1. Describe the need for switching and define a switch.

In data communication, switching is essential for efficient data communication within local area
networks (LANs). Here's an overview of the need for switching and a definition of a switch:
Need for switching:

e Improved network performance

e Bandwidth optimization

o Network segmentation

o Scalability

e Reduced latency

A switch is a component that connects devices in a network to each other, enabling them to talk by
exchanging data packets.

2. List the three traditional switching methods. What are the most common
today?

Certainly The three traditional switching methods are:

1. Circuit switching

2. Message switching

3. Packet switching

Among these, packet switching is by far the most common method used in modern computer
Packet switching is the most common method today because:

1. Efficiency: It allows for better utilization of network resources by sharing bandwidth
among multiple communications.

2. Flexibility: Packets can take different routes to reach their destination, improving
network resilience.

3. Scalability: It's well-suited to handling varying amounts of traffic and network growth.
4. Cost-effectiveness: Network resources are used only when data is actually being
transmitted.

4. What are the two approaches to packet-switching?
There are two main approaches to packet-switching:

1. Datagram packet switching

2. Virtual circuit packet switching

1. Datagram packet switching:

e Also known as connectionless packet switching

e Each packet is treated independently and may take different routes
o Packets can arrive out of order, requiring reordering at the destination
e More flexible and robust, but less reliable

2. Virtual circuit packet switching:

e Also called connection-oriented packet switching

e Establishes a pre-determined route for all packets in a session

e Packets arrive in order

e More reliable, but less flexible
3. Compare and contrast a circuit-switched network and a packet-switched
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network.

Circuit-switched:

o Dedicated path for entire communication
o Fixed bandwidth allocation

e Consistent latency

o Less efficient for bursty data

e Example: Traditional telephone systems
Packet-switched:

e No fixed path; packets routed independently
e Dynamic resource allocation

e Variable latency

e More efficient for data networks

e Example: Internet

5. Compare space-division and time-division switches.
Comparison of space-division and time-division switches:
Space-division switches:

1. Operation: Use separate physical paths for each connection

2. Capacity: Limited by number of physical connections

3. Topology: Often use crossbar or multistage designs

4. Bandwidth: Each connection gets dedicated bandwidth

5. Complexity: Simpler in concept, but can be complex to scale

6. Example: Traditional telephone exchange switchboards
Time-division switches:

1. Operation: Share a single path by dividing it into time slots

2. Capacity: Limited by number of time slots and transmission speed
3. Topology: Typically use a bus or ring structure

4. Bandwidth: Shared among multiple connections

5. Complexity: More complex control, but easier to scale

6. Example: Digital PBX systems, some computer network switches

6.What are the three phases involved in a virtual-circuit network ?

In a **virtual-circuit network**, communication between devices follows three distinct phases:

1. **Circuit Establishment (Setup Phase)**:

- A connection is established between the source and destination nodes before data is

transmitted.

- During this phase, routing decisions are made, and a **virtual circuit** (VC) is created,

typically assigning a unique identifier or label for the circuit.

- Information like the path and resources (e.g., bandwidth) is reserved for the duration of the

connection.
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2. **Data Transfer Phase**:

- Once the virtual circuit is set up, data packets are transmitted over the pre-established path.

- Each packet carries a virtual circuit identifier (VCI), which ensures it follows the same route,
maintaining the order of delivery.

- This phase ensures consistent packet delivery through the fixed virtual circuit, providing the
advantages of both connection-oriented and packet-switched networks.

3. **Circuit Termination (Teardown Phase)**:

- After the data transmission is complete, the virtual circuit is torn down, and the reserved
resources (such as bandwidth or memory) are released.

- This phase ensures that no additional overhead is maintained after the communication
session ends.

In virtual-circuit networks like **Frame Relay** or **Asynchronous Transfer Mode (ATM)**, these
phases are essential for maintaining reliable, ordered communication.

7. How does addressing work in a virtual-circuit network ?

In a **virtual-circuit network**, addressing is handled through **labels** or **identifiers** rather than
traditional addresses like IP addresses. Here’s how it works in simple terms:

1. **Setup Phase**:

- When a connection is established between two devices (like computers or routers), a **virtual circuit
identifier (VCI)** or **|label** is assigned to that connection.

- This identifier is unique for that path but only valid for the duration of the communication session.

2. **Data Transfer Phase**:
- Instead of using full addresses for every packet, the network only looks at the **VCI** in each packet.

- The VCI tells each switch along the path where the packet should go next, simplifying the process
because the same path is used for the entire communication.

- Think of it like a bus ticket that has the route pre-decided—you only need to show the ticket at each
stop, and the bus takes you to your destination.

3. *¥*Teardown Phase**:
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- Once the communication is finished, the VCl is removed, and the network can reuse it for other

connections.

So, in a virtual-circuit network, addressing relies on using a short, temporary **identifier** instead of
repeatedly using full addresses, making it more efficient for the duration of the connection.

8. Compare the efficiency and delay characteristics of circuit-switched networks

and datagram networks .

Here’s a simple comparison of the **efficiency** and **delay** characteristics of **circuit-switched**
and **datagram networks**:

Feature

Efficiency

Resource

Allocation

Delay

Characteristics
Routing

Suitability

Packet Order

Setup Phase

H#H## Summary:

Circuit-Switched Networks

Less efficient (resources reserved even during

idle time)

Fixed allocation (dedicated path)

Initial setup delay, then low consistent delay

Single route for the entire communication

Best for real-time, continuous communication

(e.g., voice calls)

Always in order (same path)

Required (before data transn J, n)

WAL _x ot

- **Circuit-Switched Networks**:

- More predictable, consistent delay once the circuit is set up.

Datagram Networks

More efficient (resources used only

when needed)

Dynamic allocation (shared resources)

No setup delay, but potential delays
per packet

Each packet takes a different route

Best for bursty, unpredictable traffic

(e.g., internet)

Can arrive out of order (different
paths)

No setup required

R .

- Less efficient because resources are reserved, even if they’re not used.

- **Datagram Networks**:

- More efficient because resources are shared and used only when needed.
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- Potentially more delay, as each packet needs routing and might experience network congestion or
arrive out of order.

9. Explain the concept of a Virtual Circuit Identifier (VCI) and its significance in
virtual-circuit networks .

A **Virtual Circuit Identifier (VCI)** is like a special label used in **virtual-circuit networks** to help
manage the flow of data.

### Here's how it works and why it’s important:

1. **What is a VCI?**
- It’s a small, unique number assigned to a connection between two devices in the network.
- It identifies the **virtual circuit** (or connection) that has been set up between those devices.

- Think of it like a **bus ticket number** that shows which bus you should take. Each "bus"
(connection) has its own number (VCI).

2. **How is it used?**
- Every data packet sent during communication has this **VCI number**,

- When a packet arrives at a network switch, the switch looks at the VCI to know where to send the
packet next.

- All packets follow the same path because they all have the same VCI, making the data transmission
**organized and ordered**.

3. ¥*Why is it important?**

- The **VCl makes communication efficient** by ensuring that all data follows the same route,
reducing the need for complex routing decisions at each stop.

- It also ensures that the data arrives in the correct order, as packets don't get mixed up with other data
streams.

- The VCI can be **reused** once the communication ends, freeing up resources.

In simple terms, a VCl is like a **tag** that keeps data packets on the right track in a virtual-circuit
network, ensuring smooth and organized communication.
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10. Describe the process of data transfer in a virtual-circuit network .

In a **virtual-circuit network**, the data transfer process is similar to sending mail along a pre-
determined route. Here's an easy-to-understand breakdown of how it works:

Hi# 1. **Setup Phase** (Before Data Transfer):
- First, a **connection is established** between the sender and receiver.

- The network creates a specific **path** for the data to travel, and assigns a **Virtual Circuit
Identifier (VCI)** for that path. This is like choosing a route on a map before starting a journey.

#H## 2. **Data Transfer Phase**:
- Once the path is set, the sender starts sending **data in packets** (small chunks of data).

- Each packet includes the **VCI** (like a ticket number), which tells the switches along the path which
direction the packet should go.

- **Switches** (like checkpoints) along the path use the VCI to quickly forward each packet to the next
stop without needing to calculate a new route every time.

- The packets **follow the same route** every time, so they reach the destination in the right order.

Hit# 3. **Teardown Phase** (After Data Transfer):
- Once all the data has been sent, the connection is **closed**.

- The **VCI** is no longer needed, and the network frees up the resources (like bandwidth) for other
connections.

### Why It’s Efficient:

- The same **VCI** and **path** are used for the entire data transfer, so the network doesn’t have to
figure out a new route for each packet.

- Data is sent **in order**, and the route remains constant, leading to fewer delays and easier tracking.

H### Summary:
- First, a path is set up, and a **VCI** is assigned.
- Data packets are sent over the same path, using the VCI to follow the correct route.

- Once the data transfer is complete, the connection is closed, and the VCl is released.
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11. How does routing differ between datagram networks and virtual-circuit
networks ?

Aspect Datagram Networks Virtual-Circuit Networks

Routing Dynamic, per-packet basis Fixed, pre-determined path for all
packets

Path Can vary for each packet Same path for all packets

Setup Phase No setup required Setup phase required to establish the
path

Routing Made for each packet individually Made once during setup

Decisions

Packet Order Packets may arrive out of order Packets arrive in order

Routing Depends on network conditions for each Consistent and efficient due to fixed path

Efficiency packet

Suitability Good for bursty or unpredictable traffic Good for continuous or predictable traffic

N

12. What are the main characteristics of a circuit-switched network ?

Sure, here’s a simpler breakdown of the main characteristics of a circuit-switched network:

### Key Features:

1. **Dedicated Path**:

- **Fixed Route**: A special, reserved path is set up between two devices for the entire conversation
or call.

- **Exclusive Use**: Only that call or conversation uses the path; no one else can use it until the call
ends.

2. **Setup Needed**:

- **Initial Setup**: Before you can talk or send data, the network needs to set up this dedicated path.
This takes a bit of time.

- **Control Signals**: Special signals are used to set up and end the connection.
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3. **Consistent Performance**:

- ¥*Guaranteed Speed**: Since the path is reserved, you get a steady speed for the whole call or data
transfer.

- *¥*Predictable Delay**: The delay in communication is consistent because the path doesn’t change.

4, **Resource Allocation**:

- **Reserved Resources**: The network reserves bandwidth for your call or session, even if no data is
being sent at times.

- ¥*Possible Waste**: If there are pauses in the conversation, the reserved path is still occupied, which
can be inefficient.

5. **Connection-Oriented**:
- *¥*Continuous Path**: The path remains open from the start to the end of the call or session.

- **Maintained State**: The network keeps track of this connection throughout its duration.

6. **Data Transfer**:
- **In Order**: All data travels along the same path, so it arrives in the right order.

- **No Reordering Needed**: Since the path doesn’t change, the data doesn’t need to be reordered.

7. **Examples**:

- **Telephone Calls**: Traditional phone calls use this method to ensure a continuous, clear
conversation.

- **|SDN**: A type of network that also uses this method for voice and data.

H#H## Summary:

| **Feature** | ¥*Easy Explanation** |

| **Dedicated Path** | Reserved route just for your call or data transfer |
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| ¥*Setup Needed** | Takes time to set up before you can start |

| ¥*Consistent Performance**| Steady speed and delay throughout the call |
| **Resource Allocation** | Reserved bandwidth even if not used all the time |

| **Connection-Oriented** | Keeps the path open the whole time |

| **Data Transfer** | Data arrives in order without extra work |

| **Examples** | Traditional phones, ISDN |

This method is great for things like phone calls where a steady connection is important!

13. Explain the concept of switching and its importance in network
communication .

**Switching** is a fundamental concept in network communication that involves directing data from
one place to another. Here’s a simple explanation:

### What is Switching?

1. **Data Routing**:

- Switching is about moving data packets (chunks of information) from a sender to a receiver through a
network.

- It involves determining the best path or route for these packets to travel.

2. ¥*Types of Switching**:

- **Circuit Switching**: Establishes a dedicated path between sender and receiver for the entire
communication session (like a phone call).

- **Packet Switching®*: Breaks data into small packets and sends each packet independently through
the network. Packets may take different routes and are reassembled at the destination (like emails or
web browsing).

- **Message Switching**: Sends entire messages from one node to another, storing and forwarding
each message (used in some older systems).

### Importance of Switching in Network Communication:
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1. **Efficient Use of Resources**:

- ¥*Optimizes Network Use**: Switching helps in efficiently utilizing network resources by directing
data through the most appropriate paths.

- **Resource Sharing**: In packet switching, resources are shared among multiple users, allowing
more efficient use of the network.

2. **Improves Data Delivery**:

- **Reduces Congestion**: Switching helps avoid network congestion by dynamically routing packets
through less busy paths.

- **Ensures Reliable Transmission**: By choosing the best routes and managing the flow of data,
switching ensures that data gets to its destination accurately and quickly.

3. **Supports Scalability**:

- **Handles Growth**: Switching techniques like packet switching are scalable, meaning they can
handle an increasing number of users and devices without significant changes to the network
infrastructure.

4, **Enhances Network Performance**:

- ¥*Flexibility**: Switching methods adapt to changes in network conditions, such as congestion or
failures, improving overall performance.

- ¥*Speed**: Efficient switching can reduce delays and increase the speed of data transmission.

Summary:

Aspect Explanation

What is Switching? Moving data from sender to receiver through the network
Types Circuit Switching, Packet Switching, Message Switching
Efficiency Optimizes and shares network resources

Data Delivery Reduces congestion and ensures accurate transmission
Scalability Handles more users and devices easily

Performance Adapts to network conditions and improves speed
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14. How does packet handling differ between datagram networks and virtual-

circuit networks ?

Aspect

Packet

Independence
Routing
Addressing
Order
Reassembly

Example

Datagram Networks

Packets are independent and can take

different routes

Dynamic and variable for each packet
Each packet has a full destination address
Packets may arrive out of order
Reassembly required at the destination

Internet (e.g., web browsing)

Virtual-Circuit Networks

Packets follow the same path established
beforehand

Fixed, predetermined route for all packets
Uses a Virtual Circuit Identifier (VCI)
Packets arrive in order

No reassembly needed

Telephone networks (e.g., voice calls)

15. Discuss the delay factors in different types of networks: circuit-switched,

datagram, and virtual-circuit .

networks:

Type of
Network

Circuit-

Switched

Datagram

Virtual-

Circuit

orrrrrr

Setup Delay

Present
(initial setup
required)
None (no

setup

required)

Present
(initial setup

required)
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Delay

Consistent (once
the connection is

set up)

Variable (depends

on current load
and path)

Consistent (since
path is fixed)

Propagation

Delay

Fixed (path is
established)

Fixed (but packets
may take

different routes)

Fixed (path is
established)

Queuing Delay

Possible (due to
idle time)

Variable
(depending on
network

congestion)

Minimal (path is

reserved)
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Reordering
Delay

MNone

Possible
(packets may
arrive out of

order)

None (packets

arrive in order)
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Delay in networks can vary significantly depending on the type of network: **circuit-switched**,
**datagram™®*, or **virtual-circuit**. Here’s a simple discussion of the delay factors for each type:

#H#t# **1. Circuit-Switched Networks**

- ¥*Setup Delay**:

- *¥*|nitial Setup**: Before data can be transmitted, a dedicated path must be established between the
sender and receiver. This setup process introduces an initial delay.

- **Transmission Delay**:

- ¥*Consistent™**: Once the connection is established, data flows continuously along the fixed path,
resulting in consistent transmission delays.

- ¥*Propagation Delay**:

- ¥*Fixed**: The time it takes for a signal to travel from the sender to the receiver is constant as the
path does not change.

- **|dle Time**:

- ¥*Possible Waste**: If there are pauses in the communication (e.g., silence in a phone call), the
reserved resources are still occupied, but no data is transmitted, which doesn’t affect delay but may be
inefficient.

#it# **2. Datagram Networks**

- ¥*Routing Delay**:

- ¥*Variable**: Each packet is routed independently based on current network conditions. This can lead
to variable delays as packets may take different paths and experience different levels of congestion.

- ¥*Queuing Delay**:

- **Variable**: Packets may experience delays while waiting in queues at routers or switches, especially
if the network is busy.
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- **Transmission Delay**:

- ¥*Variable**: Depends on the current load and path taken by each packet. Since packets may travel
different routes, transmission times can vary.

- ¥*Propagation Delay**:

- ¥*Fixed**: The time it takes for packets to travel across the network remains constant, but packets
might take different routes.

- ¥*Reordering Delay**:

- ¥*Possible**: Packets arriving out of order must be reordered at the destination, which can add to the
overall delay.

H### **3. Virtual-Circuit Networks**

- ¥*Setup Delay**:

- *¥*|nitial Setup**: Similar to circuit-switched networks, a path must be established before data transfer
begins, introducing an initial setup delay.

- **Transmission Delay**:

- ¥*Consistent™*: Once the virtual circuit is set up, data packets follow the same path, resulting in
consistent transmission delays.

- ¥*Propagation Delay**:

- ¥*Fixed**: The time for data to travel along the established path is constant as the route does not
change.

- ¥*Queuing Delay**:

- ¥*Minimal**: Since the path is reserved and fixed, queuing delays are generally lower compared to
datagram networks, but can still occur at switches.

- ¥*Reordering Delay**:
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- ¥**None**: Packets arrive in order since they follow the same path, so no reordering is needed at the
destination.
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