capacity and size fields are accessed by public virtual properties Capacity and Size (not shown). The elements are kept in a field of type AtomicArray (you can’t use a regular integer array because it is not Atomic).  Elements are accessed by a C# indexer, a method that is called using an array-like syntax.

Here is a fragment of the benchmark itself.

public class Buffer: SXM.Benchmark


{ 


// atomic shared buffer


Buffer buffer;



…



/// <remarks>



/// Put a value into the buffer.



/// </remarks>



public object Put(params object[] _v) 



{



// value to be put in buffer



int v = (int)_v[0]; 



// check buffer size



int size = buffer.Size; 



// cannot proceed if buffer is full



if (size == buffer.Capacity - 1) 




{








// try again later




XAction.Retry();




} 



// put item in buffer



buffer[buffer.Size++] = v;




return null;



}

}

The Put() method expects an integer argument. It first tests whether the buffer is full. If so, it calls XAction.Retry() to try again later. There is no guarantee that the transaction will find space in the buffer when it is restarted, but the SXM run-time system reruns the transaction only after some other transaction has modified the object. Otherwise, if there is room, the method places the new item in the buffer and increments the size.

The OrElse Combinator

SXM also provides a way to provide alternative execution paths. Suppose you want to remove an item from buffer b1, but if b1 is empty, then instead of  blocking you would prefer to remove an item from buffer b2. 

Let Get1() be a method that tries to remove an item from b1, and calls Retry if the buffer is empty, and similarly for Get2().  Create an XStart delegate as follows:


getXStart = XAction.OrElse(new XStart(Get1), new XStart(Get2));

This composite delegate can be run like any other transaction:


int x = (int)XAction.Run(getXStart);
Contention Managers

Two transactions conflict if they access the same object and one access modifies the object. Transaction synchronization in SXM is optimistic: a transaction commits only if, at the time it finishes, no other transaction has executed a conflicting access.

If transaction A discovers it is about to conflict with B, then it has a choice: it can pause, giving B a chance to finish, or it can proceed, forcing B to abort. Faced with this decision, A will ask its local contention manager module which choice to make.
The literature includes a number of contention manager proposals, ranging from simple strategies such as exponential back-off to elaborate priority-based schemes. Empirical studies have shown that the choice of a contention manager algorithm can affect transaction throughput, sometimes substantially. SXM provides several alternative contention manager implementations, and you are free to implement your own. See the Managers folder for examples.
Transactional Object Factories

Earlier software transactional memory systems required you to enclose shared data in synchronization “wrappers” that had to be explicitly “opened”, a tedious and error-prone process. SXM uses an object factory to generate code for transactional synchronization at run-time. SXM currently supports two factory implementations: TMemFactory simulates a hardware transactional memory using very short critical sections, and OFreeFactory provides obstruction-free synchronization using a combination of copying and compare-and-swap calls. Users are encouraged to write their own factories and to experiment with alternatives. See the Factories folder for examples.

Miscellaneous

Both TMemFactory and OFreeFactory support nested transactions. It is possible to abort a child transaction without aborting its parent provided the object at which the conflict occurs was accessed only by the child, and never by the parent. Other factories may implement other policies.
If a transaction creates an object, modifies it, and then aborts, then that object will continue to exist in its initial state, but all modifications will be discarded. Most likely the object will be garbage-collected, but it could escape via an exception.
Bugs? Comments? Enhancements?

Contact herlihy@cs.brown.edu. Intemperate messages will be ignored.
On-Line Bibliography
See http://www.cs.wisc.edu/trans-memory/ 
� A property in C# is a way of providing get and set methods that look like field accesses: p.Next = q is syntactic sugar for p.set_Next(q), and so on. It is a convention to use lower-case for field names, but to capitalize property names.





