Machine Learning and Al-IC
Applications of Al-ICs
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Artificial Weak/Narrow Intelligence ( )
Focuses on improvement of individual ability, e.g. Siri
Artificial General Intelligence ()
On humankind, human’s brains, e.g. TrueNorth
Artificial Superintelligence ()
Smarter than human brains, including innovation, recognition and social
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Alan Turing and Al

ACM:

Turing is widely considered to be the father of theoretical
computer science and

Vor. uix. No. 236.] [October, 1950

MIND
A QUARTERLY REVIEW
OF

PSYCHOLOGY AND PHILOSOPHY

I—-COMPUTING MACHINERY AND
INTELLIGENCE

By A.M. TuriNg
Tunng aged 16 1. The Imatation Game.
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https://amturing.acm.org/byyear.cfm
https://en.wikipedia.org/wiki/Artificial_intelligence

4

Ray Solomonoff (London)

Oliver Selfridge (MIT)
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DNN Algorithm,
Backpropagation Next Step:
(1986); BP? Capsule?
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Artificial
Intelligence

Deep
Learning
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Actionism

Aka evolutionism or cyberneticism
Probabilistic Graphical Models

E.g. Bayes network, Random mean forest
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Unsupervised learning

Clustering (e.g. K-means, GMM),
Dimensionality Reduction, PCA,

Reinforcement learning ICA, etc.

9 (SUMMER 2021 UCAS, Beijing) Al-Big Data & SoC Design



10 (SUMMER 2021 UCAS, Beijing) Al-Big Data & SoC Design


file:///D:/C_/13_CDN/13_MEETING_Int/Cadence_Links_2013.pptx#1. Cadence Links
file:///C:/C_/14_Y2Y/14_MTG_Ext/Q1_14/Qualchip_Overview.ppt#1. PowerPoint 演示文稿
file:///C:/C_/14_Y2Y/14_MTG_Ext/Q1_14/0317_Talk/SEMI-PPT_17_March_2014.pptx#1. Reliability Aspects of Advanced IC Technologies with ESD and Anti-radiation Capabilities
file:///C:/C_/14_Y2Y/14_MTG_Ext/Q1_14/0317_Talk/SEMI-PPT_17_March_2014.pptx#1. Reliability Aspects of Advanced IC Technologies with ESD and Anti-radiation Capabilities

Comparison of Learning Flow in ML and DL
Machine Learning

_.\_%j_. Fefn —

Feature extraction Classification

Deep Learning

vy
N VN

Feature extraction + Classification
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CNN,

Convolutional Neural Network
Cellular Neural/Nonlinear Network

RNN,
Recurrent Neural Network
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® Yoshua Bengio

® Geoffrey Hinton

® Yann LeCun
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https://awards.acm.org/award_winners/bengio_3406375
https://awards.acm.org/award_winners/hinton_4791679
https://awards.acm.org/award_winners/lecun_6017366
https://awards.acm.org/award_winners/bengio_3406375
https://awards.acm.org/award_winners/lecun_6017366
../EXTRA/2019_UCAS_11_ML_ACM.pptx

translation of spoken words
into text.

Medical Diagnosis. ML provides
methods, techniques, and tools that
can help solving diagnostic...

Statistical Arbitrage.

Automatic Colorization of Black
and White Images.

Automatically Adding Sounds To
Silent Movies

Automatic Machine Translation
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Occipital lobe
Visual activity

Temporal lobe
Memories
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Visual,
High order association
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The adult human brain contains about 85-86

billion (86x10°) neurons, 28139l of which

16 billion (16x10°) are in the cerebral cortex
and 69 billion (70x10°) in the cerebellum.39
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https://en.wikipedia.org/wiki/Neuron#cite_note-nervenet-38
https://en.wikipedia.org/wiki/Neuron#cite_note-sfn-39
https://en.wikipedia.org/wiki/Cerebellum
https://en.wikipedia.org/wiki/Neuron#cite_note-sfn-39
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Contains 5.4x10° transistors (Sg28nm)

Atlow T, 70 mW, about 1/10,000t" of conventional MPU
Application
SyNAPSE 16 chips for DARPA
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Von Neumann Arch. (Wiki)
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transform, lighting,

rendering engines”

GPU for DL and EC Nvidia DLA (Deep Learning Accelerator)

“DL Solution for Edge Computing”
(SiFive-RISC-V, 03/29/19 Shanghai)
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https://en.wikipedia.org/wiki/Transform,_clipping,_and_lighting

(Used in Tesla)

VGG16
AlexNet
SSD300
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3.0, 28nm, <331 mm?,

2017 Gen2: 4x16GB HBM
4x600GB/s, 180TFLOPS~>
11.5PFLOPS

2018 Gen3: 2x of Gen2, 1024
chips per pod, 28nm, 700MHz,

40W 2018, TPU 3.0, 100 PFLOPS, Google
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® https://www.tensorflow.org/
Feb 15, 2017, TensorFlow 1.0 [09/27/16 > 11/06/16 > 02/15/17]
Nov 04, 2018, TensorFlow 2.0

DeepMind,
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https://www.tensorflow.org/

Computation Needs vs Power Limits

Computation (OPS)
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CNN becomes most popular

Pattern (LeNet)
Image (AlexNet)
Vision (LRCN net)
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Comparison of Computing Engines’ Flexibility

Computing Engine Choices

For Application-Speciic Processors [ASPs)
Application Domain Requirements —+ ASP 1SA—ASP Architecture
e.g Digital Signal Processors|DEPs)
Network Processors{MPs)
Mediz Processors
Graphics Processors Units[GPUs)
Physics Processors =»-

General Purpose
Processors

Application-Specific
Processors
(GPPs)

Procesors =Programmable Computing element that runs
programswritten using a pre-defined set of instructions
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Application-Specific
Integrated Circults

Specialization, Development cost/time
Performance’Chip Area/Watt(Computation Effciency)
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AlexNet
VGG
ResNet

Natural language processing
(NLP)

Automatic ...
translation ...

Pattern recognition
Facial recognition system

Social engineering

33 (SUMMER 2021 UCAS, Beijing) Al-Big Data & SoC Design



Ref. Mohanty et al.
IEDM 2017
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Apple Chip A Series
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Memory 40GB, 20 PB/s
Fabric 220 Pb/s
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IC
Area
Transistors

Cores

On-chip memory

Memory
bandwidth
Fabric
bandwidth
Fabrication
process
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WSE-2 vs Largest GPU

WSE
46,255mm?
1.2 trillion
400,000
18GB

9PB/s

100Pb/s

16nm

WSE-2
46,255mm?
2.6 trillion
850,000
40GB

20PB/s
220Pb/s

/nm

Nvidia A100
826mm?
54.2 billion
6,912 + 432
40MB

1,555GB/s
600GB/s

7nm
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Comparison of Al-Chip Features
GPU, FPGA, ASIC, Neuromorphic

Customization General

Programma-
bility

App scenario
Vendor

Advantages

Disadv.

No

Cloud train.
Nvidia

Peak comp.,

mature

Effic., prog.,
power

Semi-custom
Easy

Acc., D Citr,
Infer.

Xilinx, Altera

Perf. Power,
prog., fast

Cost, peak
comp.

Customized
Difficult

Widely used

Google,
Cambricon

Av. Perf.,
power, size

NRE, R&D
cycle, risk

Neuromorphic
No

Comp. recog.
Envir.

IBM

Power, comm.,
recog

Immature




