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A New Golden Age for Computer Architecture: History, Challenges and Opportunities

https://www.youtube.com/watch?v=kFT54hO [ X8M

David Patterson - A New Golden Age for Computer Architecture: History, Challenges

and Opportunities
_ (Mi(‘:‘roprc:c:sso: Evo!utio.n 71RRNE « 3R]

@ UBC Computer Science

Abstract: In the 1980s, Mead and Conway democratized chip design and high-level language programming surpassed assembly ...

ﬁ Turing Awards | What is Computer Architecture | IBM System360 | Semiconductors | Microprocessor... 44 &Y v/
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The Golden Age of Compiler Design in an Era of HW/SW Co-design

https://www.youtube.com/watch?v=4HgShra-KnY

ASPLOS Keynote: The Golden Age of Compiler Design in an Era of HW/SW Co-
The Golden Age of Compilers design by Dr. Chris Lattner

27RZRNE - 15ER

in an era of Hardware/Software co-design

International Conference on @ SiFivelnc
Architectural Support for Programming Languages and
Operating Systems (ASPLOS 2021)

This week at the ASPLOS 2021 conference, Dr. Chris Lattner gave the keynote address to open the event with a discussion of the ...
Chris Lattner
SiFive, Inc.

April 19, 2021

;v;| A New Golden Age for Computer Architecture John L. Hennessy, David A. Patterson June 2018 End o... 22 7" &Y v
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Moore’s Law: The number of transistors on microchips doubles every two years [oNaWERE!

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Y €ar in which the microchip was first introduced
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.
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Chip

Technology Node
CPU

GPU

NPU (AI
accelerator)

Memory (Cache)

Memory (RAM)

ISP (Image signal
processor)

Secure Processing
Unit

"Safety System"

TDP

Tesla - FSD Chip

Samsung 14 nm process

3x (4-core) Cortex-A72

Custom GPU, 0.6 TFLOPS @ 1 Ghz

2x Tesla NPU, each 37 TOPS (total 74
TOPS)

2x 32MB SRAM for NPUs

8GB LPDDR4X, 2x 64-bit, Bandwidth
111 GB/s

24-bit? 1 billion pixels per second

"Security system", verify code has
been signed by Tesla.

Dual-core CPU that checks
congruency between the NPUs

36 Watt

Qualcomm - Snapdragon 865 (Galaxy
S20, March 6 2020)

TSMC's advanced 7nm (N7P)

4x Cortex-A77, 4x Cortex-A55 (4 high
power, 4 low power)

Adreno 650, 1.25 TFLOPS @ 700 MHz
-ish

Hexagon 698 @ 15 TOPS

1 MB L2, 4 MB L3, and 3 MB system
wide cache

16GB LPDDRS5, 4x 16-bit, Bandwidth
71.30 GB/s

Spectra 480, dual 14-bit CV-ISP 2
Gpixel/s, H.265 (HEVC)
Qualcomm SPU230, EAL4+ certified

None

5 Watt
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9,216 MACs
(96x96 array)

Activations Weights
(256B) (128B)

SRAM
(32 MiB)

Write Buffer
(Agg. Results)

128B
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CPU 5 GPU BRI TIE#RIE Workflow
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CPU 5 GPU BRI TIE#RIE Workflow

Sequential Execution

Multi-core CPU

ALU

Control Unit

CPU
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Step 1

Step 4

Step 2

Parallel Execution

Step 3

Multi-core GPU

GPU
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for Activations (256x256x8b = 64K MAC)
(96Kx256x8b = 24 MiB) 29%
29% of chip

14 GiB/s

N

14 GiB/s

\

Accumulators
(4Kx256x3%) =4 MiB)

ﬁ Activation ] Lt E
165 GiB/s Activation Pipeline 6% :
EOff-Chip 1/0 Normalize/Pool ] B
Data Buffer | B
goomousen | (1] 5
ntro
e )
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Google TPU Architecture
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MCPUZIASIC , ZRt8itdkRikid A4t
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RMERFEAAKS ICPU, 4 IESE. GPU, FPGA, DSA, ASIC, I8SEREWS , BN
WIEERRRESRI SIS , BRSO SHaEE.
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MNFH13H1T , ERERIEHT

HEREH—S NRIFHTERBRIHT. SITER CPU + XPU I MNRIRIILIEEES
A, MBSHITENE CPU + GPU + DSA = NE/RAILTESESAY,

CPU CPU

GPUs/NPUs > GPUs

XPUs/DPUs
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B FERNRHEE
RHREETAER | BN, BARGEEED BRTE. BARE. BRRRE

KA, EEREZRENEZMERK | SEA— 1 RARRIHELE.

A BHRENAES

REf Pl <> GePU <> NPU <>  asic
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Question®
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Question®
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Software

| !

Hardware Hardware

B E R
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Hardware vs Software define

FEAHFRE SR
ARGV SEAELRRASCIINE | B4SCIL 0 ; B
TR R HANZ M (eg BRHARVRIERSE)

ER14TE X HEH -
R SSEELIMASCINAE | LI (eg.
, AMSICIEERHUEERF ) ;
BT FEG AT 4mis | B R BB RIS B e T
{E (eg. , HEIEFREEPipelinefIGPU ) ;
BRI T ER(HR AV O (eg AlEIR)

37 Huawei Confidential. Ascend & MindSpore

BRFTE X

RAEUREFRO R TE T8
EHILASIC BT IS B R
< >
B RE X BRI TE X
b TE SRR 5 E A
STEASICI&IT Pl gtz

EfE X


http://www.hiascend.com/
http://www.mindspore.cn/

Hardware vs Software define

BHEN MY | RRENIEY | IRRGEREZINREX
CPU : ZREZFER/ , EARIE., FLURERIHUCRIRFE GRS | SR | 225

J-TQ‘*?:%JE'?FDF“ FEREFF & ( WindowsIB{ERFZE )

GPU : ETSERT , MERASERE LT , RARERR , BEC— 1 =2 MHENITHEE

BX. %éfﬁa&ﬂxﬁk?;ﬁx;ﬁ | ) BIHAR G A EIEE , BIAFISEEEIREER | TER

HELIEE, 2) BRRRE  BAFSEEFHISE  EEZESNAEIGPU, DSAZREN
RIS ERE.

PREREREN : RREFREIGE , SEIMLU—RBN , RFsLI |, B 7 HFEUCFIER
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iTEFR vs WEDPER

BEREIMIRI RS RIS | FEMESIN. TWE. FBUROFMZRMAER (eg. , OpenCL) |,
7 RE IR ( SMRAES ) Fa | TR =BEAERL,

WEELTIHERRTZRREARZTRI05F | B0 AT E T NABIEMERHI TRV ERE
EN BT R RIRMAAP , NAZH—EERZR ( SMEET ) Fa (mIFERERS) .

A BHRENAES

B Pl <> GPU <>  NPU <> asic
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R | R R

BESHA—ITERG , LISTERHRESER , SEMITEIFF W , RABRHFIBEZE .
| ECFIRAIERRERS « N4 ATESx86. ARMFIRISC-VEECPUIETT.

2. BARRZEEESLSME : GIECPU, GPU, FPGARIDSAELMELSIEIT,

3. ﬂ%‘:uh"‘ 25 . TMHTE Intel, Huawei. NVIDIA S4BT GHIETT.

4. Bl : iHERENARSNEEER , BENIEFRE TERDRTF.,

OS/@#lft OS/REiftt
[ L

TR + BHEE + BH R + BN
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&AL
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i WRS N WARS .

A4RiE + SHEE + §F R + RATIE
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Summary : IXEEHEFREN , BRAEAAFNES

ERR R EEST

o BR{FIRIEEE

SR NMEE -
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- DRERAORERLS | R (iR ) EEMSEI /AR
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Summary : IXEEHEFREN , BRAEAAFNES

IREEREMICAID BRI 55
EEFARFET , BAEBDITERRHLEDSARITREITE | ELCRFTRIRERENERIZIADSA |
FAFAENBIEITECPU , FRERFMIZCPULIRE , BIHRERRIIMEEX DR ;
Chiplet + #8FH , REMBEHERIRTT | FERINERUWRTITEHNERIEFT |

RN wames

DSA DSA DSA
cpU’ cpPU’ L2: 5em30%H1TitHE
CPU L3: 5ER20%iB5E1E ]
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Summary : BFRFN. FESH. ARES

BRAEITELME | CPU+GPU+FPGA+DSA S2RMJGMERRABRMRTERMITE. BIinERIICPURIRIENE |
FRITASICRYMERERIER |, SN AR TR E R BN ERETETT.

Falt & o | BirEEN 1], BEHILE—Y). TEUREREEGINEYS | ScEBRG
e REWVSZE. EHERYE , REZHR. ZHPFEX, RS EH,

MR & FIIAERS « SRAROARERITL , SsuEt , AN ES | IFRE. oMl
imRd S, SEMART (BEAERS ) FFakki.

EENBRMG

! ! Interface L2 ! !

LALS OS RIERL / A HER / BIERE / etc.

t t Interface L1 t t

TR/ B / REHMRE / etc.

—— ------ 3------- Interface LO- — — — — — — R 3---

713 U <> GeRrU <> NPU < asic
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l. https://www.youtube.com/watch?v=kFT54hO | X8M

2. https://www.youtube.com/watch?v=4HgShra-KnY
3. https://www.youtube.com/watch?v=N]VecsvO30A0Q&t=369s
4. https://www.nextbigfuture.com/202 1/03/nvidia-drive-uses- 1 000-watts-but-tesla-hw3-fsd-chip-uses-36-watts.html
5. https://en.wikichip.org/wiki/tesla_(car_company)/fsd_chip
6. https://mp.weixin.qg.com/s/mYzBANB|GqjEhKgBCImMSbA
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