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FlashMemory SSD s all about IOPS

= NAND flash / SSD offers dramatic small block
random read/write performance enhancement
compared with traditional hard drive

= Atypical state of art SATA SSD can reach 50 — 70K
|IOPS for 4K random read, 20 — 40K IOPS for 4K
random write

» PCIE based SSD showing another level of leap
forward in performance

= With the right design & architecture choice, PCIE
SSD could reach Million IOPS, both 4K random read
and 4K random write
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rlashMégiory The Hybrid Approach

Modularize and
Everything on
a single card
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HBA SATA SDD PCIE SDD
Host bus adaptor Drive Drive
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FashMemory Hybrid Approach - Pros
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= HBA has been around for decades with
mature software stack for RAID, storage
management etc

= Off shelve, readily available chipset and
components

= SATA SSD firmware development
Independent of HBA and driver

* Plug & Play, Software compatibility



FlashMemory Hybrid Approach - Cons

Unnecessary Protocol Conversions
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= [ntroducing extra Latency \

= Creating a bottleneck at the HBA controller
= More silicon and board real estate
= More power consumption



RashMemory Direct Approach
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Much simplified data path
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= The key is the design of a high performance PCIE based flash controller
= Different ways of doing it: FPGA vs ASIC



FashMemory FPGA doesn’t scale
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» Take PCIE x8 as example
At Genl, PCIE offers 1.6GB/s bandwidth

« As rule of thumb, the controller internal switching
bandwidth should double that ~ 3.2GB/s

« Considering 256 bit internal data path, internal
clock needs to run at 100 Mhz

» Already stressing the state of art FPGA
= At Gen2, needs to go up to 200 Mhz
= At Gen3 -- 400Mhz, FPGA just won't make it



FlashMemory FPGA is expensive and has hidden cost

= |tis very challenging to put a CPU inside FPGA to
run faster than 200Mhz, while 600Mhz — 1Ghz ARM

CPU Is common practice, which implies:

* In an FPGA controller system, host CPU needs to
step in to take a majority of the work, put extra
burden on the host CPU

o Complicating the design for backup and recovery
from power loss

e Data recovering is very time consuming



FlashMemory ASIC & Modularized

= A monolithic huge ASIC controller may not be the
best choice for system integration
« The routing and interconnecting difficulty

e 32 NAND FLASH channel ~ 540 signals need to be routed
e Cost could be high

» Reliability/Thermal could be a concern
= Modularized design offers better scalability, flexible

system interconnect and desired scalable
performance for different applications.



AashMemory Modularized design
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FlashMemory System block diagram
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Up to 8x PCIE
Gen2 x1

PCIE

256GB SLC

Newton

Newton

Newton

Newton

Switch

Newton

Newton

Newton

Newton

11



FlashMemory Performance & Scalability

4K Random Read

4K Random Write (clean drive)

1 Module 93 K
2 Modules 186 K
4 Modules 371 K
8 Modules 730 K
16 Modules 1.4 Million

1 Module 70 K
2 Modules 140 K
4 Modules 277 K
8 Modules 530 K
16 Modules 1.04 Million
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FlashMemory |nside a Shuttle PC

The low profile card could be readily inserted into a small
Shuttle PC

Terminal

File Edit ‘“iew Terminal Tabs Help
/dev/sbullb: (g=0): rw=randread, bs=4K-4K/4K-4K, 1pengine=libaio, lodepth=32
/dev/sbulle: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libaio, iodepth=32

fdev/sbullec: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libalo, lodepth=32
fdev/sbulld: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libaio, lodepth=32

/dev/sbulld: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libalo, lodepth=32
fdev/sbulle: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libaio, iodepth=32

jdev/sbulle: (g=0): rw=randread, bs=4K-4K/4K-4K, 1o0engine=libaio, i1odepth=32
/dev/sbullf: (g=0): rw=randread, bs=4K.4K/4K-4K, 1oengine=libaio, iodepth=32

;’;Iévfsbullf: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libaio, 1odepth=32
/dev/sbullg: (g=0): rw=randread, bs=4K-4K/4K-4K, 1ocengine=libaio, iodepth=32

,:-’;It;\.rfsbullg: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libaio, iodepth=32
jdev/sbullh: (g=0): rw=randread, bs=4K-4K/4K-4K, 10engine=libaio, i1odepth=32

fdev/sbullh: (g=0): rw=randread, bs=4K-4K/4K-4K, 1oengine=libalo, lodepth=32 -—

Starting 32 processes 7/
Jobs: 32 (f=32): [rrreereereeeeeeerreereererrrerrr] [18.8% donel [2,916M/0K ,.I'ﬁ] [728K/0 iups]\
” ” ”
13 X 8_5 X 8 Jobs: 32 (f=32): [rreereereereerrerrerrerrerrerrer] [28.8% done] [2,920M/0K /s] [730K/0 10ps)
: 32 (f=32): [rrreereeeerreeerrrerrerrrrrerrrr] [35.7% donel [2,920M/0K sl [730K/0 10ps]
ta 00m: 08s] \

Screen shot of running fio under Linux on the shuttle PC 1z
730K IOPS



FlashMemory |mplications

* For the past few decades, 10 performance increase
has always been lagging behind CPU

= With the right storage architecture and storage
device, any PC today could be turned into a powerful
IO machine

= There are plenty of IO bandwidth and IOPS to
explore

= [tis up tothe OS and application to fully leverage the
power of the new generation of PCIE flash SSD
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FlashMemory

Q&A
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