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Introduction


Computer Communications & Networks
Introduction
Text:  Data and Computer Communications, 8th Edition, William Stallings

Chapters 2 & 1
Objectives: 

The student shall be able to: 

· Define: Local Area Network, Wide Area Network, multiplexing, Protocol Data Unit, routing, flow control, circuit switch, packet switch. 

· Define the ordering and functions of the layers of the OSI model.

· Describe the layers of the TCP/IP model. 

· Describe how protocol headers are appended for a transmitted PDU.

· Describe how the layers interact with each other: define peer-to-peer.

· Be aware that a number of national and international standards groups exist

Class Time: 

The class shall be conducted as follows: 

Class Introduction 



½ hour 

Intro & vocabulary 



¾ hour 

OSI 





1 hour 

TCP/IP 




½ hour 

Standards




¼ hour

Total





3 hours

Vocabulary

Local Area Network: Communications network that spans a single building or a cluster of buildings. Network owned by one organization. 

Wide Area Network: Communications network that covers a large geographical area. Uses facilities provided by a public telephone network. 

Initial Terminology
Protocol: Language for two computers to speak in to each other. Protocol has: 

· Syntax: data format and signal levels. 

· Semantics: Control information for coordination and error handling. 

· Timing: Speed matching and sequencing. 

Multiplexing: Multiple applications/processes/streams onto one physical channel. 

Flow Control: Required to assure that the source does not overwhelm the destination by sending data faster than they can be processed and absorbed. 

· Stop and wait; 

· Proceed. 
Addressing: From one source entity on node P to a destination entity on node X. The entities are called Service Access Points (SAP). 

Routing: A message may travel through a number of routes in a computer network. How many computers handle your telephone call? 

Protocol Data Unit (PDU): Messages generated by the application or any entitiy may be segmented into smaller units for transmission. A PDU is one such segment or packet.
Connection-Oriented: A connection is explicitly established before data is transferred. After data is sent, connection is terminated. 

Connectionless: No advance setup needed. The sender just transmits the message when it is   ready. 
Circuit switch:  Physical connection is established to create a connection (phone call)

Packet switch:  Physical connection is shared or multiplexed between many users. (letter)
Open Systems Interface (OSI) Reference Model

Layer 1: 

Physical Layer: Interface to the transmission medium 

· Transmits sequences of binary data by analog or digital signaling at particular bit rate. 

· Uses electrical signals (cable); light signals (fiber optics); or electromagnetic signals  (radio/microwave). 

Examples: (Ethernet) baseband signaling, DWDM, DSSS: spread spectrum 

Layer 2: 

Medium Access Control Layer (MAC): Used in networks which have more than 2 nodes connected on one physical media (specifically: Local Area Networks) 

· Addresses the destination computer or node. 

· Decides which node controls the medium (for transmission). 

Examples: Ethernet CSMA/CD, IEEE 802.11a/b/g (Wi-Fi),

Data Link Layer: Detects and corrects errors on a point-to-point basis. 

· Marks beginning and ending of frames; 

· Transmit side: Adds a checksum to the frame before transmission. 

· Receive side: checks the checksum to ensure the frame is received without error. 

· Transmit side retransmits frames when necessary. 

· Frames may have sequence numbers to ensure frames are passed to upper layers in the correct order. 

Examples: PPP, LAPB, SDLC, LLC, ... 

Layer 3: 

Network Layer: Routes messages through the network. 

· Chooses the best port to transmit the message on towards the destination. 

· Routes messages through multiple hops, if necessary. 

· Segments messages into smaller pieces for transmission by the Data Link Layer and reassembles into complete messages on receive side. 

Examples: IP, ATM layer.

Layer 4: 

Transport Layer: Reliable end-to-end transmissions. 

· Retransmits messages lost over the network. 

· Reorders messages received out of order. 

· Performs flow control

· Segments messages into smaller packets or block (=combine) messages into larger packets.

Examples: TCP, UDP 

Layer 5: 

Session Layer: Provides dialog control and synchronization facilities. 

· Supports major and minor checkpoints (so that in event of crash, can back up to last checkpoint). 

· Token control: Take turns transmitting, by passing token, if necessary. 

Layer 6: 

Presentation Layer: Allows for computers with different internal representations to communicate. 

· Translates record formats as necessary. 

· Translates internal representations: ASCII/EBCDIC; little-endian vs. big-endian. 

· Compression/decompression. 

· Encryption. 

Examples: (Sun) RPC XDR algorithms, Java/CORBA’s implementation of IDL (Interface Definition Language), Secure Sockets Layer (SSL)
Layer 7: 

Application Layer: Collection of miscellaneous standardized or homegrown protocols for common activities such as electronic mail, file transfer, and connecting remote terminals to computers. 

Examples: Internet: Telnet, FTP, SNMP, …

OSI is the standard model for classifying communication functions. 

TCP/IP is the most widely used interoperable architecture. 

Internet

TCP/IP was the protocol developed for the ARPANET, funded by the Defense Advanced Research Projects Agency (DARPA). 

TCP/IP Protocol Stack: 

Physical layer: Equivalent to OSI layer 1: Physical Layer. 

· Covers the physical interface between a data transmission device (e.g. workstation, computer) and a transmission medium or network.

· This layer is often shown combined with the Network Access Layer.

Network Interface Layer: Equivalent to OSI layer 2: Data Link Layer 

· Node to node communications. 

· Specific to underlying network: Token Ring, Ethernet, ATM. 

Internet Protocol: Equivalent to OSI layer 3: Network Layer. 

· Addressing: Includes source and destination nodes (computer connection). 

· Routing: Routes packets across multiple networks. 

· Fragmentation and Reassembly: Breaks datagrams into smaller units (PDUs). 

Transport Layer: Equivalent to OSI layer 4: Transport Layer. 

· Addressing: Includes source / destination application port. 

· Blocking & Segmentation / Reassembly

· Error Detection: Discard datagram if invalid checksum (if desired). 

· Error Detection and Control: Detects duplicate or missing messages. Retransmits as necessary.  

· Performs flow control.

Two protocols supported: 

· TCP: Transport Control Protocol: connection-oriented protocol, full-featured.

· UDP: User Datagram Protocol: connectionless protocol, minimal-featured.

Application Layer: Applications may support OSI Session, Presentation, Application layer functions. Applications include: 

· Telnet: access remote computer applications. 

· FTP: File Transfer Protocol. 

· SMTP: Simple Mail Transfer Protocol. 

· SNMP: Simple Network Management Protocol 

· HTTP: Hypertext Transfer Protocol  

Standards Groups

Standards committees that help to standardize interfaces:

International Standards 
· ITU-T: International Telecommunications Union
· ITU-T (Telecommunications): Standardizes telecommunications

· ITU-R (Radio): Standardizes radio spectrum mgmt.

· ITU-T used to be CCITT: Consultative Committee for International Telegraph and Telephone.
· Subcommittee of the U.N.
· Accepts recommendations from ANSI, ETSI,
· Responsible for a number of standards: X.25, X.400, X, V series ...
· ISO: International Standards Organization
· Standardizes non-computer hardware and computerized hardware, software.

· Developed OSI reference model
· Voluntary non-government organization
American Standards Groups

· ANSI: American National Standards Institute.
· T1: Telecommunications standards within ANSI.
· Approves standards for use in U.S.
· Accepts recommendations from TIA, EIA, IEEE…
· EIA: Electrical Industries Association.  In the US.
· Developed RS-232
· Members: manufacturers and users of telecom equipment
· TIA: Telecommunications Industries Association.  (U.S.)
· Developed U.S. cellular standards (in conjunction with EIA).
· Members: manufacturers and users of telecom equipment
Groups focusing on Specific Standards

· IETF: Internet Engineering Task Force

· Manufactures and users of Internet equipment.

· Develops Internet Standards as part of Internet Society

· IEEE: Institute of Electrical and Electronic Engineers
· Developed 802. LAN standards.
· ATM Forum:  Develops ATM standards

