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Presenter
Presentation Notes
Business today is all about speed and flexibility. Organizations are expected to produce faster, work smarter, and operate with a wider reach than ever before. And even though companies are expanding from Boston to Bangalore, remaining open for business 24/7 and generating information at never-before-seen rates, their storage infrastructures are expected to perform at an equally high level. Unfortunately, they’re not keeping pace.  The e-business phenomenon has its own set of rules. Time-to-market is everything. Every business plan is perpetually on the verge of obsolescence. And the world runs on Internet time. This means that today there is only one time zone, and it's not EST or PDT, but NOW.
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Presentation Notes
We have made an effort to provide good information to you in the form of speaker notes.We have also made an effort to be sure that if you are using Adobe Reader 7 or higher that you will be able to make your own notes (Sticky Notes) as the presentation progresses.
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Who am I? 
David Lytle, BCAF 
Principal Engineer / Global Solutions Specialist 
System z Technologies and Solutions 
44 years in Mainframe Computing 
dlytle@brocade.com   

• A Subject Matter Expert on Mainframe I/O, I live near 
Atlanta, Georgia (allowing me to keep my boss 2,000 miles 
away) 

• Published papers which have appeared in z/Journal and in 
The Journal of Computer Resource Management. 

• Held positions such as District SE manager, FICON 
Solutions Architect, Consulting Systems Engineer, SAN 
Sales Specialist, Storage Sales Specialist, Post Sales SE, 
Senior MVS Systems Programmer and Senior Programmer.  

• Participate regularly as a SHARE user conference speaker. 
Have been a speaker at EMC, HDS, HP and IBM events 
around the world. Happy to have an opportunity to speak at 
CMG! 

• Love to play at Golf (a hacker), SCUBA dive and Travel - Since 2007 

Presenter
Presentation Notes
Just a little bit about my background.

mailto:dlytle@brocade.com
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Abstract  

• In this session, I will discuss: 
 
• A history of the growth of storage and its bandwidth 

• Current customer trends in bandwidth utilization.  

• Fibre channel speed roadmap - per the standards.  

• Requirements for 8G (Gen4), 16G (Gen5), and 32G (Gen6) 

• What about FCoE - how does this play in user environments?  

• Then, if there is time, a fun little topic about Light! 

Presenter
Presentation Notes
Todays session.
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 Big Data (unstructured) 

 Digital Content 

Data Ubiquity In the Digital Age 

 Enterprise-wide transactional computing 

What’s Fueling The  
Storage And Optical Network “Big Bang”? 

 7 x 24 x forever global operations 

 Huge email, text, twitter growth 

– Especially Medical and 
Public Entertainment 

 Explosive Internet growth 

 Private/Public cloud computing 

The Past Gives Us A 
Roadmap to the Future! 

Presenter
Presentation Notes
I am preaching to the choir when I tell you that storage market is exploding. For years storage was a high-tech commodity, a boring box of disk drives that hooked up to a computer and did what it was told. Now storage revenues are growing faster than revenues for either servers or microprocessors. Today customers spend as much or more on storage as they do on computing power; in a few years they will spend many times more on storage as they do on computers.A few years ago a huge bank or insurance company might need 50 terabytes of storage to hold millions of records. That's 50 trillion characters of data, about enough for the text of 25 million books. But who reads text these days? A terabyte doesn't go very far in a world that sees 51 million new Web sites added during the year (2012) and 20 million photos viewed as well as 204 million emails sent EACH MINUTE of the day!The storage market is exploding. For many years storage was a high-tech commodity, a boring box of disk drives that hooked up to a computer and did what it was told. Now storage revenues are growing faster than revenues for either servers or microprocessors. Today customers spend more on storage as they do on computing power.



Language Big Bang – 100,000BC + 

Presenter
Presentation Notes
One comic wrote that “Man invented language to satisfy his deep need to complain”.The very first information Big Bang was Language.As mental capacities expanded, and evolving hominids were taking in, processing, interpreting, acting on more and more information gleaned from the natural and social environments, some means of selectively organizing and transmitting such information became necessary. Similarly, as hominids became more and more enchanted and troubled by memories of dream images, a need for symbols to define and order meaning emerged. Such symbols then could be used to communicate not only remembrances of dreams but to share memories of what was seen or done during the day with others after returning to camp.  This scenario begins with people devising individual courtship and battle songs, using in them as wide a variety of sounds as their vocal equipment and their inventiveness would allow them. To the members of a familiarity group, each of these personal songs came to be associated with its singer. With the group, one person could refer to another imitating his song. The song, thus, became a proper name. Once this naming relationship got established within a group, it became possible for people to use a proper name to refer to some trait of the owner of that name, or to remind the group of some event in that individual's history. On this base, then, the processes of language and information sharing began. 



Art 

Artistic Expression  
Big Bang 

40,000 to 50,000  
Years Ago + 

Language 
100,000 Years Ago + 

Presenter
Presentation Notes
Art originally was a communication tool and served man as its second information Big Bang.The only emphasis on an aesthetic end was initially to occasionally communicate something of interest or beauty, which was for the most part accidental or incidental. First there were pictures and symbols. Then language began to evolve beyond simple communication. Next the evolutionary process began to show a differentiation between communication and aesthetics. This period reached its height during the late stages of the Renaissance when the message and delivery were so eloquent and ethereal that the common man could often no longer participate.Art began rapidly deteriorating during the industrial revolution and reached its lowest point when space age technology provided the resources not only to manipulate the creative process in a postproduction sequence but also to broadcast many forms of art real-time as they were being created. Finally, in the current age, art has taken on a whole new meaning--entertainment. Art is now primarily for the purpose of providing entertainment and generating income. Art is business, and big business at that. 



Language 
100,000 Years Ago + 

Writing 

Archiving Information  
Big Bang 

3,500 BC 

Presenter
Presentation Notes
Writing is the very source, the Adam and Eve, of our information storage problems today and, as such, is the biggest of the early Big Bangs that affect us to this very day.The set of characters we now use, the so called Roman Alphabet or Latin script, can be traced to letter shapes and phonograms used 4000 years ago. Given the range of possible variation, the continuity of shape and sound categories is truly amazing. Many a scholar has heralded writing as one of the most important inventions in human history. Walter Ong asserts that the advent of writing can be traced back to the Sumerians of Mesopotamia. Their need for an effective accounting system resulted in the development of systems of physical representations for things and quantity. This initial breakthrough evolved into the script, the first form of writing.The first texts were simple records for accounting or archiving purposes. Since then, both the methods and the tools of writing have gone through many changes. Computer programming is a form of writing that does not just store or represent data; the "text" or program also contains instructions and rules to be applied on those data.Many scholars claim that with each evolution in the form of writing we've seen a corresponding (although not simultaneous) evolution in the sophistication of thought made possible by the medium.



Language 
100,000 Years Ago + 

Printing 

Sharing Ideas  
Big Bang 

1450 AD 

Presenter
Presentation Notes
Our fourth Big Bang, Printing, is something that can be seen, perceived with our eyes. Regardless of the many possible differences, all printed products have one thing in common: the result is always a visible image.  Man's earliest known attempt at a visual record of his life and times dates back 30,000 years. These were wall drawings called pictographs, superseded by more complex illustrations called ideographs. They in turn were succeeded by the Persians' cuneiforms, and then by hieroglyphics, which were highly sophisticated renderings perfected by the Egyptians around 2500 B.C. Ten centuries later the Phoenicians used the first formal alphabet.  Evidence of the first example of printing from movable type was discovered in 1908 by an Italian archaeologist on the island of Crete. He found a clay disc in the ruins of the palace of Phaistos in a stratification dated about 1500 B.C. Printing from movable type appeared in China and Korea in the 11th century.Half a century later in 1440, probably unaware of the crude type developed in the Orient, Johann Gutenberg brought the West up to date with his invention of movable type. Until Gutenberg's system of separate characters for printing on a press with ink on paper, all books were laboriously hand written by scribes. Little wonder that historians credit his invention as the beginning of printing, coinciding with the end of the Middle Ages and the beginning of Modern History.  Paper and printing ink were not new when Gutenberg's type appeared. The use of parchment was introduced for writing by Eumenes, king of Pergamus, in 170 B.C. Two hundred years later, Wang Ch'ung, a Chinese philosopher, used bamboo as a writing surface. Another Chinese, Ts'ai Lun, is credited with the invention of paper in 105 A.D.  By the time Gutenberg was born, papermaking was a well-developed industry throughout the Western hemisphere with paper mills existing in Spain, France, Italy and Germany.  To Gutenberg we must attribute the vision of commercial and cultural possibilities of printing as a process of graphic reproduction.



Language 
100,000 Years Ago + 

Computing 

Information Processing 
Big Bang 

Each Big Bang Is  
Getting Larger and Larger 

1947 AD 

Presenter
Presentation Notes
The abacus, which emerged about 5,000 years ago in Asia Minor and is still in use today, may be considered the first computer. But as the use of paper and pencil spread, particularly in Europe, the abacus lost its importance. It took nearly 12 centuries, however, for the next significant advance in computing devices to emerge.  Over the years and centuries, many inventors made contributions to computings evolution.,Blaise Pascal in 1642; Gottfried Wilhem von Leibniz in 1694; Charles Xavier Thomas de Colmar in 1820; and very importantly indeed, Charles Babbage.The real beginnings of computers as we know them today lay with an English mathematics professor, Charles Babbage. In 1832, after working on his Difference Engine for 10 years, Babbage was suddenly inspired to begin work on the first general-purpose computer, which he called the Analytical Engine. Babbage's assistant, Augusta Ada King, Countess of Lovelace (1815-1842) and daughter of English poet Lord Byron, was instrumental in the machine's design. Also, Lady Lovelace's fine understanding of the machine allowed her to create the instruction routines to be fed into the computer, making her the first female computer programmer. Babbage borrowed the idea of punch cards to encode the machine's instructions from the Jacquard loom. The loom, produced in 1820 and named after its inventor, Joseph-Marie Jacquard, used punched boards that controlled the patterns to be woven.In 1889, an American inventor, Herman Hollerith (1860-1929), also applied the Jacquard loom concept to computing. His first task was to find a faster way to compute the U.S. census. The previous census in 1880 had taken nearly seven years to count and with an expanding population, the bureau feared it would take 10 years to count the latest census. Unlike Babbage's idea of using perforated cards to instruct the machine, Hollerith's method used cards to store data information which he fed into a machine that compiled the results mechanically. He founded Tabulating Machine Company in 1896, later to become International Business Machines (IBM) in 1924 after a series of mergers.



Language 
100,000 Years Ago + 

Internet 
 & 

email 

Instantaneous Communication 
Big Bang 

Each Big Bang Is  
Getting Larger and Larger 

1968 AD 

Presenter
Presentation Notes
INTERNET: The Internet was born about 30 years ago, trying to connect together a U.S. Defense Department network called ARPAnet and various other radio and satellite networks. In the ARPAnet model, communication always occurs between a source and a destination computer. To send a message on the network, a computer only had to put its data in an envelope, called as Internet Protocol (IP) packet, and "address" the packets correctly. The philosophy was that every computer on the network could talk, as a peer, with any other computer. Newer networks developed were LANs, UNIX and most important NSFNET, commissioned bye the National Science Foundation (NSF), an agency of the US government. In the late 80's the NSF created five supercomputer centers. Only five centers were created because they were so expensive so they had to be shared. These created a communication problem: they needed a way to connect their centers together and to allow the clients of these centers to access them. In response, NSF decided to build its own network, based on the APRAnet's IP technology. It connected the centers with 56,000 bit per second ( 56 kbps )telephone lines. However, that if they tried to connect every university directly to a supercomputing center, they would go broke. You pay for these lines by the mile. One line per campus with a supercomputing center at the hub, like spokes on a bike wheel, adds up to lots of miles of phone lines. Therefore, they decided to create regional networks. With this configuration, any computer could eventually communicate with any other by forwarding the conversation through its neighbor. This solution was successful, but a time came when it no longer worked. The network's traffic increased until, eventually, the computers controlling the network were overloaded. The older network was replaced with faster telephone lines (by a factor of 20), with faster computers to control it. EMAIL: One of the advantages of the message systems over letter mail was that, in an ARPANET message, one could write tersely and type imperfectly, even to an older person in a superior position and even to a person one did not know very well, and the recipient took no offense. The formality and perfection that most people expect in a typed letter did not become associated with network messages, probably because the network was so much faster, so much more like the telephone.   Among the advantages of the network message services over the telephone were the fact that one could proceed immediately to the point without having to engage in small talk first, that the message services produced a preservable record, and that the sender and receiver did not have to be available at the same time." 



Language 
100,000 Years Ago + 

Storage and 
Optical Networking 

Data Storage and Retreival  
Big Bang 

TODAY 

Presenter
Presentation Notes
The next ten years of storage growth could be spectacular as speedy fiber optics zip ever more fat and “big data” files across a honeycomb of networks. All of this stuff, after all, has to be stored somewhere.So hungry are customers that "storage service providers" amass giant pools of disk space to rent out like an electric utility. IDC: “In 2013 we’ll be in the midst of a once every 20-25 years shift to a new technology platform for growth and innovation. We call it the 3rd Platform, built on mobile devices and apps, cloud services, mobile broadband networks, big data analytics and social technologies. By 2020, when the ICT industry reaches $5 billion - $1.7 billion larger than it is today - at least 80% of the industry's growth will driven by these 3rd platform technologies, an explosion of new solutions built on the new platform, along with rapidly expanding consumption of all of the above in emerging markets.”In 2004 the total storage capacity sold was 130 Exabytes.Take a second glance at the latter number. It is enough to hold the text of 6,500,000 Libraries of Congress. It is 26 trillion times the capacity of the earliest commercial disk drives, which came out of an IBM plant in San Jose many, many years ago.
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The history of storing data from 
the beginning of human 

habitation up through 2004. 
Exabytes 

The web 1993 

Internet – late 1960s 
Computing - 1950 

Transistor - 1947 
Electricity, telephone - 1870 

Printing - 1450 

Paper - 105 

1999 

Writing – 3500 BC 
Cave painting – 40,000 BC 

57 
Exabytes 

OF INFO 
STORED 

as of 
2004! 

So The Storage Big Bang Extends Over Time! 

57 million terabytes of data, 
57 Exabytes, 

would consume 2.4 Quadrillion trees 
(2,422,500,000,000,000) 

if a printer used 12 lpi, single spaced,     
to print all of that data 

42 Thousand Years to create 

It has been a 
Tsunami       

of stored   
data and it 

does not get 
better over 

time! 

Source: School of Information Management and Systems, Berkeley. 

45 EB added 
from 2000 

to 2004 

Presenter
Presentation Notes
Everything we do in our lives has a digital wake to it.Something as mundane as buying a tube of toothpaste online ends up as a few bytes in some corporate database somewhere. Consider these 2012 facts:- 750 Million: People are on Facebook- 1 Billion: People using smartphones and tablets- 1 Trillion: Internet-connected devices by 2015.  "Storage is my biggest concern" is often heard when executives are asked about their IT infrastructure.For them it doesn't matter how many lanes you add to the information superhighway.  If there is no place to park a car, drivers have nowhere to go.  Companies around the world are faced with an explosion in data fueled by the Internet economy. Various researchers say that at the end of last year the volume of online data – accessible either on the Internet or on corporate networks – reached 2,837 Exabyte's or 2,974,810,112 billion terabytes or 2.8 Zettabytes. (One terabyte is equivalent to 1 million 300-page books, or 400 hours of video.)  All that data has to be stored somewhere. Though it's little talked about outside the offices of chief technology officers, solving the storage crunch is as important to the growth of the Internet Economy as is building out high-speed connections.  To handle this staggering growth, the data-storage industry has shifted to networked storage. Instead of setting up unconnected storage "islands," or attaching storage disks directly to servers to which access is limited, data is consolidated and stored in pools on the network, where more computer users can reach it and extra equipment can be easily added. This shift began in 1997 with the emergence of storage-area networks, or SANs. It took off in recent years with the arrival of more-capable storage-network switching devices – devices that direct traffic on a network – from companies such as Brocade.
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The Storage Content Big Bang 
 Storage From 2005 Up To The End of 2020 

An EMC and IDC Study:  http://www.emc.com/leadership/programs/digital-universe.htm 
 

Only 15 years to grow by 307x in Storage Requirements 

During 2010 
we cracked the 

Zettabyte storage 
barrier for the  

first time! 
 

 By 2020 users 
will be creating 
and replicating 

10s of Zettabytes 
of information 

every 

Year! 
 

AND GROWING! 

Presenter
Presentation Notes
Data, data everywhere!In 2010, Wal-Mart, a retail giant, handled more than 1 million customer transactions every hour, feeding databases estimated at more than 2.5 petabytes—the equivalent of 167 times the books in America's Library of Congress.Facebook, a social-networking website, is home to 40 billion photos.And decoding the human genome involves analysing 3 billion base pairs—which took ten years the first time it was done, in 2003, but can now be achieved in one week. All these examples tell the same story: that the world contains an unimaginably vast amount of digital information which is getting ever vaster ever more rapidly. This makes it possible to do many things that previously could not be done: spot business trends, prevent diseases, combat crime and so on. Managed well, the data can be used to unlock new sources of economic value, provide fresh insights into science and hold governments to account. 
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This Explosive Growth Of Data… 

    

…has Provided Us 
with Benefits as well 

as Challenges! 

Presenter
Presentation Notes
This amazing infographic completely validates and explains what we mean when we say the explosive growth of data and storage presents both unique challenges and opportunities for all of us.
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But Storage Capacity and Bandwidth 
Have Now Become Interlocked 

bandwidth 

storage capacity 

Realignment Point 

Inflection Point 

Doubling every 36 
months  

Presenter
Presentation Notes
The demand for faster connectivity and an ability to more easily integrate servers and storage devices into systems have increased in recent years as Internet-tied businesses have come to rely on ever-increasing server and storage clusters. Many Fibre Channel devices run at 4Gbps today, although 8Gbps storage devices are now being deployed and Gen5, 16Gbps switching devices are available.The 16G bit standard requires backward compatibility with 2G- to 8Gbps devices and 16G-bit devices will also be able to use the same cable, connectors and transceivers as used previously. 
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Trends and Roadmaps 

• Bandwidth Drivers 
• Fibre Channel Speed Evolution 

 

Presenter
Presentation Notes
There are many reasons for our current information explosion. The most obvious one is technology. As the capabilities of digital devices soar and prices plummet, sensors and gadgets are digitizing lots of information that was previously unavailable. And many more people have access to far more powerful tools. For example, there are 4.6 billion mobile-phone subscriptions worldwide (though many people have more than one, so the world's 6.8 billion people are not quite as well supplied as these figures suggest), and 1 billion-2 billion people use the internet.Moreover, there are now many more people who interact with information. Between 1990 and 2005 more than 1 billion people worldwide entered the middle class. As they get richer they become more literate, which fuels information growth. The results are showing up in politics, economics and the law as well. The amount of digital information increases tenfold every five years. Moore's law, which the computer industry now takes for granted, says that the processing power and storage capacity of computer chips double or their prices halve roughly every 18 months. The software programs are getting better too. Edward Felten, a computer scientist at Princeton University, reckons that the improvements in the algorithms driving computer applications have played as important a part as Moore's law for decades.
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(2012) 

What is driving bandwidth demand? 

(2012) 

Presenter
Presentation Notes
During 2012:Email2.2 billion – Number of email users worldwide.144 billion – Total email traffic per day worldwide.Web pages and websites634 million – Number of websites (December).51 million – Number of websites added during the year.Domain names246 million – Number of domain name registrations across all top-level domains.104.9 million – Number of country code top-level domain name registrations.329 – Number of top level domains.Internet users2.4 billion – Number of Internet users worldwide.519 million – Number of Internet users in Europe.274 million – Number of Internet users in North America.Social media1 billion – Number of monthly active users on Facebook, passed in October.40.5 years – Average age of a Facebook user.Search1.2 trillion – Number of searches on Google  in 2012.
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What is driving bandwidth demand? 

• Applications increasing in 
scale and number 

• Server virtualization 

• Multi-core processors 

• Large Memory increases 

• Solid State Disks (SSD) 

• Faster PCIe rates 
The Internet Minute demands greater bandwidth and faster deployment from 

telecommunication manufacturers, operators and service providers. (Courtesy of Intel) 

639,800 GB of global IP data gets transferred per minute! 

Presenter
Presentation Notes
The NEED FOR SPEED!The principle benefit of Gen5 FC is the increased performance at double the data rate of 8 Gbps FC and 40% faster than 10 GbE. A question that often arises when speeds are doubled is this: is this new bandwidth really needed and where? Multiple technology advances are driving the need for Gen5, 16 Gbps FC including: • Increased number and size of applications • Server virtualization • Multi-core processors and blade servers • Larger memories in servers • Solid State Disks (SSDs) • Faster PCIe 
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Prolific Applications 
Server Virtualization 

• Applications keep growing in 
number and breadth 

• Multiple servers need to access 
data from shared storage 

• Database applications drive 
bandwidth 

• Server virtualization creates 
multiple virtual machines (VMs) 
for each application, so each 
physical server is producing more 
Input/Output  (I/O) 

• Consumerization of IT and the 
continued explosion of the mobile 
device market is a huge driver Hardware

Hypervisor

OS

App

OS

App

OS

App

OS

App

150,000 
iPhone 
Apps VM1 

IDC believes that this market is poised for an  
explosion over the next few years! 

http://www.idc.com/getdoc.jsp?containerId=IDC_P10666 
 

Presenter
Presentation Notes
The prolific nature of software applications drives the need for higher speed links. The big growth in all computing environments is the increasing number of software applications. The digitization of information, that was previously physical, and increased access to the data are what fundamentally drives bandwidth. From mobile access to e-mail to cloud computing, data needs to be transported over longer distances at higher speeds. High-end applications such as databases and data warehousing continue to grow in size and are integrated into larger deployments. Corporations are integrating and sharing more applications that result in more links running at faster speeds. 

http://www.idc.com/getdoc.jsp?containerId=IDC_P10666
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Faster Processors 

• IBM has the Power7 that has 8 cores and 
supports 50 GBps of peak IO and directly 
interconnects 32 of these processors on a 
server 

• NehalemEX has 8 cores and 16 threads 
and uses Intel QuickPath Interconnect at 
6.4 Gigatransfers per second delivering 
up to 25 GigaBytes/second (GBps)  

• AMD has 8-core and 16 core processors 
that support 32 threads and 
HyperTransport 3.0 to support 4.8 
gigaTransfers/second 

• Sun’s UltrasparcT3 chip has 16 cores    
and supports up to 128 threads 

• A single, multi-processor server     
supports 1 to 100s of cores 

IBM’s zEC12 CP Chip 

Moore’s Law says CPU speed should 
double every two years  --  Reality has 

seen speed doubling every year! 

System zEC12 deployed a 5.5 GHz,     
six-core processor, versus the 5.2-GHz, 

quad-core processor of the z196.  
 

This may be the world's fastest 
commercial processor. 

Presenter
Presentation Notes
More processing power is needed per server to manipulate the large amounts of data that run on multiple virtual servers and large applications. Enabling increased processing of the data is the relentless march of Moore’s Law, which states that the number of transistors on an integrated circuit doubles every two years. One of the main uses of more transistors is in multi-core processors. These multi-core processors can drive bandwidth in excess of 50 Gbps. Some of the main multi-core processors include: • Intel Xeon 7500 processor designed for 32-bit and 64-bit Microsoft Windows and Linux applications. • The 4-, 6- and 8-core Nehalem EX uses Intel Quick Path Interconnect (QPI) to drive up to 25 Gigabytes per second (GBps) of bandwidth1. • Intel’s Itanium 9300 processor designed for 64-bit Microsoft Windows, Linux, and Unix applications. The 4-core Itanium 9300 also uses Intel QPI2. • AMD 8-core and 12-core Opteron 6000 series server processor with HyperTransport 3.0 technology with 4.8 GigaTransfers per second. • IBM Power7 processors support 32 threads per processor and up to 1000 virtual machines per server. • The 8-core Power7 processor uses a RISC architecture for database and transaction-based workloads3. • Sun UltraSparcT3 chip has 16 cores and supports up to 128 threads. 
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Increased 
Memory 

in Servers 
• Memory has limited virtual servers in the past 

• Server performance and number of VMs is 
dependent on memory capacity in servers 
• Gartner: Midrange servers averaged 32GB of 

memory in 2009 and were expected to triple to 
96GB in 2012 

• Registered Dual-Inline Memory Modules 
(LRDIMM) already come in 32GB packaging 

• Dell’s 2U PowerEdge R710 supports 144GB of 
memory 

• Sun SPARC M9000-64 offers 4TB memory 
capacity 

• VMWARE supports 1TB/server and 255GB/VM 

• Memory drives more applications that drive 
more storage I/O that demands faster CPUs 

32GB RDIMM 

2012 was the year of very cheap computer and  
consumer electronics memory. BUT… 

The death of some of the memory makers,  
and the withdrawal of others, means supply is much  
more controlled and prices have begun to rebound. 

Kingston Technology 
announced a 1TB 
thumb drive – 1/2013 
 

US$1,750 for the 
512K version 

Presenter
Presentation Notes
The memory in servers is growing quickly until terabytes (TBs) of data are supported on individual servers. With Dual Inline Memory Modules (DIMMs) exceeding 10 GB per DIMM, most servers can support hundreds of Gigabytes (GBs) or even TBs of memory. As the capacity of these DIMMs continues to increase, memory will no longer be the limiting factor in how many applications can be supported on a server. The number of virtual machines that are supported on an individual server is usually limited by the memory capacity of the server or backup windows. Depending on how many Gigabytes of memory an application needs and a server supports, a growing number of applications can be supported by a physical server. When memory limitations are overcome, a deployment may be limited by the backup server, which has a limited backup windows. Depending on the deployment, the processing power, memory, or backup window limits the number of virtual servers that can be aggregated in a physical server. 
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SSDs – Solid State Drives 
Performance of applications is limited by multiple                                             
factors with disk drive latency being one factor 

• Order of magnitude improvements in performance 
• Traditional spinning disk drive seek times are in the millisecond range 
• SSD seek times are virtually eliminated 
• SSDs are often referred to as Tier-0 storage while disk drives are Tier-1 
• Capacities are in the hundreds of GBs per drive 
• Very energy efficient compared to spinning disks 
• Most SSDs provide over 50,000 I/Os per second per drive… 

 

 

 

 

 

• BUT…for example, Texas Memory Systems RamSan-630 storage system 
supports 500,000 IOPS and 8 GBps  (64 Gbps) of throughput 

Latency Drive IOPS Raid 0 Array IOPS* 
7200 RPM SATA HDD ~12 ms 75 - 100 750-1,000 
10K RPM SAS HDD ~9 ms 100 - 140 1,000-1,400 
15K RPM SAS HDD ~6 ms 150 - 200 1,500-2,000 
SSD 50-250 us** 40k-150k 50k-500k 

• Assumes 10 drives per array and Raid 0 which does not penalize writes so this is a best possible case 
**   This is based on Flash memory and multiple parallel processing  

Presenter
Presentation Notes
If high performance in storage is required, users must consider the incredible advances in solid state drives (SSDs). SSD capacities have grown to hundreds of GBs per drive and hundreds of thousands of I/Os per second (IOPS). The RamSan-630 is the latest SSD-based storage system from Texas Memory Systems and supports 500,000 IOPS and 8 GBps (64 Gbps) per array. SSDs decrease latency of storage from the millisecond range to the microsecond range to dramatically increase performance. With low power consumption as well, SSDs can increase performance so that fewer servers are required to accomplish the same task. 
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PCIe Continues Ramping 

• PCIe 2.0 increases in speed to support dual ported 
16G FC HBAs  

• PCIe 3.0 will support quad ported 16G FC HBAs 

• But they use multiple lanes (wire links) to do it 

Number 
of Parallel 

Lanes 

Speed per 
Lane 

(MBps) 

Directional 
Bandwidth 

(Gbps)  

Ports 
Supported 

PCIe -1.0 4 250 8 1 – 8GFC  
PCIe -1.0 8 250 16 2 – 8GFC 
PCIe -2.0 4 500 16 1 – 16GFC 
PCIe -2.0 8 500 32 2 – 16GFC 
PCIe -3.0 4 1000 32 2 – 16GFC 
PCIe -3.0 8 1000 64 4 – 16GFC 

System zEC12 has embraced the deployment of 
PCIe technology with its FICON Express8S cards. 

Presenter
Presentation Notes
Another advance in computing architectures is based on the third generation of the Peripheral Component Interconnect Express (PCIe) 3.0 bus. PCIe 3.0 can support up to 64 Gbps of bandwidth and 4 ports of 16 Gbps FC. 16 Gbps FC HBAs enable higher utilization of the PCIe bus. Most servers are configured with 8 operational lanes while some are configured with 4 lanes. PCIe 3.0 switched to 128b/130b encoding to reduce the line rate. The line rate of PCIe 3.0 increases by only 3 Gbps while the data rate doubles from PCIe 2.0. 16 Gbps FC HBAs get the most use out of the PCIe bus and makes sure the bandwidth bottleneck isn’t in the HBA. 
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More Applications Drive more Bandwidth 

More 
Applications 

More 
Data 

More Virtual 
Machines 

More 
Processors 

Faster  
PCIe 

Faster 
SSDs 

Hardware

Hypervisor

OS

App

OS

App

OS

App

OS

App

More Bandwidth 

More 
Memory 

• Gen5, 16G FC was designed for servers over the next 
few years that will use these technologies 

SAN and FICON Switching Devices Already Provide Connectivity 
At Up To 16Gbps Line Rates 

Presenter
Presentation Notes
In the past, each application would run on its own server and many servers were underutilized due to low demand from each application. With the adoption of server virtualization, many applications can run on a physical server and increase the bandwidth requirements of that server. For increased reliability and scalability, virtual servers are designed to migrate to different servers and require access to shared storage instead of Direct- Attached Storage (DAS). Tens of applications per server drive higher bandwidth from each server and from each rack. This consolidation of applications and other technology advances create a need for faster links 
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The Evolution of Fibre Channel Speeds 

• Five generations of Fibre Channel have been delivered to the 
market (1Gb, 2Gb, 4Gb, 10Gb and 16Gb) 

• Speed doubling about every 3-years 

• Fibre Channel dominates the storage market 

 
Even the anti-Fibre Channel 

bigots are finding out that 
Fibre Channel is harder 

to kill than your common-variety 
Zombie! 

 
Other protocols have only 

eroded SAN FC dominance 
by 18% 

Presenter
Presentation Notes
When all of these technology advances are considered, the need for 16 Gbps FC becomes more apparent. An example of a high-performance computer shows how these technologies are combined to form incredibly fast compute systems that support hundreds of Gbps of I/O. The HP Superdome is one of many computers whose architecture can support multiple 16 Gbps FC HBAs. The HP Superdome can support tens of 16 Gbps FC HBAs when tens of processors are in use. These high-performance computers are driving a new level of application performance. 
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Generations of Fibre Channel 

The newest speed in Fibre Channel - Keep it Serial Stupid 
(KISS) 

SFP / SFP+ 

Generation 1st Gen 2nd Gen 3rd Gen 4th Gen 5th Gen 6th Gen 

Electrical / 
Optical 
Module 

1GFC /  
GBIC/ 
SFP 

2GFC /  
SFP 

4GFC / 
SFP 

8GFC / 
SFP+ 

16GFC / 
SFP+ 

32GFC / 
SFP+ 

Electrical 
Speeds(Gbps) 

1 lane at 
1.0625 

1 lane at 
2.125 

1 lane at 
4.25 

1 lane at 
8.5 

1 lane at 
14.025 

1 lane at 
28.05 

Encoding 8b/10b 8b/10b 8b/10b 8b/10b 64b/66b 64b/66b 
Availability 1997 2001 2006 2008 2011 2014 

GBIC 
SFP spec provides capabilities for data rates up to 4.25Gbps, while the SFP+ supports up to 16Gbps today. 

Presenter
Presentation Notes
Offering considerable improvements from the previous Fibre Channel speeds, 16 Gbps FC uses 64b/66b encoding, retimers in modules, and transmitter training as outlined in the slide above. Doubling the throughput of 8 Gbps to 1,600 MBps, it uses 64b/66b encoding to increase the efficiency of the link. 16 Gbps FC links also use retimers in the optical modules to improve link performance characteristics, Electronic Dispersion Compensation (EDC) and transmitter training to improve backplane links. The combination of these technologies enables 16 Gbps FC to provide some of the highest throughput density in the industry. While 16 Gbps FC doubles the throughput of 8 Gbps FC to 1600 MBps, the line rate of the signals only increases to 14.025 Gbps because of a more efficient encoding scheme. Like 10 Gbps FC and 10 Gigabit Ethernet (GbE), 16 Gbps FC uses 64b/66b encoding, that is 97% efficient, compared to 8b/10b encoding, that is only 80% efficient. If 8b/10b encoding was used for 16 Gbps FC, the line rate would have been 17 Gbps and the quality of links would be a significant challenge because of higher distortion and attenuation at higher speeds. By using 64b/66b encoding, almost 3 Gbps of bandwidth was dropped from the line rate so that the links could run over 100 meters of Optical Multimode 3 (OM3) fiber. By using 64b/66b encoding, 16 Gbps FC improves the performance of the link with minimal increase in cost. 
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Source:  
The InfoPro, 1H CY 2012 

FC Dominates the Backbone Storage Network 

Presenter
Presentation Notes
Brocade has made it a point to specifically call out speed as being largely a non-factor in the criteria customers use in selecting their storage networking technology for key requirements such as cloud computing, big data and virtualization, as explained here: It’s not about speed. It’s about the innovative technology and unique capabilities that solve customer challenges. High density virtualization requires unprecedented reliability and performance due to the increased impact of down time and outages. Infrastructure complexity is driving requirements for consolidation and simplification of network resources. Adoption of SSD storage will outpace the I/O demands of legacy SAN infrastructure. If you don’t want to take our word for it, try Gartner’s, who, in its latest IT Clock for storage technology, pointed out this important fact: Server virtualization has stimulated overall SAN deployments by consolidating servers previously using DAS or embedded storage onto smaller numbers of servers connected for the first time to SANs or NAS. FC has represented more than 75% of these deployments.
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Source: The InfoPro, 1H CY 2012 

8Gbps Fibre Channel Implementation 

(Brocade DCX GA) 

Presenter
Presentation Notes
The benefit of 8 Gbps FC in its most simple form is that it is able to transmit twice the amount of data over a single cable than was possible over the previous 4 Gbps standard. This will only be achieved, however, when users attach devices that comply with the 8 Gbps standard and are capable of transmitting data at this rate.
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Source: Dell Oro, Q1 2013 

Past and Forecast Adoption of 16Gb FC 

• From the time that a new speed is ratified at the standard committee, it usually 
takes about three years for a sizable portion of new sales to be on the new 
generation, as was seen in the last chart.  

• The speed of adoption on switches is a little faster, since the cost and 
performance of new speeds make sense for inter-switch links, and switch 
vendors can pull users into the new generation through pricing and end-of-life of 
previous generations. 

• FC upgrades are in 2x increments, 
now on its fifth generation in the last 
dozen years (1, 2, 4, 8 and 16Gb FC) 
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At 16G and Beyond 

• Fibre Channel Roadmap 
• FCoE 

 

What’s Ahead? 
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Source: 
The InfoPro, 1H CY 2012 

Storage Networking: Technology Roadmap 

88% 

76% 

57% 

31% 

Total Adoption 
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The Benefits of Gen5, 16GFC 
About 45% of  Brocade FC Switch Sales (2012-2013) 

• 16GFC is 100% faster than 8GFC and 40% faster than 10GbE 
and leads to these benefits: 
• Higher performance lets servers process more data 

• Fewer FC links can do the same job 

• Easier cable and device management 

• Less power consumption per bit 

Innovation Performance Scalability Environment Friendly 
(Forward Error Correction) (64b/66b) (Inter-Chassis Links) (Less energy per data bit transferred) 

Presenter
Presentation Notes
The benefits of faster tools are always the same—more work in less time. By doubling the speed, 16 Gbps FC reduces the time to transfer data between two ports. When more work can be done by a server or storage device, fewer servers, HBAs, links, and switches are needed to accomplish the same task. The benefits of 16 Gbps FC add up and include: • Reduced number of links, HBAs and switch ports to do the same workload • Reduced power consumption per bit • Easier cable management The end result of 16 Gbps FC is that there are fewer links, fewer cables, fewer ports and less power for the same performance. Figure 5 compares one 16 Gbps FC link to two 8 Gbps FC links. The most significant benefit of 16 Gbps FC ports will be the need for fewer HBAs and switch ports connected to these media. 
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Characteristics of Gen5, 16GFC 
 

• Double the throughput over backplanes, 100 meters and 10 kilometers 

Speed 
Name 

Throughput 

(MB/sec) 

Line 
Rate 

(Gbps) 

Encoding  Retimers 
in the 

module 

Transmitter 
Training 

OM1/2/3/4 Link 
Distance (meters) 

1GFC 100 1.0625 8b/10b No No 300/500/860/* 

2GFC 200 2.125 8b/10b No No 150/300/500/* 

4GFC 400 4.25 8b/10b No No 50/150/380/400 

8GFC 800 8.5 8b/10b No No 21/50/150/190 

10GFC 1200 10.53 64b/66b Yes No 33/82/300/* 

16GFC 1600 14.025 64b/66b Yes Yes 15/35/100/125 

* FC-PI-5 did not standardize distances for OM4 fiber for 1/2/10Gb FC 

Fibre Channel Physical Interfaces 5 (FC-PI-5) standardized 16GFC 

Presenter
Presentation Notes
64b/66b encoding not only creates less overhead in each payload of a frame, it allows users to provision Forward Error Correction (FEC) to minimize bit errors on an ISL link.Another technique that 16 Gbps FC uses to improve link performance is the use of retimers or Clock and Data Recovery (CDR) circuitry in the SFP+ modules. The most significant challenge of standardizing a high-speed serial link is developing a link budget that manages the jitter of a link. Jitter is the variation in the bit width of a signal due to various factors, and retimers eliminate most of the jitter in a link. By placing a retimer in the optical modules, link characteristics are improved so that the links can be extended for optical fiber distances of 100 meters on OM3 fiber. The cost and size of retimers has decreased significantly so that they can now be integrated into the modules for minimal cost. Another important feature of 16GFC is that it uses transmitter training for backplane links. Transmitter training is an interactive process between the electrical transmitter and receiver that tune lanes for optimal performance. 16GFC references the IEEE standards for 10GBASE-KR, which is known as Backplane Ethernet, for the fundamental technology to increase lane performance. 
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Speed Negotiation Is Now Much Smarter 
Dual Codics, controlled by ASIC, per port 

• For the first time, 64b/66b data encoding supports autonegotiation 
• During speed negotiation, the speed dependent switch routes the 

initialization sequence to the appropriate encoder 
• 64b/66b for 10/16G FC 
• 8b/10b for 2/4/8G FC 
• The coupler sends the signals from one of the encoders to the SFP+ 

Coupler 

8b/10b 
Encoder 

For 2/4/8G FC 

For 10/16G FC 
64b/66b 
Encoder SFP+ 

Speed  
Dependent  

Switch 

Upper  
Level  

Processing 
+ buffers 

Fibre Channel ASIC 

8G, 10G or 16G 

Presenter
Presentation Notes
Original 10Gbps ports (2004 timeframe) could not auto negotiate as they only used 64b/66b for data encoding. They could not interpret 8b/10b encoded data.16Gbps standards identified that as an issue and Brocade has improved our new 10G and 16G technology so that during port login the physical port coupler can determine if the other end of the connection will be using 64b/66b encoding or 8b/10 encoding and modify which codec it uses as a result of that process.Data encoding is utilized when data is sent across electronic components from one destination to another. 1, 2, 4, and 8 Gb Fibre Channel all use 8b/10b encoding.   Meaning, 8 bits of data gets encoded into 10 bits of transmitted information – the two bits are used for data integrity. 10G and 16G FC uses 64b/66b encoding. For every 64 bits of data, only 2 bits are used for integrity checks.   While theoretically this lowers the overall protection of the data, and increases the amount of data discarded in case of failure, that actual number of data units that are discarded due to failing serialization/deserialization is minuscule.
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Fibre Channel Speeds Double Through 2020 
Keeping pace with the Digital Universe 

• 32G FC Standard Stabilizing 
• 64G FC Standard Starting 
• Roadmap up to 128G currently 
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Presenter
Presentation Notes
For nearly a decade, Fibre Channel has been the mainstay for companies looking to increase storage resiliency and  bandwidth performance while maintaining backward compatibility. FC has a huge installed base, a dominate presence in  the data center and a strong roadmap. FC will continue to be a leading storage interface for many years to come. 
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FC Traffic FC HBA 

A Mainframe Guy Looks at Converged Fabrics 
Why? 

• Fewer CNAs (Converged Network adapters) 
instead of NICs, HBAs and HCAs  

• Limited number of interfaces for Blade 
Servers / Rack Mounted Servers 

All traffic 
goes over 

10GE 

CNA 

CNA 

FC Traffic FC HBA 

NIC LAN Traffic 

NIC LAN Traffic 

NIC Mgmt Traffic 

NIC Backup Traffic 

IPC Traffic HCA 

Best use is for servers  
that aren’t pushing over 

10Gbps of LAN and SAN I/O. 
  

8/16G FC is more efficient 
and effective after that. 

Reduces Adapters and Cables! 

Presenter
Presentation Notes
Some pundits express the opinion that Ethernet is going to take over the networking world and that Fibre Channel over Ethernet is going to “kill” Fibre Channel. The reality is that both technologies will coexist for many years to come and have appropriate applications. For servers that aren’t pushing over 10 Gbps of Local Area Network (LAN) and SAN traffic, then 8 Gbps FC HBAs or 10 GbE Converged Network Adapters (CNAs) might be the most appropriate choices. For environments where combined Ethernet and Fibre Channel traffic exceed 10 Gbps, an 8 Gbps FC HBA or 16 Gbps FC HBA and a 10 GbE NIC might be more efficient than two 10 GbE CNAs. Considering that a 16 Gbps FC HBA delivers 40% more throughput than a 10 GbE CNA, fewer ports may be consumed on blade servers or high-end servers that require tens of Gbps of throughput. 
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FCoE and CEE Ethernet FC 

A Mainframe Guy looks Primary FCoE Use Case 
IBM has no plans for FCoE on the mainframe 

• Before Unified I/O • After Unified I/O 

FC HBAs 
(FC Traffic) 

NICs 
(Ethernet Traffic) 

LAN SAN A SAN B 

FC 
Switch 

IP 
Switch 

IP 
Switch FC 

Switch 

Mainframe 
Disk array and Tape will require 

Fibre Channel for FICON for 
years to come! 

FCoE use case 
is fewer switches,  

adapters and cables 
with potentially 

simpler 
management. Converged CNA’s 

(CEE/FCoE Traffic) 

Storage 

SAN Corporate 
LAN 

Top-of-
Rack 

Switches 

FCoE 
Switch 

FCoE 
Switch 

Presenter
Presentation Notes
For many users, FCoE is functional as an edge-only protocol, but it is gaining traction in specialized use cases like blade servers.FCoE was trapped at top of rack until the multi-hop additions were added – however many users are convinced that it is still very limited compared to FC.
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Current Platforms Supporting FCoE 
Brocade supports FCoE on switching devices 

• Blade servers  
• Cisco  
• IBM 
• HP 

• Pizza Box PCs 

• IBM Power System Announced Feb 2013, (FCoE and 16G FC)1.  

• NetApp Filers 

• EMC VMAX (for SRDF only currently) 

Presenter
Presentation Notes
Footnote 1:The two-port PCIe2 16 Gb Fibre Channel Adapter provides twice the bandwidth per port of an 8 Gb Fibre Channel adapter. Both a full high (#EN0A) and a low profile (#EN0B) adapter are offered for the POWER7+ 710/720/730/740/750/760. There is also an SOD for additional model support. The four-port PCIe2 Converged Network Adapter (CNA) provides two 10 Gb FCoE/CNA optical SR ports plus two 1 Gb RJ45 Ethernet ports. Both a full high (#EN0H) and a low profile (#EN0J) adapter are offered for the POWER7+ 710/720/730/740/750/760. There is also an SOD for additional model support.
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10G for LAN On Motherboard (LOM) 
Makes FCoE more attractive 

Presenter
Presentation Notes
Typically, LOM is a chip or chipset embedded in a PC motherboard to handle network connections, which can be less expensive than a more traditional network interface card and which frees up an extra PCI slot for the PC.LOM would make it possible to keep costs "reasonable" as vendors look to upgrade servers from Gigabit Ethernet to 10 Gigabit. The new chip would be used by server makers looking for a LAN connection that could be integrated onto the server motherboard to cut costs and power consumption.
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TOTAL Investment Protection! 

FC and FCoE Bandwidth Roadmaps 

1997 2001 2005 2008 2011 2015 

2Gb 
FC 

4Gb 
FC 

8Gb 
FC 

32Gb 
FC 

10G 
FCoE 

40G 
FCoE 

FCoE uses Ethernet as 
it’s physical transport and 
is used predominately for 

Enterprise data center  
Converged SAN/LAN 

networks 

FC is the predominate 
Enterprise SAN inter-connect 

Roadmap 
To 

128G 
FC 

Roadmap 
To 

100G 
FCoE 

2/4/8/10/16 Gb FC and 
10 Gb Ethernet/FCoE use the same 

typical optical/copper assemblies 
(i.e. OM2, OM3, OM4, twin Ax) with the 

same SFP+ module connection 

10G 
FC 

1Gb 
FC 

16Gb 
FC 

Some industry analyst’s 
claim that it will be about 

2015 before 10Gb 
Ethernet peaks, at which 
time 40Gb Ethernet will 

begin to take off. 
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Gartner 2012 
Storage Technology Hype Cycle Curve  

Huge Investments 
in FC have already 

been made. 
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Gartner 2012 
IT Storage Market Clock 

FCoE is just clearing 
the standards and 

adoption/deployment 
of this young and  

developing protocol 
has just begun. 

FC is very mature and 
adoption/deployment 

of this robust and  
capable protocol 
has been ongoing 

for 16 years. 
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Reflection / Discussion 

• These are all interesting data-points but – for your data center 
consider: 

• When do your applications need greater than 8G ? 

• When will your servers have higher speed availability ? 

• When will your Disks / Tapes / VTLs have higher speeds ? 

• Which Technology(s) will have highly available solutions sooner ? 

Presenter
Presentation Notes
The question for most data center managers is not should they network their storage, but which of the many options available should they use and for which applications can they justify the expense.  Using networked storage reduces not only capital expenses through higher utilization of resources and the ability to create  highly available configurations, but also operational expenses by allowing centralized management and simplified backup and replication. One of the reasons why more servers do not utilize networked storage is that the storage network (Fibre Channel) is separate from the Ethernet (TCP/IP) network.  Fibre Channel is the predominate choice for networked storage in the data center because it allows for the creation of a highly scalable – hundreds or thousands of nodes – and reliable solution that can be centrally managed.  For networking, today’s servers typically have multiple 1 Gb and/or 10 Gb Ethernet network interface cards (NICs). The number of NICs in a system will vary depending on the applications on the machine, and management and security requirements, but the number can be four, six, eight, or even more NICs in a single machine.
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Let’s talk about light 

• Modal Dispersion 
• Light in Flight 
• Measuring Light Signals 

 

Presenter
Presentation Notes
There are basically two kinds of laser light used with Fibre Channel fiber, often referred to as shortwave or longwave laser.  Shortwave laser uses a wavelength of approximately 850 nm and longwave laser has a wavelength of about 1300nm. (The lasers are never exact, just within a tolerance.) In Fibre Channel products today you only see shortwave lasers used with multimode fiber, and longwave lasers used with singlemode fiber. In principle, you could run either laser over any fiber, but the other combinations never caught on. (Longwave over multimode is sometimes used with Gigabit Ethernet, however.)  You cannot mix and match shortwave and longwave lasers on either end of a link. The optics always come with a receiver designed for the same light that the laser transmits. If you go through a switch you can come in shortwave and go out longwave on a different port because they are on two different links. 
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• Modal dispersion is a distortion mechanism occurring in 
multimode fibers in which the signal is spread in time because 
the propagation velocity of the optical signal is not the same 
for all modes. 

• Modal dispersion limits the bandwidth and distance of 
multimode fibers. 

OM3 and OM4 

FC Storage Networking Terminology  
Fiber Channel Links 

Presenter
Presentation Notes
Light dispersion (called Modal Dispersion hence the name multimode ) is more important in determining the distance a high speed signal can go than any attenuation of the signal.  From an engineering standpoint it is easy enough to crank up the power level of your transmitter and/or the sensitivity of your receiver, but too much dispersion cannot be decoded no matter how strong all the incoming signals are. 
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• Photo of Modal dispersion 
• As you can see, a beam of light travels from side to side as it travels 

from one end of the cable to the other. This is how fibre optics can 
transmit data across long distances while not confined to being straight 
line of sight paths.  

FC Storage Networking Terminology  
Fiber Channel Links 

Light enters 
the cable 

Light carries through 
the cable with a 
little dispersion 

Without the cable 
light dispersion 
happens quickly 

Presenter
Presentation Notes
Light dispersion (called Modal Dispersion hence the name multimode ) is more important in determining the distance a high speed signal can go than any attenuation of the signal.  From an engineering standpoint it is easy enough to crank up the power level of your transmitter and/or the sensitivity of your receiver, but too much dispersion cannot be decoded no matter how strong all the incoming signals are. A “mode” is a path that light travels, and in a cable fibre indicates an angle. In multimode fiber light can travel in more than one angle so it is called multimode fiber. In a multimode, fiber modal dispersion causes each mode to have a different velocity and reach to the end of the fiber at a different time. This will cause inter-symbol interference (ISI) which means that we need to send data at lower rates in order to prevent ISI. Lower rates means a reduction in bandwidth.  Other names for this phenomenon include multimode distortion, multimode dispersion, modal distortion, intermodal distortion, intermodal dispersion, and intermodal delay distortion.
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• Light in Flight 
• There is now a camera that can take a trillion frames per second. Below 

is a photo of light in flight from a laser pointer. The distance of the light 
shown below is the total distance that light travels in atmosphere in a 
Femtosecond. 

• A femtosecond (10-15 seconds) is one quadrillionth, or one millionth of 
one billionth of a second. Put another way: a femtosecond compares to 
a second, as a second compares to 30 million years. 

We send Data using Light 
http://www.ted.com/talks/ramesh_raskar_a_camera_that_takes_one_trillion_frames_per_second.html 

Presenter
Presentation Notes
In optics, an ultrashort pulse of light is an electromagnetic pulse whose time duration is of the order of a femtosecond (10−15 second) or less. Such pulses have a broadband optical spectrum, and can be created by mode-locked oscillators.

http://www.ted.com/talks/ramesh_raskar_a_camera_that_takes_one_trillion_frames_per_second.html
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Measuring Light Signals 

• Technology is pushing our capabilities to measure the data in a light signal 

• 20 picoseconds is about our technological capability to be able to measure 
the rising and falling of light in pulse in order to determine the information 
that the light pulse is carrying – but a femtosecond of time can carry a lot 
of data 

 0             T/4                T/2             3/4T                T 
10G 0            50ps         100ps         150ps           200ps 

1 

0 

1 
 Faster rise and fall 
times equals better 

signal levels to 
sample 

 Sample 2 = 0 Vo
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   Three Great FICON Resources For You To Use 

http://community.brocade.com/community/brocadeblogs/mainframe  
Visit Brocade’s Mainframe Blog Page at: 

Also Visit Brocade’s New Mainframe Communities Page at: 

http://community.brocade.com/community/forums/products_and_solutions/mainframe_solutions  

You can also find us on Facebook at: 

https://www.facebook.com/groups/330901833600458/ 

Almost 250,000 hits 

Presenter
Presentation Notes
Here are a couple of great resources for you to utilize as you work with your FICON fabrics.
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Brocade can provide “in-depth” I/O Training 
We Provide Many “Deeper Dive” Seminars 

• Customer Mainframe 101 Fundamentals – 1-day  (great for people new to mainframe) 

• Customer Mainframe 201 Advanced Topics – 1-day  (good for new people and as a refresher) 

• SAN basics for Mainframe Professionals – 1 or 2 days 

• Advanced FICON Seminar for Customers and Partners – 1-day 

• FICON Advice and Best Practices Seminar – 1 or 2 days  

• 8G or 16G FICON Cascading Seminar – 1 day 

• Protocol Intermixed Fabrics – 2 hours to 1-day 

• FICON Fabric Design Considerations – 2 hours to All Day 

• Joint IBM-Brocade Mainframe I/O and FICON Performance Training Seminar – 1 / 2 days 

• CAF200 class: Preparation Class for FICON Certification (BCAF) – 2 days 

Our FICON Certification Class Expects That You Already Have Good Mainframe  
Experience And IS NOT Designed To Extensively Train You In FICON Concepts! 

Presenter
Presentation Notes
We also customize presentations for partners and customers.
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THANK YOU from all of us at Brocade! 

• Canada CMG Group, Toronto, April 17, 2013 
• Buzz Fibrechannel - To 16G and Beyond! 
 
David Lytle, BCAF 
dlytle@brocade.com 
www.brocade.com 
 

 

 
 

Brocade Gen5 16Gbps 8510 FC Director Toronto 
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