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The Overlay Socket API

1. OVERVIEW

The HyperCast software provides an Application Programming Interface (API) for
building applications that use overlay sockets. The overlay socket APl hides most of the
characteristics of the underlying overlay network. As a consequence, the APl is fairly
independent of the type and the configuration of the overlay network.

The overlay socket API is specific to the Java programming language. The API of the
overlay socket is messagebased, and is not very different from, Java UDP sockets.
However, since the data transport between neighbors in the overlay networks can be
done via TCP, the reliability of overlay sockets can be better than that of UDP sockets.
(Better reliability semantics are achieved with the the HyperCast message store.)

Due to the similarity to UDP sockets, transcoding network applications from Java UDP
sockets to the overlay sockets of HyperCast is generaly straightforward.

This chapter provides an overview of the API of overlay sockets.

Application Program

APl of Overlay

APl of Confi-

APl of Overlay

Manager guration Class Socket
Overlay Configuration Overlay
Manager Class Socket

™

Configuration file y
hypercast.prop
P N £

- ) .

Internet )
-

-~

7
-\
-~ N Ve

~_~— -

Overlay server

Figure 1. Relationship of application program with the APIs of the HyperCast.

Asillustrated in Figure 1, applications interact with three HyperCast objects: an overlay
manager, a configuration object, and an overlay socket. The overlay manager reads the
configuration file. Dependent on the value of the attributes in the configuration file, the
overlay manager may contact an overlay server to determine if a group exists or to
download attributes of an overlay network. The overlay manager creates a configuration
object that contains configuration information from the configuration file (and possibly
from the overlay server). The application uses the configuration object to create a new
overlay socket. The application interacts with the overlay manager and the
configuration object only during the process of creating an overlay socket. Once an
overlay socket is created, the application interacts generally only with the overlay
socket API.
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2. “HELLOWORLD” EXAMPLE

Here we present the Java code of a simple application, called HelloWorld, that usesthe
overlay socket of HyperCast. The HelloWorld application creates an overlay socket that
joins an overlay network. After joining the overlay, the applications multicasts the
string “Hello World” in a message to the overlay network. All applications that receive
the message display the content of the message on the screen.

The main steps of the application are:

1. The application reads the attributes of the overlay socket from the configuration
file hypercast.prop.

2. If the overlay configuration file contains no overlay ID, or if the file contains an
overlay 1D, but no overlay network has been created with this overlay ID, anew
overlay ID is created.

3. The application then attempts to join the overlay network. It waits for a few
seconds, to give the overlay network time to stabilize. Then, the application
creates a message, which contains the string “Hello World” as its payload, and
multicasts the message to all members of the overlay network.

4. After sending the message, the application waits for messages received from
other application. If a message is received, the application prints the payload,
the string “ Hello World”, to the screen. The application also prints the logical
address of the sender.

A skeleton of the program is shown in Table 1.

In Lines 1-3, an overlay manager is created. It reads the configuration file
“hypercast.prop.” The file contains information on the overlay ID, the address of the
overlay server (if it exists), the type of overlay to be used (e.g., hypercube, Delaunay
triangulations), whether messages are transmitted over UDP or TCP, etc.

In Lines 4-9, the program tests if the overlay network exists and generates a
configuration object. The configuration object contains all information necessary to
create an overlay socket. In Line 5, the overlay ID is read from the configuration file. If
no overlay ID is provided in the file, or if the overlay ID is provided, but the overlay
network does not exist, the overlay manager creates a new overlay network (Line 7),
possibly also anew overlay ID. The configuration object is created by cr eat eOver | ay
if a new overlay network is created, and by get Over| aySocket Confi g if the overlay
network already exists.

The overlay socket is created by the configuration object (Lines 10-11). In Lines 12—
13, the socket joins the overlay network. Note that there is no notification when the
process of joining an overlay network is complete. The reason that the APl does not
provide such anotification is that a node may not be able to decide locally if the process
of joining the overlay network has been completed. In the example program, the
program waits for a few seconds, to give the overlay socket enough time to join the
overlay network.

In Lines 16-17 the node creates a message to be transmitted and then multicasts the
message to all overlay sockets in the overlay network. The methods creat eMessage
and sendToAl | are structured similarly to the constructor andsend method of the Java
Multicast socket class. The sendToAl | transmits the message to all neighbors of the
overlay socket in the overlay network that are child nodes in a spanning tree with the
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sender as the root. If the socket issuesthe sendToAl | before it is fully integrated in the
overlay networks, then the transmission does not reach all nodes in the overlay network.

Lines 20-31 describe an infinite loop where the overlay socket receives an overlay
message (Line 23), extracts the payload (Line 25), converts the payload to a string (Line
27), and prints the string to the screen (Line 30). We note that the receive method is
blocking.

Lines 32—33 show how a socket leaves an overlay. Due the infinite loop, these lines are
never executed in the example program.

The following remarks emphasi ze aspects of the HyperCast overlay socket API.
Remarks:

As already indicated, the APl of the overlay socket bears similarity of the Java
Multicast socket. This smilarity is intentional.

The program in Table 1 is not specific to the overlay topology, the transport protocol
(UDP or TCP) used to transfer overlay messages, if there is an overlay server, etc.
Thisinformation is contained in the configuration file.

The service provided by the overlay socket above is a connectionless best-effort
datagram service. If TCP is used for data transport between neighbors in the overlay
network, then the reliability of transmission is high. However, there is no guarantee
that all members of the overlay network receive the message. (Improved reliability
semantics are achieved with the functions provided by the HyperCast message
store.)

Instead of the synchronous receive operation in the example, the HyperCast overlay
can also provide an asynchronous receive operation via upcalls. To use the upcall
option, an object must be passed as a parameter when creating the overlay socket.
This object must be from a class that implements the | _Cal | Back interface. All
classes that implement the | _CallBack interface have a method called
MessageAr ri ved. This method is invoked when a message has been received by the
overlay socket. In Table 2, we show a version of the HelloWorld program, which
uses callbacks. A complete program is shown in a separate file.




1/10/2002

Overlay Socket API

10.
11.

12.
13.

14.
15.

16.
17.

18.
19.

20.

21.
22.

23.

24.
25.

26.
27.

28.
29.

30.

31.
32.
33.

/] CGenerate the configuration object
Over | ayManager om = new Over| ayManager (“hyper cast. prop”);
Overl aySocket Config config = null;

//Test if overlay network exists and build a configuration
obj ect

String overlayl D = om get Def aul t Property("COverlayl D');

if (overlaylD == null || overlaylD. equals("") ||
'om doesOver | ayExi st (overl ayl D))

config = om createOverlay(overlaylD);
if (config == null)
config = om get Overl aySocket Confi g(overl ayl D);

// Create an overl ay socket
OL_Socket socket = config.createQverlaySocket (null);

/1Join an overl ay
socket . j oi nGroup();

/Wit for sone tine
Thr ead. sl eep(2000) ;

// Create an O._Message with “Hello Wrld” as payl oad

O._Message nmsg = socket.creat eMessage(new String(“Hello
Worl d”). getBytes(), new
String(“Hell owrld”). getBytes().length);

/1 Send the nessage to all menbers in overlay network
socket . sendToAl | (nsQ) ;

//1nfinite loop to receive nessages

Wil e(true) {
/| Recei ve a nessage fromthe socket

OL_Message nsg = socket.receive();

/Il Extract the payl oad
byte[] data = nsg. get Payl oad();

/' Recover the “Hello Wrld” nessage
String helloworld = new String(data);

[/Print out the “Hello Wrld” nessage together with
the //sender’s | ogical address

System out. println(nsg. getSrcLogl cal Address().toString
() +*“ says ” + helloworld + “ 1 ");

}
/'l Leave the overlay network
socket . | eaveG oup();

Table 1. Skeleton of the Hello World application.
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1. public class Hellowrld inplenents |_CallBack {

public void nmessageArrived(l_Overl ayMessage nsg) {
/1 Add l'ines 24-30 from Table 1

public static void main() {
/1 Add Lines 1-9 from T Table 1

7. [/l Create a new Hello Wrld object
8. Hel | owrld hw = new Hel |l oWorl d();
9. /[l Create overlay socket and pass object hw for

10. cal | back
OL_Socket socket = Conf (bj.createOverl aySocket (hw);

11.
/1 Add Lines 12-19 from Table 1

12.

13. /1 Wit for 5 minutes for nessages to arrive
Thr ead. sl eep(30000) ;

14.

15. /'l Leave the overlay network

16 socket . | eaveG oup();

17. }

Table 2 . Skeleton of the Hello World application (with Callback).

3. OVERLAY MANAGER

The overlay manager of the HyperCast software provides an interface for the
management of overlay networks and their attributes. The application programmer uses
the overlay manager to determine and set the properties of sockets that connect to the
overlay network, to determine if an overlay network already exists, and to create a new
overlay network.

The use of the methods of the OverlayManager API is summarized below. Details can
be obtained from the Javadoc documentation.

Over |l ayManager om = Overl ayManager (“hypercast.prop”)
The constructor reads properties from the configuration file.
Several constructors are available.

Overl aySocket Config oc = om creat eOverl ay (“overlayname”)
Creates a new overlay network with overlay 1D “overlayname’.
The overlay manager will contact the overlay server (if oneis
provided in the configuration file) and create an entry for the new
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overlay network at the server. This method returns the overlay
attributesin an Over | aySocket Conf i g object.

Bool ean test = om doesOverl ayExi st (“overlayname”)
ReturnsTr ue if the overlay exists at the overlay server, and
Fal se otherwise. This method is meaningful only if an overlay
server is used.

String prop = om get Def aul t Property (“propertyname”)
This method is useful to query the value of specific properties.
Both the parameter and the value returned are sring.

Over |l aySocket Config conf =
om get Over | aySocket Confi g(“overl aynane”)
Get the overlay attributes of the overlay with specified overlay
ID and return the overlay attributes in an OverlaySocketConfig
object.

Properties prop =
overrideDefaul ts(java.util.Properties defaults,
java.l ang. String overrides)

Overwrite the default attributes with the attributes obtained from
the server.

voi d set Def aul t Property(java.l ang. String nane,
java.l ang. String val ue)
Set the default property with the property name and its value.

4. CONFIGURATION OBJECT

The configuration object OverlaySocketConfig stores the configuration for an overlay
socket, and maintains the error and log files. The configuration object creates the
overlay socket. The object is usualy created by the overlay manager via the
OverlayManager.createOverlay(String overlayl D) method, as follows:
Overl aySocket Config co= om createOverl ay(overl ayl D)

Note that the configuration object has a statistics (I_Stats) interface. Therefore, the
configuration object can be queried by monitoring and control components of
HyperCast.

I _Overl aySocket createOverlaySocket (Il _Cal |l Back callback)
This method creates an overlay socket. The type of overlay
socket created depends on the value of the properties "Node" and
"SocketAdapter”. The callback provides an object that
implementsthe | _Cal | Back interface. Whenever amessage is
received, the method cal | back. messageArri ved isinvoked.
If no callback is provided, i.e., socket =
co.creat eOver | aySocket (nul | '), then messages are
received with the blocking r ecei ve method of the overlay
socket.
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Note:
The configuration object can also create overlay sockets which transmit data over a
Java UDP multicast socket thisis done

j ava.netMul ti cast Socket createJavaMil ti cast Socket ()
This reates a new object that implements the
Java.net.MulticastSocket, which sends UDP multicast messages
using an overlay socket.

5. OVERLAY SOCKET

The API of an overlay socket offers applications the ability to:
Join and leave existing overlay networks;
Send data to all or a subset of the members of the overlay network;
Receive data from the overlay.

In HyperCast 2.0, four different types of overlay sockets are supported. The type of
socket that is created depends on the values of attributes “Node” and “ Socket_Adapter”
in the configuration file. The types of sockets are:

1. OL_Socket CO_HC: This overlay socket runs the hypercube overlay
protocol. The overlay protocol uses UDP multicast and UDP unicast.
Transmission of application messages between members of the overlay
network is done with TCP.

2. OL_Socket CL_HC: The same as (1), but application messages are
transmitted with UDP.

3. OL_Socket CO _DT: Thisoverlay socket runsthe DT overlay protocol. The
overlay protocol uses UDP unicast. The protocol requires to run an
application that actsasthe DT server.! Transmission of application messages
between members of the overlay network is done with TCP.

4. OL_Socket CO DT: The same as (1), but application messages are
transmitted with UDP.

Note: When writing a program using the released jar files, the following package
needs to be imported in your program:

i mport edu. virginia.edu.cs. hypercast. *;

While each type of overlay socket can provide its own application programming
interface, all socket types support the API of the |_OverlaySocket class. Therefore, as
long as application programs restrict themselves to the methods of |_OverlaySocket,
application programs can use different overlay sockets.

The following table lists all the APl methods provided by the |_OverlaySocket. The
callsto the API can be grouped into the following categories.

(a) Overlay Participation

socket .j oi nG oup() Join an existing overlay network.

"We refer to the User Manual for details.
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socket . | eaveG oup() Leave an existing overlay network.
(b) Sending and Receiving M essages
OL_Message nmsg = socket. creat eMessage( payl oad, | ength)

Create an overlay message with specified payload and the length
of the payload. The payload is a byte array.

nmsg = socket.receive()
Receives a overlay application message from this socket. This call
will block until there is a message returns.

socket.set TTL(tt ] val ue)
Set the default hop limit for overlay message sent out by this
socket.

Socket . SendToAl | (nsg)
Send the overlay message to all nodesin the overlay group.
Messages are set to multicast delivery mode.

Socket . SendToNode (nsg, DestLA)
Send the overlay message to a socket with the specified logical
address. This message is sent in unicast delivery mode.

Socket . SendFl ood (nsg, DestLA)
Send the overlay message to all neighbors with exception of the
neighbor from which it received the message; Messages are set in
flood delivery mode.

Socket . SendToAl | Nei ghbor s(nsg)
Send the message to all neighbors in the overlay network.
M essages are set to unicast delivery mode.

Socket . SendToPar ent (nmsg, LARoot)

Send message to the parent in the spanning tree with respect to
the root with logical address LAr oot . Thisis aunicast message.

Socket . SendToChi | dren (nmsg, LARoot)
Send message to each of the children in the spanning tree with
respect to the root with logical address LAr oot . Thisisaset of
unicast messages.

Socket . set SoTi meout (i nt tineout) throws Socket Exception
Enable/disable SO_TIMEOUT with the specified timeout, in
milliseconds. With this option set to a non-zero timeout, a call to
receive() for this overlay socket will block for only this amount
of time.

(c) Information

byt e[ ] get Uni quel dentifier()
Returns a byte array containing a unique identifier of this socket.

Socket . creat eLogi cal Address(| addr, int offset)
Create the logical address from a byte array.

socket . get Logi cal Address()
Get the logical address of the overlay socket.

Logi cal Address LA = socket. get Parent (LAroot)
Get the logical address of the parent in the spanning tree with
respect to the root with logical address LAr oot .
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Logi cal Address[] children = children. getChildren(LAroot)
Get the logical addresses of the children in the spanning tree with

respect to the root with logical address LAr oot .

Logi cal Address[] nei ghbors = socket. get Nei ghbor s()
Get the logical addresses of al neighbors in the overlay network.

socket.get TTL()  Get the default hop limit for overlay messages sent out by this
overlay socket.

int tineout = socket.get SoTi meout ()
Retrieve the value of SO_TIMEOUT. A return value of 0 implies
that the option is disabled, i.e., there is no limit on the blocking
time.




