LFADU

When two promising fabless startups who share
the same design principle meet by chance in the
era of post Moore’s law

Nov. 2022



Agenda

¢ FADU introduction and mega trend
e FADU NVMe SSD
e RISC-V CPU

e Next step



Company overview

e FADU is a fabless company focusing on enterprise/datacenter grade
SSD solution

- 180 engineers including more than 20 Ph.Ds and seasoned engineers
from Samsung and SK Hynix

e Our product is the most advanced SSD in the market

- We focus on introducing innovative architecture for next generation PCle
NVMe SSD for datacenter and storage

- High performance, low power, and Superior QoS are our key differentiator
We have the best SSD which is the only SSD that can beat Samsung

¢ \We are building track records with major
customers in US

- Leader datacenters such as Microsoft, Apple,
Meta (Facebook) love our product.

- We started mass production for Meta. We
expect that a few more big names will be the
next customers. \We are confident we will be the
leader

¢ \We finally start delivering real business result

- After 7 years of tough journey, we start
generating profit from 2022

- We are preparing the next leap forward.
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Founded in 2015, We has been gone through the entire business cycle to
deliver the result
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Gen3 : NVMe SSD controller (Annapurna) and product (Bravo)

Annapurna NVMe U.2 Dual Port 7mm NVMe Drive M.2 22x110 Drive
SSD controller

* PCle3.0 X 4 (2 X 2 dual port)
* 3.5 GB/s SR, 3.5GB/s SW

* 750 RR, 300 RW

e RISC-V processor

* All enterprise features * 1/2/47TB * 1/2/4TB
supported * Full enterprise ready * Full enterprise ready
* 17 X 17mm packages * Very low power / High * Very low power / High
performance performance

(remove thermal issue)



Gen4 : NVMe SSD controller (Everest) and product (peita)

Everest NVMe U.2 Dual Port 7mm NVMe Drive El.s Drive
SSD controller -

* PCle 4.0 X 4 (2 x 2 dual port)
* 6.7GB/s SR, 5.0GB/s SW
* 1500 RR, 400 RW

* 2/4/8TB
* Full enterprise ready

AR g

* RISC-V prqcessor « Very low power / High * 2/4/8TB .

 All enterprise features performance * Full enterprise reac!y
supported * Very low power / High

* 17 X17mm packages performance

(remove thermal issue)



End of Moore’s law

* The end of Dennard scaling and Moore's Law and the deceleration of
performance gains for standard microprocessors are not problems that must be
solved but facts that, recognized, offer breathtaking opportunities.

* Innovations like domain-specific hardware, enhanced security, open instruction
sets, and agile chip development will lead the way

Implication: Without relying on the node shrinking, need to achieve performance and

power requirement through architectural innovation

Moore's Law vs. Intel Microprocessor Density

@®Moore's Law (1975 version) @ Density 200 === Technology (nm) === Power/nm?
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Source: “A New Golden Age for Computer Architecture”
From Turing lecture by John L. Hennessy and David A. Patterson in June 2018



Explosion of data demanding data-centric architecture, which in turn
incurs serious power consumption and thermal problem

Implication: in order to minimize total cost of ownership (TCO), less power consumption and

heat dissipation without sacrificing the performance is becoming more and more important

m Data centers use more eletricity
than entire countries

Domestic eletricity consumption of selected
countries vs. data centers in 2020 in TWh

=

0% 50X
175ZB Nigeri .29
of the GROWTH [9cid
World’s Data Colombia 73
was created in FROM . -
the last Argentina |G 124
2 2010 coypt I 153
Jears To 2029 south Africa | 202
II Data centers m 200-250
o e __--lll indonesia [ 256
| o o o - L —

S ]g 7z \
J@f @ @D  Source: Enerdata, IEA
Yo

Source: Data age 2025, sponsored by Seagate with data from IDC global datasphere, Nov 2018,
Toward a memory-centric architecture, Keynote by Wester digital at flashmemorysummit 2017 10
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Computer System at scale: observation and implication

- Look and scope is different, but all of computer systems essentially can be abstracted as 1)
compute, 2) memory, 3) storage, 4) network, 5) interconnect

- Even though Moore’s law is ended over, the goal of every computer system is to achieve
best service/application level performance with minimum TCO

Server Scale Rack Scale

Abstracted computer system




Optimization techniques for the computer system

Constraints & Requirements
- Cost increase should be
minimized
- Power and thermal have Memory Gbps/watt
become essential constraints
- Performance should be as high T
as possible ' RISC-V CPU
CPU MIPS /watt
/. AN
 Optimizing each component / \
Gbps/watt / TOPS/watt x IOPS/watt
NIC GPU Storage
FADU NVMe SSD
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Understanding SSD - why controller is critical

SSD device
Host computer

Fhrmuare (S1) K TN N T
A IO TN N T
8 < SSD Controller (ASIC HW)
KT KT KT KT XU
Interface
(USB, SATA, NI TN EET KT T
PCle NVMe...)
Controller AND
E ! ; ;’umuﬁ‘l:l?f: _A PCle
:;ﬂ% g’] : 2 interface 8§
. ,m Tt g e | O D

SATA

USB J
NAND Controller interface

Interface

NAND needs controller to be a product

Pros and Cons of NAND
(1) Boost performance through parallelizing

e NAND is non-volatile memory NAND operations
e NAND is very cheap! (DRAM 1GB = $4 (e.g. 4TB SSD has 512Gb NAND die X 64.
vs. NAND 1GB = $0.07) Write speed of one die = 5oMB/s

e NAND is very weak (easily worn out) while SSD should perform >2,000MB/s)

and slow (2) To maintain the quality of performance
throughout lifetime of SSD with dying NAND dies 14



Challenges => The rise of NVM express interface.

* NVMe vs. SAIA

10 speed 600 MB/s

Up to 1 queue;
32 commands per queue

Maximum queue depth

Uncacheable register accesses 6 per non-queued command;
(2000 cycles each) g per queued command

MSI-X A single interrupt;
and interrupt steering no steering

Parallelism Requires synchronization lock
and multiple threads to issue a command

Multicore Support Limited
* |IDF-2012, Danny Cobb, NVM Express and the PCI Express SSD Revolution

™

EXPRESS

The Interface speed is becoming incredibly faster than before

16 GB/s (Gens case)

Up to 64K queues;
64K commands per queue

0~1 per command
2048 MSI-X interrupts

No locking

Yes

15



Challenges => NAND is becoming worse and worse

» The Interface speed is becoming incredibly faster than before

* Inherent peculiarities of Flash memory. It’s getting worse

The Good

- Low latency
- Low power consumption
- High Reliability

- Small form factor

- Massive parallelism

- Power failures

- Bad blocks
(Program/Erase Errors)

- Program disturbance

- Read disturbance

The Ugly
- Limited Endurance
- Retention errors

FROM THFE PARK NIGHT

Node shrink, 3D stacking, and MLC technology further challenge the development of
SSD controller

16



Challenges => Performance quality becomes matter

» The Interface speed is becoming incredibly faster than before
* Inherent peculiarities of Flash memory. It's getting worse

» Nobody cares about up to performance. What really matter is consistency in performance (QoS)

4K RND Write [[OPS] - QD 128 TC 4 4K RND Write [IOPS]-QD 128 TC 4

= FADU = FADU « FADU

B
R rqv;sd

o 10 20 30 40 50 60 70 80 a0 100 110 120 130 140 150 o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Minutes Minutes




Challenges => Power consumption becomes critical barrier

The Interface speed is becoming incredibly faster than before
Inherent peculiarities of Flash memory. It's getting worse
Nobody cares about up to performance. What really matter is consistency in performance (QoS)

At last, power and thermal becomes the most crucial hurdle in enterprise SSD design

SATA SSD Legacy high-end NVMe eSSD
6Gb/s

~3GB/s
Throughput _ 600MB/s 4X 3GB/
(read)
I0PS 80K 7X ~600K
(read)
Active IW 7X ~20W
power
(read)
Idle 1W aX ~qW
power - o
I0PS/

25K / W
Watt '

18



In legacy architecture, entire operation is handled by software
operated on top of heavy general purpose processors

Q Heavy

resources
(SW +
general
purpose
processor)

@General

purpose 4
shared
interconnect

GSimpIe

integration of |
outsourced

Complex FW

1) Performance inefficient

Chunking/merging
Block/page allocation

Host Cmd decode
Buffer alloc.

Map update (new)
Invalidate(old)
Buffer rel&ase

Complex many core
System
core core core core core
core core core core core

(A (A ~
Fw A D \ ) £ P)) 1\
Host Cmd DMA DMA Program Program Host cmd
fetch Req. ack req. ack ack.
HW / ¥ / \ V. / \-
x Y
Cmd fetch

—>
Dz Flash Ero ram
transfer g

external |Ps

Shared interconnect (e.g., AxI)

NAND
Ctrl.

2) Power and resource inefficient
Controller case study:

v 32 Cores @500MHz each w/ 192KB SRAM

v’ Logic and SRAM consume huge area power

v More than 15W per a controller

3) Unpredictable e- Unbalanced

v Computation load unbalance among CPUs

v’ Bus congestion

v’ Interrupt latency and priority

v' Context switch, Cache miss, and Control/data hazard
v’ Error-prone parallel programming

=» Fundamental limitation in

Performance/watt as well as performance/s
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We introduced the innovation

Entire operation is handled by
Software operated on top of
general purpose processors

Complex FW

Complex many core
system

Shared interconnect (e.g., AXi)

NAND
Ctrl.

device scale

Achieved application specific(SSD) optimization
for the HW/SW full stack from silicon to the

Heavy SW-general HW operation

— is of floaded to
purpose specific HW
Separate operations into common
case operation and policy
- offload common case operation
to accelerators
—> very light SW-Processor system
Simple FW B
Cight core
cl/cfnm

@ Proprietary P2P packet network
- remove dataflow bottlenecks

QExtensive HW offload engine
—> Boost performance with low power
Programmable HW offload engine
- Secure the flexibility

Memory

Build entire
IP blocks from
= the scratch (all
proprietary IPs)
with fully
NANDf | jntegrated
Ctrl. . . .

optimization

mmm Data interconnect
— Command
interconnect

20



Our 2 delivered products clearly confirmed that our approach worked

PCle Gen3 (FADU 1° Gen) PCle Gen4 (FADU 2™ Gen)
FADU Intel Samsung FADU Intel Samsung
Bravo P4511 PMg83 Delta D7-5510 PMgA3
Sequential Read (GB/s) 3,500 2,000 3,000 7,300 6,500 6,500
Sequential Write (GB/s)| 2,700 1,430 1,400 4,600 3,400 3,500
Randon Read (K IOPS) 800 295 480 1,550 700 900
Random Write (K IOPS) 100 36 47 185 170 180
Power consumption (W) 8.25 7 13 18 13
Performance/power
(K I0PS /W) (‘%) 35.8 60 ﬂg ) 36 69
N—
Controller size (mm?) 2'206) 37

e FADU’s the first ASIC proved superior competency against existing market
leaders - Intel and Samsung - beat them in all key metrics

e FADU’s advantage sustained even in 2" ASIC



Key thesis: Industry needs “Low Power”="“Low TCO” Solution

6000
5000
4000
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1000

Performance = Throughput

Seq

S
:._EEE
=
=
=
y ::g
=

3794 15 14.21 5.33 W
10.54
10
1455 1523
H B 5

gansumption (Watt)

Saving of 18.78

4.57 W Saving of

4829

15.87

uential write Random read Sequential write Random read
(MiB/s) (10PS)
m FADU’s [ ] m FADU’s [ ]
Geng Geng

Case study: OCP storage server rack

4 watts saving per drive
16 drivers per server
21U servers per rack (50%)

= total 1344 watt (4x16x21) saving per 1U server typically consumes
rack < 1000watt
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Key thesis: Industry needs “Low Thermal’ Solution

100 100

RgoW1o0
Power
Trend

max 70.7 CF T —"7—68.9)

Vi e — I

R9oW1o
(10PS)

500 1000 1500 2000 200 00 3600 0 50 1000 1500 2000 200 3000 300
Time. UL

FADU Delta Competitor A
* Low thermal =» High reliability = High availability

* Low thermal =» Low cooling cost =» Low TCO
* Low thermal = Low power =» Low TCO

10.0

500 1000 500 2000 2600 3000 3500

Competitor B
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Optimization techniques for the computer system

Constraints & Requirements
- Cost increase should be
minimized
- Power and thermal have Memory Gbps/watt
become essential constraints
- Performance should be as high T
as possible ' RISC-V CPU
CPU MIPS /watt
/. AN
 Optimizing each component / \
Gbps/watt / TOPS/watt x IOPS/watt
NIC GPU Storage
FADU NVMe SSD

25



FADU controller overview

Most of the IPs (in red box) are developed from scratch several times to squeeze area and
power consumption
Die size is presumed around 30% smaller than that of competitors

Processor subsystem
= Triple 64-bit RISC-V cores

PCle

1 Gen3x4 or 2 Gen3x2
1 PF & 15 VF per port
SRIS

QSPI flash, 12C & SMBUS
Temp sensor
UART, GPIO, and various timer

Reliability, Availability, and Serviceability

» ECC protection on SRAM/DRAM (SECDED)
* Host meta & T10 DIX/DIF
= PCIe AER & ECRC

L1.2 and DPA More = More
MSI/MSI-X/legacy
VPD .
More AON core FTL main cores NAND
= 8 ch.x8 CE (max. 32 LUNs/ch)
HxL FAL NIL = ONFi 4.0/Toggle 3.0 up to 800 MT/s
NVMe Ctrl. Ctrl. Ctrl. = TLC/MLC/SLC
PCI = 4KB/8KB/16KB page size
128 Namespaces Bh = Nand = More
32 streams y/ Desc. | | Desc. | | Desc. [}] phy.
SGL & PRP Ctrl.
CMB/PMR
; HxL FAL NIL
Reservation
Virtualization mgmt. Data. Data. | | Data. DDR memory
512KB Atomicity = LPDDR4, up to 4GB @ 2.8 Gbps
2MB MDTS Multi port buffer manager * DDR4, up to 8GB @ 2.8 Gbps
NVMe-MI = Single X32 w/ in-line ECC
DRAM l. .
More Annapurna ctr More
I X32 phy |

Core SSD IPs

= Dedicated control & data packet network
= Programmable control plane
= Various hardware accelerators for optimizing common

case operation
= 4K LDPC ECC

In storage RAID

Configurable data randomizer
Parity check for FTL metadata
AES128/256-XTS, TRNG
More

26



The first meaningful adoption of RISC-V CPU in enterprise class ASIC

PCle

1 Gen3x4 or 2 Gen3x2
1 PF & 15 VF per port
SRIS

L1.2 and DPA
MSI/MSI-X/legacy
VPD

More

NVMe

128 Namespaces
32 streams

SGL & PRP
CMB/PMR
Reservation
Virtualization mgmt.
512KB Atomicity
2MB MDTS
NVMe-MI

More

Processor subsystem

= Triple 64-bit RISC-V cores

QSPI flash, 12C & SMBUS
Temp sensor
UART, GPIO, and various timer

Reliability, Availability, and Serviceability

» ECC protection on SRAM/DRAM (SECDED)
* Host meta & T10 DIX/DIF
= PCIe AER & ECRC

More = More
| RISC-V core 2xXRISC-V core NAND
= 8 ch.x8 CE (max. 32 LUNs/ch)
NVMe HxL FAL NIL = ONFi 4.0/Toggle 3.0 up to 800 MT/s
ctrl. Ctrl. Ctrl. Ctrl. = TLC/MLC/SLC
PCiel |PcCle Nand . ;14I(<)ZBKB/16KB page size
A7y Pk, Desc Desc Desc
ctrl.| |oma ' : | | Phy.
HxL FAL NIL
Data. Data. Data. DDR memory
= LPDDR4, up to 4GB @ 2.8 Gbps
Multi port buffer manager gi?mzldre’ ;gzt%??nl%lﬁezé?:gbps
Annapurna | DRAM ctrl. | - More
X32 phy |

Core SSD IPs

= Dedicated control & data packet network
= Programmable control plane

= Various hardware accelerators for optimizing common
case operation

= 4K LDPC ECC

In storage RAID

Configurable data randomizer
Parity check for FTL metadata
AES128/256-XTS, TRNG
More
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Considered CPUs for SSD: Pros and Cons of conventional CPUs

Pros

a rm = \ery mature and stable

= Superior SW development environment (IDE & SDK)

ARC

Synopsys’ B = Too expensive
= Too large
= Too slow and old
cadence = Not desperate ( to small company )

= Poor configurability and customizability

» Not support for native 64bit addressing

y 4
tensilica
y 4

28



What is {‘ RISC

RISC-V is a high-quality, license-free, royalty-free ISA

» 5th Generation RISC design from UC Berkeley

* A high-quality, license-free, royalty-free RISC ISA specification
» Standard maintained by non-profit RISC-V Foundation

» Multiple proprietary and open-source core implementations

« Supported by growing software ecosystem
* binutils/gcc/FreeBSD mainlined, Linux/glibc submitted to upstream

 Appropriate for all levels of computing system, from ®
microcontrollers to supercomputers @@

Source: https://semiwiki.com/ip/sifive/7168-risc-v-business/



Why did | choose RISC-V and Si-Five?

Cons

= Not proven and SW dev environment was suck

: ‘ * Debugging Engine
 Thread2 & thread3 have the same context (eg. $PC) in GDB

i (gdb) c
RIS‘ Continuing.
&C
Thread 3 received signal SIGINT, Interrupt.
0x0000000028016404 in uart_get_char_try () at uart.c:16

16 fifo = UARTO_REG(UART_REG_RXFIFO);

L~

(gdb) info thread

1d Target Id Frame
1 Thread 1 (hart 1) main_core® () at core_1_main.c:252
L] . A Thread 2 (hart 2) ©0x0000000028016404 in uart_get_char_try () at uvart.c:16
S I | | \/e *3 Thread 3 (hart 3) ©0x0000000028016404 in uart_get_char_try () at uart.c:16

+ Downloading executable thru JTAG is too slow ( = 1KB/s)
+ Upper 32bit address space cannot be accessed thru JTAG

» Toolchain infra * Break points is applied to all cores

* Currently SiFive SDK is only running on ubuntu 0S
» Cent0S 6.8 / Windows ...

» One core stops at break point, other cores also stop.

* Debugging Engine (Cont'd)

» Openocd is occasionally disconnected with “unexpected wake up on hart 0” when SSD
* Considerations for the future FW is running on GDB

*+ How to support debugging when PMU core & main ¢ * When SSD FW is compiled with 02 option, it halts with openocd disconnection.

time? * When SSD FW halts for unknown reasons, we press ctrl+c in GDB command shell to

» In GDB, multi-process debugging (PMU core & main core) debug SSD FW, then openocd is also disconnected.
» Heterogenous CPU debugging (PMU - E31, Main - E51 con

v We are also seriously considering E51 as PMU core if that 7 root@test-desktop: ~/git/freedom-e-sdk
of debugging : Trying to use configured scan chain anyway...

e . : Bypassing JTAG setup events due to errors
* Currently, SiFive releases all the toolchains as sourc : accepting 'gdb! connection on tcp/3333
and compiles all toolchains.

: unable to halt hart @
dmcontrol=0x00000001
dmstatus =0x00030c82

» It takes long time to build all toolchains.
# It would be better to release all the toolchains as installe
» It also helps to avoid the human error to install the toolck

./jtagrun: line 3: 14807 Aborted

openocd -f openocd.cfg
root@test-desktop:~/git/freedon-e-sdk# |

[switching to thread 1 (Thread 1)]
#0 _start () at entry.S:6
6 la te, trapvec
[Switching to thread 2 (Thread 2)]
#0 0x0000000000000000 in 2?7 ()
Type <return> to continue, or q <return> to quit--

= Convenience
« GUIl support is strongly required

[switching to thread 3 (Thread 3)]
#0 ©x0000000000000000 in 27 ()
(gdb) ¢

Continuing.

ACRemote connection closed
(gdb)
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Why did | choose RISC-V and Si-Five?

Cons

: = Not proven and SW dev environment was suck ... but
‘ Pros (necessary condition)

RISC-V"°

» Cheap and small

» Good configurability and customizability

@ Sl F|\/e = Support for native 64bit addressing

Pros (sufficient condition)
= Personal preference because RISC-V is a CPU with a lineage in CPU history
= \ery desperate
= \ery fast and new (no legacy)
= Same design principle even in a different domain
= Korean is founder and CTO

= The ISA in the textbook was changed from ARM to RISC-V at that time, and received a gift

31



Why did | choose RISC-V and Si-Five?

VIiRISC-Vv - “Linux” of Microprocessors

Free, open, extensible instruction set architecture (ISA) for all computing devices

« RISC-V foundation now >50 members

« Why RISC-V ? Q[ fﬁ] djé_,

» Simple, free and open Chartinga

New Course
for Semiconductors %%

* Architected for security

* Architected for customization—qgreat for Al & Machine Learning K

« SiFive is the center of gravity G54 Rq,mus
« SiFive Platforms are treated as RISC-V standards

 Robust, open-source Software Ecosystem means less software investment
required from within SiFive—lower cost, faster scale out

« Everybody interested in RISC-V talks to SiFive
« Passionate and huge fan base of early adopters

Global Semi Alliance:
RISC-V is Linux of
Microprocessors

—
Google gE Microsoft IZZ QUALCOMWW HewetPadard SR nviDia.  rRAambus ‘}!:4" i

ORACLE [[ZlYestem & Microsemi  AMDZ MM\ Mellanox  szhcron

Source: from company introduction material of Si-Five 32



Why did | choose RISC-V and Si-Five?

Prof. Krste Asanovic’ Founders of Si-Five Prof. David Patterson

Key members of RISC-V foundation




Why did | choose RISC-V and Si-Five?

Who is SiFive?

Best-in-class team with technology depth and breadth

Founders & Execs Key Leaders & Team

Yunsup Lee Krste Asanovic Andrew Waterman Han Chen Ali Habibi
CTO Chief Architect Chief Engineer Chip Implementation Verification

<
Jack Kang Stefan Dyckerhoff Sander Arts
VP Product/BD Interim CEO, VC CMO

Source: from company introduction material of Si-Five 3



Why did | choose RISC-V and Si-Five?

Same observations even in a different domain

\
[
“Moore’s Law” Computing is
Is only for the rich  changing
* Cost per transistor no longer * loT & cloud demanding
shrinking better perf/Watt

* loT, machine learning and

* Exploding desi t, ti i ' izati
Xploding design cost, time security require customization

complexity

Source: from company introduction material of Si-Five

A

Semi Biz Model
Failing

* ARM monopoly crippling
system innovation

* Biz model not aligned to
demand from cloud & loT
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Why did | choose RISC-V and Si-Five?

Why SiFive Coreplex |P?

* Designed by the inventors of RISC-V

* Leading-edge RISC-V support
» Supports the latest RISC-V standards, such as Compressed Mode

» Compatibility with current and future RISC-V specifications
» Better Perf/Watt than ARM

* More Efficient Designs than ARM
» Better for Machine Learning and Al than ARM

Source: from company introduction material of Si-Five
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Why did | choose RISC-V and Si-Five?

DAVID A. PATTERSON
JOHN L. HENNESSY
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Success story

Products

Technology Company

B sirive

< Inthe News

August 07,2018

FADU Lc
Leading
Powere:
V Core |

SAN MATEO, Calif. and ¢
leading provider of cor
company developing s
market, today annount
Controller and FADU Br
industry leading 64-bit

The FADU Annapurna S
Controller and provide
among its peers, while
FADU Annapurng, the F
suppeorting dual port ai
lower power, and the i
consuming only 6-8wW
competing solutions al
memory controller, anc
embedded RISC-V Cor

“FADU is focused on bu
devices for our custom
Lee, CEQ, FADU. “SiFive's
of competing solutions
optimizing our architec

<« Tweet

SiFive
@SiFive

Congratulations @FaduTechnology or
announcement of Fadu's PCle 5 x4 /
OCP Cloud Spec 2.0 SSD Controller ¢
solutions, featuring the SiFive Essenti
Read more from @Tom's Hardware he
hubs.la/HO 6MS80

#sifive #riscv #essential #ocp

tom'sHARDWARE = @

f  Reviews BestPicks  RaspberryPi  CPUs

FADU Technology Announces Speed
GBps PCle 5.0 SSD, up to 3.5 Million

0000060~

and data cen

7:08 AM - Nov 13, 2021 - HubSpot
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Prospect on the RISC-V technology

SiFive Performance Family

>12.6 SpecINT2k6
Hypervisor extension P 670 4-wide 00O core
IOMMU & AIA 2x128b VLEN RVV
WorldGuard Vector Crypto

RVA22

Common features

>11.5 SpecINT2k6
4-wide OoO core

3-wide 00O core
1x 128b VLEN RVV
Vector crypto

R R RRRRERRRERRRRRCRREARRR B EESRER W BReciti
T ————7

>6.6 SpecINT2k6
3-wide 00O core

Wearable Home Feature Smartphone / Network
Appliance phone Premium wearable  appliances

©2022 SiFive

Source: https://www.cnx-software.com/2022/11/02/sifive-p670-and-p470-risc-v-processors-add-risc-v-vector-extensions/ 54




Prospect on the RISC-V technology
P670 Performance & Efficiency

40
35
30

Peak 25
Single-Thread
Performance 20
(SpecINT2k6)

Higher is better
Cortex-A78 P670

15 -50%

Area (mm?)

0.5

Lower is better
Cortex-A78 P670

Compute Density
(SpecINT2k6/mm?)

40

35

30

2

w

15

10

2X
compute
density

Cortex-A78

Higher is better

P670

The Cortex-A78 was first used in the Samsung Exynos 1080 and 2100 SoC, introduced in November and December 2020 respectivelyZ8l The custom Kryo
680 Gold core used in the Snapdragon 888 SoC is based on the Cortex-A78 microarchitecture.[2llel The Cortex-A78 is also used in the MediaTek Dimensity

8000 series.

Samsung Galaxy S21/Samsung Galaxy 521+/Samsung Galaxy S21 UltraSamsung Galaxy 521 FE/Samsung Galaxy Z Fold 3/Samsung Galaxy Z Flip 3

Source: https://www.cnx-software.com/2022/11/02/sifive-p670-and-p470-risc-v-processors-add-risc-v-vector-extensions/ 44
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Prospect on the RISC-V technology

192KB instruction cache
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Shared 16MB cache
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Datacenter Ready
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4 high-performance cores = ‘1 ‘WJ

Ultrawide microarchitecture

* RAS V1.1
= GIC v4.1
* SMMU v3.1

Transistors 4 high-efficiency cores
Wide microarchitecture
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expect to the rise of RISC-V based mobile phone, laptop, and server subsequently
within a couple of years
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RISC-V Celebrates Upstreaming of Android Open
Source Project RISC-V Port | RISC-V International

By RISC-V Community News October 23, 2022 No Comments

Success in the mobile and consumer device market depends on a vibrant software ecosystem. Over the past decade the Android Open Source Project
(AOSP) has become one of the top operating systems for phones, tablets and a variety of other mobile devices. Today we are happy to share that the
upstream enablement of RISC-V has started within AOSP. In order to celebrate this truly global community effort, let us take a closer look at the work to
date and plans to expand and accelerate continued development of AOSP on RISC-V.

In 2020, engineers and software developers from the Chinese Academy of Sciences’ PLCT Lab began to port Android 10 to the RISC-V architecture in an
effort to open this important ecosystem to the RISC-V community. Since the early days of the effort, the Alibaba Cloud division has been a close
collaborator and leader in this pioneering work and has kept the development current with newer Android versions.

“We are glad to see more support from Google for building AOSP targeting RISC-V! Alibaba Cloud has been committed to supporting the RISC-V
community through a series of innovations, such as progressing the porting of basic Android functions onto RISC-V, which proves the feasibility of using
RISC-V based devices in scenarios ranging from multimedia to signal processing, device interconnection, and artificial intelligence. We look forward to
engaging with the Android team to contribute to the thriving RISC-V community down the road,” said Dr. David Chen, Director of Ecosystem from Alibaba
Cloud and Vice Chair of the Applications & Tools Horizontal Committee at RISC-V International.

“RISC-V has grown in popularity through the sheer demand for flexibility and choice across the full spectrum of computing, from the smallest embedded
devices to the largest scale out cloud implementations,” said Calista Redmond, CEO of RISC-V International. “This demand has made RISC-V inevitable as
the most prolific open standard ISA of our time, accelerating innovation and adoption with the strongest ecosystem of global stakeholders.”
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Agenda

e FADU introduction and mega trend
e FADU NVMe SSD
e RISC-V CPU

e Next step
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Optimization techniques for the computer system

Constraints & Requirements
- Cost increase should be
minimized
- Power and thermal have Memory Gbps/watt
become essential constraints
- Performance should be as high T
as possible ' RISC-V CPU
CPU MIPS /watt
/. AN
 Optimizing each component / \
Gbps/watt / TOPS/watt x IOPS/watt
NIC GPU Storage
FADU NVMe SSD
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Movitation: Application specific acceleration and offloading

Load

/\

Heavy loaded CPU: Simple & parallel data
load is unbalanced Intensive arithmatic

Complex data
Intensive arithmatic

Storage protocol

PDrocessin

Net Protocol
Nrocessing
PU GPU NIC

o -

C

- 45



Movitation: Application specific acceleration and offloading

Load

A Load is balanced among CPU, 10,

and memory

No need to adopt unnecessarily

N powerful CPU for specific
application or service
CPU GPU NIC

Simple & parallel data
Intensive arithmatic

A\

il B~

Storage Memory

Complex data
Intensive arithmatic

Storage protocol
ProCessing
Net Protocol Simple & parallel data
ProCessing Intensive arithmatic

security
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Optimization techniques for the computer system

Constraints & Requirements

Cost increase should be
minimized

Power and thermal have
become essential constraints
Performance should be as high
as possible

Optimizing each component

Application specific
acceleration and offloading

Gbps/watt /

NIC

Smart NIC & DPU

CXL and processing in memory

Memory

TOPS/watt

GPU

GPGPU & NPU

Gbps/watt

RISC-V CPU

MIPS /watt

x I0PS /watt

Storage

FADU NVMe SSD
Computational storage

a4/




Problems of CPU coordinated data movement

PCIE EPs are getting faster and faster
(e.g., NVMe SSD, RDMA NIC, GPGPU)
Bounce buffering all 1/0 through

system memory is a waste of system

resources and reduces QoS for CPU
memory (the noisy neighbor problem) -
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Problems of CPU coordinated data movement: Example

Inefficient 6 times of system
memory accesses

A




P2P communication

P2P allows PCle Eps to DMA to
each other whilist under host CPU
control

CPU/QS still responsible for
security, error handling etc
99.99% of DMA traffic now goes
direct between EPs

Applications: P2P comression
offload etc

v

A

NIC

Complete removal of CPU
orchestrated system memory
access

CPU /Memory

Bus
GPU

S

Storage
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Optimization techniques for the computer system

Constraints & Requirements

Cost increase should be
minimized

Power and thermal have
become essential constraints
Performance should be as high
as possible

Optimizing each component

Application specific
acceleration and offloading

Efficient data movement

Gbps/watt /

NIC

Smart NIC & DPU

CXL and processing in memory

Memory

TOPS/watt

GPU

GPGPU & NPU

Gbps/watt

RISC-V CPU

MIPS/watt

P2P communication

x I0PS /watt

Storage

FADU NVMe SSD
Computational storage
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Global tech-companies have in common: top-down vertical
optimization

amazon Google

Chrome OS

What is DOJO?



FADU'’s vision

Top-down
(what FADU is
doing)

UFADU

Bottom-up
(what FADU has
been doing)




Representative companion company

Technology

Moreh Al Platform

World's most compatible and flexible Al
Infrastructure software

Al Applications

PyTorch/TensorFlow
[

Single GPU Abstraction

Moreh Al Platform is a software stack for tomorrow’s Al models and
infrastructures. Moreh Al Platform enables users to accelerate Al applications

seamlessly on a variety of processors and on a diverse system scales, from

single chips to large clusters, with the help of our compiler technology

Customers can focus on important Al problems regardless of complicated m

hardware architecture and parallelization techniques. By eliminating proprietary
components from our software stack, Al systems can be built in a cost- M.REH
effective way without being tied to a specific hardware vendor. We provide full Auto-parallelizer & optimizer Al Platform
compatibility with standard deep learning frameworks including PyTorch and m

TensorFlow. The rapidly expanding Al software ecosystem can be powered by

our platform without any code maodification
CONTACT
Hyperscale Al Infrastructure




Ready to go with strong alliance

Secured customer

Western

L5 SemiFive M@REH Digital’ m
Infrastructure software
Design service

Memory provider
Meta

Chelsiolf 17 F A D U

—— Accelerafe
Data processing unit

SiFive n ¥ kt
@ 0uan%orage SK,Prynl)(

Server hardware

Central processing unit

Memory provider
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Concluding remark

® Engineering is money. Whether it's a paper or a product, it must sell (read) well.
® \\ith the end of Moore's Law; the time has come when hardware becomes money.
® You need to find a blue ocean at the point in time when you go out into society.

® At a young age, supported by mental strength and physical strength, one must dig into one
field to the end. You can expand it latet

® (Good companies often come from good research results. (Google, Sifive, FADU)

® There are many people who are good at using tools that someone has made, or who have a
good understanding of someone else's book. | hope you to become a person who can make
even the smallest things on his own.

® (Craduate school will be one of the best place to exercise engineering discipline .






