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THE EXPANDING DATAVERSE

• The enterprise “data pools” of the early 2000s became “data lakes” by 2010 and grew in recent 
years to become “data oceans” which have already begun to morph into a vast multiform 
“dataverse.” And because “data is the new oil,” we are loathe to delete any data.

• Increased storage at any point in the World Wide Web—bear in mind that a mobile phone is a point 
in the Web—increases the possibilities for storage in every part of the Web. 

• We are only beginning to see the enormous implications of that simple fact.

…the billions of people and systems and 
sensors connected in the global dataverse have 
generated and will continue to generate 
immense quantities of data…

Presenter Notes
Presentation Notes
“Data is the new oil” has of course become a cliché.It should be noted that cliches earn their status as cliches because they are so obviously true.While the sheer amount of new consumer and corporate data being generated every day is literally incalculable, we do know that that the complete digitization of all our cultural artifacts—newspapers, blogs, tweets, magazines, paintings, photographs, books, legal documents, scientific data—is still in its infancy.We can determine the number of enterprise-grade PBs delivered on SSD, HDD and tape media with a great degree of rigorous accuracy. What we cannot determine with any degree of rigorous accuracy is just how many of those enterprise PBs are consumed as actual data storage and what the installed base might be.But we can make some hopefully intelligent guesses.



AGENDA

• Shipment History and 
New Forecasts

• Fresh Delineations of 
Enterprise Data

• Recent Surveys
• Inconclusive Conclusions

Enduring Question: Will the Past be Prologue, or Will History Be Bunk?
Note: My forecasts are always devised with these precautionary adages in mind:

• The only thing we know with certainty about any forecast is that it will be wrong. —
Anonymous 
• He who foretells the future lies, even if he tells the truth. —Arab Proverb

Presenter Notes
Presentation Notes
Picasso: Night Fishing in AntibesWe never know what snarling slime-laden life forms we might dig up from the hidden depths in our “researches”… 



2010-2022 HISTORICAL SHIPMENTS AND FORECAST
OF ENTERPRISE PETABYTES DELIVERED 2023-2030

WITH ACTIVE INSTALLED BASE ESTIMATES

Presenter Notes
Presentation Notes
HDD capacities are raw/uncompressed, since so few enterprise HDDs utilize any form of data compression. We assume a conservative average annual expansion rate of 30% 2023-2030. SSD capacities reflect an approximate 5x compression ratio, but only for approximately 5% of all enterprise SSD PBs shipped, the vast majority of which (currently ~95%) are configured in server/direct-attached storage (DAS) systems, with little or no data compression, not in fabric-attached solid-state arrays (SSAs), wherein sophisticated data compression software is the norm. Tape capacities reflect a global average of 2.5x data compression. Enterprise optical shipments remain minimal at ~1,500 petabytes per year—less than half of 1% of the 2022 total—and have not been included in our estimates of historical shipments, forecasts, or the active installed base. That said, there surely could be room for enterprise optical to play a strategic role in future enterprise storage markets.We know with rigorous accuracy how many enterprise-grade PBs were shipped in any given year. We do not know with any degree of rigorous accuracy just how many of those PBs were actually consumed, but we can make hopefully intelligent estimates of the active installed base of total enterprise capacities, which we believe was 91 exabytes in 2010 and will likely grow to at lease 35 zettabytes in 2030.For the active installed base, we assume a 5-year infrastructure refresh/replacement cycle, retiring all 2010 shipments in 2015 while adding 2015 shipments to the 2014 installed base, and we repeat this cycle through 2030.



ALTERNATE 2023-2030
GROWTH SCENARIOS

Presenter Notes
Presentation Notes
We consider the overall ~30.5% 2023-2030 annual growth rates depicted in this table to be conservative. We saw historical ~30% average rates of actual annual growth from 2010 to 2022, and we foresee good chances for the average annual rates of 2023-2030 data demand to expand beyond 30% (as they did in 2014, 2015, 2019, 2020, and 2021).Growth rates will surely fluctuate, but we do not think the unprecedented and probably anomalous <10% growth rates we saw in 2022—with hyperscale and other large enterprise customers delaying orders to an inordinate degree and digesting inventory during 3Q22 and 4Q22—will be repeated with any cyclic frequency 2023-2030. We believe a 25% per annum growth rate in enterprise petabytes delivered is a likely “worst case” scenario while a 35% per annum growth rate is a “likely case” scenario and a 45% per annum growth rate is a perhaps (un)likely “best case” scenario, but it should at least be considered. 



ALTERNATE 2023-2030
INSTALLED BASE GROWTH SCENARIOS

Logical assessments based on hard facts can lead to 
monstrous conclusions…
We need to always guard against immediately 
inferring from the possibility of concepts (logical) 
the possibility of things (real)…

Presenter Notes
Presentation Notes
In the ~30.7% growth scenario depicted on Slide 4, the active installed base will grow to 35.8 zettabytes in 2030. In alternate scenarios, the active installed base of enterprise petabytes will grow from ~5.2 million petabytes in 2022, to ~26.5, ~45.0, or ~73.1 million petabytes in 2030, respectively, in 25%, 35%, or 45% annual growth rates.



NEW 
DELINEATIONS OF 
ENTERPRISE DATA 
BASED ON 
ESTIMATED 
ACCESS 
FREQUENCY

Presenter Notes
Presentation Notes
Assuming the cold and frozen data layers will likely expand to 61.2% of total shipments in 2030, up from 57.4% in 2023, ~5, ~7, ~9 or 16 of the total zettabytes delivered in 2030 in 25%, 30.7%, 35%, or 40% growth scenarios will be destined for these frostbitten layers.I estimate the “active archive” hidden in all these data layers will continue to grow because we are storing more and more cool, cold and frozen data that will comprise 50%-75% of the installed base, It should be noted that a majority of the cold/frozen layers may be JIC (Just In Case) or WORN (Write Once Read Never) data, which may never be accessed at all—nor in most cases will it ever be deleted.



SUSTAINABILITY

• While the dataverse expanded (on average) by more than 30% per year, tape shipments comprised 
only ~15.5% of total enterprise petabytes delivered in 2022, down from 34.9% in 2015.

• It is blindingly blatant that HDDs and perhaps a significant number of SSDs are handling far too 
much of the cold/frozen workloads at far too great a cost/GB while consuming an inordinate share 
of available energy. 

Presenter Notes
Presentation Notes
As the world’s appetite for data increases, the challenges will grow correspondingly. Recent research by the Uptime Institute has shown that data center power usage effectiveness (PUE) made great progress from 2007 through 2018, improving from 2.51 to 1.58, but has since stalled and, in fact, increased to 1.67 in 2019. (Lower PUE indices are better.) Because of the rapid expansion of digital data needs, storage as a percentage of data center energy consumption will continue to expand and could account for more than 35% of total data center power requirements in 2030, up from ~18% in 2020.While HDD and SSD power efficiency per-terabyte increases marginally as per-drive capacities increase, the power consumption per drive remains fairly constant, but will actually increase for enterprise SSDs with the advent of advanced NVMe interfaces. Contrary to popular belief, enterprise SSDs will actually draw more power than enterprise HDDs.Regardless of substantial rack and cooling and other infrastructure costs, just powering these essential storage building blocks will require ~5,029 megawatts. If we try to calculate this for the active installed base, assuming an approximate 3:1 uptick for total units in the active installed base, ~15,087 megawatts of power will be consumed 2020 through 2025 just to fuel the online activities of enterprise HDDs and SSDs—a stunning 838 times more than tape. 



RECENT SURVEY RESULTS
Interviews with IT managers of 50PB-
500PB databases revealed the 
following:
• Data retention period: “Indefinite”

• Data security, immutability and sustainability 
(SIS) increasingly crucial concerns

• Growing majority of the data was “cold” but 
could become “hot” at any time…in other words, 
100% of their data is an “active archive.”

• The core problem with data deletion: no agreed-
upon ground rules for 5-year, 7-year, 10-year 
extinction periods for any data…
• There was always the lingering fear that after 5 years or 7 

years or 10 years and 1 day, they would absolutely need 
that old data for some unspecified, but critical, future 
purpose.

Presenter Notes
Presentation Notes
Almost all of these data center managers specified “indefinite” retention periods for the vast majority of their data, but they fear that the rising sustainability costs of preserving their data for many years or “indefinitely” will become prohibitive. For all these managers, data immutability was a crucial issue—all aspects of the original data absolutely must remain unchanged.Many of these IT managers classified their data as 100% “cold,” but it could (unpredictably) become “hot” at any time depending on data access requests—in other words, 100% of their data is an “active archive.”Several enterprise IT managers with whom we spoke stated that an exacerbated problem with data deletion is establishing generally agreed-upon ground rules. When they asked for buy-in from their internal clients, they could not obtain any solid commitment for, say, 5-year, 7-year, or 10-year deletion objectives for aging data…There was always the lingering fear that after 5 years or 7 years or 10 years and 1 day, they would absolutely need that old data for some unspecified, but critical, future purpose.



• The data centers of the future will need everything the SSD, HDD, and tape industries can 
manufacture and deliver, as well as requiring new DNA and optical and perhaps other 
enterprise storage technologies, to cost-effectively and reliably preserve the priceless 
artifacts of our personal, corporate, and cultural history.

• Availability and sustainability challenges will create a global need for “autonomic” data 
systems that can provide intelligent “active archive” management and seamless 
migrations of hot-to-warm-to-cool-to-cold-to-frozen data and back again, from core to 
edge to cloud.

INCONCLUSIVE CONCLUSIONS

Data Oceans…



INCONCLUSIVE CONCLUSIONS
• The costs of managing our multi-millionfold-petabyte dataverse over increasingly 

lengthy time periods will create new use cases for old storage technologies and demand 
the creation of new, more cost-effective, and power-efficient storage technologies.

• Inevitably and inescapably, richly varied computing technologies will come and go, but 
the DATA we create will remain, and will grow to unimaginable immensity.

The Dataverse…

An enlargement of the library of forms in which DATA, unleashed in fresh 
dimensions, can come to profitable life…

Presenter Notes
Presentation Notes
When I say “”profitable” here I mean it in the widest possible sense of the word, not only in the financial sense — after all, if they are to survive, the companies involved with the creation and maintenance of the dataverse must somehow make money —but more importantly profitable in deeply human terms, generating (one hopes) better lives for the bulk of often profitless humanity.  There’s a huge amount of evil lurking in the dataverse, and there will be multiform evil uses of data, but hopefully most of us most of the time will use most of this data for the enrichment of life and the betterment of humankind.As Camus said at the end of his great work, The Plague (La Peste), what we discover in the midst and wake of any pestilence is that “there is more in man to admire than there is to despise.”*I sholy hope he’s right.*The complete quote in the original: “...et pour dire simplement ce qu'on apprend au milieu des fleax, qu'il y a dans les hommes plus de choses a admirer que des choses a mepriser." 
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