network administration

Michael Lappenbusch

IT-SPECIALIST APPLICATION DEVELOPMENT




Table of contents

1.Introduction to networks and NetWork tOPOIlOGIes.........coccvviiieiiiiiicceeecee e e 3
1.1 What i @ NETWOTK? ...ttt st ettt b e bt st s e b e b e ns 3
1.2 Network topologies (bus, ring, star, mesh, hybrid)........ccccvreeiiercie i 4
1.3 Network types (LAN, WAN, IMAN) .......ooiiieiieeeciteeeee sttt esteeesteesaaeesateesteeesaaeesaseeesaeesnsesenees 4

1.3.1 LAN (LOCAI Ar€a NETWOIK) ..vveveiiieiiiiiirieiee ettt ceettree e e e e e eebaree e e e e e eeesabaseeeseeeseensnsnnes 4
1.3.2 WAN (Wide Area NEEWOIK) ..eeeiiiiiiiiiiieiiei ettt e etaree e e e e e e esababeeeseeeeeenansaens 5
1.3.3 MAN (Metropolitan Area NEtWOIK) ....c..cccviieciiiiiiccee et e 5
1.4 Applications Of NETWOIKS ....ccccuiiiiiiiee e e e e e e e e s sbee e s esareeas 5
R I T LR o =Y [ o T~ TP 5
1.4.2 Email and INStant IMESSAZING ......cccecuiiieiiiiee e ettt esee e e et e e e sae e e e e ate e e e e nreeeeenraeesenrenas 5
L1.4.3 REMOTE ACCESS...ciiiieiiiiiiite ettt ettt e e s e e e s s b e e e s s b e e e s s b ee e s s nareeas 5
N @ [ T o N @e o' o TV 4 1o YRR 5
1.4.5 VOIP (WOICE OVEI IP) .ttt ettt ettt et e et e e s te e s tae e s be e ebaeeateesateeessseesnsassnnaeesareean 6
B O =T 1= PP PP PP P PP 6

2.IP addressing and SUDNETEING ....cccuviiieeciie et e e te e e e et e e e e e are e e e eabee e e ennbeeeeennrenas 6
2.1 What iS @n 1P @ddresS? ....eiuieieeiieiie ettt ettt st st sttt e bt e s bt e s he e st e et e beesheesaneeas 6
D A o Ve o [T o = TSP OPPRPRNE 6
2.3 1PV AQAIrESSING .evveeeiiuiiiee ittt e ettt e eette e e s ettt e e s sttt e e esbteeessbeeeeesbeeeesasseeaessseeeessssaeessseeesssnseeeensnses 7
2.4 Subnetting and CIDR NOTAtION ......ccoccuiiiiiiiiiee ettt e et e e e etre e e e et e e e e estre e e s sbeeeeessaeeaesanes 8
2.5 Public and Private IP AdArESSES ........oouieiieeiieeiieite ettt ettt sttt et bt s st s b e sbeesbeesaeeeas 8

3. ROULING AN SWILCRING ..eviiiiiiiie e e e et e e et e e e s sabee e e ssabeeeeesabeeeeenareeas 9
N YV o P o T oY R SPSPN 9
3.2 Routing protocols (static routing, dynamic roUting) .......c.cecvveeeiiieriiesiie e 10
3.3 What iS SWITCNING?..ceeeeeeiie et e e et e e e b e e e e tb e e e s eabae e e e nbeeeeenbeeaeenrenas 11
3.4 Switching Technologies (MAC Address Table, VLANs, Spanning Tree Protocol)..........cccceccuu...... 11

4 .Network Protocols (TCP/IP, DNS, DHCP, €TC.) ...ccoiiiieiiirieeiieeeieeeeteeeeteeeteeeeveeeetesesaeeeeresenseeesbee e 12
4.1 TCP/IP ProtOCO] STACK c.uvviiiietieee ittt ettt ettt ettt e ettt e e s ettt e s s staeeesenbbeesssabaeessssbteessssseesssraes 12
4.2 DNS (DOmMain NAME SYSTEIM) ...eccuiieiieieiieeciie ettt e eteeeetteesreeeteeesteeesteeesabeesbaeesabeesnbaeensseesaresennnes 12
4.3 DHCP (Dynamic Host Configuration Protocol) ........ccccoecuieeeeciiii ettt et 13
4.4 SNMP (Simple Network Management Protocol)........cccueeeeiiiiiieciiec ettt 13
4.5 SMTP (Simple Mail Transfer ProtoCol) .......cuecciieeciiieiieeciee ettt et et svee e 14
4.6 FTP (File Transfer PrOTOCOI) cocuueiiicieeei ettt ettt et eeabee e e eeabee e s eenbeee s eeabeeeeenareeas 15

5. Security in the network (firewalls, VPN, €TC.)...ccciiciiiiiiiiie ettt ettt e et eare e e 15
5.1 What isS NEtWOIrK SECUIITY P ... et e e e e e e e st e e e e e e e e ernbraeeeeeeeseennrnnns 15

5.2 Firewalls (hardware firewalls, software firewalls) ..........cccoociiiiiiiiiii i, 16



5.3 VPN (Virtual Private NETWOTK) ......eeiiiiiiiiiiiiiee ettt e e e eeettree e e e e e eeeassaeeeseeeeesnannnens 16

5.4 Intrusion Detection and Prevention Systems (IDS/IPS).....cccoueiieiieeieeiieesieeseeseesreeere e enveeeas 17
5.5 Authentication and AULhOIIZatioN.........cooiiiiiii i e 17
5.6 Wireless NEtWOIrK SECUNILY ....uueiiiiiiie ettt ettt e et e e e e are e e e e abae e e eabee e s enraeeeenarenas 18
6.Wireless NetWOrks and SECUNITY.....c.uiii ittt e e e ebte e e e ebr e e e e ebaeeeeeraaeeeeanes 19
6.1 What are Wireless NETWOIKS? ......coiuiiiiiiiiiieiiee ettt ettt et be e e sbe e e bt e e s abeesreeesaree s 19
6.2 Wireless standards (Wi-Fi, Bluetooth, Zighee)..........ccevvvieiiiiecie et 20
6.3 Wireless Network Design and Optimization ........cccceeiiiiiiiiiieieiriiec e 20
7.Network Monitoring and ManagemMENT ........ccueeiiiciiei ettt ette e e e et e e e ebee e e s ebaeeesebeeeeeeanes 21
7.1 What is Network MONIEOTING? ..cccuviiieciie e e e e rarae e e e aae e e e e abae e e enreeas 21
7.2 Network Management Protocols (SNIMP, ICMP, €1C.) ..cccuiecieeeciiiecieeciieecteeecee e sve e vee e 21
7.3 Network Monitoring Tools (Nagios, PRTG, E1C.) ..ueevcuiiiiiieiiieeciee ettt ecee et vee e 22
7.4 Network Inventory ManagemeENT... ... cciee ettt esree e sree e e s aree e e snbee e s snbeeeesnreeas 23
8.Troubleshooting and Error COMMECTION.........cicciiei et e ccttee e eecttee e e et e e e ectte e e e ecbtr e e e ebteeeeebaeeeseseeeeeeanes 23
8.1 What is troubleShOOtING? .......oviiiee et e et e e e aba e e e e abe e e e enteee e e areeas 23
8.2 Troubleshooting MEthods ........cccuuiii i e e e e e e 24
8.3 Common Network Issues and SOIULIONS.......cccueiiiiiiriiiiie ettt s 24
8.4 Tools for error diagnosis (packet sniffer, trace route, etC.) ....cccoecveeeeciiiee e, 25
9.Virtualization Of NETWOIKS .......eiivieiiiieie ettt sttt s b e e beenns 26
9.1 What is Network Virtualization? .........ooueeioiieieeeee e 26
9.2 Virtualization technologies (VLANS, VXLAN, NVGRE) ......ccccocteiiririieniinienieneeie e 26
9.3 SDN (Software Defined NetWorking)........c.eeciie ettt e rae e 27
9.4 Network Virtualization Solutions (VMware NSX, Cisco ACI, €tC.) ...ueerecirieeieciieeeecieee e, 28
9.5 Benefits and areas of application of network virtualization ...........cccccccveeeeiiee e, 28
10.Cloud NetWOrkS @nd SEIVICES .......eiivieirieriieriie ettt ettt st ere e re e seeesane e 29
10.1 What are cloud NETWOIKS? ........coiiiiiiinieiieee ettt e sre e esane e 29
10.2 Cloud Network Architectures (Public, Private, Hybrid Cloud)..........cccceovveeeciiiiiiecie e 30
10.3 Cloud network services (AWS VPC, Azure Virtual Network, etc.) ....cccecouveeieciiieicciiee e 30
10.4 Security in CloUd NETWOIKS ...ccco e e e e e e e e e e e e e e srareeeeee s 31
10.5 Network Management in the CloUd...........oocciiiiiiiiiii e 32
11.Future of NetWOrk t€ChNOIOZY .....coiieiiiiece e e bee e e e 32
11.1 Network Technology DeVelOPMENTS ....cccci it e e e e e e e e e e e nnraeeeeeas 32
11.2 5G and the future of MObile NETWOIKS.......cccueiiieiiiei et 33
11.3 IoT (Internet of Things) and NETWOIKS.........cccuiiiiieiiiee ettt et e e et e e e e e eareeeeeanes 34
11.4 Al and Machine Learning in NETWOIKS .......ccccuiiiiiiiiie e cciieeeesciee e estte e e e svae e e e ssvree e s ssnraeeeeanes 34

11.5 Edge Computing and NETWOIKS ........eeiiiiiiee ittt e e bee e e e sbte e e s s bte e e s eaeeeaeennes 35



({007 o] 1 oL S T P T T U U U TP PPP P 36

1.Introduction to networks and network topologies

1.1 What is a network?

A network is a group of computers, devices and/or systems that are connected to each other to
exchange data and information. A network can be local (eg, in a company or in a building) or global
(eg, the Internet).

A network allows users to access resources and services provided by other devices on the network.
Examples include shared files and folders, printers, Internet access, and applications.

A network can be built in a number of ways, such as using cables or wireless technology. It can also
be configured in various ways, such as a peer-to-peer network or a client-server network.

An important part of a network is the network topology, which describes the way the devices on the
network are connected to each other. Examples of network topologies are bus, ring, star and mesh.

Another important component of a network is the network protocols, which set the rules by which
devices on the network communicate with each other. Examples of network protocols are TCP/IP,
HTTP, FTP and DNS.

The management and monitoring of a network is referred to as network administration. This includes
planning, implementing, monitoring and maintaining the network to ensure it is operating effectively
and efficiently and meeting user needs.



1.2 Network topologies (bus, ring, star, mesh, hybrid)
A network topology describes the way the devices on a network are connected to each other. There
are different types of network topologies, each with their own advantages and disadvantages.

Bus topology: A bus topology consists of a straight connection to which all devices are connected. A
signal sent at one end of the bus is propagated to all devices connected to that bus. An advantage of
the bus topology is that it is easy to manage and cost-effective. A disadvantage is that a failure in the
connection of the bus can cause the entire network to fail.

Ring topology: A ring topology consists of a closed circuit to which all devices are connected. A signal

sent on one device is propagated clockwise to all other devices. An advantage of the ring topology is

that it has good fault tolerance. A downside is that failure of one device can cause the entire network
to go down.

Star topology: A star topology consists of a central device to which all other devices are connected. A
signal sent on a device is only forwarded to the central device, which then forwards it to the
appropriate device. An advantage of the star topology is that if one device fails, it only affects its
connection to the central device. A disadvantage is that the central device represents a single point
of failure and is more expensive than other topologies.

Mesh topology: A mesh topology consists of devices that are directly connected to each other. This
enables a redundant connection and increases the fault tolerance of the network. An advantage of
the mesh topology is that there are multiple paths that data can travel, which helps the network
continue to function even in the event of failures. A disadvantage of the mesh topology is that it is
more difficult to manage and is typically more expensive than other topologies.

Hybrid topology: A hybrid topology is a combination of several of the above topologies. This makes it
possible to take advantage of different topologies and minimize their disadvantages. An example of a
hybrid topology would be a combination of a bus and a star topology. One benefit of a hybrid
topology is that it can be customized to meet the specific needs of the network. A disadvantage is
that it tends to be more complex and expensive than other topologies.

1.3 Network types (LAN, WAN, MAN)

1.3.1 LAN (Local Area Network)

A LAN (Local Area Network) is a network that operates within a limited geographic area, such as a
building or campus. It connects computers and other devices that are close to each other. LANs are
commonly used in businesses, schools, and other organizations. An advantage of LANs is the high
transfer rate and the ability to share resources such as printers and file servers. A disadvantage can
be the limited range.



1.3.2 WAN (Wide Area Network)

A WAN (Wide Area Network) is a network that is spread over a large geographic area, such as a
country or even multiple countries. It connects LANs and other networks together. WANs are
commonly used by businesses, governments, and other organizations to enable long-distance
communications and data sharing. One benefit of WANs is the ability to share resources and
information over long distances. A disadvantage can be the lower transmission rate compared to
LANSs.

1.3.3 MAN (Metropolitan Area Network)

A MAN (Metropolitan Area Network) is a network that has a greater geographic reach than a LAN but
is smaller than a WAN. It connects multiple LANs and WANSs in a city or region. A MAN is often used
by companies, governments and other organizations to enable communication and data exchange in
a geographically limited region. An advantage of a MAN is that it offers a higher transmission rate
than a WAN and can share resources and information in a geographically limited region. A
disadvantage can be the limited range compared to WAN:Ss.

1.4 Applications of Networks

1.4.1 File Sharing

One of the most important uses of networking is file sharing. With a network, users can access,
download, or upload files on other computers on the network. This allows users to share and
collaborate on resources and information.

1.4.2 Email and Instant Messaging

Networks also make it possible to send and receive messages and emails. This allows users to
communicate with each other quickly and easily, no matter where they are located. Instant
messaging applications allow users to chat and exchange messages in real time.

1.4.3 Remote Access

Another important area of application for networks is remote access. This allows users to access
resources and data on a network from a remote location. This can be done via Virtual Private
Network (VPN) or Remote Desktop Protocol (RDP). This allows users to access their work
environment and work from anywhere.

1.4.4 Cloud Computing

Another important area of application for networks is cloud computing. Cloud computing allows
users to access resources and applications located on remote servers over the Internet. This allows
users to access resources and applications without having to install them locally on their computer.



1.4.5 VolIP (Voice over IP)

Another important area of application for networks is Voice over IP telephony (VolP). VolP allows
users to make and receive voice calls over the Internet. This allows users to make cheaper calls and
allows businesses to reduce their phone costs.

1.4.6 Internet

The Internet is the largest and most widespread network in the world. It allows users to access and
communicate with a variety of resources and information. The Internet allows users to access
websites, send and receive email, watch and upload videos, and engage in social media. It also allows
the use of online services such as online banking and online shopping. The Internet has
fundamentally changed the way we work, learn and communicate with each other.

2.I1P addressing and subnetting

2.1 Whatis an IP address?

An IP address (Internet Protocol address) is a unique numeric identifier assigned to each device (such
as a computer, smartphone, printer) on a network. It is used to control and manage communication
in the network.

There are two types of IP addresses: IPv4 and IPv6. IPv4 addresses consist of 32 bits and are usually
represented in a decimal notation consisting of four octets separated by periods (eg 192.168.1.1).
IPv6 addresses consist of 128 bits and are usually represented in hexadecimal notation, consisting of
eight blocks separated by colons (eg 2001:0db8:85a3:0000:0000:8a2e:0370:7334).

IP addresses are used to identify and locate devices on the network. They make it possible to send
and receive data packets to the right device on the network. IP addresses are used by routers and
switches to route and switch data packets in the network.

There are also private and public IP addresses. Private IP addresses are used within a private network
and are not directly accessible from the outside. Public IP addresses are assigned by Internet Service
Providers (ISP) and allow a device to access the Internet.

2.2 IPv4 Addressing
IPv4 addressing refers to the assignment of IPv4 addresses to devices on a network. There are a total
of 4.3 billion IPv4 addresses available, divided into classes to simplify address management.

The class division is based on the first octet of the IP address and divides the addresses into the
following classes:



Class A: First octet between 1 and 126 (e.g. 10.0.0.0 - 10.255.255.255)

Class B: First octet between 128 and 191 (e.g. 172.16.0.0 - 172.31.255.255)
Class C: First octet between 192 and 223 (e.g. 192.168.0.0 - 192.168.255.255)
Class D: First octet between 224 and 239 (reserved for multicast addresses)
Class E: First octet between 240 and 255 (reserved for future use)

The class split affects the number of host addresses available per network and the size of the
network and host portions of an IP address. For example, a class A network has 8 bits for the network
part and 24 bits for the host part, while a class C network only has 8 bits for the network part and 24
bits for the host part.

IPv4 addressing also introduced the concept of private and public addressing. Private addresses (e.g.
10.0.0.0/8, 172.16.0.0/12, 192.168.0.0/16) may be used within a private network, but may not be
routed to the Internet. Public addresses are those assigned by ISPs and allow a device to access the
internet.

Since the number of available IPv4 addresses is limited, IPv6 was developed to solve this problem.
IPv6 has a larger number of addresses (340.282.366.920.938.463.463.374.607.431.768.211.456) and
allows better scalability and security compared to IPv4.

2.3 IPv6 Addressing

IPv6 addressing refers to the assignment of IPv6 addresses to devices on a network. Unlike IPv4, IPv6
has a larger number of addresses available, totaling
340,282,366,920,938,463,463,374,607,431,768,211,456 addresses. This allows for better scalability
and security compared to IPv4.

An IPv6 address is 128 bits long and consists of eight 16-bit blocks separated by colons (eg
2001:0db8:85a3:0000:0000:8a2e:0370:7334). To improve readability, a sequence of zeros within a
block can be deleted (eg 2001:db8:85a3::8a2e:370:7334).

IPv6 also introduced the concept of private and public addressing. However, there are no specific
private address ranges like in IPv4. Instead, certain areas of the IPv6 address space are reserved for
specific purposes, such as use in local area networks or for use in specific protocols.

An important aspect of IPv6 addressing is the use of auto-configuration mechanisms, which allow a
device to generate its own address rather than being assigned manually. This greatly simplifies the
management of networks and allows faster and easier configuration of devices.



IPv6 also has extended support for security features such as IPsec and the ability to assign multiple
addresses per interface. This enables better control of network access and improved security
compared to IPv4.

As IPv6 has a larger number of addresses and supports improved features, it will gradually replace
the use of IPv4. It is important that network administrators become familiar with the concepts and
mechanisms of IPv6 in order to make their networks compatible with future technologies.

2.4 Subnetting and CIDR Notation

Subnetting refers to the division of a larger range of IP addresses into smaller subnets. It is used to
improve address management efficiency and increase network security by reducing the size of the
broadcast area and restricting access to certain parts of the network.

An example of subnetting would be using a Class C network with an IP address in the 192.168.1.0/24
range. This network has a total of 256 possible IP addresses (192.168.1.0 to 192.168.1.255). If the
network is to be divided into four subnets, the first three octets can be retained and the last octet
split into two bits. This creates the subnets 192.168.1.0/26, 192.168.1.64/26, 192.168.1.128/26, and
192.168.1.192/26. Each of these subnets now has 64 available IP addresses.

CIDR notation (Classless Inter-Domain Routing) is a method for describing the size of an IP address
range. It is used to describe the number of bits used for the network address, rather than the class of
the address (like Class A, B, or C). CIDR notation uses a slash followed by the number of bits used for
the network address. For example, an IP address in the range of 192.168.1.0/24 would mean that the
first 24 bits are used for the network address.

Subnetting and CIDR notation work together to simplify the management of IP addresses on large
networks and increase security. Network administrators should become familiar with these concepts
and techniques to efficiently manage their networks and make them compatible with future
technologies.

2.5 Public and Private IP Addresses
Public and private IP addresses are two types of IP addresses used on a network.

Public IP addresses are IP addresses that are used on the Internet and can be reached from any
computer on the Internet. This type of IP address is assigned by Internet Service Providers (ISP) and
cannot be changed within a network. Public IP addresses are typically static, meaning they don't
change unless an ISP changes them.



Private IP addresses are IP addresses that are used within a private network and are not directly
reachable from a computer on the Internet. This type of IP address is assigned by a network
administrator and can be changed within a network. Private IP addresses are typically dynamic,
meaning they can change when a computer leaves the network or a new computer joins the
network.

Private IP addresses are typically assigned from the following ranges:

10.0.0.0 to 10.255.255.255 (Class A)
172.16.0.0 to 172.31.255.255 (Class B)
192.168.0.0 to 192.168.255.255 (Class C)

These addresses are used to protect the network from unwanted access. A router or firewall uses
NAT (Network Address Translation) to redirect connections from private IP addresses to a public IP
address so that connections can be made to the Internet.

It is important to be aware of which IP address you are using to avoid problems configuring networks
and firewalls and to ensure successful communication.

3. Routing and switching

3.1 What is Routing?
Routing is the process of forwarding packets of data from one network to another network. This is
done through the use of routers, which act as "switchboards" in a network.

Every router on the network has a routing table that contains information about how data packets
should be forwarded from one network to another network. This routing table is built and updated
through the use of routing protocols related to certain rules and procedures to make the best
forwarding decision for each data packet.

There are different types of routing protocols, such as static routing and dynamic routing. Static
routing requires a network administrator to manually configure and update the routing table.
Dynamic routing enables routers to exchange information about the network topology with each
other and to automatically build and update the routing table.



Another important aspect of routing is the use of metrics. Metrics are values used to make the choice
of the best route for a data packet. Examples of metrics are number of hops, bandwidth, latency, and
probability of failure.

Routing is an important part of network administration and enables data to be successfully
transferred from one network to another. Proper configuration and monitoring of routing is critical
to a network's performance and reliability.

3.2 Routing protocols (static routing, dynamic routing)
A routing protocol is a mechanism used by routers to exchange routing information and make
routing decisions. There are two main types of routing protocols: static routing and dynamic routing.

Static routing:

Static routing is a technique in which a network administrator manually configures and updates the
routing table. This type of routing is easy to configure, but it requires the administrator to manually
track every change in network topology in the routing table. Static routing is best suited for small,
light-traffic networks with a stable topology. Examples of static routing protocols are Routing
Information Protocol (RIP) and Open Shortest Path First (OSPF).

Dynamic Routing:

Dynamic routing enables routers to exchange information about the network topology with each
other and to automatically build and update the routing table. This type of routing typically requires
more configuration than static routing, but it offers better scalability and fault tolerance. Examples of
dynamic routing protocols are Routing Information Protocol (RIP), Open Shortest Path First (OSPF),
and Border Gateway Protocol (BGP).

An important aspect when using dynamic routing protocols is the choice of an appropriate metric. A
metric is a value used to make the choice of the best route for a data packet. Examples of metrics are
number of hops, bandwidth, latency, and probability of failure.

In practice, multiple routing protocols are often used simultaneously to meet different scalability,
fault tolerance, and security requirements. Proper selection and configuration of routing protocols is
an important part of network administration.



3.3 What is switching?

In a network, data is transmitted from one device to another. Switching is the process of forwarding
data packets from an ingress node to an egress node in a network. This is usually done by using MAC
addresses to direct the data to the correct address.

There are two types of switching: static switching and dynamic switching. With static switching, data
is always forwarded along the same path, while with dynamic switching, the path is dynamically
chosen based on network conditions.

Switching devices, such as switches and bridges, are responsible for routing data within a network.
They use MAC address tables to send data to the correct address and ensure data is only forwarded
to the devices that expect it.

Switching technologies have evolved over the past few years to enable faster speeds and better
performance. These include Fast Ethernet, Gigabit Ethernet and 10 Gigabit Ethernet.

3.4 Switching Technologies (MAC Address Table, VLANs, Spanning Tree Protocol)
A switching device uses various technologies to route data within a network. Some of these
technologies are:

MAC Address Table: Each switch stores a table of MAC addresses and their associated ports to route
data to the correct address. When a data packet arrives, the switch looks up the destination MAC
address in its table and forwards the packet to the port where the destination device is connected.

VLANSs (Virtual Local Area Networks): VLANs make it possible to divide a physical network into several
logical networks. Each VLAN corresponds to a specific group of devices that can communicate with
each other even though they are physically connected at different locations on the network. This
increases security and organization in the network.

Spanning Tree Protocol (STP): STP is a protocol that prevents a network from going into an infinite
loop. It detects redundant connections in the network and blocks those that aren't needed to avoid a
loop. This ensures that data always takes the shortest route and that no data loss occurs.

These technologies allow switching devices to quickly and efficiently route data across a network,
ensuring data always gets to the right address.



4 Network Protocols (TCP/IP, DNS, DHCP, etc.)

4.1 TCP/IP Protocol Stack
TCP/IP (Transmission Control Protocol/Internet Protocol) is a protocol stack that enables
communication on the Internet. The TCP/IP stack consists of four layers:

Application Layer: This layer is the top layer of the TCP/IP stack and provides applications such as
HTTP, FTP, DNS and Telnet. It enables applications to communicate with each other and exchange
data.

Transport layer: The transport layer ensures that data is transmitted reliably and properly between
applications. It provides the protocols TCP and UDP. TCP ensures reliable transmission by ensuring
that all data is received and arrives in the correct order. UDP, on the other hand, is an unreliable
protocol that offers no guarantee of data delivery.

Internet layer: The Internet layer is responsible for addressing and forwarding data packets on the
Internet. It provides the IP protocol. IP addresses are unique 32-bit or 128-bit addresses assigned to
each device on the internet, allowing data to be sent to the correct device.

Network layer: The network layer is the lowest layer of the TCP/IP stack and provides the connection
between the computer and the network. It provides the ARP (Address Resolution Protocol) and RARP
(Reverse Address Resolution Protocol) protocols. ARP allows to find a device's MAC address by its IP
address and RARP allows to find a device's IP address by its MAC address.

The TCP/IP stack enables data to be exchanged between different devices and networks and forms
the basis for communication on the Internet.

4.2 DNS (Domain Name System)

The Domain Name System (DNS) is a hierarchical and distributed name resolution protocol that
allows a domain name to be associated with an IP address. It is the backbone of the Internet and
allows users to use easy-to-remember and readable domain names like www.example.com instead
of the IP address 208.80.152.2.

DNS consists of a hierarchy of servers called name servers. The top level of the hierarchy is the root
name servers, which have responsibility for managing top-level domains (TLDs) such as .com, .org,
and .edu. Below the TLD name servers are the second-level name servers, which are responsible for
administering the second level of domains (e.g. example.com). Finally, there are the authority name
servers, which hold information about each host in a domain (eg, www.example.com).



When a user types a URL into their browser, they send a request to the local DNS resolver, which
forwards the request to the appropriate nameservers. The resolver starts by querying the root
nameserver, which gives it the IP address of the TLD nameserver. The TLD name server then returns
the IP address of the second level name server, which eventually returns the IP address of the host
serving the requested resource.

DNS also provides a way to manage multiple hosts under a single domain using what are known as
DNS records. These records contain information such as the host's IP address, mail exchange server,
and other information required for name resolution.

DNS is an important part of the Internet and allows users to easily access resources on the network.
However, it is also vulnerable to attacks such as DNS cache poisoning and DDoS attacks on name
servers, which can compromise name resolution. Technologies such as DNSSEC (Domain Name
System Security Extensions) and DNS firewalls exist to ward off these attacks.

4.3 DHCP (Dynamic Host Configuration Protocol)

DHCP is a network protocol used to automatically distribute IP addresses, subnet mask, default
gateway, and other network settings to devices on the network. It allows administrators to simplify
IP address management by providing centralized control of IP addresses. DHCP uses the "client-
server" model, in which DHCP servers manage the IP addresses and DHCP clients request the IP
addresses.

A DHCP server can either be manually configured to distribute IP addresses, or it can automatically
select IP addresses from a pool of available addresses. DHCP clients send a request to the DHCP
server to obtain an IP address, and the DHCP server responds with an assigned address and other
network settings. DHCP also offers the ability to reserve IP addresses to ensure specific devices
always get the same IP addresses.

A key benefit of DHCP is that it eliminates the need to manually assign an IP address to every device
on the network. It also allows managing IP addresses in a centralized way, making it easier to
troubleshoot and monitor network issues. A disadvantage of DHCP is that it can potentially cause
conflicts between DHCP servers, especially in large networks with multiple DHCP servers.

4.4 SNMP (Simple Network Management Protocol)

SNMP (Simple Network Management Protocol) is a protocol used to manage and monitor network
devices such as routers, switches, and servers. It allows administrators to query information about
the performance and status of the network and make configuration changes.



SNMP uses a hierarchical structure called MIB (Management Information Base). Every network
device has a unique MIB that contains all available information. This information can be queried
using specific OIDs (Object Identifiers).

SNMP messages are transmitted over UDP (User Datagram Protocol) and there are three main types
of messages: Get-Request, Get-Next-Request, and Set-Request. Get-Request and Get-Next-Request
are used to query information while Set-Request is used to make configuration changes.

SNMPv1, SNMPv2c and SNMPv3 are the three main versions of SNMP. SNMPv1 and SNMPv2c are
typically found in older devices and networks, while SNMPv3 is the current version and offers
advanced features like encryption and authentication.

Overall, SNMP allows administrators to get a comprehensive view of the performance and status of
the network and to identify and fix problems faster. It is an important part of network administration
and an indispensable tool for managing networks of any size.

4.5 SMTP (Simple Mail Transfer Protocol)
SMTP, or Simple Mail Transfer Protocol, is a protocol used to transfer email between mail servers
and clients. It defines the message formats and control characters used to send and receive email.

Originally developed in the 1980s, SMTP is still the most widely used protocol for transporting email
on the Internet. It is based on text commands and responses exchanged between a mail client and a
mail server.

A typical SMTP workflow looks like this: A mail client connects to a mail server and sends a message
with the command "MAIL FROM" followed by the sender's address. The mail server responds with an
"OK" and the client then sends the "RCPT TO" command followed by the recipient's address. The mail
server replies "OK" again and the client finally sends the message itself using the "DATA" command.
The mail server confirms the successful receipt of the message with "OK" and the message is
forwarded to the recipient.

However, SMTP has its limitations, particularly when it comes to security. It's vulnerable to spoofing
attacks, where someone sends an email from a spoofed address, and it doesn't provide a way to
verify the integrity of the message. For this reason, advanced protocols such as S/MIME and PGP
have been developed to improve email security.



4.6 FTP (File Transfer Protocol)

FTP (File Transfer Protocol) is a standard protocol used to transfer files from one computer to
another. It allows users to upload and download files to a remote server, as well as transfer files
between two remote servers.

FTP works on the application layer of the OSI model and uses the Transmission Control Protocol (TCP)
as the transport protocol. It has a client-server architecture where the FTP client sends the file
transfer requests to the FTP server. The FTP server processes the requests and sends the files back to
the client.

FTP supports two types of transfer modes: Active mode and Passive mode. In active mode, both the
client and server initiate a connection to each other, while in passive mode, only the client
establishes a connection to the server. Passive mode is more commonly used as it often helps to
avoid firewall problems.

FTP also supports authentication and encryption to ensure the security of the data being transferred.
There are also advanced features like the ability to upload and download files in the background and
support for transferring multiple files at once.

In practice, however, FTP is often replaced by more secure protocols such as SFTP (Secure File
Transfer Protocol) and FTPS (FTP over SSL/TLS), which offer encrypted transmission and advanced
security features.

5. Security in the network (firewalls, VPN, etc.)

5.1 What is network security?

Network security refers to the protective measures taken to ensure the integrity, availability and
confidentiality of networks and their data. These include, among other things, measures to defend
against attacks on the network, to protect sensitive data and to monitor and check network traffic.

In practice, network security can be achieved through a combination of different technologies and
methods. These include, for example, firewalls, intrusion detection systems (IDS), virtual private
networks (VPN), access control and monitoring, and data encryption.

An important aspect of network security is the management of security risks. This includes
identifying potential threats, assessing the risk and implementing protective measures. This requires
a thorough understanding of the different types of attacks and the possible vulnerabilities in the
network, as well as regular monitoring and adjustment of security measures.



5.2 Firewalls (hardware firewalls, software firewalls)
A firewall is a security measure that protects the network from unwanted access. There are two
types of firewalls: hardware firewalls and software firewalls.

Hardware firewalls are physical devices that plug into the network and monitor traffic. You can filter
both incoming and outgoing traffic and set rules about which connections are allowed and which
aren't. Hardware firewalls are usually very powerful and offer a high level of security, but they are
also relatively expensive.

Software firewalls are applications that are installed on a computer and monitor traffic on that
computer. You can filter incoming traffic and set rules about which connections are allowed and
which aren't. Software firewalls are typically free or cheaper than hardware firewalls, but typically
offer lower performance and security.

A firewall can work at both the network level and the application level. A network-level firewall filters
traffic based on IP addresses, protocols, and port numbers. An application-level firewall filters traffic
based on application protocols and content.

It is important that firewall rules are regularly reviewed and adjusted to ensure they meet the
current needs of the network and that unauthorized access is not possible.

5.3 VPN (Virtual Private Network)

A virtual private network, or VPN for short, allows users to securely access remote networks or
resources by creating an encrypted connection over a public network, such as the Internet. By using
VPN, users can securely access corporate networks, files, and applications as if they were physically
on the same network.

There are different types of VPN technologies, such as remote access VPNs and site-to-site VPNs.
Remote access VPNs allow users to access a corporate network from remote locations, while site-to-
site VPNs create a secure connection between two or more networks.

VPNs can be configured in a variety of ways, such as using VPN software on the user's device or using
VPN devices or gateways that plug into the network.

An important aspect of VPNs is the encryption used to protect data transmission. There are different
encryption standards used in VPNs, such as PPTP, L2TP/IPSec and OpenVPN.



VPNs are an important tool for network security because they allow sensitive data to be transmitted
securely and access to networks and resources to be controlled. They are commonly used in
companies to allow remote workers access to corporate networks, and in public networks to protect
user privacy.

5.4 Intrusion Detection and Prevention Systems (IDS/IPS)

Intrusion Detection and Prevention Systems (IDS/IPS) are network security solutions used to detect
and prevent unauthorized access to a network. An IDS monitors network traffic and detects unusual
behavior, while an IPS blocks traffic or thwarts imminent attacks.

IDS and IPS can be configured in a variety of ways to increase the security of a network. Some IDS/IPS
systems are capable of using signature-based detection, which detects known attacks based on
predefined patterns. Other systems use behavior analysis to detect unusual behavior in network
traffic.

Some IDS/IPS systems can also use application layer detection to detect attacks on specific
applications or services. An example of this would be an attack on a web server that can be detected
by an IDS/IPS system specifically designed for web applications.

An important aspect of configuring IDS/IPS systems is the rule configuration. This creates rules that
the system uses when detecting attacks. These rules can be configured in different ways, for example
by using signature-based rules or behavior analysis rules.

Overall, IDS/IPS systems provide an important layer of protection for networks by detecting and
preventing unauthorized access. However, it is important that these systems are properly configured
and maintained to ensure they are effective.

5.5 Authentication and Authorization
Authentication and authorization are two key network security functions that help ensure that only
authorized users can access the network and its resources.

Authentication is the process of confirming the identity of a person or device. This is often done
through the use of usernames and passwords, but other methods such as biometric authentication
(e.g. fingerprint scanners) can also be used.



Authorization is the process of determining what actions an authenticated user or device is allowed
to perform. This can be done by assigning permissions and roles. For example, a user with
administrative privileges may have the ability to change network settings, while a user with limited
privileges may only access certain resources.

It is important that both authentication and authorization are robust and secure to ensure only
authorized users have access to the network and its resources. This also includes regular reviews and
updates of user accounts and the use of secure passwords and authentication methods.

5.6 Wireless Network Security

Wireless networks, also known as wireless local area networks (WLAN) or WiFi, are networks that do
not use physical connections such as wires to connect devices. Instead, they use radio waves to
transmit data.

Because wireless networks do not use physical connections, they are more vulnerable to security
threats than wired networks. Some of the most common wireless network security threats are:

Unauthorized Access: Unauthorized individuals can gain access to the wireless network by coming
within range of the network and connecting.

Data snooping: Attackers can intercept data traveling over the wireless network by using tools to
analyze the data packets.

Denial of Service (DoS) Attacks: Attackers can cause congestion to crash a wireless network by
bombarding it with unnecessary requests.

Man-in-the-middle attacks: Attackers can intercept a connection between two devices on the
wireless network and manipulate or intercept the data packets.

To keep wireless networks secure, there are a few safeguards that can be implemented:

Encryption: Use encryption protocols such as WPA2 (Wi-Fi Protected Access 2) or WPA3 to encrypt
data transmissions and prevent unauthorized persons from accessing the network.

Firewalls: Implement firewalls to block unwanted traffic to and from the wireless network.



Network segmentation: Divide the wireless network into different segments to limit the impact of
attacks on individual areas.

Hide SSID: Hide the wireless network name (SSID) to make it harder for attackers to find the network.

Access Controls: Implement access controls to ensure only authorized users can access the wireless
network. You can use usernames and passwords, MAC address filtering or RADIUS authentication to
do this, among other things.

Another important concept related to wireless network security is encryption. There are various
encryption standards such as WEP, WPA and WPAZ2 that can be used to encrypt the data
transmission on the WLAN and thus ensure data security.

Another important concept is the secure configuration of wireless devices and access points. This
includes but is not limited to changing the default administrator credentials, disabling unused
services, and updating firmware and security patches.

Another important concept is monitoring and logging of WiFi traffic. This allows the network
administrator to quickly identify and fix potential attacks or security issues.

Finally, it is important to conduct regular security reviews and adapt wireless security to changing
threats.

6.Wireless Networks and Security

6.1 What are wireless networks?

Wireless networks, also known as WLAN (Wireless Local Area Network) or WiFi (Wireless Fidelity),
are networks that operate without the use of physical connections (such as cables). They allow
devices to communicate with each other over radio waves (mostly in the 2.4 GHz and 5 GHz
frequency ranges). This allows users to connect to the internet and share data in places like offices,
homes, public places, etc. without being tied to a fixed location.

Wireless networks can use different standards and protocols, such as IEEE 802.11a/b/g/n/ac/ax.
These standards define the technologies used to transfer data and the speed that can be achieved.
Some of the newer standards allow for faster speeds and longer ranges than older standards.



Wireless networks can also be built in different topologies, such as ad hoc networks (devices connect
directly to each other) or infrastructure networks (devices connect via an access point or router).

Overall, wireless networking allows for greater flexibility and mobility for users and makes it easier to
connect devices in a variety of environments.

6.2 Wireless standards (Wi-Fi, Bluetooth, Zigbhee)

Wireless networks use radio waves to transmit data without using wires. There are various standards
for wireless networks, which differ in their areas of application and their properties. Some of the
most important standards are:

Wi-Fi is a wireless local area network (WLAN) standard that allows devices such as computers,
smartphones, tablets, and other Wi-Fi-enabled devices to connect. Mainly used to connect devices in
homes, offices, and public places, Wi-Fi supports various transmission speeds and security protocols.

Bluetooth is a short-range wireless connection standard used primarily to connect devices such as
headsets, speakers, keyboards, and mice. Bluetooth has a shorter range than Wi-Fi and is mainly
used to connect devices in close proximity.

Zigbee is a wireless sensor networking standard used primarily to connect devices such as
thermostats, security cameras, and lighting controls. Zigbee has a shorter range than Wi-Fi and
Bluetooth and is mainly used to connect devices in close proximity.

Each standard has its own advantages and disadvantages and is used differently depending on the
use case and devices. It is important to choose the right standard for the application to ensure
optimal performance and security.

6.3 Wireless Network Design and Optimization

Wireless network design refers to planning and configuring a wireless network to ensure optimal
performance and coverage. It includes choosing the right hardware and software, placing Access
Points (APs), and determining the right channels and transmit powers.

An important consideration when planning wireless networks is coverage. To ensure adequate
coverage, APs must be strategically placed to avoid overlap and "dead zones". Another important
consideration is capacity. To ensure high capacity, APs must be configured to support as many
simultaneous connections as possible.



Another important consideration when optimizing wireless networks is choosing the right channels.
The less interference from other networks in the area, the better the performance of your own
network. If possible, unused channels should therefore be used.

Another important aspect of wireless network optimization is monitoring and troubleshooting. It's
important to regularly monitor the performance of the network and quickly identify and fix
problems. This can be accomplished with tools such as network management software and protocol
analyzers.

Finally, it is important to regularly update the wireless network and ensure that it conforms to the
latest security standards. This protects the network from attacks and ensures user privacy and
security.

7.Network Monitoring and Management

7.1 What is network monitoring?

Network monitoring is the process of monitoring and analyzing network traffic to detect, diagnose,
and fix problems. It involves collecting data on network performance, availability, utilization, and
error rates to identify trends and patterns and understand network behavior. This enables network
administrators to more quickly identify and fix problems before they impact users. Some examples of
network monitoring tools are SNMP (Simple Network Management Protocol), NetFlow, and
Wireshark.

7.2 Network Management Protocols (SNMP, ICMP, etc.)

Network monitoring is the process of monitoring and verifying the health of a network and its
components. It includes monitoring of connections, performance, availability and security. The goal is
to identify and fix potential network problems early on, to avoid outages and other disruptions and
to optimize network performance.

Network management protocols are an important part of network monitoring. These logs allow the
network administrator to gather and monitor information about the network and its components.
Some important network management protocols are:

Simple Network Management Protocol (SNMP): SNMP is a protocol that allows network devices such
as routers, switches, and servers to be monitored and managed. It allows the network administrator
to collect information such as CPU usage, memory usage and network traffic.



Internet Control Message Protocol (ICMP): ICMP is a protocol that makes it possible to receive error
messages and diagnostic information about network connections. It is used to monitor the
reachability of network devices and the quality of network connections.

Simple Object Access Protocol (SOAP): SOAP is a protocol that allows applications to communicate
with each other over the Internet. It is used to monitor and manage network services and
applications.

Transmission Control Protocol (TCP): TCP is a protocol that enables secure and reliable data
transmissions to be carried out over the Internet. It is used to monitor the performance of network
connections and the quality of network services.

There are many other network management protocols that can be used depending on the needs and
environment of the network. Comprehensive monitoring and management of the network requires
the use of multiple network management protocols in combination.

7.3 Network Monitoring Tools (Nagios, PRTG, etc.)

Network monitoring is the process of monitoring and examining networks to identify and fix
potential problems before they affect network performance and availability. It allows administrators
to monitor the performance and availability of their network by collecting information about devices,
connections and network traffic.

Network management protocols are standards used to monitor and manage networks. Some of the
most important protocols are SNMP (Simple Network Management Protocol), ICMP (Internet Control
Message Protocol) and IPMI (Intelligent Platform Management Interface). SNMP allows
administrators to query and manage information about devices on a network. ICMP is used to check
the reachability of devices on the network and to send error messages. IPMI allows administrators to
perform hardware-level monitoring and control of servers and other network devices.

Network monitoring tools are applications used to monitor and manage networks. Some of the most
popular tools are Nagios and PRTG. Nagios is an open source solution that allows administrators to
monitor networks and IT infrastructure. PRTG is a commercial solution that can monitor both
networks and cloud environments. Both tools offer features such as performance monitoring, error
notifications, and reporting. They allow administrators to quickly identify and fix problems to ensure
network availability and performance.



7.4 Network Inventory Management

Network inventory management is a process of collecting, managing and monitoring all network
devices and components in an organization. This includes routers, switches, servers, firewalls,
wireless access points, and other devices used on a network. These devices must be regularly
checked for performance, availability, and security to ensure the network is operating optimally and
user needs are being met.

An important part of network inventory management is the collection of device metadata. This
includes the hardware configuration, the software versions, the IP addresses, the serial numbers and
the connections between the devices. This information is important for identifying and
troubleshooting network problems and also for planning maintenance and upgrades.

Another important element of network inventory management is the monitoring of devices. This
includes monitoring performance data such as CPU usage, memory usage, bandwidth usage, and
availability. This data can be used to identify and troubleshoot network problems and also for
planning maintenance and upgrades.

There are many different tools and technologies that can be used for network inventory
management, such as network management software that is installed on a server and communicates
with the network devices to collect and process information. Some of these tools can also
automatically send notifications to the network administrator when certain conditions are met, such
as when a device fails or exceeds a certain performance mark.

In practice, it is important to implement a network inventory management system that offers the
possibility of importing and exporting inventory data, a good user interface and automatic detection
of devices and their status. In this way you can ensure that the network inventory is always up-to-
date and complete and that problems can be quickly identified and resolved.

8.Troubleshooting and error correction

8.1 What is troubleshooting?

Troubleshooting refers to identifying and fixing problems on a network. It is an important process in
ensuring that a network is functioning properly and can respond quickly to issues that may affect
performance or availability. Troubleshooting often involves identifying symptoms, analyzing log files,
and running tests to determine the cause of the problem. It also requires knowledge of the various
network protocols and topologies, as well as the ability to use diagn tools and software. Successful
troubleshooting can help minimize downtime and optimize network performance.



8.2 Troubleshooting Methods
Troubleshooting refers to identifying and fixing problems on a network. It is an important part of
network operations as it helps ensure network availability and performance.

There are various methods that can be used in troubleshooting. Some of them are:

Divide and Conquer Method: This method consists of breaking the problem into smaller parts and
examining them one by one to identify the root cause of the problem.

Bottom-up method: This method starts by examining the lowest layer of the network and then works
its way up to identify the root cause of the problem.

Top-down method: This method starts by examining the top layer of the network and then works its
way down to identify the root cause of the problem.

Process of elimination: This method consists of eliminating possible causes of the problem until the
actual cause is identified.

Checklist Method: This method consists of using a list of steps to ensure that all relevant aspects of
the network are checked to identify the problem.

Remote troubleshooting: This method allows the network administrator to monitor the network
from a remote location and troubleshoot problems.

It is important for a network administrator to be able to use multiple methods to ensure problems
are resolved quickly and effectively.

8.3 Common Network Issues and Solutions
Troubleshooting network problems can sometimes be difficult as there can be many possible causes
for a problem. Some of the most common network problems and their possible solutions are:

Connection problems: A common cause of connection problems is poor signal strength. This can be
fixed by relocating the router or WiFi device. Another common problem is incorrect configuration of
network settings. This can be fixed by checking the settings and adjusting the settings.



Slow Speed: A common cause of slow speed is network congestion. This can be fixed by reducing the
number of connected devices or using a faster internet service provider.

Inaccessible websites: A common cause of inaccessible websites is a DNS problem. This can be fixed
by checking DNS settings and changing DNS servers.

Security Issues: A common cause of security issues is poor firewall configuration. This can be fixed by
checking firewall settings and adjusting settings.

Failing devices: A common cause of failing devices is overheating. This can be fixed by checking the
ventilation and cleaning the fans.

It is important to be systematic and narrow down the possible causes of the problem before
implementing solutions. Some general steps one can take when troubleshooting network problems
are: identify the problem, gather information about the problem, narrow down the possible causes,
implement solutions, and review the results.

8.4 Tools for error diagnosis (packet sniffer, trace route, etc.)
There are a variety of tools that administrators can use to troubleshoot networks. Some of the most
common tools are:

Packet Sniffer: A packet sniffer is a tool that makes it possible to view and analyze data packets
transmitted over a network. These tools are useful for identifying network performance, security,
and troubleshooting problems. Some well-known packet sniffers are Wireshark and tcpdump.

Trace Route: A trace route is a tool used to trace the route that a data packet takes from its origin to
its destination. This can be used to identify network connectivity and routing issues. An example of a
trace route tool is tracert.

Ping: A ping is a tool used to check the reachability of a device on the network. It sends an ICMP echo
request packet to the target device and waits for a response. An example of a ping tool is the "ping"
command in the command prompt.

NSLookup: An NSLookup is a tool used to look up the DNS records of a specific hostname or IP
address. It can be used to identify name resolution problems. An example of an NSLookup tool is the
nslookup command in the command prompt.



These are just a few examples of tools that can be used when troubleshooting networks. There are
many other tools and techniques that administrators can use to identify and troubleshoot network
problems. It is important that administrators have a basic understanding of the various tools and
techniques so that they can troubleshoot network problems quickly and effectively.

9.Virtualization of Networks

9.1 What is network virtualization?

Network virtualization is a technology that makes it possible to create multiple virtual networks on
one physical infrastructure. This makes it possible to use a network's resources more efficiently and
increase flexibility and scalability. With network virtualization, administrators can create multiple
virtual networks on a single physical infrastructure that can be managed independently. This makes it
possible to run multiple different environments on a single piece of hardware, reducing costs and
increasing efficiency.

There are various technologies for implementing network virtualization such as VLAN (Virtual Local
Area Network), VXLAN (Virtual Extensible LAN), NVGRE (Network Virtualization using Generic Routing
Encapsulation) or VPLS (Virtual Private LAN Service).

A common use case for network virtualization is to create virtual private networks (VPNs) in a cloud
environment. This enables companies to move their networks to the cloud and reap the benefits of
cloud infrastructure without losing their security and control over their networks.

Another use case is creating virtual networks for DevOps environments, where developers and
testers can create and manage their own virtual networks to test their applications in an isolated
environment without affecting the productive environment.

Network virtualization also makes it possible to dynamically allocate a network's resources and load-
sharing across multiple virtual networks, increasing network availability and performance.

9.2 Virtualization technologies (VLANs, VXLAN, NVGRE)

Network virtualization is a technology that makes it possible to create multiple logical networks on
one physical infrastructure. This makes it possible to use resources more efficiently, increase
flexibility and improve security.

One of the most common technologies for realizing network virtualization is the Virtual LAN (VLAN).
A VLAN is a logical grouping of devices within a physical network that can communicate



independently. This makes it possible to isolate certain applications or groups of users from others,
thereby increasing security.

Another technology is VXLAN (Virtual Extensible LAN). This technology allows multiple VLANs to be
connected across a WAN or broader physical network. This makes it possible to use resources in a
data center or in the cloud without having to change the network topology.

NVGRE (Network Virtualization using Generic Routing Encapsulation) is another network
virtualization technology that allows to create multiple logical networks on one physical
infrastructure. NVGRE uses the routing protocol to isolate traffic from different logical networks. This
makes it possible to use resources more efficiently and increase flexibility.

9.3 SDN (Software Defined Networking)

Network virtualization is a technology that allows physical networks to be divided into multiple
virtual networks that can operate independently. This enables companies to use their resources
more efficiently and make their networks more flexible.

One of the most important technologies related to network virtualization are VLANs (Virtual Local
Area Networks). VLANSs allow a physical network to be divided into multiple logical networks that
function independently. Each VLAN can have its own security and access rules, simplifying network
administration.

Another technology is VXLAN (Virtual Extensible LAN), which makes it possible to create and connect
VLANs across a WAN (Wide Area Network). This allows companies to connect and manage their
networks across multiple locations.

NVGRE (Network Virtualization using Generic Routing Encapsulation) is another technology that
makes it possible to create and connect virtual networks across a physical network. It uses a
technology called Generic Routing Encapsulation (GRE) to isolate the virtual networks.

Another important technology related to network virtualization is SDN (Software-Defined
Networking). SDN separates the control plane (which makes the decisions about data paths) from the
data transport plane (which actually transmits the data). This enables network administrators to
programmatically control their networks and react more flexibly to changes in their network.



9.4 Network Virtualization Solutions (VMware NSX, Cisco ACI, etc.)

Network virtualization is a technology that makes it possible to create multiple logical networks on a
physical network. This allows resources such as bandwidth, security and availability to be isolated
and controlled.

Virtualization technologies such as VLANs (Virtual Local Area Network), VXLAN (Virtual Extensible
LAN) and NVGRE (Network Virtualization using Generic Routing Encapsulation) make it possible to
create virtual networks on a physical infrastructure. VLANs allow multiple logical networks to be
created on a physical infrastructure by segmenting packets based on their VLAN tag. VXLAN and
NVGRE are advanced technologies that make it possible to create larger networks and more layers of
isolation.

SDN (Software-Defined Networking) is a technology that makes it possible to shift the control and
management of networks from hardware-based switches and routers to software-based control
layers. This makes it possible to increase the flexibility and scalability of networks and reduce costs.

Network virtualization solutions such as VMware NSX and Cisco ACI (Application Centric
Infrastructure) provide a comprehensive solution for network virtualization. They provide features
such as network segmentation, load balancing, security, and monitoring. They allow organizations to
scale and manage their networks faster and more easily, reducing the time and cost of managing
networks.

9.5 Benefits and areas of application of network virtualization

Network virtualization is a technology that makes it possible to create multiple logical networks on
one physical infrastructure. This makes it possible to use network infrastructure resources more
effectively and increase the security and isolation of networks.

One of the most common virtualization technologies is the use of VLANs (Virtual Local Area
Networks). A VLAN allows a physical network connection to be divided into multiple logical networks.
Each logical network can then be configured and managed independently of the others.

Another virtualization technology is VXLAN (Virtual Extensible LAN). This technology makes it
possible to connect multiple VLANs across a wider network, creating a greater number of logical
networks.

NVGRE (Network Virtualization using Generic Routing Encapsulation) is another network
virtualization technology. It enables virtualization of networks by creating tunnels between the
virtual networks.



Software-Defined Networking (SDN) is a concept that allows networks to be controlled and managed
by software. It enables greater flexibility and scalability of networks and makes it easier to automate
network functions.

Some of the popular network virtualization solutions are VMware NSX and Cisco ACI. These solutions
make it possible to implement and manage network virtualization in enterprise environments.

The benefits of network virtualization lie in using resources more efficiently, increasing the security
and isolation of networks, and making networks easier to manage and automate. Some areas of
application are the virtualization of data centers, the creation of cloud networks and the enabling of
network functions in software development.

10.Cloud Networks and Services

10.1 What are cloud networks?

Cloud networks are networks that rely on cloud computing technologies to enable processing and
storage of data in the cloud. This type of network allows companies to manage and deliver their IT
resources over the Internet instead of hosting them on local servers or in their own data centers.

Cloud networks enable companies to take advantage of cloud computing benefits such as scalability,
anywhere access, automatic updates, reduced IT costs and increased flexibility. It also allows the use
of resources such as storage space, computing power, and network bandwidth provided over the
Internet.

Cloud networks can be either public or private. Public cloud networks are accessible to everyone and
are provided by companies such as Amazon Web Services, Microsoft Azure and Google Cloud
Platform. Private cloud networks, on the other hand, are intended for a company's internal use and
are hosted on its own servers or in its own data centers.

There are different types of cloud networks such as Infrastructure-as-a-Service (laaS), Platform-as-a-
Service (PaaS) and Software-as-a-Service (SaaS). laaS gives businesses access to virtual machines,
storage, and networks, PaaS gives developers tools and platforms to develop applications, and Saa$
gives businesses access to applications delivered over the Internet.

Overall, cloud networks offer companies a flexible and cost-effective way to manage and provision
their IT resources, allowing them to focus on their core competencies.



10.2 Cloud Network Architectures (Public, Private, Hybrid Cloud)
A cloud network architecture describes the way a network is built in the cloud. There are three main
types of cloud network architectures: public cloud, private cloud, and hybrid cloud.

Public Cloud: A public cloud is a network operated by a third party and open to the public. Examples
of public clouds are Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP).
In a public cloud, any user who has an account can use and pay for resources.

Private Cloud: A private cloud is a network that is operated by a company itself and is only accessible
for use by the company's employees. A private cloud typically offers more control and flexibility than
a public cloud because the organization has full control over security, data storage, and resources.

Hybrid cloud: A hybrid cloud is a combination of public and private clouds. For example, a company
can use a private cloud for sensitive data and a public cloud for less sensitive data. A hybrid cloud
allows a company to take advantage of both cloud types and flexibly allocate resources between
them.

Each cloud network architecture has its own advantages and disadvantages. For example, a public
cloud typically offers lower costs and easier use than a private cloud, while a private cloud offers
more control and security. A hybrid cloud allows an organization to take advantage of both cloud
types.

10.3 Cloud network services (AWS VPC, Azure Virtual Network, etc.)

Cloud network services are services provided by cloud providers such as Amazon Web Services
(AWS), Microsoft Azure, and Google Cloud Platform (GCP) to help customers create and manage
their networks in the cloud. Some of the most common cloud network services are:

AWS Virtual Private Cloud (VPC): This service allows customers to create a virtual private network in
the AWS cloud. VPC allows customers to configure network topology, IP addresses, security groups,
and network security settings.

Azure Virtual Network: This service allows customers to create and manage virtual networks in the
Microsoft Azure cloud. Azure Virtual Network allows customers to configure network topology, IP
addresses, security groups, and network security settings.

Google Cloud Virtual Private Cloud (VPC): This service allows customers to create virtual private
networks on the Google Cloud platform. Google Cloud VPC allows customers to configure network
topology, IP addresses, security groups, and network security settings.



These cloud network services allow companies to build and manage their networks in the cloud
instead of having to worry about the hardware and infrastructure. They also provide the flexibility to
scale resources as needed, allowing organizations to quickly and easily configure and manage their
networks.

10.4 Security in Cloud Networks
Cloud network security is critical as organizations store and run their data and applications in the
cloud. Some of the key challenges in cloud network security are:

Data protection: Companies must ensure that their data in the cloud is protected against
unauthorized access and data leakage.

Compliance: Organizations need to ensure their cloud environments are compliant with applicable
data protection and compliance requirements.

Network Security: Organizations need to ensure their cloud networks are protected from attacks and
threats.

Availability: Businesses need to ensure their cloud networks are available at all times and able to
respond quickly to failures.

To overcome these challenges, there are different approaches and technologies that companies can
use, including:

Access controls: Organizations can implement access controls to ensure only authorized individuals
can access their cloud resources.

Encryption: Organizations can encrypt data in the cloud to protect it from unauthorized access.

Security Management Tools: Organizations can use security management tools to monitor their
cloud environments and detect and remediate potential threats.

Network segmentation: Enterprises can segment their cloud networks to limit the impact of attacks.



Cloud-based security services: Enterprises can use cloud-based security services such as firewalls,
IDS/IPS, and VPNs to protect their cloud networks.

Due Diligence: Organizations should ensure that they carefully review the vendor and Service Level
Agreements (SLAs) to ensure they are meeting the necessary security measures and compliance
requirements and that they are being adequately supported in the event of a security incident.

10.5 Network Management in the Cloud

Network management in the cloud refers to the management and monitoring of network resources
and services that are deployed in the cloud. This includes creating, configuring, and monitoring
virtual networks, firewalls, load balancers, and other network services.

Some of the most important aspects of network management in the cloud are task automation,
scalability, and flexibility. Automation allows network services to be deployed and managed quickly
and efficiently, while scalability and flexibility allow network services to quickly adapt to changing
needs.

Most cloud providers offer a variety of tools and services to support network management, such as
AWS VPC and Azure Virtual Network. These services make it possible to create and manage virtual
networks, configure firewalls, monitor and control network traffic, and much more.

Another important issue when managing networks in the cloud is security. Businesses need to ensure
their networks are secure in the cloud and that they have the right tools and processes in place to
detect and combat potential security threats. Some of the most important aspects of cloud network
security are the use of virtual firewalls, the use of encryption technologies, and the implementation
of access controls.

11.Future of network technology

11.1 Network Technology Developments
Network technology has developed rapidly in recent years. Some of the most important
developments are:

5G: The fifth generation of mobile communications (5G) offers higher speeds and lower latencies
than 4G. This makes it possible to support applications such as the Internet of Things (loT),
Augmented Reality (AR) and Virtual Reality (VR).



Software-Defined Networking (SDN): SDN makes it possible to make networks programmable by
shifting control of the network infrastructure from proprietary devices to software-based solutions.
This makes it possible to design networks faster and more flexibly.

Network virtualization: With the virtualization of networks, multiple virtual networks can be
operated on one physical infrastructure. This makes it possible to use resources more efficiently and
improve the isolation of applications and data.

Security: Threats to networks have increased, leading to greater demand for security solutions. These
include firewalls, intrusion detection and prevention systems (IDPS), and encryption and
authentication solutions.

Cloud networks: More and more companies are using cloud networks to increase the flexibility and
scalability of their IT infrastructure. This includes public, private and hybrid cloud solutions.

Automation: Automation technologies such as network orchestration and automation make it
possible to manage and configure networks faster and more efficiently.

11.2 5G and the future of mobile networks

5G is the fifth generation of cellular networks and compared to the previous generations (2G, 3G, 4G)
offers a significantly higher data transmission rate, lower latency times and a higher number of
connected devices per square kilometer. This enables the support of applications such as augmented
reality, virtual reality, autonomous driving and loT (Internet of Things).

5G is based on three main pillars: increased throughput, reduced latency and increased number of
connected devices. Throughput here means the maximum data rate that can be transmitted per
second. 5G enables a maximum throughput rate of up to 20 Gbps, which is a 20x increase compared
to 4G. Latency refers to the time it takes to process a request and send back a response. 5G promises
latency times of less than 1 millisecond, which is a 100x reduction compared to 4G.

5G also supports an increased number of connected devices per square kilometer. This makes it
possible to connect a wide range of devices, from smartphones to medical devices and industrial
automation systems, to the network.

5G will also offer the ability to "slice" or split networks to provide specific network resources to
different applications and business units. This allows organizations to fine-tune their networks to the
needs of their applications, maximizing performance and security.



In the future, 5G will also play an important role in the emergence of smart cities and the
development of autonomous vehicles. It will also help accelerate the spread of loT devices and
enable the emergence of new applications such as augmented reality and virtual reality.

Overall, 5G will play a crucial role in the future of mobile networks by offering higher capacity, lower
latency and higher availability that will enable new applications and services such as loT, automation,
virtual reality and augmented reality to support and encourage. It will also help reduce dependency
on fixed networks and allow for greater flexibility and mobility.

11.3 loT (Internet of Things) and networks

The Internet of Things (loT) refers to the connection of everyday devices and machines to the
Internet to collect and share data. This allows companies and individuals to automate and streamline
their operations.

loT devices typically require low latency and high availability to ensure they can respond to requests
in a timely manner and perform their functions. This requires a robust and reliable network
infrastructure.

To connect loT devices, various technologies such as Zigbee, Z-Wave and Bluetooth Low Energy,
capable of transmitting data over short distances, can be used. Cellular networks or even satellites
are usually used over longer distances.

An important aspect of managing loT networks is the ability to manage and monitor the devices to
ensure they are functioning properly and are not posing security risks. There are special management
tools and platforms that make it easier to manage thousands of devices.

Overall, 10T development will play an important role in network technology in the future, helping
companies to optimize their business processes and make better use of data.

11.4 Al and Machine Learning in Networks

Al (Artificial Intelligence) and Machine Learning (ML) are technologies that are becoming increasingly
important in the networking industry. They enable networks to automatically respond to changes in
network traffic and to proactively detect and fix problems. Al and ML can also help improve network
performance and security.



An example of the application of Al in networks is the use of automatic pattern recognition
algorithms to detect network traffic patterns and identify abnormal traffic patterns that may indicate
an attack. This allows the network to proactively respond to attacks and minimize the impact.

ML can also be used to optimize network performance and capacity. For example, an ML algorithm
can be used to predict network traffic load and automatically provision resources to avoid
bottlenecks.

In the future, Al and ML are likely to play increasingly important roles in network management as
they enable networks to be made more intelligent and self-managing. Businesses using these
technologies can expect to improve their network performance and security while reducing costs and
overhead.

11.5 Edge Computing and Networks

Edge computing refers to the processing of data and applications close to the source rather than in
the cloud or data center. This enables data to be collected and processed faster, which is important
for applications such as factory automation, traffic flow monitoring and real-time video processing.

A key aspect of edge computing is the networking of devices and the connection of edge devices to
cloud and data center resources. This requires a fast and reliable network connection to allow the
transfer of large amounts of data.

Various technologies are used to enable edge computing, including fog computing, content delivery
networks (CDN), and micro data centers. These technologies allow data processing and storage to be
performed close to the source to reduce latency and optimize bandwidth utilization.

Another important element related to edge computing is the network functions such as security,
management and monitoring. These capabilities need to be built into the edge devices and networks
to ensure data is transmitted securely and that network performance and availability are maintained.

Overall, edge computing will play an important role in the future of networks as it enables processing
of data and applications close to the source, which is of great importance for a wide range of
applications. However, it also requires the development of new technologies and network functions
to meet the challenges of latency, bandwidth requirements and security.
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