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UNIT-III 

3.1 PHYSICAL LAYER –INTRODUCTION 

The physical layer is the first layer of the Open System Interconnection Model (OSI Model). The physical layer 

deals with bit-level transmission between different devices and supports electrical or mechanical interfaces 

connecting to the physical medium for synchronized communication. 

In the early 1960s, data communications was thought to mean digital data exchange between a centrally 

located mainframe computer and a remote computer terminal, or even between two terminals without a 

computer involved. These devices were linked by telephone voice lines, and therefore required a modem at 

each end for signal translation. Although a simple concept, the design was fairly complex to cater for the many 

opportunities for data error that occur when transmitting data through an analog channel. 

A standard was needed to ensure reliable data communications, and to enable the interconnection of 

equipment produced by different manufacturers. From these factors, and to foster the benefits of mass 

production, a standards committee, known today as the Electronic Industries Association (EIA), developed the 

RS232 standard as a common interface standard for data communications equipment (generic). 

The standard evolved over the years and in 1969 the third revision (RS-232C) became the standard of choice 

of PC makers. More recently the EIA232F standard was introduced in 1997 and the current V.24 and V.28 

specifications were issued in 1996 and 1993 respectively. For the purpose of this report, it will be referred as 

RS 232. 

 

To describe the RS 232 interface and to look at how its functionality relates to the Physical and Data Link 

Layers of the Open Systems Inter-Connect (OSI) model, we have to understand its physical and electrical 

properties. It will also look into how the data link layer directs the physical layer, in respect of the sender, and 

how the data link layer interprets the data received from the physical layer at the receiving end. 

 
Fig.3.1 

 

3.2INTERFACE 

In communication studies, the notion of an interface in the work environment is used for a point of interaction 

between a number of systems or work groups. In the manufacturing environment, the coordination and 

interaction between several work groups is used to communicate plans and control production activity. This 

interaction can be schedules, human interactions, computer systems, or any other medium of communication. 

A physical interface is the interconnection between two items of hardware or machinery. 
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Fig.3.2 

3.3 STANDARDS 

There are two types of standards: formal and de facto. A formal standard is developed by an official industry 

or government body. For example, there are formal standards for applications such as Web browsers (e.g., 

HTTP, HTML), for network layer software (e.g., IP), data link layer software (e.g., Ethernet IEEE 802.3), and for 

physical hardware (e.g., V.90 modems). Formal standards typically take several years to develop, during which 

time technology changes, making them less useful. 

 

De facto standards are those that emerge in the marketplace and are supported by several vendors but have 

no official standing. For example, Microsoft Windows is a product of one company and has not been formally 

recognized by any standards organization, yet it is a de facto standard. In the communications industry, de 

facto standards often become formal standards once they have been widely accepted. 

International Telecommunications Union—Telecommunications Group The Telecommunications Group (ITU-

T) is the technical standards-setting organization of the United Nations International Telecommunications 

Union, which is also based in Geneva (see www.itu.int). ITU is composed of representatives from about 200 

member countries. Membership was originally focused on just the public telephone companies in each 

country, but a major reorganization in 1993 changed this, and ITU now seeks members among public- and 

private-sector organizations who operate computer or communications networks (e.g., RBOCs) or build 

software and equipment for them (e.g., AT&T).The RS 232 Standard. 

American National Standards InstituteThe American National Standards Institute (ANSI) is the coordinating 

organization for the U.S. national system of standards for both technology and nontechnology (see 

www.ansi.org). ANSI has about 1,000 members from both public and private organizations in the United 

States. ANSI is a standardization organization, not a standards-making body, in that it accepts standards 

developed by other organizations and publishes them as American standards. Its role is to coordinate the 

development of voluntary national standards and to interact with ISO to develop national standards that 

o pl  ith I“O’s i te atio al e o e datio s. AN“I is a oti g pa ti ipa t i  the I“O. 
 

3.4 EIA-232-D 

The EIA 232D standard was developed in 1969 to specify the connections between a computer and a modem. 

The term itself is an acronym which can be read as follows: 

Electronics Industry Association (EIA) accepted standard, ID number 232 revision D 

EIA 232D specifies the characteristics of the physical and electrical connections between two devices. Names 

and abbreviations are assigned to each pin or wire necessary for serial communications, for example: 

 

Signal Equip. Type Symbol Pin 

Transmit Data DCE TxD 2 

Receive Data DTE RxD 3 

Request to Send DCE RTS 4 
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Signal Equip. Type Symbol Pin 

Clear to Send DTE CTS 5 

Data Set Ready DTE DSR 6 

Signal Ground   SG 7 

Carrier Detect DTE CD 8 

Data Terminal Ready DCE DTR 20 

Ring Indicator DTE RI 22 

Table 3.1 

In EIA 232D, devices using pin 2 (TxD) for output (for example, computers and terminals) are given the name 

data terminal equipment (DTE). Devices using pin 2 (TxD) for input (for example, modems) are given the name 

data communication equipment (DCE). 

EIA 232D also specifies the connectors. A DTE device normally has male connectors while DCE devices have 

female connectors. This standard is not always adhered to by manufacturers; therefore users should always 

review the device documentation before cable connection. 

 

The RS 232 is the standard for the connection of the sending Data Terminal Equipment (DTE) and Data 

Communications Equipment (DCE) to the receiving DCE and DTE. A DTE is a device that forms part of the 

information processing of a system. Examples are a computer, terminal and printer. A DCE is a device that 

provides an interface between a DTE and a communications link, usually a modem. The RS 232 standards have 

developed to specify the interface between the DTE and DCE to include: Network and networking 

 

Physical Layer 

The physical layer defines the electrical, mechanical, procedural and functional specifications for activating, 

maintaining and deactivating the physical link between communicating network systems. 

Within the physical layer, the RS 232 standard, defines the signalling levels, data rates, transmission distances 

and the physical connectors to be used. The primary reason for this is to enable the sending DTE/DCE to 

effectively communicate with the receiving DTE/DCE. 

 

Signalling Levels 

As stated earlier the physical layer converts the bit st ea  ’s a d ’s i to distu a es. Withi  the R“  
standards the disturbances are represented as voltages along the transmission medium, usually copper wire 

between the sending and receiving DTE/DCE. The strength of the voltage travelling along the copper wire 

determines whether it recognised as a 0 or 1 by the receiving physical layer.This is graphically represented as 

follows: 
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Fig. 3.3 

The diagram shows that a 1 is represented by the electrical signal which is a negative voltage and a 0 is a 

positive voltage. The receiving physical layer is able to recognise these positive and negative voltages and 

convert them into a recognizable bit stream of which the data link layer can interpret. The passing of 

disturbances by the physical layer is graphically represented as 

  

Fig. 3.4 

 

As can be seen in this illustration, the sending physical layer converts the bit stream into voltages, transmits 

them along the transmission medium, the receiving physical layer recognises the voltages as either positive or 

negati e a d o e ts the  a k i to ’s a d ’s so the  a e e og isa le  the data li k la e .The spe ifi  
voltage levels for the RS 232 standard are : 

Table: Voltage Levels for the RS 232 Standatd 

State Voltage Level TX Voltage Level RX 

Logic 0 +5v to +15v +3v to +25v 

Logic 1 -5v to -15v -3v to -25v 

Fig. 3.5 

The differences in the voltage become important when cable maximum lengths are being reached between 

DTE and DCE. The larger range of voltage at the receiver means it may be able to pick up a weaker signal which 

may have been caused by a long cable.  
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Physical Connectivity 

This cables are used in past and was also country specific as , the Australian 240VAC standard male power 

connector has three rectangular prongs and is unique to Australia. Equipment which has the correct connector 

can be plugged in and should work anywhere in Australia. The unique connection system prevents overseas 

equipment with different connectors being plugged in as they are generally not compatible with the Australian 

power requirements. This prevents damage to the equipment. 

For similar reasons as our power example, the RS 232 standard defines the requirements of the physical 

connectors which interconnect the DTE to the DCE and to the transmission medium. Having the correct 

connectors allows the equipment to be interconnected but does not necessarily make it work.Common 

connectors in use are as follows: 

Fig. 3.6 

 

The 25 pin RS 232 connector is the one defined in the standard. 

 

Fig. 3.7 

This connector is nine pin RS 232 connector. On a PC, this is commonly referred to as the serial port. 
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Fig. 3.8 

This connector is a modular 9 pin connector, commonly known as an RJ 45 connection. The connectors allow 

the physical components to interconnect; however, how the cabling is wired to the various pins determines 

whether the sending and receiving physical layers will be able to communicate. 

A 9 pin connector will be used to explain how the physical layers communicate. 

Table: DB 9 Pin Assignments 

DB-9 Pin Corresponding DB-25 Signal Function 

2 3 RxD Received Data 

3 2 TxD Transmited Data 

8 5 CTS Clear to send 

7 4 RTS Request to Send 

6 6 DSR Data set ready 

5 7 SG Signal Ground 

4 20 DTR Data Terminal Ready 

1 8 DCD Data Carrier Detect 

Fig. 3.9 

DTE 

1. at the physical layer it can be a terminal, computer, printer, fax etc 

2. sends data on Transmitted Data (TxD) line 

3. receives on Received Data (RxD) line 

4. asserts Request to Send (RTS) when ready to receive 

5. waits for Clear To Send (CTS) to be asserted before sending 

6. asserts Data Terminal Ready (DTR) when ready and waiting (to receive) 

7. expects Data Set Ready (DSR) to be asserted before performing (sending) 

8. expects Data Carrier Detect (DCD) to be asserted before receiving 

DCE 
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At the physical layer the DCE takes the bit stream converts them into a signal (voltages) and then introduces 

the signal onto the telecommunications medium. Normally the DCE is known as a modem. 

the wiring is the inverse as that of the DTE. 

The most important lines are RxD, TxD, and SG; the others are used with modems, printers and plotters to 

indicate internal states. 

RTS and CTS Lines 

The RTS and CTS are used by the physical layer to start or stop a transmission. The DTE/DCE starts the 

transmission by sending a voltage of -5 to -15 down (binary 1) the RTS line. Once the receiving physical layer 

receives the signal it responds by sending a negative voltage -5 to -15 (binary 1) down CTS line. If the physical 

layer wants to stop or interrupt the transmission it sends a +5v to 15v (binary 0) down the CTS line. In this way 

the physical layer is able to control the flow of data. 

DTR and DSR Lines 

DTR and DSR are used to establish a connection between the physical layers at the very beginning. A good way 

of looking at is as "handshaking" of the modems at the sending and receiving physical layers. The sending 

physical layer sets DTR to binary 1 by sending a negative -5v to 15 v down the line, and receiving physical layer 

answers with a binary 1 by sending a -5v to 15v down the DSR line. This indicates that flow of data 

(represented by voltages) between the physical layers can commence. 

SG 

The Signal to ground is the logical ground which is used as a reference point for all signals received or 

transmitted. 

Note that the above seven lines are often referred to as the "7-wire connection", or "hand-shake connection." 

DCD 

The modem uses this line to indicate that it has detected the carrier of the modem on the other side of the 

phone line. Voltages, once again are used to do this. 

Transmission Distances 

Cable length standards are important to protect the integrity of the signal and to allow sending and receiving 

DTE/DCE to communicate effectively. A good example to understand why this is the case is to think of a 

person yelling down a piece of PVC pipe, the longer the pipe the weaker his voice will be at the receiving end. 

The same is true with data communications, the longer the cable the weaker the signal becomes at the 

receiving end. It is for this reason that the voltage range is greater at the receiving end than the transmitting 

end, it allows for the degradation of the signal (weaker voltages). 

RS 232 standard sets the maximum cable length as 15 metres between a DTE and DCE for signaling rates < 20 

kbps. This standard is designed to ensure maximum communication speed can occur, longer cable distances 

can be achieved but the data rate will be reduced as a consequence. However, since this standard was written 

cable quality has improved considerably which now allows much grater distances to be achieved. 

Much larger distances are achieved once the signal is forwarded onto the transmission lines of a 

telecommunication system e.g. PSTN line, as the signal is regenerated through signal boosters and optical 

isolators. 

3.5 RJ-45 

Connector Length Width Height 
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4P4C (RJ9) 7.7 

6P4C (RJ11) 12.34 9.65 6.60 

8P8C (RJ45) 21.46 11.68 8.30 

 

Fig 3.10 

8P8C (8 position 8 contact) 

The 8 position 8 contact (8P8C) connector is a modular connector commonly used to terminate twisted pair 

and multi-conductor flat cable. These connectors are commonly used for Ethernet over twisted pair, 

registered jacks and other telephone applications, RS-232 serial using the EIA/TIA-561 and Yost standards, and 

other applications involving unshielded twisted pair, shielded twisted pair, and multi-conductor flat cable. 

An 8P8C modular connection has two paired components: the male plug and the female jack, each with eight 

equally-spaced conductors. On the plug, these conductors are flat contacts positioned parallel with the 

connector body. Inside the jack, the contacts are suspended diagonally toward the insertion interface. When 

an 8P8C plug is mated with an 8P8C jack, the contacts meet and create an electrical connection. Spring tension 

in the jack's contacts ensures a good interface with the plug and allows for slight travel during insertion and 

removal. 

Although commonly referred to as an RJ45 in the context of Ethernet and category 5 cables, it is incorrect to 

refer to a generic 8P8C connector as an RJ45. A telephone-system-standard RJ45 plug has a key which 

excludes insertion in an un-keyed 8P8C socket. The registered jack (RJ) standard specifies a different 

mechanical interface and wiring scheme for an RJ45S from TIA/EIA-568-B which is often used for modular 

connectors used in Ethernet and telephone applications. 8P8C modular plugs and jacks look very similar to the 

plugs and jacks used for FCC's registered jack RJ45 variants, although the RJ45S is not compatible with 8P8C 

modular connectors. 

Pinout 

 

T568A wiring 
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T568B wiring     Fig 3.11 

Connectors are frequently terminated using the T568A or T568B assignments that are defined in TIA/EIA-568. 

The drawings to the right show that the copper connections and pairing are the same, the only difference is 

that the orange and green pairs (colors) are swapped. A cable wired as T568A at one end and T568B at the 

other (Tx and Rx pairs reversed) is a "crossover" cable. Before the widespread acceptance of auto MDI-

X capabilities a crossover cable was needed to interconnect similar network equipment (such as Ethernet 

hubs to Ethernet hubs). A cable wired the same at both ends is called a "patch" or "straight-through" cable, 

because no pin/pair assignments are swapped. Crossover cables are sometimes still used to connect two 

computers together without a switch or hub, however most network interface cards (NIC) in use today 

implement auto MDI-X to automatically configure themselves based on the type of cable plugged into them. If 

a "patch" or "straight" cable is used to connect two computers with auto MDI-X capable NICs, one NIC will 

configure itself to swap the functions of its Tx and Rx wire pairs. 

Pin 
T568A 

pair 
T568B 

pair 
10/100BASE-
T signal id. 

1G/10GBASE-
T signal id. 

Wire T568A color T568B color Diagram 

1 3 2 DA+ DA+ tip 
 

white/green 
stripe 

 
white/orange 
stripe 

 

Pin numbering on 
plug. Connected pins 
on plug and jack have 
the same number. 

2 3 2 DA− DA− ring  
green solid 

 
orange solid 

3 2 3 DB+ DB+ tip 
 

white/orange 
stripe 

 
white/green 
stripe 

4 1 1 NC DC+ ring  
blue solid 

 
blue solid 

5 1 1 NC DC− tip 
 

white/blue 
stripe 

 
white/blue 
stripe 

6 2 3 DB− DB− ring  
orange solid 

 
green solid 

7 4 4 NC DD+ tip 
 

white/brown 
stripe 

 
white/brown 
stripe 

8 4 4 NC DD− ring  
brown solid 

 
brown solid 

Fig 3.12 

3.6 RJ-11 
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RJ-11. (Registered Jack-11) A telephone interface that uses a cable of twisted wire pairs and a modular jack 

with two, four or six contacts. RJ-11 is the common connector for plugging a telephone into the wall and the 

handset into the telephone. A telephone interface that uses a cable of twisted wire pairs and a modular jack 

with two, four or six contacts. RJ-11 is the common connector for plugging a telephone into the wall and the 

handset into the telephone. 

 

Fig 3.13 

The diagram is shown with the "hook clip" on the underside. The typical RJ-11 connector has six terminals. 

Usually, only the middle four pins are used. The POTS (Plain Old Telephone Service) residential telephone 

wiring generally contains two pairs of wires - designed for two separate telephone lines. The center pins (Red 

and Green) contain the first telephone line. Please note that business (digital) phone systems may be wired 

differently. 

3.7 BNC CONNECTOR 

The BNC (Bayonet Neill–Concelman) connector is a miniature quick connect/disconnect radio frequency 

connector used for coaxial cable. It features two bayonet lugs on the female connector; mating is fully 

achieved with a quarter turn of the coupling nut. BNC connectors are used with miniature-to-subminiature 

coaxial cable in radio, television, and other radio-frequency electronic equipment, test instruments, and video 

signals. The BNC was commonly used for early computer networks, including ARCnet, the IBM PC Network, 

and the 10BASE2 variant of Ethernet. BNC connectors are made to match the characteristic impedance of 

cable at either 50 ohms or 75 ohms. They are usually applied for frequencies below 4 GHz[1] and voltages 

below 500 volts. 

The BNC uses a slotted outer conductor and some plastic dielectric on each gender connector. This dielectric 

causes increasing losses at higher frequencies. Above 4 GHz, the slots may radiate signals, so the connector is 

usable, but not necessarily stable up to about 11 GHz. Both 50 ohm and 75 ohm versions are available. The 

BNC connector is used for signal connections such as: 

A. analog and serial digital interface video signals 

B. amateur radio antennas 

C. aerospace electronics (avionics) 

D. test equipment. 

BNC Tee Connectors with resistive load terminators 

The BNC connector is used for composite video on commercial video devices. Consumer electronics devices 

with RCA connector jacks can be used with BNC-only commercial video equipment by inserting an adapter. 

BNC connectors were commonly used on 10base2 thin Ethernet network cables and network cards. BNC 
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connections can also be found in recording studios. Digital recording equipment uses the connection for 

synchronization of various components via the transmission of word clock timing signals. 

Typically the male connector is fitted to a cable, and the female to a panel on equipment. Cable connectors 

are often designed to be fitted by crimping[4] using a special power or manual tool. Wire strippers which strip 

outer jacket, shield braid, and inner dielectric to the correct lengths in one operation are used. 

 

Fig 3.14 

Types 

BNC connectors are most commonly made in 50 and 75 ohm versions, matched for use with cables of the 

same characteristic impedance. The 75 ohm types can sometimes be recognized by the reduced or absent 

dielectric in the mating ends but this is by no means reliable. There was a proposal in the early 1970s for the 

dielectric material to be coloured red in 75 ohm connectors, and while this is occasionally implemented, it did 

not become standard. The 75 ohm connector is dimensionally slightly different from the 50 ohm variant, but 

the two nevertheless can be made to mate. The 50 ohm connectors are typically specified for use at 

frequencies up to 4 GHz and the 75 ohm version up to 2 GHz. A 95 ohm variant is used within the aerospace 

sector, but rarely elsewhere. It is used with the 95 ohm video connections for glass cockpit displays on some 

aircraft. 

Video (particularly HD video signals) and DS3 Telco central office applications primarily use 75 ohm BNC 

connectors, whereas 50 ohm connectors are used for data and RF. Many VHF receivers used 75 ohm antenna 

inputs, so they often used 75 ohm BNC connectors. 

Reverse-polarity BNC (RP-BNC) is a variation of the BNC specification which reverses the polarity of the 

interface. In a connector of this type, the female contact normally found in a jack is usually in the plug, while 

the male contact normally found in a plug is in the jack. This ensures that reverse polarity interface connectors 

do not mate with standard interface connectors. The SHV connector is a high-voltage BNC variant that uses 

this reverse polarity configuration. 

Smaller versions of the BNC connector, called Mini BNC and High Density BNC (HD BNC), are manufactured by 

Amphenol. While retaining the electrical characteristics of the original specification, they have smaller 

footprints giving a higher packing density on circuit boards and equipment backplanes. These connectors have 

true 75 ohm impedance making them suitable for HD video applications. 

EIA-449 Digital Interface 

The RS-449 specification, also known as EIA-449 or TIA-449, defines the functional and mechanical 

characteristics of the interface between data terminal equipment and data communications equipment. The 

electrical signaling standards intended for use with RS-449 are RS-422 for balanced signals, and RS-423 for the 

unbalanced signals, with data rates to 2 Mbit/s. The standard specifies DC-37 and DE-9 for the primary and 
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secondary data circuits. Though never applied on personal computers, this interface is found on some network 

communication equipment. The full title of the standard is EIA-449 General Purpose 37-Position and 9-Position 

Interface for Data Terminal Equipment and Data Circuit-Terminating Equipment Employing Serial Binary Data 

Interchange. 

Interface Standards 

RS-449 ( often written as RS449 ) is a specification for a differential communications interface that uses a DB-

37 connector and differential equivalents of the V.24 (RS-232) signals. Some of the link management control 

signals are implemented using V.10 (RS-423) single ended interfaces. Note that the EIA standards have 

effectively replaced the RS standards. Note also that RS-449 and EIA-449 (often written as EIA449) are also 

sometimes referred to as V.36 (a modem standard that specifies an RS-449 type data interface). 

Interface Characteristics 

RS-449 is a differential communications interface used for synchronous communications with some single-

ended link management signals, typically limited to a maximum throughput of 10Mbps. Communications over 

distances exceeding 1000m is possible at low bit rates, the actual performance being mostly dependent on 

cable specification. Separate clock lines are used for receiving and transmitting data. 

Interface Applications 

RS-449 interfaces are commonly found on communications equipment in some parts of the world where high 

throughput and/or long distances are required. The interface also offers good noise immunity enabling 

reliable communications in environments where there are high levels of EMI (electromagnetic interference). 

Interface Connector Types and Pinouts 

The signals used by the overwhelming majority of applications are marked in bold. 

Signal Name  DB37 Contact  Supported on FarSync cards 

Shield   1    Yes 

Signal Rate Indicator 2  

Unassigned  3  

Send Data (A)  4    Yes 

Send Timing (A) 5    Yes 

Receive Data (A) 6    Yes 

Request To Send (A) 7    Yes 

Receive Timing (A) 8    Yes 

Clear To Send (A) 9    Yes 

Local Loopback 10  

Data Mode (A) 11  

Terminal Ready (A) 12  

Receiver Ready (A) 13  

Remote Loopback 14  

Incoming Call 15  

Select Frequency 16  

Terminal Timing (A) 17  

Test Mode 18  

Signal Ground 19 Yes 

Receive Common 20  
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Unassigned 21  

Send Data (B) 22 Yes 

Send Timing (B) 23    Yes 

Receive Data (B) 24    Yes 

Request To Send (B) 25    Yes 

Receive Timing (B) 26    Yes 

Clear To Send (B) 27    Yes 

Terminal In Service 28  

Data Mode (B) 29  

Terminal Ready (B) 30  

Receiver Ready (B) 31  

Select Standby 32  

Signal Quality 33  

New Signal 34  

Terminal Timing (B) 35  

Standby Indicator 36  

Send Common 37 

Fig 3.15  

3.8 X.21 MODEMS 

X.21 (sometimes referred to as X21) is an interface specification for differential communications introduced in 

the mid-1970s by the ITU-T. X.21 was first introduced as a means to provide a digital signaling interface for 

telecommunications between carriers and customers' equipment. This includes specifications for DTE/DCE 

physical interface elements, alignment of call control characters and error checking, elements of the call 

control phase for circuit switching services, and test loops. 

When X.21 is used with V.11, it provides synchronous data transmission at rates from 600 bit/s to 10 Mbit/s. 

The e is also a a ia t of X.  that is o l  used i  sele t lega  appli atio s, i uit s it hed X. . X.  
normally is found on a 15-pin D-Sub connector and is capable of running full-duplex data transmissions. 

The Signal Element Timing, or clock, is provided by the carrier ( telephone company), and is responsible for 

correct clocking of the data. X.21 is primarily used in Europe and Japan, for example in the Scandinavian 

DATEX and German DATEX-L circuit switched networks during the 1980s. 

 

Fig 3.16 

Cables using this pinout are known as X.21 Null-Modem or Crossover cables, they can be used as a 

low cost way to replace a pair of synchronous X.21 modems or a synchronous X.21 modem eliminator as long 

as the device at one end of the cable can product the clocks. Both the FarSync T2P 
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and T4P cards can be configured to generate the required clock signals (Sa/Sb) on pins 6 and 13. 

 

 

3.8 aTypes of X.25 Modem and its features 

Interface Standards 

There are many different types of modems.  They are also classified through numerous ways. However, 

generally the classification is based on the basic function of a modem. Some of the common types are – 

On the basis of directional capability, modems are divided into half duplex and full duplex typesHalf duplex 

modem is each station can transmit and receive but not at the same time, while full duplex modem is both 

stations can transmit and receive simultaneously. 

 

Fig 3.17 

On the basis of connection to the line they are classified into 2 wire and 4 wire modem types. 

2 wire modem – These modems make use of the same pair of wires for outgoing and incoming carriers. Due to 

the use of o l  o e pai  of i es hi h is e te ded i to the su s i e ’s lo atio , this t pe of leased  i e 
connection is less expensive than the 4 wire connection. 

• -wire modems use the same pair of wires for outgoing and incoming carriers. 

• A leased -wireconrlection is usually cheaper than a 4-wire connection as only one pair of wires is extended 

to the subscriber's premises. 

• The data connection established through telephone exchange is also a 2-wire connection. 
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• I  -wire modems, half duplex mode of transmission that uses the same frequency for the incoming and 

outgoing carriers can be easily implemented. 

• Fo  full duple  ode of operation, it is necessary to have two transmission channels, one for transmit 

direction and the other for receive direction. 

• This is a hie ed  f e ue  di isio  ultiple i g of t o diffe e t a ie  f e ue ies. These a ie s a e 
placed within the bandwidth of the speech channel. 

 

 
Fig 3.18 

 
Fig 3.19 

4 wire modem – In this type of connection, separate wires are used for incoming and outgaining carrier.  Data 

can be transmitted on half and full duplex mode through these settings. The same carrier frequency can be 

used for transmission in both directions as the physical path is separate for each in this case. 

On the basis of transmission mode, modems are divided into asynchronous and synchronous types- 

Synchronous Modem – Data is transmitted in frames along with synchronization bits which are used for 

ensuring the timely transmission and reception of data. These modems are mainlyemployed on dedicated 

leased lines. 
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Fig 3.20 

Asynchronous Modem – In these types of modems, every byte is positioned between a stop and a start bit. 

This lacks the timing signal or clock between modem and DTE. It is able to manage a continuous flow of data 

bits provided that a clock signal is used. 

 

Fig 3.21 

 

 

3.9 BLOCK SCHEMATIC OF MODEM 

 

      Fig 3.22 
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X.21 ( occasionally written as X21 )is a specification for differential communications that that includes the 

definition of connector pin allocations. It is used together with V.11 to define a specification for serial 

synchronous communications at up to 10Mbps. A variant of X.21 called 'circuit switched X.21' is now no longer 

in use except for a few legacy systems. 

V.11 is a specification for differential communications that defines signal electrical characteristics. Signals 

meeting V.11 requirements are used in X.21, RS-449 (EIA-449), RS-530 (EIA-530) and the balanced signal part 

of V.35 interfaces. 

RS-422( often written as RS422 )is essentially equivalent to V.11. Note that the EIA standards have effectively 

replaced the RS standards. 

3.10SIGNAL CONSTELLATION 

 

Fig 3.23 

At 4800 bits per second, the scrambled data stream to be transmitted is divided into groups of two 

consecutive data bits. The two bits Q1n and Q2n, where Q1n is first in time, where the subscript n designates 

the sequence number of the group, are first differentially encoded into Y1n and Y2n according to Table 2/V.32 

bis. The two differentially encoded bits Y1n and Y2n are then mapped into the coordinates of the signal 

element to be transmitted according to the signal space diagram shown in Figure  ___/V.32 bis. 

 

Interface Characteristics 

X.21 is a differential interface, typically limited to a maximum throughput of 10Mbps. Communications over 

distances exceeding 1000m is possible at low bit rates, the actual performance being mostly dependent on 

cable specification. A single clock signal is used for receiving and transmitting data. 

Interface Applications 

X.21/V.11 interfaces are used where high throughput and/or long distances are required. Commonly used bit-

rates for synchronous communications are 64Kbps, 128Kbps, 256Kbps etc. The interface also offers good noise 

immunity enabling reliable communications in environments where there are high levels of EMI 

(electromagnetic interference). Typical protocols used over X.21 interfaces are HDLC, X.25, SNA and PPP. 
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In some common applications including industrial controls, RS-422 interfaces are used to extend the reach of 

asynchronous communications, with differential drivers and receivers used instead of RS-232 devices for the 

line interfaces. Asynchronous RS-422 applications normally use a DB9 connector although the pin assignments 

are not standardised. 

Signal Ground (G) - 
This provides reference for the logic states against the other circuits. This 

signal may be connected to the protective ground (earth). 

DTE Common Return (Ga) - 
Used only in unbalanced-type configurations (X.26), this signal provides 

reference ground for receivers in the DCE interface. 

Transmit (T) - 

This carries the binary signals which carry data from the DTE to the DCE. 

This circuit can be used in data-transfer phases or in call-control phases 

from the DTE to DCE (during Call Connect or Call Disconnect). 

Receive (R) - 

Controlled by the DTE to indicate to the DCE the meaning of the data sent 

on the transmit circuit. This circuit must be ON during data-transfer phase 

and can be ON or OFF during call-control phases, as defined by the 

protocol. 

Indication (I) - 

The DCE controls this circuit to indicate to the DTE the type of data sent 

on the Receive line. During data phase, this circuit must be ON and it can 

be ON or OFF during call control, as defined by the protocol. 

Signal Element Timing (S) - 

This provides the DTE or DCE with timing information for sampling the 

Receive line or Transmit line. The DTE samples at the correct instant to 

determine if a binary 1 or 0 is being sent by the DCE. The DCE samples to 

accurately recover signals at the correct instant. This signal is always ON. 

Byte Timing (B) - 

This circuit is normally ON and provides the DTE with 8-bit byte element 

timing. The circuit transitions to OFF when the Signal Element Timing 

circuit samples the last bit of an 8-bit byte. Call-control characters must 

align with the B lead during call-control phases. During data- transfer 

phase, the communicating devices bilaterally agree to use the B lead to 

define the end of each transmitted or received byte. The C and I leads 

then only monitor and record changes in this condition when the B lead 

changes from OFF to ON, although the C and I leads may be altered by the 

transitions on the S lead. This lead is frequently not used. 
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Fig 3.24 

List of ITU-T V-series recommendations 

 

a) The ITU-T V-Series Recommendations on Data communication over the telephone network specify the 

protocols that govern approved modem communication standards and interfaces. 

b) V.1 is an ITU-T recommendation, entitled Equivalence between binary notation symbols and the 

significant conditions of a two-condition code. 

c) V.2 is an ITU-T recommendation, approved in November 1988, titled Power levels for data transmission 

over telephone lines. 

d) V.4 is an ITU-T recommendation, approved in November 1988, titled General structure of signals of 

International Alphabet No. 5 code for character oriented data transmission over public telephone 

networks. 

e) V.5 was an ITU-T recommendation, approved in November 1988, titled Standardization of data signalling 

rates for synchronous data transmission in the general switched telephone network. It has been 

withdrawn since. 

f) V.6 was an ITU-T recommendation, approved in November 1988, titled Standardization of data signalling 

rates for synchronous data transmission on leased telephone-type circuits. It has been withdrawn since. 

g) V.7 is an ITU-T recommendation, approved in November 1988, titled Definitions of terms concerning data 

communication over the telephone network. 

h) V.8 is an ITU-T recommendation, first approved in September 1994, titled Procedures for starting sessions 

of data transmission over the public switched telephone network. It has been superseded three times. 

The current version was approved in November 2000. 

i) V.8bis is an ITU-T recommendation, first approved in August 1996, titled Procedures for the identification 

and selection of common modes of operation between data circuit-terminating equipments (DCEs) and 

between data terminal equipments (DTEs) over the public switched telephone network and on leased 

point-to-point telephone-type circuits. It has been superseded twice. The current version was approved in 

November 2000. 

 

Active and Passive Hub 
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A central connecting device in a network that regenerates signals on the output side to keep the signal 

strong.Also called a "multiport repeater." Contrast with passive hub and intelligent hub. 

These hubs are nothing more than point contacts for the wires that make up the physical network. An 

example of this is a punch-down block that is a simple plastic, unpowered box used to plug network cables 

into.Passive Hub works like a simple Bridge. It is used for just creating a connection regenerate any incoming 

signal. It receives signal and then forward it to multiple devices  between various devices. It does not have It 

has the ability to amplify or  

Fig 3.25 

Active hubs are a little smarter than passive hubs. You might also come across the term "concentrators," 

which are basically active hubs that concentrate and strengthen a signal as it enters and exits the hub.Active 

Hub is a hub which can amplify or regenerate the information signal. This type of bus has an advantage as it 

also amplifies the incoming signal as well as forward it to multiple devices. This Bus is also known as Multiport 

Repeater. It can upgrade the properties if incoming signal before sending them to destination. 

Asynchronous Modem  

• As h o ous ode s a  ha dle data tes ith sta t a d stop its. 
• The e is o sepa ate ti i g sig al o  lo k et ee  the ode  a d the DTE. 
• The i te al ti i g pulses a e s h o ized epeatedl  to the leadi g edge of the sta t pulse . 

 

Fig. 3.26 

 

Synchronous Modem 

• “ h o ous ode s a  ha dle a o ti uous st ea  of data its ut e ui es a lo k sig al. 
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• The data its a e al a s s h o ized to the clock signal. 

• The e a e sepa ate lo ks fo  the data its ei g t a s itted a d e ei ed. 
• Fo  s h o ous t a s issio  of data its, the DTE a  use its i te al lo k a d suppl  the sa e to the 
modem. 

 

Fig. 3.27 

 

Modulation techniques used for Modem: 

The basic modulation techniques used by a modem to convert digital data to analog signals are : 

• A plitude shift ke i g A“K . 
• F e ue  shift keying (FSK). 

• Phase shift ke i g P“K . 
• Diffe e tial P“K DP“K .  
These techniques are known as the binary continuous wave (CW) modulation. 

• Mode s a e al a s used i  pai s. A  s ste  hethe  si ple , half duple  o  full duple  e ui es a ode  
at the transmitting as well as the receiving end. 

• Thus a ode  a ts as the ele t o i  idge et ee  t o o lds - the world of purely digital signals and the 

established analog world. 

A dial-up is a connection that is established using a modem. To make the dial-up connection the modem must 

be connected to an active phone line that is not in use. When connecting the modem will pick up the phone 

and dial a number that is attached to another computer. After the connection has been made the computer 

can check e-mail, browse the Internet, and share files. 

 

Fig. 3.28 
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Today, with multimedia and bigger web pages on the Internet most users have an un-enjoyable time browsing 

the Internet using a dial-up connection and try to use other options. Most users who have the available option 

use some form of broadband connection, which allows a much faster download and upload. 

Baseband Modem is a digital modem that may be used to inter-connect computers, terminals, controllers and 

similar digital equipment over distances of up to 16 kms (10 miles) for LAN interconnection, campus 

networking, or high speed leased line internet links, over a single, un-conditioned twisted copper pair (two 

wires). These devices overcome distance limitation and noise problems by using special modulation and line 

equalization techniques and allow error-free communication over longer distances, at much higher data rates 

than conventional analog dial-up modems. VCL - Baseband Modems provide a cost effective and efficient 

solutions for dedicated data- et o k a ess a d fo  the last ile  et o k a ess appli atio s. 

Highlights        Features  

1. Campus LAN & WAN connections    Covers distances of 16 kms on a single,  

unconditioned twisted (10 miles) pair (two wires)           

2. Offers data rates of 115.2Kbps,    High speed leased line internet links  

Asynchronous 

3. Offers data rates of 64 and128 Kbps,   LAN interconnection Synchronous 

4. Choice of interfaces      Campus networking  

5. Supports point-to-point synchronous or   Local analog and remote digital loopback tests 

asynchronous communication 

A line driver is an electronic amplifier circuit designed for driving a load such as a transmission line. The 

amplifier's output impedance may be matched to the characteristic impedance of the transmission line. Line 

drivers are commonly used within digital systems, e.g. to communicate digital signals across circuit-board 

traces and cables. In analog audio, a line driver is typically used to drive line-level analog signal outputs, for 

example to connect a stereo music player to an amplified speaker system. 

Line drivers offer the simplest and cheapest method of increasing the distance between two devices. The 

simplest line drivers convert digital pulses from a single signal into a differential signal. This signal offers a 

number of advantages. Line drivers are suitable for use over 2- or 4-wire direct cabling (privately owned lines). 

 

Fig. 3.29 

Distance can be as far as 4 km since the receive circuitry can detect minute differences between the A and B 

wires. Interference effects A and B wires equally, meaning the difference stays the same and the data is 

uncorrupted. 

Modems -use an analogue wave signal to carry data over the phone lines (modulation/demodulation). The 

speed is limited by the bandwidth offered by the public switched telephone network (PSTN), which was 

originally designed purely for speech. However, distance is unlimited because the modem signal is amplified as 
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it travels through the network. PC modems only operate on PSTN whereas data-centre modems can be used 

for permanent connections (leased lines). 

 

Fig. 3.30 

Baseband modems -offer greater distances than line drivers but are more complex and therefore expensive. A 

baseband modem uses digital signalling technologies instead (FSK, 2B1Q, HDB3, HDSL, etc.). This enables extra 

distance for dedicated connections. 

 

Fig. 3.31 

Null modem is a communication method to directly connect two DTEs (computer, terminal, printer, etc.) using 

an RS-232 serial cable. The name stems from the historical use of RS-232 cables to connect two teleprinter 

devices to two modems in order to communicate with one another; null modem communication refers to 

using a crossed-over RS-232 cable to connect the teleprinters directly to one another without the modems. 

The RS-232 standard is asymmetric as to the definitions of the two ends of the communications link, assuming 

that one end is a DTE and the other is a DCE, e.g. a modem. With a null modem connection the transmit and 

receive lines are crosslinked. Depending on the purpose, sometimes also one or more handshake lines are 

crosslinked. Several wiring layouts are in use because the null modem connection is not covered by the RS-232 

standard. 

 

Fig. 3.32 
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REPEATERS 

In telecommunications, a repeater is an electronic device that receives a signal and retransmits it. Repeaters 

are used to extend transmissions so that the signal can cover longer distances or be received on the other side 

of an obstruction. Some types of repeaters broadcast an identical signal, but alter its method of transmission, 

for example, on another frequency or baud rate. There are several different types of repeaters; a telephone 

repeater is an amplifier in a telephone line, an optical repeater is an optoelectronic circuit that amplifies the 

light beam in an optical fiber cable; and a radio repeater is a radio receiver and transmitter that retransmits a 

radio signal. A broadcast relay station is a repeater used in broadcast radio and television. 

When an information-bearing signal passes through a communication channel, it is progressively degraded 

due to loss of power. For example, when a telephone call passes through a wire telephone line, some of the 

power in the electric current which represents the audio signal is dissipated as heat in the resistance of the 

copper wire. The longer the wire is, the more power is lost, and the smaller the amplitude of the signal at the 

far end. So with a long enough wire the call will not be audible at the other end. Similarly, the farther from a 

radio station a receiver is, the weaker the radio signal, and the poorer the reception. A repeater is an 

electronic device in a communication channel that increases the power of a signal and retransmits it, allowing 

it to travel further. Since it amplifies the signal, it requires a source of electric power. 

The term "repeater" originated with telegraphy in the 19th century, and referred to an electromechanical 

device (a relay) used to regenerate telegraph signals. Use of the term has continued in telephony and data 

communications. 

In computer networking, because repeaters work with the actual physical signal, and do not attempt to 

interpret the data being transmitted, they operate on the physical layer, the first layer of the OSI model. 

 

Fig. 3.33 

Repeaters can be divided into two types depending on the type of data they handle: 

Analog repeater 

This type is used in channels that transmit data in the form of an analog signal in which the voltage or current 

is proportional to the amplitude of the signal, as in an audio signal. They are also used in trunklines that 

transmit multiple signals using frequency division multiplexing (FDM). Analog repeaters are composed of a 

linear amplifier, and may include electronic filters to compensate for frequency and phase distortion in the 

line. 

Digital repeater 
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The digipeater is used in channels that transmit data by binary digital signals, in which the data is in the form 

of pulses with only two possible values, representing the binary digits 1 and 0. A digital repeater amplifies the 

signal, and it also may retime, resynchronize, and reshape the pulses. A repeater that performs the retiming or 

resynchronizing functions may be called a regenerator. 

 

Bridges 

A bridge is a type of computer network device that provides interconnection with other bridge networks that 

use the same protocol. Bridge devices work at the data link layer of the Open System Interconnect (OSI) 

model, connecting two different networks together and providing communication between them. Bridges are 

similar to repeaters and hubs in that they broadcast data to every node. However, bridges maintain the media 

access control (MAC) address table as soon as they discover new segments, so subsequent transmissions are 

sent to only to the desired recipient. Bridges are also known as Layer 2 switches. 

A network bridge device is primarily used in local area networks because they can potentially flood and clog a 

la ge et o k tha ks to thei  a ilit  to oad ast data to all the odes if the  do ’t k o  the desti atio  
node's MAC address. 

A bridge uses a database to ascertain where to pass, transmit or discard the data frame. 

If the frame received by the bridge is meant for a segment that resides on the same host network, it will pass 

the frame to that node and the receiving bridge will then discard it. 

If the bridge receives a frame whose node MAC address is of the connected network, it will forward the frame 

toward it. 

 
Fig. 3.34 

A simple bridge connects two network segments, typically by operating transparently and deciding on a frame-

by-frame basis whether or not to forward from one network to the other. A store and forward technique is 

typically used so, during forwarding, the frame integrity is verified on the source network and CSMA/CD delays 

are accommodated on the destination network. Contrary to repeaters that simply extend the maximum span 

of a segment, bridges only forward frames that are required to cross the bridge. Additionally, bridges reduce 

collisions by partitioning the collision domain. 

A multiport bridge connects multiple networks and operates transparently to decide on a frame-by-frame 

basis whether and where to forward traffic. Like the simple bridge, a multiport bridge typically uses store and 

forward operation. The multiport bridge function serves as the basis for network switches. 

A transparent bridge uses a forwarding database to send frames across network segments. The forwarding 

database starts empty - entries in the database are built as the bridge receives frames. If an address entry is 

not found in the forwarding database, the frame is flooded to all other ports of the bridge, flooding the frame 

to all segments except the one from which it was received. By means of these flooded frames, the destination 

network will respond and a forwarding database entry will be created. 
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In the context of a two-port bridge, one can think of the forwarding database as a filtering database. A bridge 

reads a frame's destination address and decides to either forward or filter. If the bridge determines that the 

destination node is on another segment on the network, it forwards (retransmits) the frame to that segment. 

If the destination address belongs to the same segment as the source address, the bridge filters (discards) the 

frame. As nodes transmit data through the bridge, the bridge establishes a filtering database of known MAC 

addresses and their locations on the network. The bridge uses its filtering database to determine whether a 

frame should be forwarded or filtered. 

 
Fig. 3.35 

Two & Three Layer Switches 

LAN switching is a form of packet switching used in local area networks (LAN). Switching technologies are 

crucial to network design, as they allow traffic to be sent only where it is needed in most cases, using fast, 

hardware-based methods. LAN switching uses different kinds of network switches. A standard switch is known 

as a layer 2 switch and is commonly found in nearly any LAN. 

Layer 2 switching uses the media access control address (MAC address) from the host's network interface 

cards (NICs) to decide where to forward frames. Layer 2 switching is hardware-based, which means switches 

use application-specific integrated circuit (ASICs) to build and maintain filter tables (also known as MAC 

address tables or CAM tables). One way to think of a layer 2 switch is as multiport bridge. 

Layer 2 switching provides the following 

1. Hardware-based bridging (MAC) 

2. Wire speed / non-blocking forwarding 

3. Low latency 

Layer 2 switching is highly efficient because there is no modification to the data packet and the frame, 

encapsulation of the packet changes only when the data packet is passing through dissimilar media (such as 

from Ethernet to FDDI). Layer 2 switching is used for work group connectivity and network segmentation 

(breaking up collision domains). This allows a flatter network design with more network segments than 

traditional networks joined by repeater hubs and routers. Layer 2 switching has helped develop new 

components in the network infrastructure. 

 Server farms — Servers need no longer be distributed to physical locations because virtual LANs can be 

created to create broadcast domains and network proximity in a switched internetwork. This means that 

all servers can be placed in a central location, yet a certain server can still be part of a workgroup in a 

remote branch, for example. 

 Intranets — Allows organization-wide client/server communications based on a Web technology. 

Downloaded from  be.rgpvnotes.in

Page no: 26 Follow us on facebook to get real-time updates from RGPV

https://en.wikipedia.org/wiki/Data_Link_Layer
https://en.wikipedia.org/wiki/Media_access_control_address
https://en.wikipedia.org/wiki/Network_card
https://en.wikipedia.org/wiki/Network_card
https://en.wikipedia.org/wiki/Application-specific_integrated_circuit
https://en.wikipedia.org/wiki/CAM_Table
https://en.wikipedia.org/wiki/Network_bridge
https://en.wikipedia.org/wiki/Packet_forwarding
https://en.wikipedia.org/wiki/Collision_domain
https://en.wikipedia.org/wiki/Repeater_hub
https://en.wikipedia.org/wiki/Router_(computing)
https://en.wikipedia.org/wiki/Server_farm
https://en.wikipedia.org/wiki/Internetwork
https://en.wikipedia.org/wiki/Intranet
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


These new technologies allow more data to flow off from local subnets and onto a routed network, where a 

router's performance can become the bottleneck. 

Limitations 

Layer 2 switches have the same limitations as bridge networks. Bridges are good if a network is designed by 

the 80/20 rule: users spend 80 percent of their time on their local segment. 

Bridged networks break up collision domains, but the network remains one large broadcast domain. Similarly, 

layer 2 switches (bridges) cannot break up broadcast domains, which can cause performance issues and limits 

the size of your network. Broadcast and multicasts, along with the slow convergence of spanning tree, can 

cause major problems as the network grows. Because of these problems, layer 2 switches cannot completely 

replace routers in the internet work. 

 
Fig. 3.36 

 
      Fig. 3.37 

Layer 3 switching 

Layer 3 switching is solely based on (destination) IP address stored in the header of IP datagram (see layer 4 

switching later on this page for the difference). The difference between a layer 3 switch and a router is the 

way the device is making the routing decision. Traditionally, routers use microprocessors to make forwarding 

decisions in software, while the switch performs only hardware-based packet switching (by specialized ASIC 

with the help of content-addressable memory). However, some traditional routers can have advanced 

hardware functions as well in some of the higher-end models. 
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The main advantage of layer 3 switches is the potential for lower network latency as a packet can be routed 

without making extra network hops to a router. For example, connecting two distinct segments (e.g. VLANs) 

with a router to a standard layer 2 switch requires passing the frame to the switch (first L2 hop), then to the 

router (second L2 hop) where the packet inside the frame is routed (L3 hop) and then passed back to the 

switch (third L2 hop). A layer 3 switch accomplishes the same task without the need for a router (and 

therefore additional hops) by making the routing decision itself, i.e. the packet is routed to another subnet 

and switched to the destination network port simultaneously. 

 

Because many layer 3 switches offer the same functionality as traditional routers they can be used as cheaper, 

lower latency replacements in some networks. Layer 3 switches can perform the following actions that can 

also be performed by routers: 

 

1. determine paths based on logical addressing 

2. run layer 3 checksums (on header only) 

3. use Time to Live (TTL) 

4. process and respond to any option information 

5. update Simple Network Management Protocol (SNMP) managers with Management Information Base 

(MIB) information 

6. provide Security 

The benefits of layer 3 switching include the following: 

 

1. fast hardware-based packet forwarding 

2. high-performance packet switching 

3. high-speed scalability 

4. low latency 

5. lower per-port cost 

6. flow accounting 

7. Quality of service (QoS) 

The switching algorithm is relatively simple and is the same for most of the routed protocols: a host would like 

to send a packet to a host on another network. Having acquired a router's address by some means, the source 

host sends the packet directly to that router's physical (MAC) address. The protocol (network layer) address is 

that of the destination host. 

 

The router examines the packet's destination protocol address and determines whether it knows how to 

forward the packet or not. If the router does not know how to forward the packet, it typically drops the 

packet. If it knows how to forward packet, it changes the destination physical address to that of the next hop 

router and transmits the packet. 

 

The next hop may be the destination or the next router, which executes the same switching process. As the 

packet moves through the internetwork, its physical address changes, but its protocol address remains same. 

 
Fig. 3.38 
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Fig. 3.39 

IEEE has developed hierarchical terminology that is useful in describing this process. Network devices without 

the capability to forward packets between subnetworks are called end systems (ESs, singular ES), whereas 

network devices with these capabilities are called intermediate systems (ISs). ISs are further divided into those 

that communicate only within their routing domain (Intradomain IS) and those that communicate both within 

and between routing domains (Interdomains IS). A routing domain is generally considered as portion of an 

internetwork under common administrative authority and is regulated by a particular set of administrative 

guidelines. Routing domains are also called autonomous systems. 

 

Gateway 

The most common gateway is a router that connects a home or enterprise network to the internet. In most IP-

based networks, the only traffic that doesn't go through at least one gateway is traffic flowing among nodes 

on the same local area network (LAN) segment - for example, computers connected to the same switch. 

Gateways can take several forms and perform a variety of tasks. These include: 

Web application firewall - filters traffic to and from a web server and look at application-layer data. 

 API, SOA or XML gateway - manages traffic flowing into and out of a service, microservices-oriented 

architecture or an XML-based web service. 

IoT gateway - aggregates sensor data, translates between sensor protocols, processes sensor data before 

sending it onward and more. 

 Cloud storage gateway - translates storage requests with various cloud storage service API calls. 

Media gateway - converts data from the format required for one type of network to the format required for 

another. 

Amazon API Gateway - allows a developer to connect non-AWS applications to AWS back-end resources. 

VoIP trunk gateway - facilitates the use of plain old telephone service (POTS) equipment, such as landline 

phones and fax machines, with a voice over IP (VoIP) network. 

Email security gateway - prevents the transmission of emails that break company policy or will transfer 

information with malicious intent. 
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Fig. 3.40 

 
Fig. 3.41 

Study of various Topology 

Network topology means  the physical or logical layout of a network in which define how the different nodes 

are placed and interconnected with each other and also describe how the data is transferred between these 

nodes. 

 

The Star Topology 

In this topology each of the devices and computers on a network connect to a central hub / switch. A major 

disadvantage of this type of network topology is that if the central hub fails, all computers connected to that 

hub would be disconnected. All information on a star network first passes through the hub or switch before 

continuing to its destination. It also acts as a repeater for the data flow. Mostly we use twisted pair cable to 

connected all the computer with central device but we may also use coaxial or fiber optical cable. 

 

Advantages of Star Topology 

1. It is easy to modify and can add new computer or remove without disturbing the rest of the network. 

2. Single computer backbones do not necessary backbone the whole network. 

3. Several cable type can be used in same network with a hub 

4. Easy to install and wire 

5. Easy tom detect faults and remove parts 

Disadvantages of Star Topology 

1. Requires more cable length then a linear topology 

2. If the hub or connector fail, nodes attach are disturb. 

3. More expensive then linear bus topology because of the cast of the concentration. 

 

Ring Topology 

In Ring topology all the  devices or computer are connected to each other in a circular shape. All the data 

which will be send move around the ring until it reaches its final destination. 

Advantages of Ring Topology 

•As e e  o pute  is gi e  is e ual a ess to the token. No one computer can normalize the network. 

•If a te i al e o es effe ti e, it a  e  pass ithout affe ti g the et o k. 
•If a te i al o ki g as the e t al o pute . A  othe  ode a  e ade  e t al o pute  a d the 
network keep on the working 

Disadvantage of Ring Topology 

•Failu e of the o e o pute  of the i g a  e effe ti e the hole et o k. 
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•It is diffi ult to t ou le shoot a i g et o k. 
•Addi g a d e o i g o pute  distu  the et o k 

 

Token-ring 

In Token Ring topology all the computer are organized  in a ring topology. Data passes sequentially between 

nodes on the network until it returns to the source station. To prevent traffic and collision, a token is used  to 

ensure that only one computer on the line is used at a time. A token ring LAN is physically wired as a star 

topology but configured as a ring topology. 

 

The Bus Topology 

In This topology all the computer computer and devices are connected to a single cable. This is typically use in 

a small networks and takes advantage of using less cable. Their main disadvantage is that if any segment of 

the network fails, all transmissions do as well. 

Advantages of bus topology 

•The us is si ple, elia le i  a e  s all et o k, eas  to use a d east to u de sta d 

•The us e uires the last amount of cable to connect the computer together and therefore less expensive 

than other cabling arrangement 

•It is eas  to e te d a us. Ca le a  e joi t i to o e lo ge  a le allo i g o e o pute s to atta h 

Disadvantages of Bus Topology 

•Hea  et o k t affi  a  slo  a us o side a l . 
•It is diffi ult e eas  to t ou leshoot a us. If the e is a  e o  i  the s ste  it a ot e easil  to dete t. 
•The e ti e et o k shuts do  if the e is a eak ith ai  a le. 
 

Tree topology 

in tree topology more then two hub are connected each other this topology is collection of  linear bus and star 

topology. The Each star network is a local area network with central computer or server and all the node 

direct ally link to this server and the central computers or server  of the star networks are connected to a main 

cable called the bus. 

Advantages of Tree topology 

1. Point to point wiring for individual segments. 

2. Supported by several hardware and software venders. 

Disadvantages of Tree topology 

1. Overall length of each segment is limited by the type of cabling used. 

2. If the backbone line breaks the entire segment goes down. 

•Mo e diffi ult to o figu e a d i e tha  othe  topologies 
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Fig. 3.42 

Introduction to Queing Theory 

Queueing theory is the mathematical study of waiting lines, or queues. A queueing model is constructed so 

that queue lengths and waiting time can be predicted.  Queueing theory is generally considered a branch of 

operations research because the results are often used when making business decisions about the resources 

needed to provide a service. 

 

Queueing theory has its origins in research by AgnerKrarupErlang when he created models to describe the 

Copenhagen telephone exchange.  The ideas have since seen applications including telecommunication, traffic 

engineering, computing and, particularly in industrial engineering, in the design of factories, shops, offices and 

hospitals, as well as in project management. 

Single queueing nodes are usually described using Kendall's notation in the form A/S/C where A describes the 

time between arrivals to the queue, S the size of jobs and C the number of servers at the node. Many 

theorems in queueing theory can be proved by reducing queues to mathematical systems known as Markov 

chains, first described by Andrey Markov in his 1906 paper. 

Various scheduling policies can be used at queuing nodes: 

First in first out 

This principle states that customers are served one at a time and that the customer that has been waiting the 

longest is served first. 

Last in first out 

This principle also serves customers one at a time, but the customer with the shortest waiting time will be 

served first. Also known as a stack. 
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Processor sharing 

Service capacity is shared equally between customers.  

Priority 

Customers with high priority are served first.  Priority queues can be of two types, non-preemptive (where a 

job in service cannot be interrupted) and preemptive (where a job in service can be interrupted by a higher-

priority job). No work is lost in either model.  

Shortest job first 

The next job to be served is the one with the smallest size 

Preemptive shortest job first 

The next job to be served is the one with the original smallest size 

Shortest remaining processing time 

The next job to serve is the one with the smallest remaining processing requirement.  

Service facility 

Single server: customers line up and there is only one server 

Parallel servers: customers line up and there are several servers 

Ta de  ueue: the e a e a  ou te s a d usto e s a  de ide goi g he e to ueue Custo e ’s 
behavior of waiting 

Balking: customers deciding not to join the queue if it is too long 

Jockeying: customers switch between queues if they think they will get served faster by doing so 

Reneging: customers leave the queue if they have waited too long for service 

AgnerKrarupErlang, a Danish engineer who worked for the Copenhagen Telephone Exchange, published the 

first paper on what would now be called queueing theory in 1909. He modeled the number of telephone calls 

arriving at an exchange by a Poisson process and solved the M/D/1 queue in 1917 and M/D/k queueing model 

in 1920. In Kendall's notation: 

M stands for Markov or memoryless and means arrivals occur according to a Poisson processD stands for 

deterministic and means jobs arriving at the queue require a fixed amount of servicek describes the number of 

servers at the queueing node (k = 1, 2,...). If there are more jobs at the node than there are servers then jobs 

will queue and wait for service 

The M/M/1 queue is a simple model where a single server serves jobs that arrive according to a Poisson 

process and have exponentially distributed service requirements. In an M/G/1 queue the G stands for general 

and indicates an arbitrary probability distribution. The M/G/1 model was solved by Felix Pollaczek in 1930, a 

solution later recast in probabilistic terms by AleksandrKhinchin and now known as the Pollaczek–Khinchine 

formula. 

After the 1940s queueing theory became an area of research interest to mathematicians. In 1953 David 

George Kendall solved the GI/M/k queue and introduced the modern notation for queues, now known as 

Kendall's notation. In 1957 Pollaczek studied the GI/G/1 using an integral equation. John Kingman gave a 

formula for the mean waiting time in a G/G/1 queue: Kingman's formula. 

The matrix geometric method and matrix analytic methods have allowed queues with phase-type distributed 

inter-arrival and service time distributions to be considered. 
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Problems such as performance metrics for the M/G/k queue remain an open 

problem.  

 

Fig. 3.43 

 

Video Links:- 

1. http://freevideolectures.com/Course/2278/Data-Communication/5 

2. http://nptel.ac.in/courses/106105082/5 

3. https://www.cisco.com/c/en/us/products/collaboration-endpoints/telepresence-isdn-link/index.html 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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