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CHAPTERS

Overlay (OL) Message Formats

5.1 OVERVIEW

Data between overlay sockets is exchanged as formatted messages. As shown in Figure 5.1,
an overlay socket provides two endpoints for communications. The node adapter exchanges
protocol messages with node adapters at other overlay sockets. The socket adapter
exchanges overlay (OL) messages with socket adapters at other overlay sockets. The
handling of protocol and overlay messages is completely separate.
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Figure 5.1. Messages transmitted by the overlay socket.

Protocol Messages These are messages that are exchanged between overlay nodes.
Protocol messages are mostly sent to neighbors in the overlay network. Some overlay
protocols may define protocol messages that are broadcast to dl nodes in the overlay
network (e.g., Beacon messages in the HC protocol). The format of protocol messages
are specific to a given overlay protocol, and are completely defined by the overlay node
component of the overlay node (see Fgure 5.1). Currently, there are two types of
protocol messages, DT message and HC message.

Overlay (OL) Messages. These are messages that are exchanged between socket
adapters of overlay sockets that are neighbors in the overlay network, and are forwarded
by the forwarding engine. All application data is transmitted as OL messages. Overlay
messages can be multicast to al overlay sockets in an overlay network, unicast to one
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specific overlay socket. In addition to transferring gpplication data OL messages can be
used for monitoring and control functions, eg., to perform functions Smilar to traceroute
or provide error reporting smilar to ICMP. The message format of OL messages is the
same across al versons of HyperCast 2.0 overlay sockets.

Currently, both protocol and overlay messages are tranamitted using an Internet trangport
protocol, i.e.,, TCP, UDP unicast, or UDP multicast. In principle, nort Internet protocols can
be used to provide transport services for overlay sockets. The adapters (see Figure 5.1) are
responsible for encgpsulating messages and interfacing to the underlying transport protocol.
The transport addresses of the underlying transport protocol are maintained at the overlay
node.

This chapter is about OL messages. The message formats of overlay messages are described
in the sections, which contain the overlay protocols.

Note: This chapter describes many message formats which are not used in HyperCast 2.0.
Specificdly, the ADF packet format is not used in HyperCast 2.0.

5.20VERLAY MESSAGES

All overlay (OL) messages have a header and a payload field. The header of an OL message
Specifies, among others, the message format, the delivery mode, and source and destination
addresses. All addresses in the OL message header are logical addresses. Recdll that logica
addresses are defined by the overlay topology and the overlay protocol. In the DT protocol,
logical addresses are a pair of coordinates (x,y), where x and y are numbers. In the HC
protocol, logical addresses are a 32-bit binary number.

Control Control Payload
Application Data (AD)
AD RAW RAW AD Raw Payload

Header
ADF ADF Message
Message Header ADF Message Payload
ADF Stream ADF Stream ADF Stream Payload -
Header
OL Message OL Header OL Payload

Figure5.2. Types of OL Messages.

The payload of an HyperCast 2.0 OL message can have a different type, each type fesits
own header format.
Application Data (AD) Messages: These messages perform delivery of application-
level data. There are three basic types of AD messages:

0 Raw AD messages Raw AD messages send unformatted application level deta,
and have a minima header. If Raw AD messages are used, the application
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program is responsble for mantaning sequence numbers, performing
acknowledgments, and others.

Note: In HyperCast 2.0, only Raw AD messages are used.

The notion of ADF messages is tightly coupled to the message store, which is not part of
HyperCast 2.0. The discussion of ADF messages is not relevant to the HyperCast 2.0
software.

0 ADF messages: ADF messages are formatted AD messages. Each ADF
message has a unique identifier, and may contain control information such as
acknowledgements. ADF messages may contain application data or control
information (such as acknowledgments).

ADF messages are used if the overlay sockets provides services such as
retransmission, or others. Each ADF message carries an identifier for afinite date
meachine, that can interpret the format of that message.

0 ADF stream messages: ADF stream messages are formatted AD messages,
which define a sequence of formatted AD messages. The difference to an ADF
message is that, instead of amessage identifier, the ADF stream message has a
stream identifier and a sequence number. ADF messages are used to implement
Streaming Services.

Each ADF stream message carries an identifier for a finite state machine, that can

interpret the format of the message and associate the message with other message
from the same sream.

Control Messages Control messages are sent through the overlay to provide
maintenance, control, and management. They can be usad to implement utilities such as
ping, traceroute, and can provide reporting functions similar to ICMP. An important role
of control message is to hep with congestion and rae control services.
Note: HyperCast 2.0 does not specify or implement control message formats.

The delivery mode of an OL message can be specified as nulticast, Flood, Unicast, or
Anycast. A multicast OL message is transmitted from the source to al overlay sockets in the
overlay network, using routing trees that are embedded in the overlay network. A unicast
message is a point-to- point message between any two overlay sockets in an overlay network.
A flood message is tranamitted using a smple flooding agorithm.

The design of the OL message header is intended to be smilar to the IPv6 packet format.
Specificdly, the OL header uses the notion of extenson headers, to concatenate multiple
headers. Currently the defined OL message headers are shown in Table 5.1. Of these, only
the RAW format is used in HyperCast 2.0. Future OL message headers are listed in Table
52.

In HyperCadt, any number of extenson headers can be concatenated. Especidly, using
extension headers, multiple ADF messages may be transmitted in the same OL message.
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Table 5.1. OL Message header extensons defined in HyperCast 2.0.

Next Header Next Header Used in
(hex) HyperCast 2.0?
0x00 No Header to follow (If the first Next Yes

Header fidld isset to 0x00, the OL
message conssts only of the Header)

0x01 8 bytes Messagel D ADF Message No
0x02 10 bytes Messagel D ADF Message No
0x03 8 bytes StreamID ADF Stream No
0x04 10 bytes StreamID ADF Stream No
0x05 Raw Yes

Table 5.2. Future OL Message header extensions.

Next Header

Hop- by-Hop Options header

Jumbo OL Messages (Messages with large
Authentication Headers

Control headers

Source Routing Headers

5.3FORMAT OF OL MESSAGES

This section describes the OL message format. All OL messages have a heeder that is at least
twelve bytes long and a payload field. Multiple payloads can be concatenated by using
extension headers, asindicated in the Next Header field.

1 2 3
12345678901234567890123456789012
- Fom e e Fom ot e e e e e e e e emmeeo—a- +
| Versi on| LAS| Dd| Traffic Class | Flow Label | Next Header |
- e e e oo oo - Fom ot e o e e o e e e e ooeooo-o- +
| OL Message Length | Hop Limt |
oo e +
| Src LA |
o o o et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa- - +

Only if Dmd=0x2:

o m o o e e o e e o e o e o o e e e o o e o e e e e e e ee e eee—ao-- +
| Dest LA
e +
Only if Dmd=0x1:
o +
| LA of previous hop

o m o o e e o o e e o e e o e o o e o e o o e e e e e e e e ee e eeo— oo +

Figure 5.3. OL Message Header.
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Version (4 bit): Verson of the protocol. The current verson is Ox0
LAS (2 bit): Sze of thelogicd addressfied
Dmd (2 bit) Ddivery mode. Currently defined ddlivery modes are:
Ox0  Multicast
0x1  Hood
0x2  Unicast
0x3  Anycast (not implemented)
Traffic Class (8 bit): Specifies Qudity of Service (QoS) class (not used)
Flow Label (16 bit) Assigned for QoS purposes (not used)

OL Message L ength (16 bits) Length of entire payload following this header

Next Header (8 bit) Specifiesthe type of the following header. Currently the
following headers are dlowed:

Raw (0x05)
Identifiesan AD RAW message. Thisdaa is

interpreted by the gpplication program.

AD Message (0x01, 0x02)

Contains aformatted AD message that uses the
Message ADF format. There are two versions, with
different lengths for the Message ID fidd.

AD Stream (0x03, 0x04)

Contains aformatted AD message or an ADF
message that uses the Stream ADF format. There are
two versons, with different lengths for the Stream 1D
fied.

Hop Limit (8 bit): Corresponds to Time-to-Live (same asin IP data)
SrcLA ((LAS+1)*4 bytes) Logica address of the source of the OL Message

DestLA ((LAS+1)*4 bytes) Logica address of the destination of the OL Message
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5.4FORMAT OF AD RAW MESSAGES

1 2 3
12345678901234567890123456789012
B R e e e e e o e oo +
| Next Header | Payl oad | engt h | /71 Payload///111]
g +

Fgure 5.4. Message Header of AD Raw Message.
Payload L ength (16 bits) Length of Payload fidd in bytes.
Next Header (8 bit) Specifies the type of the next header.

5.5FORMAT OF ADF MESSAGES

ADF messages are asociated with a Finite State Machine (FSM), which knows how to
process and interpret the ADF message. The FSM isidentified by aFSM Identifier. For each
FSM, there may be different ADF message types. These are identified by the Type fidd.
Note that the Type field is specific to the FSM ID.

Recall: The finite state machines are part of the message store which is not included in
HyperCast 2.0.

1 2 3
12345678901234567890123456789012
TS B o m m e e e e e e e e e eemmaeooo- +
| Next Header | Type | FSM I D |
o m o e o o e o o e o o e o o e o e e e e e e e e e e e e o emmaoo-- +
I Msgl D I
o m e +
| Msgl D (conti nued) |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo +

Figure5.5. Message Header of ADF Message.
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Next Header (8 bit)
Payload L ength (16 bits)

FSM ID (16 bits)

Type (8 bits)

Specifies the type of the next header.
Length of Payload fidd in bytes

Identifies a Finite State machine, which processesthis
message. Thefinite Sate machineisimplemented in the
message tore. Each finite state machine provides a certain
sarvice, which is defined in the message store.

0x00: No service (best effort delivery)

0x01: Local acknowledgements (Loca ACK)
0x02: Globa acknowledgments (Global ACK)
0x03: Stateful flooding

0x03: Synchronization

0x04: Incast (reverse multicast)

ADF Message type. Theinterpretation of the message
type may be dependent on the FSM 1D.
The following types are defined for dl FSM's:

Payload Data (Type = 0x80): The message contains
payload data
Retransmission (Type = 0x81): The message
contains aretransmission of payload data
M er geable P ayload (Type = 0x82): The payload of
this message is “mergegble’ . Thistypeisused for
transmission of Incast messages.

The FSM specific types are specified in Table

For each service, different types of ADF_Control messages are necessary.

Table 5.3. Interpretation of Type field in ADF message header.

Savice FSM ID
No Service 0x00
Local ACK 0x01

Definition and Interpretetion of Type fied
None defined:
0x01l: Loca NACK = Reguest for Retransmission
0x02: Loca ACK

0x03: Request Locd ACK = Regquest for sending a
Locad ACK

0x04: Locad Resst = Resdts state machine for this
message

Globd ACK 0x02

0x05: Globa NACK = Request for Retransmission

0x06: Globd ACK  (full)
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Sarvice FSM ID

Definition and Interpretation of Typefied

Ox07. Globd ACK (partid)

0x08: Globd ACK (partia done)

0x09: Request Globa ACK = Reguest for sending a
Global ACK

OxO0a Globa_Reset = Resets Message

Saeful FHooding | 0x03

None

Synchronization | Ox04

Ox0b: QuerySyncAll = Reguests Information on
Message Store of Neighbor

0x0c: QueryMsgSync = Requests State Information  for
a specific list of messages

Ox0d: Havelt = Sent in repone to a
QueryMsgSyncAll, QueryMsgSync, or sent
without any request

OxOe: Don'tHavelt = Sent in respone to a
QueryMsgSyncAll, QueryMsgSync, or sent
without any request

OXOf. NACK_SYNC

Incast 0x05

MsglD (8 or 10 bytes):

Sender LA:

None

Message Identifier. This should be a unique number, for
example, a random number, or “Physcd address +
Transport layer Port number + Counter”. Unigueness is
not enforced.

Logicd address of the overlay socket which originaly
generated this message. Thisfidldsis used for control data
(such as acknowledgments) which hare sent to the sender
of an ADF message. The Sender LA is needad to caculate
the next hop (parent) in the tree with Sender LA as root.
The LASsizeis known from the OL Header.
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5.6 MESSAGE FORMAT OF ADF STREAM MESSAGES (PRELIMINARY)
ADF dream messages are Smilar to ADF messages in that they have a finite stlate machine

and different message types. The

main difference is that the message identifier in the ADF

message (MgID) is replaced by a stream identifier (Stream 1D) with a sequence number. The
ADF stream message is used to associate multiple ADF messages with a* stream”.

1 2 3
12345678901234567890123456789012
Fom e e e e e e e e e e e e e e e +
| Next Header | Type | FSM | D [
o m o o e o o e e o e e o e o e e o e o o e e e e e e e e e e e eeomaoo- +
| Stream D |
o e e o +
| Stream D (conti nued) |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e oo +
| Sequence numnber |
o m m o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e meemaaoon +
| Sequence Nunber |
o m o o e e o o e o e e e e e e e e o e e e e e e e e e e e e e e e e e eeemaaoo- +

Figure 5.6. Message Header of ADF Message.

StreamI D (8 or 10 bytes):

FSM 1D

Type

Sequence number :

A number that identify the stream. For each stream there
can be only asingle sender.

ldentifies a Finite Sae machinee Has the same
interpretation as in the ADF message.

0x06: Best Effort Ordering

(Not worked out yet)
Currently, only one type is defined:
0x80 Payload = Data message

A number that indicates the order of the payload within a
stream. The sequence number can be byte oriented or
message oriented.
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