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Schedule (EDT)

Time
10:00 - 10:10

10:10 - 10:45

10:45 - 11:15
11:15-11:30
11:30- 12:00

12:00 - 12:10

12:10 - 12:25
12:25 - 12:40
12:40 - 12:55

12:55-13:00

APre-recorded Video

Agenda Presenter -

Brief Q/A at the end of
Welcome + Intro to DNNs Tushar

each talk.
DNN accelerators and dataflows Michael
MAESTRO Cost Model Please use Zoom’s Q/A
Data-centric Mapping Directives Hyoukjun”? feature. You can upvote
Analytical Cost Model Hyoukjun” other ql{eStlonS' We WI.“
o ; . coont answer live or respond in
ompiling and Running MAESTR eonhwa
the Q/A box.

Break

Automated Design-space Exploration using MAESTRO

Marvel: Mapping Space Exploration via Heuristics Prasanth

GAMMA: Mapping Space Exploration via Optimization Felix

ConfuciuX: Hardware Design-space Exploration via RL and Optimization Slides + Videos will be
Wrap Up available on the MAESTRO

tutorial website

https://tinyurl.com/maestro-tutorial-micro2020
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Outline

 What this tutorial is about
* Role within the Deep Learning landscape

* Resources
* MAESTRO
* Synthesis Lectures

* Relevant Background
* Deep Neural Networks
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|_What this tutorial is about



Deep Learning Applications
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Deep Learning Landscape -

Apple Neural Engine
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Resources
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MAESTRO Webpage, Github and Tutorial
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eatures Supported
AESIRO © Tutorials MAESTRO: A Data-Centric Approach for Hardware and Mapping Explorations for Deep
- & http://maestro.ece.gatech.edu [ tushar@ece.gatech.edu MAERI+MAESTRO Tutorial - ISCA Learning Accelerators
2018

M AEST RO : g ) ) ‘ ‘ . IZ\AOAIERHMAESTRO Tutorial - HPCA Date: October 17, 2020
An Open-source Infrastructure for

© MAESTRO Tutorial - MICRO 2020
MAESTRO: A Data-Centric

: Approach for Hardware and :
Find a repository... Type: All ~ Mapping Explorations for Deep Organizers
H H H Learning Accelerators
odeling Dataflows within Deep .
Organizers
Michael Pellauer (NVIDIA)
Overview

Prasanth Chatarasi (Georgia Tech)
Geonhwa Jeong (Georgia Tech)
Sheng-Chun (Felix) Kao (Georgia Tech)

Learning Accelerators maestro

Res:
An analytical cost model evaluating DNN mappings (dataflows and tiling) e

Relevant Papers

deep-neural-networks deep-learning dataflow Useful Links

Get Started 'Watch Demo
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DNN Model 4 * NoC BW Requirement

@®rython BMT Fo o (Do 310 Updated 3 days ago

Tensor Analysis

Cluster Analysis Performance Report

Activity Counts (Energy)
Buffer Size Requirement
Data Reuse Amount

Mapping (Dataflow) ' Reuse Analysis
Perf. Analysis

s Cost Analysis
HW Resources

gamma

@rython MT %o Wwo (Do 110 Updated 3 days ago

Overview

Cost Report
Deep learning techniques, especially convolutional neural networks (CNN), have pervaded vision applications across image classification, face

recognition, video proces:

g, and 50 on due to the high degree of accuracy they provide. Both industry and academia are exploring specialized

hardware accelerator A a solution to provide low-latency and high-throughput for CNN workloads.

The convolution operation s a deeply nested multiply-accumulate loop. For throughput and energy efficiency, each accelerator chooses different
strategies to manipulate the loop ordertiling of the convolution operations and the spatial/temporal mapping of data on compute units, which we
collectively refer to as dataflow. The throughput and energy efficiency of a dataflow changes dramatically depending on both the DNN topology (ie..

http://maestro.ece.gatech.edu http://github.com/maestro-project https://tinyurl.com/maestro-tutorial-micro2020

- Links to papers, wiki, ... - MAESTRO cost model and associated - Slides + Videos + Docker Image
tools: Marvel, GAMMA, ConfuciuX, ..
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Synthesis Lectures
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What is a Deep Neural Network?

Neurons
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input layer
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[Image Source: Stanford]
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Modern Deep Learning Landscape
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Computations in a DNN = Linear Algebra

@ Wi Input Weight Output
n=1
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Wi Neuron => Vector x Vector
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Computations in a DNN = Linear Algebra
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Computations in a DNN = Linear Algebra

Wiqq Input Weight Output
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Convolutional Neural Networks

Input Neurons First Hidden Layer

Even more
“Reuse”

Shared Weights:
All neurons use the same filter weights
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Convolution in CNN

Input Image

Output Image

Filter
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Convolution in CNN

Many Input Image

Input Channels 7 Output Image
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Convolution in CNN

Many Input Image

Filters Output Image

Many
Output Channels

«— § —
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Convolution in CNN
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Challenges with DNN Computations

* Millions of Parameters (i.e., weights)
* Billions of computations |f,> Need lots of parallel computations

|

|

AlexNet (2012) 3.98M This makes CPUs
VGGnet-16 (2014) 28.25M inefficient
GoogleNet (2015) 6.77M
Resnet-20 (2016) 0.27M
Resnet-110 (2016) 1.7M
* Heavy data movement Need to reduce energy
ata Movement Energy Cost
I 500
* _ *{ay] 10x This makes GPUs
PE 3x inefficient
@—am it
[EU»&XSD I 1 (Reference)
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.
Spatial (or Dataflow) Accelerators

* Millions of Parameters (i.e., weights)

* Billions of computations Processing Element (PE)
Memory Hierarchy

Spread computations
across hundreds of ALUs

U ALU ALU ALU

Control

Register/FIFO/SRAM

* Heavy data movement

AyoaiesaiH Atowa

Reuse data within the
array via local memories

and direct communication

Examples: MIT Eyeriss, Google TPU, ...
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Challenges in Design and Deployment
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Focus of this
Tutorial
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MAESTRO: Analytical cost model for DNN dataflows 2
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Accelerator Architecture
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Hyoukjun Kwon, Prasanth Chatarasi, Michael Pellauer, Angshuman Parashar, Vivek Sarkar and Tushar Krishna
“Understanding Reuse, Performance, and Hardware Cost of DNN Dataflows: A Data-Centric Approach using MAESTRO”

MICRO 2019, IEEE Micro Top Picks 2020
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Schedule (EDT)

Time
10:00 - 10:10

10:10 - 10:45

10:45 - 11:15
11:15-11:30
11:30- 12:00

12:00 - 12:10

12:10 - 12:25
12:25 - 12:40
12:40 - 12:55

12:55-13:00

APre-recorded Video

Agenda Presenter -

Brief Q/A at the end of
Welcome + Intro to DNNs Tushar

each talk.
DNN accelerators and dataflows Michael
MAESTRO Cost Model Please use Zoom’s Q/A
Data-centric Mapping Directives Hyoukjun”? feature. You can upvote
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