Asynchronous Transfer Mode(ATM)
Asynchronous Transfer Mode Overview

Asynchronous Transfer Mode(ATM) is a form of data transmission that allows voice, video and data to be sent along the same network. In the past, voice, video and data were transferred using separate networks: voice traffic over the phone, video over cable networks and data over an internetwork. 

ATM is a cell-based, connection-oriented, switching and multiplexing technology designed to be a fast, general purpose transfer mode for multiple services.

It is asynchronous because cells are not transferred periodically. Cells are given time slots on demand

Connection-Oriented Data Transmission-ATM is a connection-oriented transfer mode. Connection-oriented transfer requires that a connection between points be made prior to transfer. The path between communicating devices must also be established prior to transfer. Since there is an established connection in this form of transmission, a confirmation from the receiver is not required.

. 
 A private ATM network and a public ATM network both can carry voice, video, and data traffic. 
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ATM Introduction

In Asynchronous Transfer Mode (ATM) the information to be transmitted is divided into short 53 byte packets or cells, which have a 5 byte header. The reason for such a short cell length is that ATM must deliver real time service at low bit rates and thus it minimizes packetization delay.

ATM Protocol Architechture
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Figure: Comparison of ATM Protocol Architecture to Sevem Layer OSI Model

ATM Reference Model

The ATM architecture uses a logical model to describe the functionality it supports. ATM functionality corresponds to the physical layer and part of the data link layer of the OSI reference model.

The ATM reference model is composed of the following planes, which span all layers:

Control---This plane is responsible for generating and managing signaling requests. 

User--- This plane is responsible for managing the transfer of data. 

Management--- This plane contains two components: 

Layer management manages layer-specific functions, such as the detection of failures and protocol problems. 

Plane management manages and coordinates functions related to the complete system. 

Finally, the higher layers residing above the AAL accept user data, arrange it into packets, and hand it to the AAL. 


Figure: The ATM reference model relates to the lowest two layers of the OSI reference model. 
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The ATM reference model is composed of the following ATM layers:

The ATM Physical Layer

Physical layer consists of two sublayers 

· Physical Medium (PM) sublayer 

· correct transmission and reception of bits 

· medium dependent (optical, electrical) 

· Transmission Convergence (TC) sublayer 

· Maps recovered bitstream into the ATM cells 

· Maps the cells into the transmission mode e.g. SDH, PDH, cell-based 

Two options for cell transmission 

· At the NNI and within the network SDH is preferred transport mechanism (PDH in early versions) 

· At the UNI a cell-based transport is preferred 

· Data rates for both options - 155Mbps 622Mbps 

ATM Adaptation Layers: 

AAL1 

· 47 bytes of payload per cell 

· Sequence Number - Used to detect lost or misinserted cells 
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Sequence Number Protection - Maybe used to provide error-detection and error-correction 

AAL Type 2

· 45 bytes of payload per cell 

· Item Type - Used to indicate beginning of message, continuation of message, or end of message and also a component of the video or audio signal 

· Length Indicator - Indicates the number of octetsof the CS (Convergence Sublayer) PDU that are included in the SAR (Segmetation And Reassembly) payload 
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Cyclic-Redundance-check code - Used to detect errors up to two correlated bit errors in the SAR (Segmetation And Reassembly) PDU (Protocol Data Unit). 
 AAL3/4

· 44 bytes of payload per cell 

· Multiplexing Identification - Provides for the multiplexing and demultiplexing of multiple CS PDUs concurently over a single ATM connection. All SAR PDUs of a given CS PDU will have the same MID value 
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AAL5

48 bytes of payload per cell 

(Simple and Efficient Layer)                                             
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ATM Higher Layers

The higher layers reside above the AAL and accept user data, arrange it into packets, and hand it to the AAL. In some cases the AAL will also have to support higher network layers .

The ATM Cell

The ATM cell is the fixed length data unit used to transmit data. The data is encapsulated into a 48 byte payload and is preceded by a 5 byte header. In an ATM network, all data is switched and multiplexed in these cells.

ATM Cell Structure
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ATMCell-HeaderFormat                                   
An ATM cell header can be one of two formats: UNI or the NNI. The UNI header is used for communication between ATM endpoints and ATM switches in private ATM networks. The NNI header is used for communication between ATM switches.

The above diagram depicts the basic ATM cell format, the ATM UNI cell-header format, and the ATM NNI cell-header format:- 
Unlike the UNI, the NNI header does not include the Generic Flow Control (GFC) field. Additionally, the NNI header has a Virtual Path Identifier (VPI) field that occupies the first 12 bits, allowing for larger trunks between public ATM switches.

ATM Cell-Header Fields

Generic Flow Control (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. 

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. 

Virtual Channel Identifier (VCI)---In conjunction with the VPI, identifies the next destination of a cell as it passes through a series of ATM switches on the way to its destination. 

Payload Type (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, and the third bit indicates whether the cell is the last in a series of cells that represent a single AAL5 frame.

Congestion Loss Priority (CLP)---Indicates whether the cell should be discarded if it encounters extreme congestion as it moves through the network. If the CLP bit equals 1, the cell should be discarded in preference to cells with the CLP bit equal to zero. 

Header Error Control (HEC)---Calculates checksum only on the header itself. 
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ATM   Cell   Transmission
Multiplexing

Multiplexing is the sharing of one physical transmission medium by more than one data stream. In ATM, cells containing different forms of data are multiplexed over the same bandwidth. Each time slot may contain cells from voice, video or data traffic types. The traffic type with the most throughput required will take up most of the bandwidth. For example, a multiplexed multimedia application may have five out of eight cells for video, two for sound and one for data. Multiplexing improves efficiency by maximizing resources. 

ATM uses statistical multiplex gain to improve efficiency. This process involves dynamically assigned time slots only to users who need them. Time slots are not reserved for individual users and they are not sent if no data needs to be transmitted. 

ATM Cell Multiplexing

[image: image8.png]Speech Data Video
0= o= o=
o= o=
0= o= =
[nm| =
= o=
o =

Unassignec
Cell

[T (I [ [T [ [ [




ATM Devices And The Network Environment

ATM is a cell-switching and multiplexing technology that combines the benefits of circuit switching (guaranteed capacity and constant transmission delay) with those of packet switching (flexibility and efficiency for intermittent traffic). It provides scalable bandwidth from a few megabits per second (Mbps) to many gigabits per second (Gbps). Because of its asynchronous nature, ATM is more efficient than synchronous technologies, such as time-division multiplexing (TDM). 

With TDM, each user is assigned to a time slot, and no other station can send in that time slot. If a station has a lot of data to send, it can send only when its time slot comes up, even if all other time slots are empty. If, however, a station has nothing to transmit when its time slot comes up, the time slot is sent empty and is wasted. Because ATM is asynchronous, time slots are available on demand with information identifying the source of the transmission contained in the header of each ATM cell.

ATM Devices

An ATM network is made up of an ATM switch and ATM endpoints. An ATM switch is responsible for cell transit through an ATM network. The job of an ATM switch is well defined: it accepts the incoming cell from an ATM endpoint or another ATM switch. It then reads and updates the cell-header information and quickly switches the cell to an output interface toward its destination. An ATM endpoint (or end system) contains an ATM network interface adapter. Examples of ATM endpoints are workstations, routers, digital service units (DSUs), LAN

Figure: An ATM network comprises ATM switches and endpoints.
                                    [image: image9.png]



ATM Network Interfaces

An ATM network consists of a set of ATM switches interconnected by point-to-point ATM links or interfaces. ATM switches support two primary types of interfaces: UNI and NNI. The UNI connects ATM end systems (such as hosts and routers) to an ATM switch. The NNI connects two ATM switches.

Depending on whether the switch is owned and located at the customer’s premises or publicly owned and operated by the telephone company, UNI and NNI can be further subdivided into public and private UNIs and NNIs. A private UNI connects an ATM endpoint and a private ATM switch. Its public counterpart connects an ATM endpoint or private switch to a public switch. A private NNI connects two ATM switches within the same private organization. A public one connects two ATM switches within the same public organization.

Figure: ATM interface specifications differ for private and public networks.
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ATM Switching

A switch is responsible for data forwarding. ATM uses address switching to connect communicating ends. At each switch, the cell header may be assigned a different VPI and VCI based on the routing table information. The circuit established between the two ends for one transmission may not be the same the next time the two ends communicate. The unrealistic alternative to switching is to have each device connected to every other device by a private line. The largest type of ATM switch is the Central Office(CO) switch which require a throughput of up to 5 Gbps. CO switches set up calls for smaller ATM switches. A smaller type of switch is the campus switch which often provide more services than the CO switches. Another category of switch, the customer premises switch, is used to connect ATM routers. The routers themselves allow clients to attach to servers.An ATM switch is described by its blocking method, the switch architecture and the buffering method. 

ATM switch architecture characteristics include: single bus, multiple bus or self routing. 

Buffer capacity is a measure of the switches memory available for incoming cells. Buffering occurs during periods of high traffic resulting in bandwidth competition. Buffering the clogged cells reduces cell loss since, instead of dropping the cells, they are stored in the switches buffer until they can be passed on. The buffer capacity effects the degree of blocking for the switch. The larger the buffer capacity, the fewer cells will be dropped, but the greater the delay. 

ATM will be used to construct Permanent Virtual Circuits(PVCs) and Switched Virtual Circuits(SVCs). A PVC is a logical dedicated circuit between the two devices. SVCs are established on a call by call basis. 

Switching  Techniques
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ATM Services

Three types of ATM services exist: permanent virtual circuits (PVC), switched virtual circuits (SVC), and connectionless service (which is similar to SMDS).

A PVC allows direct connectivity between sites. In this way, a PVC is similar to a leased line. PVC guarantees availability of a connection and does not require call setup procedures between switches. Disadvantages of PVCs include static connectivity and manual setup.

An SVC is created and released dynamically and remains in use only as long as data is being transferred. In this sense, it is similar to a telephone call. Dynamic call control requires a signaling protocol between the ATM endpoint and the ATM switch. The advantages of SVCs include connection flexibility and call setup that can be handled automatically by a networking device. Disadvantages include the extra time and overhead required to set up the connection.

ATM Connections

ATM supports two types of connections: point-to-point and point-to-multipoint.

Point-to-point connects two ATM end systems and can be unidirectional (one-way communication) or bidirectional (two-way communication). Point-to-multipoint connects a single-source end system (known as the root node) to multiple destination end systems (known as leaves). Such connections are unidirectional only. Root nodes can transmit to leaves, but leaves cannot transmit to the root or each other on the same connection. Cell replication is done within the ATM network by the ATM switches where the connection splits into two or more branches. It would be desirable in ATM networks to have bidirectional multipoint-to-multipoint connections. Such connections are analogous to the broadcasting or multicasting capabilities of shared-media LANs, such as Ethernet and Token Ring.

ATM Environment

ATM promises the capability to provide desktop to desktop connectivity. Several levels of switching will be required to accomplish this task. The local area is the lowest level of the ATM environment. The next level is the movement from the LAN to the WAN. This stage will involve a switch on the LAN premises which connects it to other networks

Differences between ATM LANs and traditional LANs 

· ATM is not a broadcast medium 

· ATM is connection oriented 

· ATM uses a 20 byte hierarchical addressing structure 

· ATM uses fixed-length, 53 byte packet (cells) 
Why ATM-based LANs?

· Switched-based networks give full bandwidth over an interface 

· multicast 

· broadcast 

· Scalable multi-switch networks --- performance of bridging (direct network links) with scalability of routing (interpret addresses with selective forwarding) 

· Resource reservation with ATM 

· guaranteed bandwidth 

· quality of service 

· but still require protocols (TCP) to guarentee data integrity 

· Transparent support for common protocols 

· use IP protocol stack 

· use native ATM adaptation layer 

· Standardized upgrade path 

· 140-155 Mbps today (TAXI, OC-3) 

· 622 Mbps (OC-12) 

· 2.5 Gbps (OC-48) 

· Match speed to applications 

ATM Advantages:

· ATM supports voice, video and data allowing multimedia and mixed services over a single network. 

· high evolution potential, works with existing, legacy technologies 

· provides the best multiple service support 

· supports delay close to that of dedicated services 

· supports the broadest range of burstiness, delay tolerance and loss performance through the implementation of multiple QoS classes 

· provides the capability to support both connection-oriented and connectionless traffic using AALs 

· able to use all common physical transmission paths 

· cable can be twisted-pair, coaxial or fiber-optic 

· ability to connect LAN to WAN 

· legacy LAN emulation 

· efficient bandwidth use by statistical multiplexing 

· scalability 

· higher aggregate bandwidth 

· high speed Mbps and possibly Gbps 

ATM disadvantages:

· flexible to efficiency’s expense, at present, for any one application it is usually possible to find a more optimized technology 

· cost, although it will decrease with time 

· new customer premises hardware and software are required 

· competition from other technologies -100 Mbps FDDI, 100 Mbps Ethernet and fast ethernet 

· presently the applications that can benefit from ATM such as multimedia are rare 

· the wait, with all the promise of ATM’s capabilities many details are still in the standards process 

The Future of ATM

Multimedia will be one of the key applications to use ATM. Multimedia workstations exist today but the benefits brought by ATM will be in connecting these workstations. In the near future ATM is intended to be used as a backbone for other existing services like frame relay. An entire network of ATM components exclusively is unlikely. 

ATM is expected to improve LAN/Client-Server architectures and LAN interconnection. ATM will provide the resources to ease the network demands caused by the growing number of users that need to connect to a LAN, and with applications requiring more bandwidth. 

Concluding Remarks-

ATM-based networking is today where Ethernet was in approximately 1982 

then --- who knew what to do with 10 Mbps! 

now --- who knows what to do with 155 Mbps! 

it works, but... 

Much room for research 
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