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

| BY JOHN L. HENNESSY AND DAVID A. PATTERSON

By John L. Hennessy, A New Golden
David A. Patterson
Age for
Computer
Architecture

Communications of the ACM’ WE BEGAN OUR Turing Lecture June 4, 2018" with a review
February 2019, Vol. 62 No. 2 of computer architecture since the 1960s. In addition

to that review, here, we highlight current challenges
and identify future opportunities, projecting another

(aS 2020 Tu riﬂg I—eCture) golden age for the field of computer architecture in

the navt decade muich lilke the 1020c when we did the
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The future of computing: a conversation with John Hennessy (Google I/0 '18)
https://www.youtube.com/watch?v=Azt8Nc-mtKM
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What's Left?

SW-Centric

e Modern scripting languages are interpreted, dynamically-typed
and encourage reuse
e Efficient for programmers; not for execution

HW-Centric choh

e Only path is Domain Specific Architectures
e Just do a few tasks, but extremely well

+10.0
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Cerebras CS-1

. Neural Network FZE&HH
- Single CPU
WSE - Wafer Scale Engine
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Single, but HUGE Processor

- WSE - Wafer Scale Engine
30cm Wafer £33 &
400,000 cores
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WSE - Wafer Scale Engine TSMC 16nm FinFET
e 400,000 PEs
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4Q19 Revenue by Technology
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“2019 Fourth Quarter Earnings Conference”, TSMC, Jan 16, 2020
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Processor Element

- 8 Dataflow Arch.

Fabric Switch
Dataflow frigger - 40/3PE
Data | Control
SRAM | - BT AEYUT 18GB (SRAM)
Memory

Registers -
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Placement
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Defying Defects
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Power and Cooling

- 15KW power / 84 chips
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Data 1I/0 solution FPGAs XCVRs

Manage TCP network connections by local CPU Lcopcal

TCP network data does not go through CPU

TCP network data — FPGAs — WSE
WSE — FPGAs — TCP network data

On-board optical transceivers

12x 100GbE/MPO OM4 —>

@erebras




Software Side
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RISC-V : A—T 271X ISA (fantzy NP —F570F )
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2018, 2019 M RISC-V Summit, US TORREREIRE
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- M5StickV

K210 (64bit dual core, FPU, NN engine, 400MHz, TSMC
28nm)
+ LCD, Camera, Gyro IR 1R EMUT 3000HTAAS

- HiFive Unleashed board - $999 with 8GB DDR4, 1GbE

SiFive FU540 chip - TSMC 28nm, 64bit Quad core,
1.5GHz+, MMUB T Linux E{E

Open Source RTL - https://github.com/sifive/freedom
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- SiFive (CKE)
U8 Core IP : 64bit, 34545 Superscalar / Out-of-Order, <JLFI773dI&, MMU & 0D
12$ SiFive (FO 7T TH < BhERIT G Z2H T
- HBM2E+ : 7nm #&:E5&, 400Gbps (or E> 371z 3.2Gbps)

. Shield : RISC-V @ TEE (Trusted Execution Environment) %5, Arm TrustZone B3
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- Andes (&B)
NX27V : 64bit, 1.1GHz, Vector Processor Unit oD
- Alibaba
Xuantie 910 : 64bit, 16cores, Out of Order, 2.5(!1)GHz, “for AI and 5G” << &RED
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« R—X ISA (F#B>>T)IL
B 232K (0FE(FTOETE) Embeddedilld 164KMRVI2EEH 2
load, store, and/or/xor, add, sub, compare, branch, jump, nop 12E
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Standard Extension : —ﬁ]QH’TC‘Eb\(C@i;@ UIWKDI(TE%E
— BHOZFEFFRGD - =wOfne - H - BREDEFE/N St I S5HhRT

Non-Standard Extension : bt + 1t Extension &D&ZEZHFES
(Standard Extension &M conflict B E)



@ SiFive ContactSales  Logln

Vastly
customizable
core IP.

Get best-in-class core IP developed
by the inventors of RISC-V and

customize it to your exact

specifications.

Design Core

“WebTTCorez%:zt’

https://www.sifive.com/




Here’s how it works.

01. Design

Customize a SiFive Standard
Core to meet the precise

needs of your product.

YL AYAY A)

35

02. Evaluate

Simulate with fully-functional,

synthesizable Verilog RTL.

Run your application code on
an FPGA.

CCEXTHEDOID

03.License

Licensing is straightforward
and your custom RISC-V core

IP is available within weeks.

NI HhIRH

https://www.sifive.com/



@ SiFive Chip Designer Contact Sales Login

Chip design,
reimagined.

Introducing a fast, affordable, and

efficient new way to design silicon

chips.

Coming Soon

>Ua>F Tl

https://www.sifive.com/



A new way of building custom silicon.

01.Design

Choose the template that
suits your application. Create
variations using arich library
of IP from our DesignShare
Partners — or onboard your
own IP. Save as many custom

template designs as you like.

CCIEFHOH D
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02. Prototype

Run your application code on

virtualized chips. Iterate until

you get the performance

that’s right for your product.

EDAY —/LizE{#

NI D

03. Order

Receive sample chips within

months — at a deep discount.

With SiFive, there are no_

upfront IP costs until you

need production quantities.

SEFTHIAWARE

NI Z<RWN?

https://www.sifive.com/
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SDK (Compiler, Debugger, etc.) 5 TE&3
(Comp gger, etc.) Your RISC-V Your RISC-V
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ZAERISC-VIY (A>A—F—) (FRHEENS Hardware Design Kit Software Design Kit
X T o = *  RTL models «  Compiler
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http://riscv-association.jp/wp-content/uploads/2019/10/Codasip-RISC-V-Day-Japan-2019.pdf
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- Massive Parallel Processing : J A~ > BOEFIE
- TLR7R Software Xt
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