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Estimated that roughly 5-8% of the data generated by 2025 will be
analyzed.

Technology innovation

m Memory density trend
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« Flash density growth will continue via 3D NAND layer count scaling 2018-2022+ - TLC, QLC, LL-NAND

More data to Store and to process e(\ + 3D NAND scaling on a 18-24 month cadence thru 2020 — 64L > 96L >120L >190L

« Flash with increasing density can allow for lots of data — accelerating Al growth
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Today, images and image sequences (videos) make up about 80
percent of all corporate and public unstructured big data.
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As growth of unstructured data increases, analytical systems must Sl we w2 won e wn

assimilate and interpret images and videos as well as they interpret S50 capactty

structured data such as text and numbers.
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Images & Videos, really big data, Analytics Magazine, 11/2012 I—agging data access rates
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Challenge — Moving the data takes time and energy!

pico joules / bit

Source — Horst Simon 2013

Distributed systems and processing closer to where the data is generated/captured is the best way to
gain a orders of magnitude improvement in performance and efficiency.




Many real world applications (not all mind you)
are memory-bound on standard HW
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Kernel | Computation | Number of Number of Bytes Bytes / Flop
Name Complexity | computation Ratio
SYMGS O(nrows " 2"2"nnz/row | 2" ( nnz/row " (2"8+4) + 10.32
nnz/row) +3)" nrows 5"8+2"4 ) "nrows
SPMV O(nrows " 2" nnz/row " (nnz/row * 10.44
nnz/row) nrows (2"8+4)+2"8+2"4) "
nrows
WAXPBY Q(nrows) 2" nrows nrows *3 " 8 12
DDOT O(nrows) 2 " nrows nrows *2* 8 8




The bandwidth and parallelism Is available in

Low Off Memory BW € High On Memory BW

~25 Gb/s ~4.000 Gb/s

memory.
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Bus
To CPU/
System

Leverage Memory BW to > Bytes/Flop

In/Near
2B-1024B Memory

Processing

~25-100Gb/s ~1,000-4,000Gb/s  ~4,000 - 8,000Gb/s

Bytes/FLOP could improve by over 10x
The opportunity is deciding the type of computation to put near/in memory
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In Storage...Utilize the Media device |10 BW

There is an even larger BW funnel seldom discussed
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.05% of NAND BW* ——

5

8% of Drive bay BW — *

Opening up this to
applications

H i
Y 652 GB/s (24x13.6 GB/s) 1

Y 9.6 TB/s (24x400 GB

d ssp | ssp fssp |

NAND devices

Potential internal BW

652 GB/s
IO BW at SSD connector

9.6 TB/s RAW internal BW
Usable BW can be as much as ~25%

Current SSD architectures are focusing on
capacity scaling within 10 constraints

*Note: in both cases there are 24 drives per JBOF, identical PCle G5 NVMe interface
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