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2. CCR

CCR

Concurrency and Coordination Runtime (CCR) .NET 2.0. Common Language Runtime

managed code library (DLL) . CCR
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CCR API
CCR
1. (Port) PortSet (queueing primitives ) ( CCR PortSet).
Port FIFO (First In First Out) CLR (type)
Arbiter
2. (coordination primitives )  arbiter . ( CCR ).
delegate . (nest)
3. Dispatcher, Dispatcher (Task primitives ) ( CCR
). CCR
(abstract ) . CCR

(wide execution resource) CLR

(thread pool )

(O] (isolated pools )
(0N
Dispatcher . Dispatcher Dispatcher
, Dispatcher
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CCR  (Port) PortSet
CCR (common primitive)
IPortReceive IPort
(retrieve)
) default (implementation )
(argumeny)
<> generic class
Port<int> System.Int32 CLR
(Posting Items )
. Arbiters ,
(non-blocking) Post
CCR
1

Port<> class

Microsoft ROBOTICS STUDIO

strongly typed (type object

generic type

. ( C++ ).

(type argument)

Arbiter

(evaluation )

/I Create port that accepts instances of System.Int32

Port<int> portint = new Port<int>();

// Add the number 10 to the port
portint.Post(10);

/I Display number of items to the console
Console.WriteLine(portint.ltemCount);

integer (type)

ItemCount 1

(Retrieving | tems

10
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" queue
Test

flase

FIFO

" queue

/I Create port that accepts instances of System.Int32
Port<int> portint = new Port<int>();
/I Add the number 10 to the port
portint.Post(10);
/I Display number of items to the console
Console.Write Line(portint.ItemCount);
/I retrieve the item using Test
int item;
bool hasltem = portint. Test(out item);
if (hasltem)
{
Console.WriteLine("Found item in port:" + item);

}

Test

thread - safe ItemCount

/I Create port that accepts instances of System.Int32
Port<int> portint = new Port<int>();

// Add the number 10 to the port

portint.Post(10);

/I Display number of items to the console
Console.WriteLine(portint.temCount);

(block)

parameter null

, arbiter
CCR
CCR

/I create dispatcher and dispatcher queue for scheduling tasks
Dispatcher dispatcher = new Dispatcher(0, "sample dispatcher");
DispatcherQueue taskQueue = new DispatcherQueue("sample queue", dispatcher);

12
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/I retrieve the item by attaching a one time receiver
Arbiter.Activate(
taskQueue,
Arbiter.Receive(
false, // one time
portint, // port to register on
delegate(int item) // user delegate

{
/I this code executes in parallel with the method that
/[ activated it
Console.WriteLine("Received item:" + item);

}

)

/I any code below runs in parallel with delegate

Example 1 , Test arbiter
Arbiter.Activate . (anonymous method
delegate . Delegate Dispatcher
dispatcher . Delegate (main
body) . delegate
arbiters

(Inspecting Port State )

Port<>
q ToString -| default ToString() override
q IltemCount - ) (persisted )
arbiter 0
Arbiter item ,
PortSet
Port<> generic , single container
Port<> : (entity )
PortSet<> generic CCR
public
CCR N Port<> strongly typ ed PortSet

13



) I/0

PortSet (Constructing a PortSet instance )
PortSet
1. generic Port<>
CCR PortSet (implementations ) CLR 20 , .NET Compact
Franework 8 generic
(type) , PortSet
2. parameter (initialization constructor )
(type) , Port<>
Post
(PostUnknownType TryPostUnknownType )
1
4

/I Create a PortSet  using generic type arguments

PortSet<int, string, double> genericPortSet = new PortSet<int, string,
double>();

genericPortSet.Post(10);

genericPortSet.Post("hello™);

genericPortSet.Post(3.14159);

/I Create a runtime PortSet, using the initialization
/I constructor to supply an array of types
PortSet runtimePortSet = new PortSet(
typeof(int),
typeof(string),
typeof(double)
)i
runtimePortSet.PostUnknownType(10);

runtimePortSet.PostUnknownType("hello™);
runtimePortSet.PostUnknownType(3.14159);

PortSet
generic type array . strongly typed

14
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Post non generic PortSet (derives ) generic

PortSet<>

/Il <summary>

/Il PortSet that accepts items of int, string, double

Il </[summary>

public class CcrConsolePort  : PortSet<int, string, double>

{
}

/Il <summary>
/Il Simple example of a CCR component that uses a PortSet to abstract
/Il its API for message passing
/Il </[summary>
public class CcrConsoleService
{
CcrConsolePort _mainPort;
DispatcherQueue _taskQueue;
/Il <summary>
/Il Creates an instance of the service class, returning only a PortSet
/Il instance for communication with the service
Il </[summary>
/Il <param name="taskQueue"></param>
Il <returns></returns>
public static CcrConsolePort Create(DispatcherQueue taskQueue)

CcrConsoleService console = new CcrConsoleService(taskQueue);
console.Initialize  ();
return console._mainPort;

}

/Il <summary>

/Il Initialization constructor

/Il </[summary>

/Il <param name="taskQueue">DispatcherQueue instance used for scheduling</param>
private CcrConsoleServ ice(DispatcherQueue taskQueue)

{
/I create PortSet instance used by external callers to post items
_mainPort = new CcrConsolePort();
/I cache dispatcher queue used to schedule tasks
_taskQueue = taskQueue;
}

private void Initialize()
{
/I Activate three persisted receivers (single item arbiters)
/I that will run concurrently to each other,
/I one for each item/me  ssage type
Arbiter.Activate(_taskQueue,
Arbiter.Receive<int>(true, _mainPort, IntWriteLineHandler),

15



Arbiter.Receive<string>(true, _mainPort, StringWriteLineHandler),

Arbiter.Receive<double>(true, = _mainPort, DoubleWriteLineHandler)
)i
}
void IntWriteLineHandler(int item)
{
Console.WriteLine("Received integer:" + item);
}
void StringWriteLineHandler(string item)
{
Cmsole.WriteLine("Received string:" + item);
}
void DoubleWriteLineHandler(double item)
{
Console.WriteLine("Received double:" + item);
}
}
(type arguments) PortSet CcrConsolePort
generic type portset
CcrConsoleService CCR
object private
PortSet (static routine ) , PortSet
(Type Safety)
PortSet
(enumeration) . generic PortSet Port<>
invoke , (type argument) PortSet
PortSet<> Port<> implicit ~ conversion
PortSet
6
PortSet<int,string,double> portSet = new PortSet<int,string,double>();
/I the following statement compiles because of the implicit assignment
operators

/Il that "extract" the instance of Port<int> from the PortSet

Port<int> portint = portSet;

/I the implicit assignment operator is used below to "extract" the Port<int>
/I instance so the int receiver can be re gistered
Arbiter.Activate(_taskQueue,

16
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Arbiter.Receive<int>(true, portSet, delegate(int item) {})

)i
use case implicit operator
1. PortSet Port<>
2. Port<> Extracting

Port<>

Arbiter

17



CCR

CCR

Arbiter

Arbiter

Arbiter

arbiter

= = =4 =4 =4

(Coordination Primitives

CCR

)

(coordination primitives

HTTP

(Arbiter Static Class )

type safe

CCR

Arbiter.FromTask -> Task
Arbiter.Choice  -> Choice
Arbiter.Receive -> Receiver
Arbiter.Interleave -> Interleave

Arbiter.JoinedReceive -> JoinReceiver

CCR

)

CCRArbiter

Microsoft ROBOTICS STUDIO

CCR

(requests)

. Arbiter
arbiter

arbiter

PortSet

CCR

18
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q Arbiter.MultipleltemReceive  -> JoinSinglePortReceiver
(Single Item Receiver )

single item Port<T> T delegate
(persistoption )  true , ,
delegate . (persist option )

false delegate

Port<T> ,

Example 7

Port<int> port = new Port<int>();
Arbiter.Activate(_taskQueue,
Arbiter.Receive<int>(
true,
port,
delegate(int item) { Console.WriteLine(item); }
)
)i
/I post item, so delegate executes
port.Post(5);

Port<int>

delegate . (persist )

/I alternate version that explicitly constructs a Receiver Arbiter
Arbiter.Activate(_taskQueue,
new Receiver<int>(
true, // persisted
port,
null, // no predicate
new Task<int>(delegate(int item) { Console.WriteLine(item); }) // Task

19



arbiter

7 , Arbiter.Receive()

wrapper

Choice Arbiter

Choice Arbiter branch , nest Arbiter

delegates

branching behavio r

/ race

/ create a simple service listening on a port

ServicePort servicePort = SimpleService.Create(_taskQueue);

/I create request

GetState get = new GetState();

/I post request

servicePort.Post(get);

/I use the helper on the Arbiter cla ss that creates a choice

/I given two types found on one PortSet. This a common use of

/I Choice to deal with responses that have success or failure

Arbiter.Activate(_taskQueue,
Arbiter.Choice(get.Respon sePort, // PortSet with ports to listen on
delegate(string s) { Console.WriteLine(s); }, // delegate for success
delegate(Exception ex) { Console.WriteLine(ex); } // delegate for failure

)

Choice arbiter PortSet
Choice 2

. Arbiter.Choice Choice arbiter ,

arbiter

choice arbiter

arbiter

Join

1. Join

" arbiter . single item join
Choice nest . Arbiter

arbiter

(Multiple Item Receiver)

arbiter

(OSs WaitForMultiple)

20



(type safe )
(deadlock)

CCR typed join

delegate

(scatter/gather scenarios)
Join
10

Port<double> portDouble = new Port<double>();
Port<string> portString = new Port<string>();

/I activate a joined receiver that will execute only when one
/l item is available in each port.
Arbiter.Activate(_taskQueue,
Arbiter.JoinedRecei ve<double, string>(
false,// one time
portDouble, // first port to listen
portString, // second port to listen
delegate(double value, string string Value)
{
value /= 2.0;
stringValue = value.ToString();
/I post back updated values
portDouble.Post(value);
portString.Post(stringValue);
)
)i

/I post items. The order does not matter, which is what Join its power
portDouble.Post(3.14159);

portString.Post("0.1");

/[after the last post the delegate above will execute

(static )" join ( )

join , . Join

delegate

11
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Port<int> portint = new Port<int>();
Port<double> portDouble = new Port<double>();
Port<string> portString = new Port<string>();

/I activate a joined receiver that will execute only when one
/l item is available in each port.
Arbiter.Activate(_taskQueue,

Arbiter.JoinedReceive<double, string>(

false,// one time

portDouble, // first port to listen

portString, // second port to listen

delegate(double value, string stringValue)

{
value /= 2.0;
stringValue = value.ToString();
/I post back updated values
portDouble.Post(value);
portString.Post(stringValue);

)

);

/[ activate a second joined receiver that also listens on portDouble
/I and on a new port, portint. Because the two joins share a common port
/I between them (portDouble), there is contention when items are posted on
/l that port
Arbiter.Activate(_taskQueue,
Arbiter.JoinedReceive<double, int>(
false,// one time
portDouble, // first port to listen
portint, // second port to listen
delegate(double value, int intValue)

{
value /= 2.0;
intValue = (int)value;
/I post back updated values
portDouble.Post(value);
portint.Post(intValue);

D

);

/I post items.

portString.Post("0.1");

portint.Post(128);

/l when the double is posted there will be a race

I/l between the two joins to determine who will execu te first
/I The delegate that executes first will then post back a double,

/Il allowing the delegate that "lost", to execute.
portDouble.Post(3.14159);

22



join

delegate (listen)

CCR
(scheduling dependency)

: Join nest lock

Interleave

12

int itemCount = 10;

(contention )

Join

race

lock

Port<double> portDouble = new Port<double>();

/I post N items to a port
for (inti=0; i < itemCount; i++)

{
}

/l activate a JoinSinglePortReceiver that

/l waits for N item s on the same port

Arbiter.Activate(_taskQueue,
Arbiter.MultipleltemReceive<double>(
false,// one time
portDouble, // port to listen
itemCount, // total number of items
delegate(double [] items)

portDouble.Post(i * 3.14159);

{
foreach (double d in items)
{
Console.WriteLine(d);
}
)
/)
" (dynamig" join
(itemCount ),
JoinSinglePortReceiver N

join

item

23
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/I create a simple service listening on a port

ServicePort servicePort = SimpleService.Create(_taskQueue);

/I shared response port

PortSet<string, Exception> responsePort = new PortSet<string, Exception>();
/l number of requests

int requestCount = 10;

Il scatter phase: Send N requests as fast as possible

for (inti = 0; i < requestCount; i++)

{
I create request
GetState get = new GetState();
Il set response port to shared port
get.ResponsePort = responsePort;
/I post request
servicePort.Post(get);
}
/I gather phase:
/I activate a multiple item receiver that waits for a total

/I of N responses, across the ports in the PortSet.
/I The service could respond with K failures and M successes (K+M == N)
Arbiter.Activate(_taskQueue,

Arbiter.MultipleltemReceive<  string, Exception>(

responsePort, // port set used to gather success or failure

requestCount, // total responses expected

delegate(ICollection<string> successes, ICollection<Exception> failures)

{ Console.WriteLine("Total received:" + successes.Count
failures.Count);
D
/)
(multiple pending asynchronous operation )
delegate . N K
(K+M = N , CCR MultipleltemReceiver
K M
delegate . Arbiter.MutipleltemReceive

, MultipleltemGather CCR arbiter

(Coordination for service - oriented components)

(Persisted Single Item Receivers )

+

24



CCR (inbound) (listen)
(persist )

arbiter

14

/Il <summary>

/Il Base type for all service messages. Defines a response PortSet used
/Il by all message types.

Il </[summary>

public class ServiceOperation

{ public PortSet<string, Exception> Re  sponsePort = new PortSet<string, Exception>();
Lublic class Stop : ServiceOperation
{
}
public class UpdateState : ServiceOperation
{
public string State;
Lublic class GetState : ServiceOperation
{
}

/Il <summary>

/Il PortSet that defines which messages the services listens to
/Il </[summary>

public class ServicePort : PortSet<Stop, UpdateState, GetState>

{
}

/Il <summary>
/Il Simple example of a CCR component that uses a PortSet to abstract
/I its API for message passing
[l </[summary>
public class SimpleService
{
ServicePort _mainPort;
DispatcherQueue _taskQueue;
string _state;

public static ServicePort Create(DispatcherQueue taskQueue)

{
SimpleService service = new SimpleService(taskQueue);
service.Initialize();
return service._mainPort;

}

private void Initial ize()

{

25



/I using the supplied taskQueue for scheduling, activate three

I persisted receivers, that will run concurrently to each other,

/I one for each item type

Arbiter.Activate(_taskQueue,
Arbiter.Receive<UpdateState>(true, _mainPort, UpdateHandler),
Arbiter.Receive<GetState>(true, _mainPort, GetStateHandler)

)i
}
private SimpleService(DispatcherQueue taskQueue)
{
Il create PortSet instance used by external callers to post items
_mainPort = new ServicePort();
/I cache dispatcher queue used to schedule tasks
_taskQueue = taskQueue;
}
void GetStateHandler(GetState get)
{
if (_state == null)
{
/l To demonstrate a failure response,
/[l when state is null will post an exception
get.ResponsePort.Post(new InvalidOperationException());
return;
}
/[ return the state as a message on the response port
get.ResponsePort.Post(_state);
}
void UpdateHandler(UpdateState update)
{
/[ update state from field in the message
_state = update.State;
/I as success result, post the state itself
update.ResponsePort.Post(_state);
}
CCR pattern
PortSet . PortSet
PortSet
PortSet
public PortSet Arbiter

private

26



, (persist )
Interleave Arbiter
private
update
CCR

Interleave  arbiter

interleave arbiter reader/writer lock

lock code . lock ,
interleave ('scheduling dependencies)

15

/Il <summary>
/Il Simple example of a CCR component that uses a PortSet to abstract
/ll'i  ts API for message passing
/Il </[summary>
public class ServiceWithinterleave
{
ServicePort _mainPort;
DispatcherQueue _taskQueue;
string _state;

public static ServicePort Create(DispatcherQueue taskQueue)

{
ServiceWithinterleave service = new ServiceWithinterleave(taskQueue);
service.Initialize();
return service._mainPort;

}

private void Initialize()
{
/I activate an Interleave Arbiter to coordinate how the handlers of the
service
/I execute in relation to each other and to their own parallel activations
Arbiter.Activate(_taskQueue,
Arbiter.Interleave(
new TeardownReceiveGroup(
/I one time, atomic teardown
Arbiter.Receive<Stop>(false, _mainPort, StopHandler)

27
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new ExclusiveReceiverGroup(

Il Persisted Update handler, only runs if no other h andler running
Arbiter.Receive<UpdateState>(true, _mainPort, UpdateHandler)

),

new ConcurrentReceiverGroup(

/I Persisted Get handler, runs in parallel with all other activations of

itself
// but never runs in parallel with Update or Stop
Arbiter.Receive<GetState>(true, _mainPort, GetStateHandler)
)
)i
}
private ServiceWithinterleave(DispatcherQueue taskQueue)
{
/I create PortSet instance used by external callers to post items
_mainPort = new ServicePort();
/I cache dispatcher queue used to schedule tasks
_taskQueue = taskQueue;
}
void GetSt ateHandler(GetState get)
{
if (_state == null)
{
/[l when state is null will post an exception
get.ResponsePort.Post(new InvalidOperationException());
return;
}
Il return the state as a message on the response port
get.ResponsePort.Post(_state);
}
void UpdateHandler(UpdateState update)
{
/I update state from field in the message
/l Because the upd ate requires a read, a merge of two strings
/[ and an update, this code needs to run un - interrupted by other updates.
/I The Interleave Arbiter makes this guarantee since the UpdateHandler is in
the
/I ExclusiveReceiverGroup
_state = update.State + _state;
/[ as success result, post the state itself
update.ResponsePort.Post(_state);
}
void StopHandler(Stop stop)
{
Corsole.WriteLine("Service stopping. No other handlers are running or will run
after this");
}
}

28
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Interleave Arbiter

Interleave nest YAod Oubo.
CCR

) | terator
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CCR
CCR
.CCR
q ITask IterativeTask . ITask
. Arbiters ITask
1 DispatcherQueue . DispatcherQueue FIFO . Dispatcher
queues CLR ( ) CCR
Dispatcher
¢ Dispatcher . Dispatcher oS DispatcherQueue
16
1: Dispatcher dispatcher = new Dispatcher(
0, // zero means use one thread per CPU, or 2 if only one CPU present
"sample dispatcher" // friendly name assigned to OS threads
JE
2: DispatcherQueue taskQueue = new DispatcherQueue(
"sample queue", // friendly name
dispatcher // dispatcher instance
)i
3: Port<int> port = new Port<int>();
4: Arbiter.Activate(taskQueue,
Arbiter.Receive<int>(
true,
port,
delegate(int item) { Console.WriteLine(item); }
)
)i
/I post item, so delegate executes
5: port.Post(5);
dispatcher dispatcher queue
1. 0 Dispatcher . CCR
oS CPU cores . CPU

Dispatcher class (static ) ThreadsPerCpu

30
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Port<int>

Arbiter.Activate

arbiter

int

CCR

container

Dispatcher

dispatcher

dispatcher

container

null

ReceiverTask Evaluate

delegate

Evaluate

taskQueue.Enqueue

Arbiter.Activate

Task<int>

Microsoft ROBOTICS STUDIO

DispatcherQueue

delegate

container

arbiter

Evaluate

dispatcher q ueue

Task<int> task = new Task<int>(

51

delegate(int item) { Console.WriteLine(item); }

);

taskQueue.Enqueue(task);

16

dispatcher

delegate

CCR Port.Post

delegate

IPortElement

true

31



1. dispatcher dispatcher
2. dispatcher TaskExecutionWorker
1 os
dispatcher
3. TaskExecutionWorker DispatcherQueue.Test
, IT ask.Execute
4, ITask.Execute delegate ,
5
delegate
(Throttling )
CCR DispatcherQueue (throttling
, CCR
CCR . dispatcher
dispatcher

Task execution policy enumeration

/Il <summary>
[l Specifies dispatcher queue task scheduling behavior
[l </[summary>
public enum TaskExecutionPolicy

{

/Il <summary>

/Il Default behavior, all tasks are queued with no constraints

/Il <[summary>

Unconstrained =0,

/Il <summary>

/Il Queue enforces maximum depth (specified at queue creation)
/Il and discards tasks enqueued after the limit is reached

/Il <[summary>

ConstrainQueueDepthDiscardTasks,

/Il <summary>

/Il Queue enforces maximum depth (specified at queue creation)
/Il but does not discard anny tasks. It forces the thread posting any tasks after

the limit is reached, to

/Il sleep until the queue depth falls below the limit

32
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/Il </summary>

ConstrainQueueDepthThrottleExecution,

/Il <summary>

/Il Queue enforces the rate of task scheduling specified at queue creation

/Il and discards tasks enqueued after the current scheduling rate is above the
specified rate

/Il <[summary>

ConstrainSchedulingRateDiscardTasks,

/Il <summary>

/Il Queue enforces the rate of task scheduling specified at queue creation

/Il and forces the thread posting tasks to sleep until the current rate of task
scheduling falls below

/Il the specified average rate

/Il </[summary>

ConstrainSchedulingRateThrottleExecution

void ThrottlingExample()
{
int maximumDepth = 10;
Dispatcher dispatcher = new Dispatcher(0, "throttling example");
DispatcherQueue depthThrottledQueue =
DispatcherQueue("ConstrainQueueDepthDiscard",
dispatcher,
TaskExecutionPolicy.ConstrainQueueDepthDiscardTasks,
maximumDepth);

Port<int> intPort = new Port<int>();
Arbiter.Activate(depthThrottledQueue,
Arbiter.Receive(true, intPort,
delegate(int i)
{
/I only some items will be received since throttling will discard most
of them
Console.WriteLine(i);

D
);

/l post items  as fast as possible so that the depth policy is activated and
discards
/[ all the oldest items in the dispatcher queue
for (int i = 0; i < maximumDepth * 100000; i++)
{
intPort.Post(i);

}

new

33
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Dispatcher DispatcherQueue ,
, 100
, 100
CPU dispatcher
CCR , 10
N «C v)
Task
depthThrottledQueue Arbiter.Activate

(Policy scenarios )

ConstrainSchedulingRateDiscardTasks- CCR

( )
ConstrainQueueDepthDiscardTasks N
N
(depth
threshold ) 1 , /

( ) critical

ConstrainSchedulingRateThrottleExecution -
(O]
dispatcher Post Thread.Sleep

ConstrainQueueDepthThrottleExecutio n-

CCR
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CCR (Iterator )
CCR C#2.0
( ) delegate
CCR arbiter CCR yield
, , oS yi eld
18

void Startlterator()

{
/I create an IterativeTask instance and schedule it
Arbiter.Activate(_taskQueue,
Arbiter.FromlteratorHandler(lteratorExample)
);
}

/Il <summary>

/Il Ilterator method scheduled by the CCR
/Il </[summary>

IEnumerator<ITask> IteratorExample()

{
/I accumulator variable
int totalSum = 0;
Port<int> portint = new PortSet<int>();
/[ using CCR iterators we can write traditional loops
/I and still yield to asynchronous 1/O !
for (inti=0;i<10; i++)
{
Il post current iterati on value to a port
portint.Post(i);
[l yield until a delegate executes in some other thread
yield return Arbiter.Receive<int>(false, portint, delegate(int j)
{
/I this del  egate can modify a stack variable, allowing it
/I communicate the result back to the iterator method
totalSum +=j;
b
}
Console.WriteLine("Total:" + totalSum);
}
Startlterator delegate Arbiter
, Arbiter.Activate
yield return yield
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break C# C#
IEnumerator<ITask> IteratorExample(){
CCR ITask C# , yield
yield return  Arbiter.Receive<int>(false, portint, delegate(int j) {
yield return CCR Arbiter.Receive
ReceiverTask ITask
CCR Task
yield
yield
: yield
(persist) yield . yield
, Arbiter.Receive (persist) false
, yield
yield
C# CCR C#
1. (Anonymous methods delegate
2.
" " delegate
delegate

/I this delegate can modify a stack variable, allowing it // communicate the result

back to the iterator method totalSum += j;

18 delegate

delegate

. totalSum
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Console.WriteLine("Total:" + totalSum);

18 IteratorExample

. delegate

yield

19

void Start Iterator2()

{
Port<string> portString = new Port<string>();
Arbiter.Activate(
_taskQueue,
Arbiter.ReceiveWithlterator(false, portString, StringlteratorHandler)
)i
}
IEnumerator<|Task> StringlteratorHandler(string item)
{
Console.WriteLine(item);
yield break;
}
(JoinReceiver, MultipleltemGather, Choice, Receiver, )
delegate ITask

20

IEnumerator<ITask> IteratorWithChoice()
{
Il create a service instance
ServicePort servicePort = ServiceWithinterleave.Create(_taskQueue);

/I send an update request

UpdateState updateRequest = new UpdateState();
updateRequest.State = "lterator step 1";
servicePort.Post(updateRequest);

string result = null;
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/l wait for EI  THER outcome before continuing
yield return Arbiter.Choice(
updateRequest,
delegate(string response) { result = response; },
delegate(Exception ex) { Console.WriteLine(ex); }

);

/I if the failure branch of the choice executed, the result will be null

/I and we will terminate the iteration
if (result == null)
yield break;
/I print result from first request
Console.WriteLine("UpdateState response:” + result);
/I now issue a get request
GetState get = new GetState();
servicePort.Post(get);
/l wait for EITHER outcome
yield return Arbiter.Choice(
get.ResponsePort,
delegate(string response) { result = response; },
delegate(Exception ex) { Console.WriteLine(ex); }
);
/I print result from second request
Console.WriteLi ne("GetState response:" + result);

N1
. Arbiter.Choice

choice

(result  stack)

. CCR yield break

IEnumerator<ITask> ParentlteratorMethod()

Console.WriteLine("Yielding to another iterator that

asynchronous steps");

yield return Arbiter.ExecuteToCompletion(

yield

execute
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_taskQueue,
new lterativeTask<int>(10, ChildlteratorMethod)
)i
Console.WriteLine("Child iterator completed");
}
IEnumerator<ITask> ChildlteratorMethod(int count)
{
Port<int> portint = new Port<int>();
for (inti=0; i < count; i++)
{
portint.Post(i);
yield return Arbiter. Receive(false, portint, delegate(int j) { });
}
}
Arbiter.ExecuteToCompletion
1 Arbiter.ExecuteToCompletion
yield
1 Arbiter.ExecuteToCompletion dispatcher IterativeTask
. Arbiter.FromlteratorHandler IterativeTask
1 dispatcher ,
10 yield
yield
Arbiter.ExecuteToCompletion
Arbiter.ExecuteToCompletion (Exceptions)

CCR
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CCR (Failure Handling )
1. ,
( )
2. try/catch/finally
) catch{} catch {}

3 (OF]

(context) '
CLR Begin/End
CCR

1. Choice  MultipleltemGather arbiter
CCR

8,13 20 Choice,
MultipleltemGather Choice

(Causalities )

(Causalities )
fork join

, (receiver)
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( join )

22

void SimpleCausalityExample()

{

Port<Exception> exceptionPort = new Port<Exception>();
/I create a causality using the port instance

Causality exampleCausality = new Causality("root cause”, exceptionPort);

/[ add causality to current thread
Dispatcher.AddCausality(exampleCausality);

/I any unhandled exception from this point on, in this method or
/[ any delegate that executes due to messages from this method,
/[ will be posted on exceptionPort.

Port<int> portint = new Port<int>();
Arbiter.Activate(_taskQueue,
Arbiter.Receive( false,portint,IntHandler)

):

/I causalities flow when items are posted or Tasks are scheduled
portint.Post(0);

/[ activate a handler on the exceptionPort
/I This is the failure handl er for the causality
Arbiter.Activate(_taskQueue,
Arbiter.Receive(false, exceptionPort,
delegate (Exception ex)
{
/I deal with failure here
Console.WriteLine(ex);

)
}

void IntHandler(int i)
{
/I print active causalities
foreach (Causality c in Dispatcher.ActiveCausalities)

{

Console.WriteLine(c.Name);

}
/I expect DivideByZeroException that CCR will redirect to the causality

intk=10/1i;
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Microsoft ROBOTICS STUDIO

}
. Port<Exception>
Dispatcher (O0s )

Receive

portint

DivideByZeroException . CCR

( )

23

public void NestedCausalityExample()
{

Port<Excepti on> exceptionPort = new Port<Exception>();
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}

Causality parentCausality = new Causality(
"Parent",
exceptionPort);
Dispatcher.AddCausality(parentCausality);

Port<int> portint = new Port<int >();
Arbiter.Activate(_taskQueue,

Arbiter.Receive(false, portint, IntHandlerNestingLevelZero)
)i
portint.Post(0);

/I activate a handler on the exceptionPort
/I This is the failure handler for the causality
Arbiter.Activate(_taskQueue,
Arbiter.Receive(false,
exceptionPort,
delegate (Exception ex)
{
/I deal with failure here
Console.WriteLine("Parent:" + ex);

)

void IntHandlerNestingLevelZero(int i)

{

/ print active causalities
foreach (Causality ¢ in Dispatcher.ActiveCausalities)

{

Console.WriteLine("Before child is added: " + c.Name);

}

/I create new child causality that will nest under existing causality
Port<Exception> exceptionPort = new Port<Exception>();
Causality childCausality = new Causality(

"Child",

exceptionPort);
Dispatcher.AddCausality(childCausality);

Arbiter.Activate(_taskQueue,
Arbiter.Receive(false,
exceptionPort,
delegate (Exception ex)
{
/I deal with failure here
Console.WriteLine("Child:" + ex);
)
i

/I print active causalities
foreach (Causality c in Dispatcher.ActiveCausalities)

{
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Console.WriteLine("After child is added: " + c.Name);

}

/I attach a receiver and post to a port
Port<int> portint = new Port<  int>();
Arbiter.Activate(_taskQueue,
Arbiter.Receive(false, portint, IntHandlerNestingLevelOne)
)i
portint.Post(0);
}

void IntHandlerNestingLevelOne(int i)

{

throw new InvalidOperationException("Testing causality support. Child
causality will catch this one");

}

Before child is added: Parent
After child is added: Child

Child:System.InvalidOperationException: Testing causality support. Child causality will
catch this one

at Examples.Examples.IntHandlerNestingLevelOne(Int32 i) in
C:\ mri\ main CCReestsrc \ UnitTests \ ccruserguideexamples.cs:line 571

at Microsoft.Ccr.Core.Task 1.Execute() in

C:\'mri\ main CCRsrc\ Core Templates GeneratedFiles\ Task\ Task01.cs:line 301
at Microsoft.Ccr.Core.TaskExecutionWorker.ExecuteTaskHelper(ITask currentTask) in
C:\ mri\ main CCRsrc\ Coré scheduler_roundrobin.cs:line 1476

at Microsoft.Ccr.Core.TaskExecutionWorker.Execute Task(ITask& currentTask,
DispatcherQueue p) in C: \ mri\ main CCRsrc\ Coré scheduler_roundrobin.cs:line 1376
at Microsoft.Ccr.Core.TaskExecutionWorker.ExecutionLoop() in

C:\'mri\ main CCRsrc\ Coré scheduler_roundrobin.cs:line 1307

1. NestedCausalityExample

2. IntHandlerNestingLevelZero NestedCausalityExample

1

3. IntHandlerNestingLevelZero ,
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4. NestedCausalityExample

IntHandlerNestingLevelOne

IntHandlerNestingLevelZero

IntHandlerNestingLevelOne

Dispatcher.ActiveCausalities

IntHandlerNestingLevelZero

Join

CCR

24

Join
CCR join

public void JoinedCausalityExample()

{

Port<int> intPort = new Port<int>();
Port<int> leftPort = new Port<int>();
Port<string> rightPort = new Port<string>();

Port<Exception> leftExceptionPort = new Port<Exception>();
Port<Exception> rightExceptionPort = new Port<Exception>();

/I post twice so two handlers run
intPort.Post(0);
intPort.Post(1);

/I activate two handlers that will execute concurrently and create
/I two different parallel causalities
Arbiter.Ac tivate(_taskQueue,

Arbiter.Receive(false, intPort,

delegate (int i)

{

Causality leftCausality = new Causality("left", leftExceptionPort);
Dispatcher.AddCausality(left ~ Causality);

/I post item on leftPort under the context of the left causality
leftPort.Post(i);
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E

)
);

Arbiter.Activate(_taskQueue,
Arbiter.R eceive(false, intPort,
delegate (int i)

{
Causality rightCausality = new Causality("right", rightExceptionPort);
Dispatcher.AddCausality(rightCausality);
/l posti tem on rightPort under the context of the right causality
rightPort.Post(i. ToString());

)

);

/I activate one join receiver that executes when items are available on
I/l both leftPort and rightPort

Arbiter.Activate(_taskQueue,
Arbiter.JoinedReceive<int, string>(false, leftPort, rightPort,
delegate (int i, string s)
{
throw new | nvalidOperationException("This exception will propagate to
two peer causalities");
)
)i

/[ activate a handler on the exceptionPort
/I This is the failure handler for the causality
Arbiter.Ac tivate(_taskQueue,
Arbiter.Receive(false, leftExceptionPort,
delegate(Exception ex)
{
/I deal with failure here
Console.WriteLine("Left causality: " + ex);
)
);

/[ activate a handler on the exceptionPort
/I This is the failure handler for the causality
Arbiter.Activate(_taskQueue,
Arbiter.Receive(false, rightExceptionPort,
delegate(Exception ex)
{
/I deal with failure here
Console.WriteLine("Right causality: " + ex);

)
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Left causality: System.InvalidOperationException: This exception will propagate to two
peer causalities

Right causality: System.InvalidOperationException: This exception will propagate to two
peer causalities

(readability)

1 ¢t " )
1l
1 (leftPort rightPort) join
q join
join ;
CCR , CCR

. Join, interleave

choice , Milti -tiered

a7



CCR CCR

CCR STA

DispatcherQueue

(Thread apartment constraints )

) COM

Microsoft ROBOTICS STUDIO

.NET WinForm WinForm

SingleThreadedApartment

CCR Dispatcher

(affinity )
COM winform

CCR(Ccr.Adapters.Winforms.dll)

( Coordination with main application thread

CLR
(ON)

. CCR

CCR

System.Threading.AutoResetEvent

dispatcher

CCR STA
dispatcher
CCR WinForm
CCR

.NET

dispatcher
CLR

25

CCR

void InteropBlockingExample()

{

/I create OS event used for signalling

AutoResetEvent signal = new AutoResetEvent(false);
/I schedule a CCR task that will execute in parallel with the rest of
/I this method

CCR

.NET

. CCR

CCR
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Arbiter.Activate(
_taskQueue,
new Task<AutoResetEvent>(signal,SomeTask)
)i
// block main application thread form exiting
signal.WaitOne();
}
/Il <summary>
/Il Handler that executes i n parallel with main application thread
Il </[summary>
/Il <param name="signal"></param>
void SomeTask(AutoResetEvent signal)
{
try
{
for (inti =0; i < 1000000; i++)
{

}

intk =i*i/10;

}
finally

{

/I done, signal main application thread
signal.Set();

(ON)

.NET ( Programming Model Adapter9

CCR APM Begin/End (wrap) . CCR
APM ( PortSet)

MSDN Concurrent Affairs
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CCR ( )
1. .NET (APM): The Concurrent Affairs
CCR

2. Futures: Futures

dispatcher
( )
oS
CPU
(user specified ) . Dispatcher

DispatcherQueue LIFO,
3. Join: Join

WaitForMultiple, I/O Completion port ) CCR join
4. / (Reader/Witer  Locks), (Lock) ,

:CCR

APM API
CCR
FIFO
(NT
Arbiter
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3. DSS
Studio .NET C# VB.Net
C# VB.Net
C# VB.Net .Net
. C# VB.Net
£ Express
Visual basic 2005 Express
Express
Express
Python
Python
Python
C++
C++
C++
1. C++ managed
2. .Net COM
native

Net

IronPython

DSS

C++

C++

Microsoft ROBOTICS STUDIO

Python

(VPL)

VB.Net

Python

.Net

Robotics

Express

managed
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VPL

VPL
VPL

prototyping

VPL

(VPL)

VPL

Microsoft: ROBOTICS STUDIO

, enthusiasts/

VPL

VPL
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('Service Componentg

Robotics Studio

DSS . (Service Tutorials
Overview) ?
1.
2.
3. : , mash-ups,
DSS (context) . DSS DSS
DSS
DSS
DSS

/ Service ldentifier ]

Contract Identifier J
|
| .
State Main
Service Port
Handlers
Partners
| » ! | ]
—

\- ) Notifications
—

53



Microsoft ROBOTICS STUDIO

(Service Identifier)

DSS Node , Constructor Service URI
DS
(identity)
1. Service Manifests
2. Create , System

Services
ServicePort ,

[ServicePort("/mysample™)]

"Imysample" DSS

http://machine:port/mysample

3. AllowMultiplelnstances = true ServicePort ,

[ServicePort("/mysample", AllowMultiplelnstances = true)]

GUID

http://machine:port/mysample/d88441c9 -8319 407¢ b554 0bObfd90050b

(Contract Identifier)

(Contract)
DSS Contract
Information Tool (DssInfo.exe)
DSS proxy DLL

(uniquely ) URI
DSS New Service

Generation Tool(DssNewService.exe)

http://schemas.tempuri.org/[year]/[month]/[name].html

54



(Service State )

DSS )

(Service Partners)

DSS

, (discover)

, DSS

Partner

(Main Port)

CCR

ul

Microsoft ROBOTICS STUDIO
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private ServicePort
[ServicePort("/mysample")]?0rivate MySampleOperations _mainPort = new
MySampleOperations()
MySampleOperations . DSSP
HTTP( Accessing Services )
. DSSP LOOKUP, DROP, GET REPLACE , HTTP
GET POST

public class MySampleOperations: PortSet<DsspDefaultLookup, DsspDefaultDrop, Get,
Replace, HttpGet, HttpPost> {}

(Service Handlers)

DSSP ,
DSS
DsspDefaultLookup  DsspDefaultDrop . , MySampleOperations ,
MySample Get, Replace, HttpGet HttpPost
ServiceHandler . DSSP

GET

[ServiceHandler]

public IEnumerator<ITask> GetHandler(Get get)

{
get.ResponsePort.Post(_state);

yield break;
}

1.

2.

('subscriber )

, CCR Port

(service forwarder )

(transport ) (route)
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Forwarder

Transport

(Event Notifications)

DSS

DSSP

CCR

Forwarder

Transport

Microsoft ROBOTICS STUDIO

('subscribing )

DELETE, INSERT, UPDATE,
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DataMemberAttribute

DataContractAttribute

DataContractAttribute

DataMemberAttribute

DataMemberAttribute
DSS

(Service Data Model)

Ul

CLR ,

Microsoft ROBOTICS STUDIO

DataMemberConstructorAttribute

DSS DLL

Classes, Structs
DSS

Fields
DLL

DataMemberConstructorAttribute

DataMemberConstructoAttribute

DLL
DataMemberAttribute

¢ DataContractAttribute

(constructor)

1 DataMemberAttribute

0(

, DataContractAttribute,
. DSS
DLL "opt -in"
Enumerations (Cortract )
DLL
DataContractAttribute
DataMemberAttribute
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(Creating Service Projects )

(VPL)
DSS New Service

DSS New Service (DssNewsService.exe) Robotics Studio

VB.Net, C# C++
CE

, " (File)" " (New Project)" ,
CLR (c# VB.Net) "Simple DSS Service Template" DSS

Mew Project

Project types: Lemplates: | E E | Be:
(= Visual C# My Templates
Robotics o

Simple Dss  Search Online

A basic Dss Service Implementation J

e | MySarnple| |

I K ][ Cancel ]
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