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			Preface

			Howdy! As I transition from network engineering to software engineering, I understand how hard it is for developers to understand computer network concepts and how hard it is for network engineers to understand software concepts.

			As applications become cloud-based and content is stored in the cloud, network infrastructure is the most important asset for today’s businesses. A 10 GE interface down for 15 minutes is equivalent to 1 TB of missing data. Minimizing downtime, maximizing capacity and speed, and lowering latency and jitter are the major performance indicators for network providers today. And it’s becoming impossible to improve these indicators without network automation, from the concept and design of the network to daily network operations.

			This book will start with a brief description of network basics, then will start to explore network programming concepts and the automation ecosystem in a bit more depth. It will then describe protocols, tools, and techniques for network programming. All of these will be based on the two most popular computer languages for network automation, which are Go and Python.

			Hands-on labs will be used to support the concepts covered in the book using a real-time network emulation. By the end of the book, you will have enough knowledge to start programming and creating network automation solutions.

			Who this book is for

			This book is for network architects, network engineers, and software professionals who wish to integrate programming into networks. Network engineers who follow traditional techniques can read this book to understand modern-day network automation and programming.

			What this book covers

			Chapter 1, Network Basics for Development, is focused on explaining the basics of computer networking and the jargon used. The idea is to build a good foundation to be built on throughout the book. If you are a network engineer or have experience in this field, you might want to skip it. If you are a software developer with little network experience, this chapter is for you. It will help you build a solid base of network jargon that will be useful when writing code for network automation.

			Chapter 2, Programmable Networks, looks into several different technologies used today to create networks via software. Then we will examine the current standard technology, known as Software Defined Networks (SDNs).

			Chapter 3, Accessing the Network, explores the most common methods and protocols for accessing network devices for our network automation. Since devices have multiple methods, we will aim to give you enough information so that you can choose the one that is most appropriate for your network automation code.

			Chapter 4, Working with Network Configurations and Definitions, explores how to work with a network configuration and how to define it for effective use with network automation. We want to build scalable and future-proof solutions. The chapter answers why we need network definitions to help automation.

			Chapter 5, Dos and Don’ts for Network Programming, focuses on the most important best coding practices for Python and Go related to network programming. Writing code for networks is exciting because when it fails, it is challenging, and when it works, it is rewarding. If you are an experienced programmer, it will be plain sailing, but if you are a newbie, it will be stormy. The chapter dives into some coding practices for Go and Python that will help you get through these storms more easily.

			Chapter 6, Using Go and Python for Network Programming, looks at how Python and Go are powerful and useful for network programming, but depending on what the requirements are and the environment, one might be better suited than the other. We’ll also check the advantages and disadvantages of using Python and Go.

			Chapter 7, Error Handling and Logging, explores how we report program execution events and how we handle errors. These two topics are not as easy as they seem, and they are, most of the time, implemented in systems poorly. The chapter investigates how and why we handle errors and then why and how we do event logging.

			Chapter 8, Scaling Your Code, covers some techniques used today to scale your code up and down effectively, which will allow your solution to adapt easily to follow network growth, and, if necessary, easily scale down to save resources.

			Chapter 9, Network Code Testing Framework, focuses on techniques to build a network testing framework that can be used for testing your network automation code. It also looks into advanced techniques that can be used to make your testing framework even more useful and reliable.

			Chapter 10, Hands-On and Going Forward, explored building a network from scratch using the network automation skills we’ve learned and emulated routers. The finished emulated network will have enough components to experiment with several techniques described in the chapters of this book. And finally, there are a few remarks and some guidance for future studies and work.

			To get the most out of this book

			You will need to be able to work with privileged access with Linux, Windows, or macOS, and be able to install the Go and Python languages, as well as the corresponding third-party libraries. A basic understanding of computer networking concepts will also help.

			
				
					
					
				
				
					
							
							Software/hardware covered in the book

						
							
							Operating system requirements

						
					

					
							
							Preferably Go language version 1.20 or later
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							Preferably Python version 3.10.9 or later

						
							
							Windows, macOS, or Linux

						
					

				
			

			Download the example code files

			You can download the example code files for this book from GitHub at https://github.com/PacktPublishing/Network-Programming-and-Automation-Essentials. If there’s an update to the code, it will be updated in the GitHub repository.

			We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

			Download the color images

			We also provide a PDF file that has color images of the screenshots and diagrams used in this book. You can download it here: https://packt.link/AXHbe.

			Conventions used

			There are a number of text conventions used throughout this book.

			Code in text: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: “Both modes use the same Linux device driver (accessible via /dev/net/tun), just with a different flag. The flag to use TAP mode is IFF_TAP, whereas the flag to use TUN is IFF_TUN.”

			A block of code is set as follows:

			
from paramiko import SSHClient
client = SSHClient()
client.connect('10.1.1.1', username='user', password='pw')

			When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

			
import unittest
import mock
from paramiko import SSHClient
class TestSSHClient(unittest.TestCase):
    @mock.patch('paramiko.SSHClient.connect')
    def test_connect(self, mock_connect):

			Any command-line input or output is written as follows:

			
claus@dev:~$ sudo ip tuntap add dev tap0 mode tap
claus@dev:~$ sudo ip link set tap0 up
claus@dev:~$ ip link show tap0

			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: “Having included E5, S5, and L5, the Clos network will have now 50 connections.”

			Tips or important notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packtpub.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com

			Share your thoughts

			Once you’ve read Network Programming and Automation Essentials, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

			Download a free PDF copy of this book

			Thanks for purchasing this book!

			Do you like to read on the go but are unable to carry your print books everywhere? Is your eBook purchase not compatible with the device of your choice?

			Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

			Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application.

			The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

			Follow these simple steps to get the benefits:

			
					Scan the QR code or visit the link below

			

			
				
					[image: ]
				

			

			https://packt.link/free-ebook/9781803233666

			
					Submit your proof of purchase

					That’s it! We’ll send your free PDF and other benefits to your email directly

			

			.

		

	


		
			Part 1: Foundations for Network Automation

			The first part is dedicated to refreshing you on some of the network fundamentals and jargon, as well as discussing some important aspects of network automation that should be used as the foundation of your work. Additional bases for network automation, such as the methods and protocols used to access the network and how we should use the network configuration and definitions, are also discussed in this part.

			This part has the following chapters:

			
					Chapter 1, Network Basics for Development

					Chapter 2, Programmable Networks

					Chapter 3, Accessing the Network

					Chapter 4, Working with Network Configurations and Definitions

			

		

		
			
			

		

		
			
			

		

	


		
			1

			Network Basics for Development

			This chapter is focused on explaining the basics and jargon used in computer networking. The idea is to build a good foundation to be used throughout the book.

			If you are a network engineer or have experience in this field, you might want to skip it, or perhaps skim through it.

			If you are a software developer with little network experience, this chapter is for you. It will help you build a solid base on network jargon that will be useful when writing code for network automation.

			The following are the topics that we will cover in this chapter:

			
					Reviewing protocol layers, network device types, and network topologies

					Describing network architecture and its components

					Illustrating network management components, network bastions, and more

			

			Reviewing protocol layers, network device types, and network topologies

			We have lots to talk about here. But due to the size restraints of this book, I have organized a summary with the most important aspects of today’s network jargon and explained them briefly. I hope you can find some new information to help your automation work.

			Protocol layers

			It’s important to note that there are several different standards for protocol layers, and the most academic one is the ISO organization called OSI model, which defines seven layers. But we are going to consider only five defined in the TCP/IP protocol stack, which is used on the internet. Here is a short summary of each of the layers:

			
					Physical layer: In this layer are the technologies involved in the physical connection itself where the bits and bytes are transformed into the physical medium, such as the light in fiber optics, electricity in a cable, and radio waves in antennas. At this layer, physical checks can be implemented on the node input, such as power levels, collision, noise, and signal distortion, among other types of checks.

					Data link layer: Here, the information is called a frame, and it contains a delimited size, known as the maximum transmission unit (MTU). The reason is that a frame is a data representation in bytes that has to move from one node to another one and in a reliable manner without interruption. At this level, frame queues are present; the queues are used to place the frames on the physical layer in sequential order or in priority order. Some data link devices can prioritize certain types of frames, jumping to the front of the queue. At the data link layer, some checks are done, but within the frame itself, such as CRC or checksum. In addition, source and destination addresses can be added to the frame to differentiate destinations on a shared media. The information on the frame is normally used locally within the same organization. This layer is also known as the Ethernet layer.

					Network layer: This is also known as the IP layer, or the router layer. Here, the information is called a packet, and it contains the information that goes between nodes that are beyond the layer 2 domain (or the previous Ethernet layer). This level is where the routing protocols are used, the network address translation (NAT) does its job, some access control lists (ACLs) are present, and the control packets are, among other functions. The packet on this level has enough information to know where it came from and where it has to go. This layer is also responsible for fragmenting the packet into multiple packets if the frame MTU is smaller than the IP packet. The main information carried in the packet is the IP address and has source and destination addresses.

					Transport layer: The transport layer deals with data information that is called a segment. On today’s internet, only two types of protocols are used here, the User Data Protocol (UDP) and the Transmission Control Protocol (TCP). The idea is one provides more confirmation and control than the other. TCP has traffic flow control, packet loss detection, and packet retransmission, among other functions. UDP, on the other hand, is just the IP packet plus a little more information. The idea behind having TCP is to enhance communication on the unreliable internet, so the application has a guaranteed transport method. TCP has more overhead, with an additional header field, and might be slower in some cases than UDP. The transport layer adds a port number to the segment, which is carried inside every packet in the IP layer. The port number is used for two reasons: to designate which application is using the transport layer, such as port 80 for HTTP communication, and to associate it with a communication socket in the host. The port number is required for the source and destination, which will be used to designate the correct socket to communicate with the host.

					Application layer: This is the top of the layers, normally referred to by my professor as the cherry on the cake. An application layer is used to associate a socket on the host where data will be sent and received. The application normally handles the content of the data, such as page requests on HTTP. The software that we are producing in this book uses this layer to automate the network.

			

			LAN, WAN, internet, and intranet

			LAN, or local area network, is used to refer to networks that are local. Nowadays, it means networks that use the data link layer as the main communication, such as Ethernet. The reason why the name is more related to the communication layer than the geography is that technology has evolved, allowing Ethernet switches to communicate over thousands of kilometers. So, a LAN normally designates a topology inside the same organization using Ethernet, but not necessarily geographically in the same location.

			WAN, or wide area network, is used to refer to networks that are remotely connected, or technologies that allow nodes to be far apart, such as extinct technologies such as X.25, Frame Relay, and Asynchronous Transfer Mode (ATM). Now, the term WAN is normally used to designate interfaces or networks that are connected to different networks, or in other words, networks that are not in the same organization, data link layer, or Ethernet domain.

			Information

			For more information about ATM, please refer to the article Technology and Applications in SSRN Electronic Journal, June 1998, by Jeffrey Scott Ray.

			The internet is what you know, this gigantic network interconnecting everybody worldwide.

			The term intranet was used when corporations were using the internet protocols to communicate internally on their network. The reason is that other technologies were competing with the internet TCP/IP protocol at that time, such as SNA and IPX. So, when the term intranet was used, it was simply to state that the corporate network uses TCP/IP. Nowadays, intranet refers to a network that is within the same organization and not connected to external nodes. Therefore, the network is safe from external interference.

			Point-to-point connections

			A point-to-point (P2P) connection is used to interconnect two nodes. A link between two nodes is normally a P2P connection (as shown in Figure 1.1), unless using media such as satellite or broadcast antennas. This connection can either be back to back or not. The term back to back is normally used to indicate that the nodes are connected directly without any other physical layer between them, such as repeaters. Therefore, back-to-back connections have limited distances due to the noise and distortion introduced in the connection as the wiring gets longer. Depending on the speed and the technology used, the distances are limited to within the same room or building.

			
				
					[image: Figure 1.1 – A P2P connection]
				

			

			Figure 1.1 – A P2P connection

			Star or hub-spoke topologies

			Star or hub-spoke topologies are used in small and medium companies, where one office is the main distributor and the other locations are consumers. The topology looks like a star, and network elements are smaller and simpler at the remote locations, while being larger and complex at the main distributor (see the example in Figure 1.2).

			Normally, these types of topologies can scale up to hundreds of nodes, but depending on the traffic, the requirements can scale to thousands. Let’s look at two examples that illustrate the scale of these topologies.

			For instance, in a bank, the automated teller machines are distributed in remote locations, where the main computer is located in the main branch. This can scale to thousands of remote machines as the traffic requirements are small in terms of byte transfer on a teller machine.

			On the other hand, if you have a supermarket chain using a star topology, it won’t scale to thousands of remote machines, as each supermarket requires a large amount of data transfer to handle all transactions and employees.

			So, the use of star topologies is limited to the amount of traffic it can handle in the central node. In the star topology, we have two device functions, a device that will be either at the remote location or in the main office.

			Network capacity planning is trivial when dealing with star topologies, as the main office node is updated as it grows.

			
				
					[image: Figure 1.2 – A star topology]
				

			

			Figure 1.2 – A star topology

			Hierarchical or tree topologies

			Hierarchical topologies are used to optimize traffic, where larger nodes are used to aggregate traffic to smaller nodes in a hierarchical matter (see the example in Figure 1.3). These topologies can scale to thousands of nodes; however, because of the number of nodes in the path, the topologies can cause undesirable latency and extra node costs.

			An internet service provider normally uses a hierarchical topology to concentrate customer traffic in certain remote locations before aggregating even more in other locations.

			There is no limit on the number of nodes on this type of topology, and it’s one of the foundations of the internet global infrastructure.

			In the hierarchical topologies, we have multiple device functions, the customer premises equipment (CPE), aggregators, distributors, core, and peering, among others.

			Depending on the size of this topology, it can introduce a longer path, which will add significant latency. For instance, in Figure 1.3, A1 has to cross five hosts to reach A7.

			Network capacity planning is focused on the aggregation points, and augmenting the network is not that difficult.

			
				
					[image: Figure 1.3 – A hierarchical or tree topology]
				

			

			Figure 1.3 – A hierarchical or tree topology

			Clos topologies

			This type of topology is also known as a Clos network or fabric. This topology is used to increase the number of ports without compromising latency and throughput and is often used in data centers. This topology is composed of at least three stages. Note that there is no oversubscription or aggregation like in the hierarchical topologies. The Clos topology provides the same amount of available bandwidth on the input and output. The stage names are normally spines and leafs. The spines are always in the center and only have connections to the Clos nodes. Leaves are used to connect to external devices or networks.

			Figure 1.4 shows an example of a 16-port Clos network. Note that normally, all connections between a spine node to a leaf node are back to back:

			
				
					[image: Figure 1.4 – A Clos topology]
				

			

			Figure 1.4 – A Clos topology

			Why are these topologies used? To increase the number of ports available without compromising throughput. This kind of topology is also used inside a router to provide connectivity between interface cards. Some companies use small devices to increase the number of ports that are offered without raising the cost as smaller devices are normally cheaper.

			Important note

			One additional characteristic of the Clos network is that it has the same distance between any two external ports (in terms of nodes in the path), therefore the latency in normal conditions is the same. For instance, in Figure 1.4, the latency between an external port on node L1 to an external port on L4 or E1 is the same.

			Important note

			More information on Clos networks can be found in an interesting paper from Google called Jupiter Rising: A Decade of Clos Topologies and Centralized Control in Google’s Datacenter Network – ACM SIGCOMM Computer Communication Review, Volume 45, Issue 4, October 2015.

			Mixed topologies

			A mixed topology is used in large corporations where latency and traffic are both important to care of. Normally, star topologies and P2P are used to shorten paths and reduce latency, whereas hierarchical topologies are used to optimize and aggregate traffic, and finally, Clos networks to increase the number of ports.

			Modern cloud service providers are migrating to a more complex topology, where there are connections between elements where latency matters and aggregate device functions where traffic matters.

			Network capacity planning is normally harder because connections are not totally hierarchical and aggregation points are not necessarily part of all traffic paths. An example of this kind of mixed topology is shown in Figure 1.5:

			
				
					[image: Figure 1.5 – A mixed topology]
				

			

			Figure 1.5 – A mixed topology

			Interface speeds

			A very important point that some engineers get confused about is the interface speed representation. 1 KB in memory representation is 2^10 or 1,024 bytes and 1 GB is 2^30, which is 1,073,741,824 bytes. For interface speeds, the same does not apply, and 1 Kbps is actually 1,000 bits/second, while 1 Gbps is 1,000,000,000 bits/second (more details can be found at https://en.wikipedia.org/wiki/Data-rate_units).

			Device types and functions

			Network devices used to have specific functions as CPU and memory were scarce and expensive. Nowadays, network devices can have multiple functions when required. In large networks, devices have fewer functions as they tend to get overloaded easier when traffic demands increase. Here are some of the functions that a device can have:

			
					Hub: This is a very old term to designate a device that only repeats the physical signal.

					Switch: A device that works only on the data link layer. It is normally used in LANs, and it works by switching frames. The most common protocol used on these devices to control paths is the Spanning Tree Protocol (STP).

					Router: A device that works only on the network layer or IP Layer. It is used to interconnect multiple LANs or create long-haul remote connections. Internally, a router routes packets using a routing protocol to exchange route information with other routers. Some routers can also switch frames or work as a switch.

					NAT: NAT is devices that replace source and destination IP addresses to allow the use of private IP addresses or to isolate internal traffic from external traffic.

					Firewall: Normally, devices that control the traffic that passes through it by looking into the content of the frame or the packet. There are several different types of firewalls, and some might be super complex, which includes encrypting and decrypting traffic.

					Load balancers: When servers can’t handle too many clients because of hardware limitations, load balancers can be used to deal with the client demands by sharing the client request between several servers. Those devices also look into the packet content to determine which server would get the traffic.

					Network server: A computer used to provide some sort of service to the network, for instance, an authentication server, an NTP server, or a Syslog collector.

			

			Oversubscription

			In network jargon, this term is used to describe nodes or links in the network that aggregate traffic from other parts of the network and statistically use it to their advantage. For instance, they have a 1 Gbps interface to connect to the internet and 1,000 customers with 10 Mbps interfaces to use the service, which is an oversubscription of 1 to 10. This practice is quite normal and is only possible to use because of the characteristics of the client’s traffic that allow such aggregation without degradation. There are lots of mathematical models and papers on the internet describing this behavior and how to use it in your favor.

			But some traffic can’t be aggregated without being degraded. In a data center, the traffic that can’t be oversubscribed is the traffic between servers, such as remote disk, data transfers, and database replicas. In this scenario, the best solution is to interconnect them without oversubscription using a solution such as non-blocking Clos topologies.

			Browsing web pages, watching videos, and receiving messages from most of the traffic on the internet, which easily allows the aggregation technique without degradation.

			Important note

			More information on oversubscription can be found in the paper Evaluating Impacts of Oversubscription on Future Internet Business Models by A. Raju, V. Gonçalves, and P. Ballon – Published in Networking Workshops, 25 May 2012 – Computer Science.

			In this section, we went over the basic components of computer networks, including protocols, topology types, interface speeds, and device types. By now, you should be able to identify these terms more easily and will be familiar with their meanings, because we are going to use these terms throughout this book. Moving on, we are going to review more terms related to network architecture.

			Describing network architecture and its components

			The term network architecture was introduced in the early 2000s, mimicking roles in the construction industry, where architects design and civil engineers build. Different companies use the term differently, but in this book, network architecture will be used to refer to the design of the network and its functions.

			For a good network architecture, it is desirable to have a document describing in detail the first three layers of the network, from the physical layer to the routing layer. With this documentation, it is easy for the engineers to understand the physical connections, the Ethernet domains, and the routing protocols used.

			Diagrams

			A network diagram is mostly like a map, where the cities are the nodes and the roads are the links that connect them. For a network engineer, diagrams are crucial to describe how nodes are connected, and they also can group and demarcate important areas. A good diagram is easy to interpret and follow how data flows.

			There are up to three types of diagrams; they can be integrated on the same page and graph, or they can be separated onto different pages. The main diagrams are one to show the physical connections, which can include the technology involved in the data link layer, and the switching and routing diagrams.

			In Figure 1.6, we can see an example of a network diagram:

			
				
					[image: Figure 1.6 – Example of a network diagram]
				

			

			Figure 1.6 – Example of a network diagram

			Figure 1.7 shows examples of network diagram symbols:

			
				
					[image: Figure 1.7 – Network diagram symbols]
				

			

			Figure 1.7 – Network diagram symbols

			Network node names

			A network node is a device that is essentially used to interconnect and serve as a transport of the data in the network. It can be either a hub, a switch, or a router. To help network engineers identify the node function, names are used to describe their main function. Here are some of them:

			
					Transit router: These are routers that have interfaces with other service providers. These links are normally used as a service to access other networks, therefore they have a cost because they are normally connected to other big carriers.

					Peer router: These routers have interfaces with other networks in a peer configuration, meaning none of the parts pay to use it. In these links, only the traffic between the peer companies is exchanged, and the traffic destinated to outside networks are not allowed. Accessing external networks would be the case when using transit routers.

					Core router: These are nodes that are in the center of the network. They normally handle a large amount of traffic and have high-speed interfaces. Their throughput capacity is the highest in the network, but they have fewer interfaces as they concentrate the traffic of the network.

					Distribution router: These are nodes that normally connect to the core and aggregation routers. They normally interconnect different locations of the network. They don’t have many interfaces and their throughput capacity is high, but not as high as the core router.

					Aggregation router: These routers normally aggregate the traffic from the access routers. They are normally located in the same area or location as the access routers, and they have fewer interfaces compared to the access routers.

					Access router: Some architects add a node that connects all last-mile networks or CPE nodes. These routers are located closer to the customer and have more interfaces than any other router.

					Top of the rack (TOR): TOR refers to nodes that can be either a switch or a router, depending on the architecture. They are responsible for connecting the servers in the rack to the rest of the network.

					Clos rack: A Clos network, as described before, is a technique to add connectivity to multiple servers using small devices. A Clos rack is seen by the rest of the network as a single unique block, and in terms of architecture, it acts as a single node, normally used as a single router with a large number of interfaces.

					CPE: CPE is the node that is installed at the customer’s location. It normally has one interface connecting to the last-mile network and one local interface that can be an Ethernet or a wireless Ethernet. These devices can also implement NAT, firewall and, in some cases, they have multiple local interfaces, which can act as a switch and a router. These nodes are cheap and small with very low throughput capacity compared to the other nodes.

			

			The last-mile network

			This term is used to describe the architecture used to connect the customer to the network. Normally, this term is only used for ISPs, but some corporations also use it to interconnect their branches.

			The last-mile network has a range of coverage and normally doesn’t cross the 1 km mark but depends on the type of technology used. Here are some of the most common last-mile networks:

			
					Cable TV: There are several technologies used here to provide data communication using the cable TV that the customer has installed. The most used one is DOCSIS, which in 2017 was upgraded to version 4. This solution uses a single cable that is shared to several premises.

					Digital subscriber line (DSL): DSL uses the old telephone line to pass data communication. For that, there are lots of standards, and the most common ones are VDSL and ADSL. The DSL solutions don’t share the same media as cable TV does, and there is one cable for each customer.

					Fiber to the premises (FTTP): FTTP is when an optical cable arrives at a customer’s premises. Like cable TV, the most common implementation is a single fiber that crosses several different customers in a sharable manner. The most common technology is a passive optical network (PON) or, more specifically, the Gigabit Ethernet PON (GPON) (or G.984).

			

			Important note
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