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Communication Transmission Systems Course 
 

 

 Networks are organized as a series of layers or levels, each one build upon one 

below it in order to REDUCE the design complexity. 

 LNA:  

o Divides the design into small 

pieces  

 

o Each layer adds to the 

services provided by the 

lower layers in such a manner 

that the highest layer is 

provided a full set of services 

to manage communications 

and run the applications.  

 

o Each layer has a predefined 

independent provided service 

to the next higher layer 

 

o No need to define how the 

provided services are to be 

performed (This permits changes in a layer without affecting other 

layers). 

 

o Data flows downward through the layers in the source system and 

upwards at the destination address 

 

o Entities comprising the corresponding layers on different machines are 

called peers, they communicate using protocols. 

 

o Below layer-1 is the physical layer through which actual 

communication occurs. 

 Coordinates the functions required to transmit a bit stream over 

a physical medium.  

 Defines the procedures and functions that physical devices and 

interfaces have to perform for transmission occur.  

 Specifies the type of transmission medium and the transmission 

mode (simplex, half duplex or full duplex) and the physical, 

electrical, functional and procedural standards for accessing 

data communication networks. 

 

o A set of layers and protocols is known as network architecture. 

 

o The basic elements of a layered model: 

 A service: set of actions that a layer offers to another (higher) 

layer.  
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 Protocol: set of rules that a layer uses to exchange information 

with a peer entity. These rules concern both the contents and 

the order of the messages used.  
 

 Interfaces:  Messages from one layer to another are sent 

through those interfaces (Define which primitives operations 

and services the lower layer offers to the upper layer adjacent 

to it). 
 

o Protocol Data Unit (PDU): can be a header added at the beginning of 

a message or a trailer appended to the end of a message.  

 Encapsulation/Decapsulation Process: Adding/Removing 

headers/ trailers to/from PDU as data passes from one layer into 

another. 
 

 Between each pair of adjacent layers there is an interface.  
 

o Protocol Stack: A list of protocols used by a certain system, one 

protocol per layer.  
 

o Transmission media:  
 

 Defined by the physical layer include metallic cable, optical 

fiber cable or wireless radio-wave propagation.  

 The physical layer also includes the carrier system used to 

propagate the data signals between points in the network.  

 The carrier systems are simply communication systems that 

carry data through a system using either metallic or optical 

fiber cables or wireless arrangements such as microwave, 

satellites and cellular radio systems. 
 

 

 Communication Circuits:  

o The underlying purpose of communications circuit is to provide a 

transmission path between locations and to transfer digital information 

from one station (node, where computers or other digital equipment are 

located) to another using electronic circuits. 

o Circuit Configurations:  

 A two-point circuit:  

involves the transfer of 

digital information 

between a mainframe 

computer and a personal 

computer, two mainframe 

computers or two data 

communications networks.  
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 A multi-point network: is generally used to interconnect a 

single mainframe computer (host) to many personal computers 

or to interconnect many personal computers. 

 The capacity of the channel is either: 

o  Spatially shared: Devices can use the link 

simultaneously  

o Timeshare: Users take turns 

 

o Network Services:  

 Synchronous (Stream):  

  Session appears as a continuous stream of traffic 

 Usually requires fixed and limited delays 

 

 Asynchronous (Bursty):  

  Session appears as a sequence of messages 

 Typically bursty, such as file transfers, emails. 

 

 Connection oriented services:  

 Long sustained session 

 Orderly and timely delivery of packets 

 

 Connectionless services:  

 One time transaction  

 

o Circuit Modes:  

 Simplex mode (SX):  

 Communication is 

unidirectional, as on a one-

way street.  

 Only one of the two 

devices on a link can 

transmit; the other can only 

receive.  

 Commercial radio 

broadcasting is an example.  

 Simplex lines are also called receive-only, transmit-only or 

one-way-only lines.  

 Half-duplex (HDX) mode:  

 Each station can both transmit and receive, but not at the 

same time.  

 When one device is sending, the other can only receive, and 

vice versa.  

o It is used in cases where there is no need for 

communication in both directions at the same time;  

o the entire capacity of the channel can be utilized for 

each direction.  

o Citizens band (CB) radio is an example where push to 

talk (PTT) is to be pressed or depressed while sending 

and transmitting.  
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 Full-duplex mode (FDX) /duplex mode:  

 Both stations can transmit and receive simultaneously.  

 One common example of full-duplex communication is the 

telephone network.  

 The full-duplex mode is used when communication in both 

directions is required all the time.  

 The capacity of the channel must be divided between the two 

directions.  

 Full/Full duplex (F/FDX) mode:  

 Transmission is possible in both directions at the same time 

but not between the same two stations (i.e. station 1 

transmitting to station 2, while receiving from station 3). 

 F/FDX is possible only on multipoint circuits.  

 Postal system can be given as a person can be sending a letter 

to one address and receive a letter from another address at the 

same time. 

 

o Network Topologies:  

 Star Topology:  

 

 

 Bus Topology: 
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 Ring Topology: 

 

 

 

 

 Mesh Topology: 

 

 

 Hybrid Topology: 
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o Switching Techniques:  

 

 Circuit Switching (CS): it has dedicated resources such as the 

traditional telephone networks. 

 Each session is 

allocated a fixed 

fraction of the 

capacity on each 

link along its path. 

 Dedicated resources 

 Fixed path 

 If capacity is used 

then the calls well 

be blocked. 

 Advantages:  

o Fixed delays 

o Guaranteed continuous delivery 

 Disadvantages:  

o It is not used when the session is idle 

o Inefficient for bursty traffic 

o Difficult to support variable data rates. 

 

 Packet Switching (PS): It has shared resources such as the 

modern data networks. 

 Message broken into smaller units (packets) 

 Source and destination addresses in the packet header 

 Connectionless, packet routed independently 

 Packet may arrive out of order 

 Pipeline of packets across network can reduce delay and 

increase throughput 

 Lower delay that message switching, suitable for 

interactive traffic.   
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o Network Classifications (scope or scale):  

 

 Local Area Network (LAN)/ Wireless LAN(WLAN):  

 Connects computers and devices in a limited geographical 

area such as home, school, computer laboratory, office 

building, or closely positioned group of buildings.  

 Uses a network operating system to provide two-way 

communications at bit rates in the range of 10 Mbps to 

100 Mbps.  

 Typically owned, controlled, and managed by a single 

person or organization.  

 Tends to use certain connectivity technologies, primarily 

Ethernet and Token Ring. 

  

 Wide Area Networks (WAN): 

 The oldest type of data communications network that 

provide relatively  

o Slow-speed,  

o Long-distance transmission of data,  

o Voice and video information over relatively 

large and widely dispersed geographical areas, 

such as country or entire continent.  

 Interconnect routers in different locations.  

 Differs from a LAN in several important ways.  

o Most WANs (like the Internet) are not owned by 

any one organization but rather exist under 

collective or distributed ownership and 

management.  

o WANs tend to use technology like asynchronous 

transfer mode (ATM), Frame Relay and X.25 

for connectivity over the longer distances.  

 

 Metropolitan Area Network (MAN): 

 Optimized for a larger geographical area than a LAN, 

ranging from several blocks of buildings to entire cities.  

 Its geographic scope falls between a WAN and LAN.  

o Might be a single network like the cable 

television network  

o Usually interconnects a number of local area 

networks (LANs) using a high-capacity 

backbone technology, such as fiber-optical links, 

o Provides up-link services to wide area networks 

and the Internet.  

 Operates at speeds of 1.5 Mbps to 10 Mbps and range 

from five miles to a few hundred miles in length. 

Examples of MANs are FDDI (fiber distributed data 

interface) and ATM.  
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 Global Area Network (GAN):  

 Provides connections between countries around the entire 

globe. Internet is a good example and is essentially a 

network comprised of other networks that interconnect 

virtually every country in the world.  

 Operates from 1.5 Mbps to 100 Gbps and cover thousands 

of miles.  

 

 Campus Area Network (CAN):  

 Spanning multiple LANs but smaller than a MAN, such 

as on a university or local business campus.  

 

 LNA Example: 

o Open Systems Interconnection (OSI) 

 International standard organization (ISO) established a 

committee in 1977 to develop architecture for computer 

communication and the OSI model is the result of this effort, 

which is approved in 1984. 

 

 Has the ability to connect any two systems which 

conform to the reference model and associated standards.  

 

 Describes how information or data makes its way from 

one part to another in a system through a network 

medium. 

 

 It divides the problem of moving information between 

computers over a network medium into SEVEN smaller 

and more manageable problems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The lower 4 layers (transport, network, data link and physical 

Layers): are concerned with the flow of data from end to end 

through the network. 

 Physical Layer: It is responsible for transmitting 

individual bits from one node to the next 
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o Contains propagation delays (The needed time to 

travel through the medium) Such as a 3s for the 

Ethernet cable over a distance of 1km. 

o Contains Transmission Errors. 

 Power loss due to attenuation 

 It is impaired by noise 

 Channel is needed to be modelled 

o PHY layer basic elements: 

 Inputs from higher layer 

 For digitally transmission (sampling, 

quantization, source coding) 

 Source coding: used to compress data 

 Channel coding: used to overcome 

unwanted channel noise (redundancy) 

 Modulation (bits representation using 

continuous value signals) 

 Transmission channels 

   

 

 

 

 

 

 

 

 

 

 

 

 

  

 D

ata-link Layer: It is responsible for transmitting frames 

from one node to the next/ error-free transmission. 

o Determines the start and the end of the packet ( 

Framing) 

o Determines which packet contains transmission 

error ( Error detection) 

o Retransmission schemes with Automatic Repeat 

Request (ARQ) (Error correction) 

 Network Layer: It is responsible for the delivery of 

individual packets from the source host to the destination 

host. 

o Accepts incoming packets from the transport 

layer and transmits packets from Data link 

control (DLC) 

o Routes each packet to the proper outgoing DLC/ 

Transport layer 
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 Transport Layer: It is responsible for delivery of a 

message from one process to another. 

o Provides a virtual end to end packet pipe to 

transport layer 

o Provides a virtual end to end message service to 

the higher layers 

o Transport layer functionality:  

* Breaking message into packets and 

reassemble them of size suitable to 

network layer. 

* Multiplexing sessions with same 

source/destination nodes 

* Resequencing packets at destination 

* Recovering from residual errors and 

failures 

* Provide end to end flow control  

  

 The upper 3 layers (application, presentation and session): are 

orientated more toward services to the applications. 

 Session Layer: It is responsible for dialog control and 

synchronization 

o Obtains virtual end to end message service from 

transport layer 

o Provides directory assistance, access rights and 

billing functions 

 Presentation Layer: It is responsible for translation, 

compression, and encryption (code conversion) 

 Application Layer: It is responsible for providing 

services to the user 
 

 Data is Encapsulated/Decapsulated with the necessary protocol 

information as it moves down/up the layers before/after 

network transit. 

 Transport to application layer is all in the operating system and 

do not really need standard interfaces. Thus, the focus will be 

on Transport layer and lower. 

 

 

 

 

 


