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Performance vs. VAX11-780
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End of the Line = 2X/20 years (3%/yr)

Amdahl’s Law = 2X/6 years (12%/year)
End of Dennard Scaling = Multicore 2X/3.5 years (23%/year)
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 John L. Hennessy and David A. Patterson, A New Golden Age for Computer Architecture, CACM, Feb. 2019.
e https://www.anandtech.com/show/13392/the-iphone-xs-xs-max-review-unveiling-the-silicon-secrets/4
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David Patterson, A New Golden Age for Computer Architecture: History, Challenges, and Opportunities, 2018
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Serge Leef, DARPA, Automatic Implementation of Secure Silicon, SIGARCH Visioning Workshop, 2019
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David Patterson, A New Golden Age for Computer Architecture: History, Challenges, and Opportunities, 2018
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System Emulation and Prototyping for RISC-V Environment

SERVE wrisc-y
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x1linx-pcie 40000800.ax1-pcie: PCIe Link 1s UP

x1linx-pcie 400000880.ax1-pcle: host bridge famba_pl@a/axi-pcie@7o084
x1linx-pcie 40006000.ax1i-pcie: No bus range found for famba_pl@a/4
x¥1linx-pcie 400060080.ax1-pcie:  MEM 0x70000000..0x7fffffff -> ox784
xilinx-pcie 48000080.ax1i-pcie: PCI host bridge to bus 0880:00
pcl_bus 8000:80: root bus resource [bus @a-ff]

pci_bus 8060:00: root bus resource [mem 0x78000000-0x7fffffff]

pcl G0A0:00:00.0: BAR 0: assigned [mem 8x70000000-0x73ffffff 64bit]
pcl 8000:00:80.0: BAR 8: assigned [mem 8x74000000-0x740ff1{f]

pcl 8080:01:80.0: BAR 0: assigned [mem 8x74000000-0x74002fff 64bit]
pcl 0000:00:00.0: PCI bridge to [bus @1]

pcl 0800:00:00.0: bridge window [mem 8x74000000-0x740fffff]

nvme nvmel: pci function 600O:01:008.0

Started Remove Stale Onlin. |extd4 Metadata C
Reached target Graphical Interface.
Starting Update UTMP about System Runlevel
Started Update UTMP about System Runlevel C

Debian GNU/Linux bullseye/sid label-riscv hvco

label-riscv login: root

Password:

Last login: Thu Feb 14 10:16:45 UTC 2019 on hvce
Linux label-riscv 4.18.08-ga57318a4-dirty #41 SMP Wed

The programs included with the Debian GNU/Linux syst
the exact distribution terms for each program are de
individual files in fusr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY,
permitted by applicable law.

root@label-riscv [16:15:21 ~] $ cat /proc/cpuinfo
hart : 8

1sa : rvG4imac

mm : 5v39

uarch : sifive, rocketn

root@label-riscv [10:15:27 ~] %

SS h%%

gCcchmiE

1={Tpython

javagmiE
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Ke Zhang, Yisong Chang, Mingyu Chen, Yungang Bao, Zhiwei Xu. ZyCube: An In-House Mini-Cluster for Agilely
Developing and Conducting Computer System Course Projects (Poster), in the Proceedings of ACM Global
Computing Education Conference 2019 (Comp£Ed20179), May 2019, Chengdu, China
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Ke Zhang, Yisong Chang, MingyuChen, YungangBao, and ZhiweiXu. 2019. Computer Organization and Design Course with
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_ Labeled RISC-V FPGAREIRARE | | GF 14nm ASICRAIFMEER |

. rocket#z’) * 4 . Slow Corner, 0.72V, 125C
. 16KB L1 1%, 16KB L1 D$, 2MB L2% . ZiER1.25GHz
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Yungang Bao, Sa Wang, Labeled von Neumann Architecture for Software-Defined
Cloud. Journal of Computer Science and Technology (JCST), 32(2): 219-223, 2017.
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RedHat_

RGN AEZEGI: #EEIRedHatfZ{EFedora
> RedHatT iEIPniEEFREANEBHTTFedorafdizia

(R &R

XH = SERVE.c + SERVE.v

i 1 HLS E 2 a2 E. ..
Started Permit User Sessions.
Starting Terminate Plymuuth Boot Screen...
Starting Hold until boot process finishes up...
[ 0K ] Started Terminate Plymouth Boot Screen.
[ ok 1 Started Hold until boot process finishes up.

Welcome to the Fedora/RISC-V disk image
https://fedoraproject.org/wiki/Architectures /RISC-V

Build date: Wed Jul 3 20:19:49 UTC 2019

Kernel 4.18.0-ga57318a4-dirty on an riscv64 (hvco)
The root password 1s ..riscv...

To install new packages use 'dnf install ...°

To upgrade disk image use 'dnf upgrade --best:®

If DNS 1sn..t working, try editing ../ etc/yum.repos.d/fedora-riscv.repo...

For updates and latest information read: _
https://fedorapeople.org/groups/risc-v/disk-1mages/readme. txt

Fedora/RISC-V

ji: http://fedora-riscv.tranquillity.se/kojay
SCM: http://fedora-riscv.tranguillity.se:3000/
Distribution rep.: http://fedora-riscv.tranquillity.se/repos-dist/
Koji internal rep.: http://fedora-riscv.tranquillity.se/repos/
[ "230.410000] tx irg = 4
[ 23p.410000] rx irg = 5
fedora-riscv login: root
Password:
[root@fedora-riscv ~1# passwd

EXE ERIhEFEFedora
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Architecture 2030 @ ISCA’16

arch2030.cs.washington.edu

Arch|tecture 2030 @ ISCA’16

Luis Ceze, Tom Wenisch

Mark Hill
(CCC liaison, mentor)

Big themes o FRE(H (/)
* Making HW as easy to design/write as SW, open sourcing N s S
* New devices/better exploitation of physics/biology ® ltﬁtﬁﬁ{tF{%;:FE&Kﬁ%B

* Post-ISA era
* Post-Dennard/Post-Moore ﬁ'@_’] / ﬁJij& X%IEE/J

*Vertical integration (systems companies) - .
*von Neuman is dead, long live von Neumann E*EE@ (Blg themeS)




SIGARCH Visioning Workshop @ ISCA’19

https://sites.google.com/view/agile-and-open-hardware
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(UC Berkeley/Google) (UCSD) (MIT/Nvidia) (UCLA)
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(MIT/Stanford) (Google) (UC Berkeley) (MIT)



SIGARCH Visioning Workshop @ ISCA’19

o 11 MRS (EET101, FEXI)
o KZ: Berkeley/MIT/Stanford/UCLA/UCSD

o fBMk: Nvidia. Google % E & B FARIE .
» BFHIA: DARPA ch EE T

9:05 am - 9:35 am, David Patterson, UC Berkeley/Google, A New Golden Age for Computer Architecture

9:35 am - 10:05 am, Vivienne Sze, MIT, Domain-Specific Architectures for Al and Robotics: Opportunities and Challenges

10:05 am - 10:35 am, Serge Leef, DARPA, Automatic Implementation of Secure Silicon

10:35am - 11:05 am, Andrew Kahng, UCSD, Bringing Design Technology and Architecture Closer Together: What Open Source Might Enable

= 11:30am - 12:00 pm, Yungang Bao, Chinese Academy of Sciences, The Four Steps to An Open-Source Chip Design Ecosystem

= 12:00 pm - 12:30 pm, Richard Ho, Google, Building A Sustainable Open-Source Hardware Ecosystem
2:00 pm - 2:30 pm, Mark Horowitz, Stanford, AHA! - Agile HArdware

2:30 pm - 3:00 pm, Jason Cong, UCLA, Democratize Customizable Computing

3:00 pm - 3:30 pm, Brucek Khailany, NVIDIA, Machine-Learning-Assisted Agile VLSI Design for Machine Learning
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4:30 pm - 5:00 pm, Adam Chlipala, MIT, Strong Formal Verification Across a Hardware-Software Stack with RISC-V
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