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Frame relay is a relatively high speed protocol that can provide some services not available in other WAN technologies such as DSW, cable TV and T lines and Frame relay is a virtual circuit networks. It is designed to provide a more efficient transmission.
Frame relay is a wide area network with the following features:
1. Frame relay operates at a higher speed (1.544 mbps and recently 44.376 mbps)
2. Frame relay operates in just the physical and data link layer.
3. Frame relay allows busty data.
4. Frame relay allows a frame size of 9000 bytes, which can accommodate all LAN frame sizes.
5. Frame relay is less expensive than other traditional WAN’s.
6. Frame relay has error detection at the data link layer only. These is no flow control or error control.
Frame relay protocol Architecture:-
In frame relay we need to consider two separate planes of operation: a control © plane, which is involved in the establishment and termination of logical connections, and a user(U) plane, which is responsible for the transfer of user data between subscribers. Thus, C-plane protocols are between a subscriber and the network, while U-plane protocols provide end-to-end functionality.
Control Plane  At the data link layer, LAPD (Q.921) is used to provide a reliable data link control service, with error control and flow control.
User Plane  For the actual transfer of information between end users, the user plane protocol is LAPF(Link Access Procedure for Frame Mode Bearer Services), which is defined in Q.922. Only the core functions of LAPF are used for frame relay:
· Frame delimiting, alignment, and transparency
· Frame multiplexing/demultiplexing using the address field
· Inspection of the frame to ensure that it is neither too long nor too short
· Detection of transmission errors
· Congestion control functions.

The core functions of LAPF in the user plane constitute a sub layer of the data link layer. This provides the bare service of transferring data link frames from one subscriber to another, with no flow control or error control. Based on the core functions, a network offers frame relay as a connection-oriented link layer service with the following properties:
· Preservation of the order of frame transfer from one edge of the network to the other
· A small probability of frame loss.
The frame relay architecture significantly reduces the amount of work required of the network. User data are transmitted in frames with virtually no processing by the intermediate network nodes, other than to check for errors and to route based on connection number. A frame in error is simply discarded, leaving error recovery to higher layers.
Frame relay user data transfer:-
The operation of frame relay for user data transfer is best explained by considering the frame format. This is the format defined for the minimum function LAPF protocol (know a LAPF core protocol). The format is similar to that of LAPD and LAPD with one obvious omission: There is no control field. This has the following implications:
· There is only one frame type, used for carrying user data. There are no control frames.
· It is not possible to perform all control on the connection; a logical connection can only carry user data.
· It is not possible to perform flow control and error control, because there are no sequence numbers.

EA – The EA bit indicates whether the current  byte is the final byte of the address.













The flag and frame check sequence (FCS) fields function ad is in HDLC. The information field carries higher-layer data. If the user selects to implement additional data link control functions end to end, then a data link frame can be carried in this field. Specifically, a common selection will be to use the full LAPF protocol (known as LAPF control protocol), to perform functions above the LAPF core functions.
	The address field has a default length of 2 octets and may be extended to 3 or 4 octets. As in X.25, the connection identifier has only local significance: Each end of the logical connection assigns its own DLCI from the pool of locally unused numbers, and the network must map from one to the other. The alternative, using the same DLCI on both ends, would require some sort of global management of DLCI values.
	The length of the Address field, and hence of the DLCI, is determined by the Address field extension (EA) bits. The C/R bit is application specific and not used by the standard frame relay protocol. The remaining bits in the address field have to do with congestion control.
TYPES OF VIRTUAL CIRCUIT:-
Frame relay uses different types of virtual circuit frame. These are
1. Switched virtual circuit(SVC)
2. Permanent virtual circuit(PVC)
3. Multicast virtual circuit(MVC)

1. Switched virtual circuit (SVC) : SVC is similar to telephone system. Message is passed from source to destination to set-up the call and to bring it down. When the circuit is needed, a request is made. Some information provided in the call set-up phase includes bandwidth allocation parameters quality of service parameters and virtual channel identifiers. 
2. Permanent virtual circuit (PVC) : PVC is point-to-point connections. PVC connection is dedicated and used for long periods of time. Commands are still used to set-up the call to bring it down. The difference between PVC and SVC  is duration.
3. Multicast virtual circuit (MVC) : MVCs are best described as being a connection between groups of users through which individual users can use SVC connections as well as PVC conncetions. Technically, this type connection is considered permanent. Today, this type connection is generally considered a Local Management Interface (LMI) extension.

Frame relay is a lower layer network protocol. Protocol that operate above it can be integrated into it. TCP/IP can use frame relay as its data link oriented protocol.

Frame relay call control alternatives:-
	For frame relay operation, a user is not connected directly to another user, but rather to a frame handler in the network. Call control alternatives uses two cases as shown in the fig. 4.3.2.
	In switched access, user in connected to switched network. (i.e. ISDN). The local exchange does not provide the frame handling capability. Switchedaccess must be provided from the TE to the frame handler elsewhere in the network. Frame relay service is provided over B or H channel.
	In integrated access, the user is connected to a pure frame relaying network. The local exchange does provide the frame handling capability. In this, the user has direct logical access to the frame handler. Frame relay service is provided over B or H channel or D channel.
Advantages of frame relay:-
1. Frame relay allows bursty data.
2. It operates at a higher speed.
3. Frame relay works only in physical and data link layer.
4. Frame relay improved network up time.
5. Frame relay is less expensive than other.
Disadvantages of frame relay:-
1) Congestion control is required.
2) For busty data, it create varying delays for transmission for different users.
3) Frame relay is not suitable for teleconferencing.
4) Frame relay does not provide end-to-end flow and error control.


Congestion control in Frame Relay:-
	Congestion control in Frame Relay network decreases throughput and increases delay. A high throughput and low delay are the main goals of the frame relay protocol. Frame relay not have flow control.
Congestion avoidance
	For congestion avoidance, the Frame relay protocol uses 2 bits in the frame to explicitly warn the source and the destination of the presence of congestion.
BECN: The Backward Explicit Congestion Notification bit warns the sender of congestion in the networks.                   These are 2 methods: The switch can use response frames from the receiver or else the switch can use a   predefined connection (DLCI=1023) to send special frames for this specific purpose. The sender can   respond to this warning by simply reducing the data rate as shown in fig(a).







FECN:The Forward Explicit Congestion Notification bit is used to warn the receiver of congestion in the network. The frame relay protocol assumes that the sender & receiver are communicating with each other and are using some type of flow control at a higher level. For eg. If there is an acknowledgement mechanism at this higher level, the receiver can delay the ACK thus forcing the sender to slow down as show in fig(b).






Asynchronous Transfer Mode (ATM) :
	ATM is the cell relay protocol designed by the ATM forum and adopted by the ITO-T. Broadband ISDN (B-ISDN) is a set of communications protocols designed to transport a wide range of services simultaneously.
	B-ISDN is the low-level medial access control protocol (MAC) for transferring the actual data. This is common to all above services and is known as Asynchronous Transfer Mode (ATM). ATM is the low-level protocol which actually does the carrying.
	The following important features encourages the widespread uses of ATM for telecommunications.
i. High speed data rate
ii. Low error rate between switching centers.]
iii. Digitized video and speech
iv. Comparatively low operating cost.

According to the services and characteristics ATM standard supports four different bit rate types.

a. Constant Bit Rate (CBR)
b. Variable Bit Rate (VBR)
c. Available Bit Rate (ABR)
d. Unspecified Bit Rate (UBR)

a. Constant Bit Rate (CBR) :  CBR traffic derives from the source where the information is transmitted at a support constant rate. E.g. Telephony speech without silencer.
b. Variable Bit Rate (VBR) : VBR traffic derives from a variable source e.g. compressed voice/video with silence suppression.
c. Available Bit Rate (ABR) : When a carrier has allocated the necessary bandwidth on links to carry CBR traffic and minimum VBR is guaranteed, the ABR is the mechanism to share the remaining bandwidth fairly between the links. ABR is also termed as Best Effort Delivery.
d. Unspecified Bit Rate (UBR) : In UBR there is no guarantee about the bandwidth traffic delay and loss. The flow control in UBR has to come from end device.

The protocol which performs the operation of braking of frames into cell is known as  ATM Adaption Layer,(AAL). Since it adapt frames from different media to and from the ATM network.

Features of ATM :-
1) Flexibility and versatility voice, data video and images can be transmitted simultaneously over a single, integrated corporate network.
2) Much higher transmission capability.
3) Adaptability to a wide variety of physical media, from twisted pair to high capacity optical fiber.
4) The ability to support qualitative as well as quantitative changes in the corporate landscape.
5) Universality ATM technology has the potential to become a multiservice platform handling range of traffic types.
6) Support of virtual networks, leading to independence with respect to physical topology.

ATM Reference Model & ATM Protocol Architecture :-
	ATM (B-ISDN) is defined by means of layered architecture. It is called as ATM Reference Model.
All layers has a separate management plane which is further divided into plane management and layered management. Plane management incorporates the management functions for whole system whereas layered management incorporates management functions of a specific layer.







Physical layer :-
	Physical layer has same functions as that is OSI model. The physical layer is a point-to-point transfer mechanism at the top of real hardware. It can be a wire also. Physical layer adds its own information to each cell transmitted for link management purposes. Physical layer has four functions.
i) To convert bits into cells
ii) Transmission and reception of bits on the physical medium.
iii) Tracking of cell boundaries.
iv) Packaging of cell into frames.

Physical layer involves the specifications of a transmission medium and a signal encoding scheme. The data rates specified at the physical layer include 155.52 Mbps and 622.08 Mbps. Other data rates, both higher and lower are possible. ATM layer common to all services that provide packet transfer capabilities. ATM adaption layer that is service dependent. The ATM protocol reference model makes reference to three separate planes.
a) User plane provides for user information transfer, along with associated control i.e. flow control and error control.
b) Control plane performs call control and connection control functions.
c) Management plane includes plane management, which performs management functions related to a system as a whole and provides co-ordinations between all the planes.

ATM Layer:-
	The ATM layer provides touting information to the data cells. ATM incorporates end-to-end protocols. It interfaces AAL and physical layer.
	Functions of ATM layer are as under
i) Network management
ii) Signaling
iii) OAM protocols

ATM Adaption Layer(AAL)
	The protocol which performs the operation of breaking of frames into cells is known as ATM Adaption Layer. AAL provides the flexibility of a single communications process to carry multiple types of traffic such as data, voice, video and multimedia. ATM adaption layer divides the information into smaller segments that are capable of being inserted into cells for transport between two end nodes. ATM adaptation layer is divided into two sublayer. Its job is to provide the interface to the application. The lower part of the AAL is called the Segmentation and Reassembly (SAR) sublayer. It can add headers and trailers to the data units given to it by the convergence sublayer to form cell payloads.    
AAL functions in one of four ways :-
1) AAL-1
2) AAL-2
3) AAL-3/4
4) AAL-5
AAL-1 (Constant bit rate services)
	It is connection oriented service. It is suitable for voice and video conferencing. AAL-1 requires timing synchronization between source and destination. AAL-1 uses a convergence sublayer and a SAR sublayer.
	The convergence sublayer detects lost and misinserted cells. It also smoothes out incoming traffic to provide delivery of cells at a constant rate. Finally the convergence sublayer breaks up the input messages or stream into 45 or 47 byte units that are given to the SAR sublayer for transmission. The AAL-1 convergence sublayer does not have any protocol headers of its own. The AAL-1 SAR sublayer does have a protocol.
AAL-2 (Variable bit rate)
	It is used for compressed audio and video, the rate can vary strongly in time. AAL-2 cell format given below. It consists of 48bytes. The AAL-2 layer is divided into the common part sublayer (CPS) and the service specific convergence sublayer (SSCS).
	In the cell format, it contains 1-byte header and a 2-byte trailer. 45 byte is used for data per cell. The SN field (sequence number) is used for numbering cell in order to detect missing or misinserted cells.
	The Information Type (IT) is used to indicate that the cell is the start, middle, or end of a message. The Length Indicator (LI) field tell how big the payload is, in bytes. The CRC field is a checksum over the entire cell, so error can be detected.
	Functions of AAL-2
i) Segmentation and reassembly of cells
ii) Handling of cell delay variation
iii) Handling of loss and misinserted cells
iv) Source clock recovery
v) Monitoring errors and take corrective action
AAL-3/4 (Connection oriented)
	AAL-3/4 support both connection oriented and connection less data.
[bookmark: _GoBack]	AAL ¾ can operate in two modes : Stream or message mode. In message mode, each call from the application to AAL-3/4 injects one message into the networks. The message is delivered as such, that is, message boundaries are preserved. In stream mode the boundaries are not preserved. Both modes allow for assured or nonassured operation. In assured operation an end to end protocol is implemented in the SSCS to allow for the error-free delivery of messages. In nonassured operation, messages may be delivered in error or not at all. AAL-3/4 has both a convergence sublayer protocol (CAP) and a SAR sublayer protocol.
AAL-5 (coding)
	AAL-5 is the primary AAL for data and supports both connection oriented and connectionless data. It is used to transfer most non SMDS data, such as classical RP over ATM and LAN  emulation. AAL-5 also known as the simple efficient adaption layer(SEAL) because the SAR sublayer simply accepts the CS-PDU and segments it into 48 octet SAR-PDUs without adding any additional field.
	The AAL-5 convergence sublayer message format. AAL-5 does not have a convergence sublayer header, just an 8-byte trailer.
· Payload field is 1 to 65535 bytes in size.
· UU (User to User) field is not used by the AAL layer itself. It is transparently between the end-system entities.
· The length field tells actual size of payload without containing the padding.
· The CRC field is 4 bytes use to detect errors in the entire message. AAL-5 is much more efficient than AAL-3/4.

ATM LOGICAL CONNECTIONS :-
	Logical connections in ATM are referred to as Virtual Channel Connections (VCC). A VCC is set up between two and users through the network and a variable rate full duplex flow of fixed size cell is exchanged over the connection. VCCs are also used for user-network exchange (control signaling) and network-network exchange.
	A Virtual Path Connection (VPC) is a bundle of VCCs that have the same endpoints. The Virtual Path Technique helps contain the control cost by grouping connections sharing common paths through the network in a single unit.
	Several advantages can be listed for the use 
· Simplified network architecture 
· Increased network performance and reliability
· Reduced processing and short connection set up time
· Enhanced network services.



Virtual Path/Virtual Channel Terminology
	Virtual Channel (VC)          A generic term used to describe unidirectional transport of ATM cells    associated by a common unique identifier value.

	Virtual Channel Link                    A means of unidirectional transport of ATM cells between a point where a VCI value is assigned and the point where that value is translated of terminated.

	Virtual Channel IdentifierA unique numerical tag that identifies a particular VC link for a given VPC.
(VCI)

	Virtual Channel ConnectionA concatenation of VC links that extends between two points where ATM service users access the ATM layer. VCCs are provided for the purpose of user-user,user-network, or network-network information transfer. Cell sequence integrity is preserved for cells belonging to the same VCC.

	Virtual Path                                   A generic term used to describe unidirectional transport of ATM cells belonging to virtual channels that are associated by a common unique identifier value.

	Virtual Path Link                        A group of VC links, identified by a common value of VPI, between a point where a VPI value is assigned and the point where that value is translated or terminated.

	Virtual Path Identifier (VPI)      Identifies a particular VP link.

	Virtual Path Connection (VPC)   A concatenation of VP links that extends between the point where the VCI values are assigned and the pint where those values are translated or removed, i.e., extending the length of a bundle of VC links that share the same VPI. VPCs are provided for the purpose of user-user, user-network, or network-network information transfer.



Virtual Channel Connection Uses :-
The endpoints of a VCC may be end users, network entities, or an end user and a network entity. Let us consider examples of the three uses of a VCC:
· Between end users
· Between an end user and a network entity
· Between two network entities
Virtual Path/Virtual Channel Characteristics :-
· Quality of service (QoS)
· Switched and semipermenent virtual channel connections
· Cell sequence integrity
· Traffic parameter negotiation and usage monitoring
· Virtual channel identifier restriction within a VPC.



Control signaling :-
In ATM, a mechanism is needed for the establishment and release of VPCs and VCCs. The exchange of information involved in this process is referred to as control signaling and takes place on separate connections from those that are being managed.
	For VCCs, I.150 specifies four methods for providing an establishment/release facility. One or a combination of these methods will be used in any particular network:
1. Semipermenent VCCs may be used for user-to-user exchange. In this case, no control signaling is required.
2. We need a permanent channel, probably of low data rate, that can be used to set up VCCs that can be used for call control. Such a channel is called a meta-signaling channel, as the channel is used to set up signaling channels.
3. The meta-signaling channel can be used to set up a VCC between the user and the network for call control signaling. This user-to-network signaling virtual channel can then be used to set up VCCs to carry user data.
4. The meta-signaling channel can also be used to set up a user-to-user signaling virtual channel. It establish and release user-to-user VCCs to carry user data.

For VPCs, three methods are defined in I.150:

1. A VPC can be established on a semipermanent basis by prior agreement. In this case, no control signaling is required.
2. VPC establishment/release may be customer controlled. In this case, the customer uses a signaling VCC to request the VPC from the network.
3. VPC establishment/release may be network controlled. In this case, the network establishes a VPC for its own convenience. The path may be network-to-network, uset-to-network, or user-to-user.

ATM Cell Format (or) ATM Cells :-
ATM is a cell switched network. An ATM cell header can be one of two formats :
a) User network interface (UNI)
b) Network network interface (NNI)
The UNI header is used for communication between ATM end points and ATM switches in private ATM networks. The NNI header is used for communication between ATM switches. Unlike the UNI, the NNI header does not include the Generic Flow Control (GFC) field. 
Functions of field given below:
1. Generic flow control (GFC) : GFC provides local functions ; such as identifying multiple stations that share a single ATM interface. This field is typically not used and is set to its default value.
2. Virtual path identifier (VPI) : In conjunction with the VCI, identifies the next destination of a cell as it passes through a series of ATM switches on the way to its destination. It is 8-bit at the UNI and 12-bit for NNI.
3. Virtual channel identifier (VCI) : VCI is used for routing to and from the end user. It is used in conjunction with VPI.
4. Pay load type (PT) : It indicates type of information field. PT indicates in the first bit whether the cell contains user data or control data. If the cell contains user data, the second bit indicates congestion. Following is the list of table for pay load type field coding.
5. Congestion loss priority (CLP) : CLP indicates whether the cell should be discarded if it encounters extreme congestion as it moves through the network. If the CLP = 1 the cell should be discarded in preference to cells with the CLP bit equal to zero.
6. Header error control (HEC) : It calculates checksum only on the header itself.

Two ATM connection paradigms :-
	ATM provides a connection oriented interface to attached hosts. To reach a remote destination over a ATM network, a host must establish a connection, an abstraction that resembles a telephone call. ATM offers two forms of connections.
1) Switched virtual circuit (SVC)
2) Permanent virtual circuit (PVC)

a) Switched virtual circuits (SVC) :
SVC operates like a conventional voice telephone call. A host communicates with its local ATM switched to request that the switch establish on SVC. The host specifies the complete address of a remote host computer and quality of service required. The host then waits for the ATM network to create a circuit. The remote computer must agree to accept the virtual circuit. The ATM UNI interface uses a 24 bit integer to local ATM switch assigns an identifier to the circuit. A packet transmitted across an ATM network contains neither a source nor destination address. Instead, a host labels each outgoing packet and the switch labels each incoming packet with a circuit identifier.
b) Permanent virtual circuit (PVC) :
An administrator interacts with switches in an ATM networks to configure virtual circuit by hand. An administrator specify the source and destination of the circuit, the quality of service the circuit will receive and the 24 bit identifies each host uses to access the circuit. Although SVC provide more flexibility.

Traffic and Congestion Control Framework :-
Lists the following objectives of ATM layer traffic and congestion control are,
1) ATM layer traffic and congestion control should support a set of ATM layer Quality of service (QOS) classes sufficient for all network service.
2) ATM layer traffic and congestion control should not relay on AAL protocols that are network service specific.
3) The design of an optimum set of ATM layer traffic controls and congestion controls should minimize network and end system complexity while maximizing network utilization.

The following two functions have been defined :-
1) Selective  cell discarding
2) Explicit forward congestion indication
Selective cell discarding is similar to priority control. Cells are discarded to avoid congestion. However, only the excess cells are discarded. i.e. cells are limited so that performance objectives for the CLP = 0 and CLP = 1 flows are still met.
To recover from the congested condition, the network if free to discard any cell and may even discard CLP = 0 cells on ATM connections that are not complying with their traffic contract. If the congestion occurs at any ATM node, it may set an explicit forward congestion indication in the payload type field of the cell header of cells on connections passing through the node. This indication notifies the user that congestion avoidance procedures should be initiated for traffic in the same directions.

TRANSMISSION OF ATM CELLS :-
I.432 specifies that ATM cells may be transmitted at one of several data rates: 622.08 mbps, 155.52 Mbps, 51.84 Mbps. We need to specify the transmission structure that will be used to carry this payload. Two approaches are defined a cell-based physical layer and an SDH-based physical layer.
Cell-Based Physical Layer
For the cell-based physical layer, no framing is imposed. The interface structure consists of a continuous stream of 53-octet cells. Because there is no external frame imposed in the cell-based approach, some form of synchronization is needed. Synchronization is achieved on the basis of the HEC field in the cell header.
1. In the Hunt state, a cell delineation algorithm is performed bit by bit to determine if the HEC coding law is observed (i.e., match between received HEC and calculated HEC). Once a match is achieved, it is assumed that one header has been found, and the method enters the PRESYNC state.









2. In the PRESYNC state, a cell structure is now assumed. The cell delineation algorithm is performed cell by cell until the encoding law has been confirmed consecutively β times.
3. In the SYNC state, the HEC is used for error detection and correction. Cell delineation is assumed to be lost if the HEC coding law is recognized consecutively as in correct α times.

The values of α and β are design parameters. Greater values of β result in longer delays in establishing synchronization but in greater robustness against false delineation. Greater values of α result in longer delays in recognizing a misalignment but in greater robustness against false misalignment. On I.432, show the impact of random bit errors on cell delineation performance for various values of α and β. The first figure shows the average amount of time that the receiver will maintain synchronization in the face of errors, with α as a parameter. The second figure shows the average amount of time to acquire synchronization as a function of error rate, with β as a parameter.
The advantage of using a cell-based transmission scheme is the simplified interface that results when both transmission and transfer mode functions are based on a common structure.

SDH-Based Physical Layer :-
The SDH-based physical layer imposes a structure on the ATM cell stream. In this section, we look at the I.432 specification for 155.52mbps; similar structures are used at other data rates. For the SDH-based physical layer, framing is imposed
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