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Data Center Hyper Growth.
It’s Not What You Think.

Amazon and Microsoft are prominent among corporations building hyperscale data centers to support still
expanding public cloud-based web services businesses. Already, there are 171 hyperscale data centers in
the US, and expansions in Dallas and Atlanta have recently been announced. Given projects such as those,
you might think that data center is a growth business. You'd be wrong.

>> Physical plant is not growing much
>> For years, data growth has been absorbed by technical advances in storage media
>> A rapid migration to NAND is underway
>> Data transfer advances represent the new horizon in capacity expansion
A data center is a climate-controlled, access-controlled building housing servers and communications
devices. In early data center days, bigger corporations built and maintained their own data centers, while

those with lesser computing needs used small, local shared facilities. Companies small and large have
been migrating away from using their own servers to using massive cloud facilities.

The Cambrian Explosion... of Data
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Although the change from private to public data centers has been significant, the net change in data center
square footage isn’t much. According to estimates, the US has 1.94 billion square feet of data center space
in 2018. This figure is flat year-over-year and up at a 4% average annual rate over the last five years. Just
as square footage growth is minimal, the electrical power usage for data centers has changed even less.
Power consumption by data centers has grown at a 2% rate over the last five years; it represents 2% of total
US electrical consumption.

So, with 4% square footage growth and 2% power consumption growth, one could say that data centers
aren’t really growing much on a physical basis. However, looking at exabytes of data stored in these
facilities, the growth rate was 41% in 2016 and 37% in 2017. Said another way, the amount of data stored
in the domestic data centers has nearly doubled in the last two years without the physical space or power
demand changing much. IDC expects data to double every year for ten years starting now.

Big Advances in Data Density

Storage media has advanced over time from tape drives, to hard disks, to solid state. The industry has a
measure, called Areal density, which indicates the amount of bits that a storage medium can pack into each
unit of surface area. Said differently, Areal density is the amount of gigabits stored per square inch. Tape
drives became obsolete about the turn of the century. Their best recorded Areal density in production was
0.84 GBit/in2. Optical disks replaced tape drives, and they continue to be in use today. (D’s, DVD’s, and
now Blu-Ray disks are all optical storage media. Their best Areal density is 12.5 Gbit/in2, almost 15 times
more than tapes. Hard disks developed concurrent with optical disks, and their storage density dwarfs that
of optical disks. The best hard disks store 1340 Gbit/in2, and development of that media continues as hard
disk storage capacity has increased by 60% over the last two years. Many data centers utilize hard disks
today, and the continued expansion of hard disk Areal density matches up with exabyte growth pretty well.

While hard disks have been the data center workhorse for many years, they are currently being replaced by
NAND flash-based storage arrays. The Areal density of NAND eclipsed that of hard disk storage sometime in
2016. NAND storage now max-es out at 1690 Gbit/in2 in density, about 25% greater than the best hard disks.
That difference is sufficiently significant that most new data center storage is NAND configuration today.
The shift to NAND storage is so decisive, in fact, that construction of hyperscale data centers is believed to
be causing a memory shortage in early 2018.
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Data Transfer is the New Frontier

NAND, a solid state drive (SSD), has better storage density than hard disk, however, it comes with some
input/output complications. Data transfer speeds from a disk depend on how fast the disk can move
under a head. Think of this like a needle on a turntable. In this fashion, data is transferred to a data
center server using a protocol named SATA. SATA can transfer data at a rate of 3.0 gigabits per second.
NAND architectures are not built to respond to greater velocity at the head. Instead, NAND requires
increasingly efficient queries. NAND storage is migrating to a transfer medium called Non-Volatile
Memory Express or NVMe. NVMe-based drives have throughputs as high as 16.0 gigabits per second, over
5 times faster than SATA-based configurations.

Conclusion

Despite public attention to new hyperscale data centers, overall data center supply has increased only
slightly in recent years. Although physical plant has not expanded, domestic data centers have been
able to house nearly 40% annual increases in bit storage. Technical achievements in hard disk drives
have shouldered most of that load, and a transition to NAND-based storage is expected to provide the
continuing boost to capacity going forward. Data is forecast to grow at advancing rates in the coming
years, and a new transfer media is set to enable that data to be stored within the four walls of the data
center fleet. JAG sees hyper investment opportunity among NVMe SSD companies.
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ABOUT JAG

JAG Capital Management is an independent, 100% employee-owned registered
investment advisor headquartered in St. Louis, Missouri. The firm provides portfolio
management services for institutions, individuals, investment advisory firms and
corporations. In addition to managing the JAG Large Cap Growth mutual fund,
equity and fixed income separate accounts are also offered.

These comments were prepared by Joseph Kinnison, CFA, an analyst, of JAG Capital Management, LLC, an SEC registered investment advisor. The information herein was obtained from various sources believed to

be reliable; however, we do not guarantee its accuracy or completeness. The information in this report is given as of the date indicated. We assume no obligation to update this information, or advise on further
developments relating to securities discussed in this report. Opinions expressed are those of the advisor listed as of 3/14/18 and are subject to change without notice. Opinions of individual representatives may not be
those of the Firm. Additional information is available upon request.

The information contained in this document is prepared for general circulation and is circulated for general information only. It does not address specific investment objectives, or the financial situation and the particular
needs of any recipient. Investors should not attempt to make investment decisions solely based on the information contained in this communication as it does not offer enough information to make such decisions and
may not be suitable for your personal financial circumstances. You should consult with your financial professional prior to making such decisions. For institutional investors: J.A. Glynn Investments, LLC, and JAG Capital
Management, LLC, both have reasonable basis to believe that you are capable of evaluating investment risks independently, both in general and with regard to particular transactions or strategies. For institutions who
disagree with this statement, please contact us immediately.

Market Index performance statistics are provided by Advent Axys via benchmark data from FT Interactive Data and are presented for the time frame noted. Individuals cannot invest directly in an index. PAST
PERFORMANCE SHOULD NOT BE CONSIDERED INDICATIVE OF FUTURE PERFORMANCE. ANY INVESTMENT CONTAINS RISK INCLUDING THE RISK OF TOTAL LOSS.This document does not constitute an offer, or an invitation to make an

offer, to buy or sell any securities discussed herein. J.A. Glynn & Co., JAG Capital Management, LLC, and its affiliates, directors, officers, employees, employee benefit programs and discretionary client accounts may have a
position in any securities listed herein.
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