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thought 1 : 1582 Memory & FLOPs {81
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thought 1 : 1582 Memory & FLOPs {81

A100 HBM 40G/80G
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REFIZ— BB RS
2015 & MLP AAER

2018 &£ CNN. RNNFIBERTEHEFIK
20205F Transformer ATREEYH G ZESL
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DNN Name 2020 2016
MLPO

25% 61%
MLP1
CNNO

18% 5%
CNNA1
LSTMO

0% 29%
LSTM1
RNNO

29% 0%
RNN1
BERTO

28% 0%
BERT1

TOTAL 100%

95%
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thought 4 : 8K SRAM FITZELEER{RAY DRAM

IXKAY SRAM FOFEUEERRAIDRAM

T BRI S HERA SRAM |, AMMEBIERRNNTFT AT,

O AIRITTEE ( Data-flow ) ZHREEFH SRAM RRFIEES.

2%

Muilti- Avg # Programs

tenancy? | (StdDev), Range
MLPO Yes 27 (£17), 1-93
MLP1 Yes 5(x0.3), 1-5
CNNO No 1
CNN1 Yes 6 (10), 1-34
RNNO Yes 13 (£3), 1-29
RNN1 No 1
BERTO Yes 9 (+2), 1-14
BERT1 Yes 5(x0.3), 1-5
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thought 5 : EERIZATF , MIE FLOPs
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% ={t Tensor Core (Ampere)
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% ={t Tensor Core (Ampere)
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AmpereZBf4HY Tensor Core —™ warp
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Data-Flow BIE(HERME5 T,

TPU vl & 65,000 MEEERTT ( 256x256 )

700 MHz BT $EIER

IEEE ] : 92T Operations/s
65,000x2%x700M = 90 TeraOPS

4 MB on-chip Accumulator memory

24 MB on-chip Activation Storage

2133MHz DDR3 DRAM channels for weights(8GB)

ZOMI
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BkzhBE51 systolic array
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TPU SEREBKENRES , LAREIERTBEIFR{EEEM
AEAERAEY AR TT | &REEETE
2R, LS ARERESE LA,

710U RERERE | AReRHFBsLI e
1% , KungfllLeisersonf2 “BXzffes “LUR>
otk , EIER.

OO RZIRIMNEEE | XAERZEEERE |

BXzhPE%ge = | (ERRKaIBEF IR LUE S RS
MR ZICAERTT , N PERFRIEIFEE.

Slides from . =
Shaaban Systolic Architectures

« Replace single processor with an array of regular processing elements

* Orchestrate data flow for high throughput with less memory access

Mj ‘ -
|:PE
PRI (B[ === —>{ PE

* Different from pipelining
Nonlinear array structure, multidirection data flow, each PE
may have (small) local instruction and data memory

» Different from SIMD: each PE may do something different
+ Initial motivation: VLSI enables inexpensive special-purpose chips
* Represent algorithms directly by chips connected in regular pattern

| EECC756 - Shaaban I—
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thought 6 : DSA BEEEIHHERE

DSAMER : DSA ¥ERETEEEHATEIRIERIMLIC , RIRTIEIR:

F—EHIRIE

.

SRR : IR FTLALCHEEE NS, REMIIIGRITEEEX , 83RAEE. EENX
SFiz8. IGRNFEFRECEEREFERATREMEENTR | BItFEERIIRNF
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thought7: ESMFEALREEAASRE , Eiliufit

EERR , O RSN ARERENRE ;
M SRAM #1 HBM Lt DDR4 #1 GDDR6 JEEER , B ES.

THEZERIH

) Picojoules per Operation
Operation 45 nm 7 nm 45/7
[nt 8 0.03 0.007, 4.3
[nt 32 0.1 0.03 3.3
+ [BFloat 16 -- 0.11 -
[EEE FP 16 0.4 0.16 2.5
[EEE FP 32 0.9 0.38 2.4
[nt 8 0.2 0.07 2.9
[nt 32 3.1 1.48 2.1
X [BFloat 16 -- 0.21 -
[EEE FP 16 1.1 0.34 3.2
[EEE FP 32 3.7 1.31 2.8
8 KB SRAM 10 7.5 1.3
SRAM (2 KB SRAM 20 8.5 2.4
1 MB SRAM 100! 14! 7.1
GeoMean = - 2.6
Circa 45 nm Circa 7 nm
DRAM DDR3/4 1300 13002 1.0
HBM2 - 250-450? -
GDDR6 -- 350-480 --

® 70Ml

Horowitz |MB SRAM value is based on a single bank SRAM. Most engineers would use multiple
banks, which is reason for 7.1x reduction in IMB SRAM vs 2.4 for 32 KB SRAM.

1300 p) for DDR3/4 DRAM is only the I/O [Stol2]. HBM2 and GDDR® also list only the 1/O
energy [Micl7,O’CI17, Smi20].

Horowitz M.“Computing's energy problem (and what we can do about it)”. IEEE International
Solid-State Circuits Conference Digest of Technical Papers, 2014.

Jouppi et al., Ten Lessons From Three Generations Shaped Google’s TPUv4i, ISCA, 2021
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thought 8 : FHESRHLILH Al RS
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BE , WMt , IREARELEERIICL API 1 PASS,
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QLTG0 4096 NSRS IZFT ;
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322~400 {32 VLIW 18 SERIESHRFT |
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thought 8 : SHIZIEMALTN Al RIFISE

+ 5 CPURINV GPU L , DSA MISRIHERIBAIR, TS SEREEBIRES ) 2

MLPO MLP1 CNNO CNN1 RNNO RNN1 SSD NMT  Mask Trans Res Geo
R-CNN former NetS0 mean
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thought 8 : FHESRHLILH Al RS

FESERMEFIGPU | (IEFRERATPU | BIREEMHE AR T 2X-, X C++
88, AEFE—EIIBIEHRT 5% 10% EERFE.
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thought 8 : FHESRHLILH Al RS

—HEFHIFERIITEIEIL |, Flash Attention FHRBR/DITEE FLOPs , TIZM 10 BRI
A2 > HBM IBIaLREL , i 7 1T ERTIE.

S\ SRAM: 19 TB/s (20 MB)

HBM: 1.5 TB/s (40 GB)

WETT W1 TeTa% DRAM: 12.8 GB/s
(CPU DRAM) (>1TB)

Memory Hierarchy with
Bandwidth & Memory Size

® ZOMI
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Copyright © 2023 XXX Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain predictive
statements including, without limitation, statements regarding
the future financial and operating results, future product

portfolio, new technology, etc. There are a number of factors that
could cause actual results and developments to differ materially
from those expressed or implied in the predictive statements.
Therefore, such information is provided for reference purpose
only and constitutes neither an offer nor an acceptance. XXX
may change the information at any time without notice.

@ ZOMI

Course chenzomil 2.sithub.io

GitHub github.com/chenzomil2/DeeplLearningSystem



https://chenzomi12.github.io/
https://github.com/chenzomi12/DeepLearningSystem

