Embedded Al for Autonomous Vehicles:

Efficient Programmability of Cognitive Heterogeneous Systems (EPOCHS)
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What is needed?

Edge Embedded Intelligent SoC Trends

How to design and quickly implement an easily programmed domain-specific SoC that

implements a smart, real-time cognitive decision engine within smart connected vehicles (e.g.,

Next generation cognitive
cars or drones) g g
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v Military combat vehicles, drone-swarms real-time information.

Challenges: design integration complexity, validation,
v  Smart connected cars: semi- or fully autonomous

efficiency, reliability, programmability

EPOCHS - IBM’s DSSoC Project EPOCHS: Key Innovations (Summary)

' Flexibility

' Programmability

Technology Transition Impact Trajectory

EPOCHS: Efficient Programmability of Cognitive Heterogeneous Systems
- Innovate novel methodologies for rapid development of multi-application
systems through a single programmable, heterogeneous SoC
- Focus on autonomous vehicles with applications drawn from
the domains of Computer Vision and Software Defined Radio

* Commercialization Paths:
- IBM Watson IoT for Automotive:

‘ Design Cost

— = EPOCHS Reference Application (ERA) — multi-domain
application to drive the project + aid technology transfer

P ad
Q

= ‘ S <=9 — Partner/collaborators like Honda, Samsung, BMW, Toyota, etc.
;:::;::& & = Open-source tools + ecosystem for SoC arch. definition leveraging also IBM’s Research Frontier Institute (RFI)
fusion ‘ I e > http://www.research.ibm.com/frontiers/
_and Consensus Fabrl —F vrh«s = H/W assisted smart task scheduler, resource manager
EPOCHS Reference Application || mmwave Radar ‘_I—’:;::m
(ERA) (((' :"d':"' Do Backed by our PERFECT — " Retargetable open-source compiler (LLVM/HPVM) « DoD Impact Paths:
Imaging

— Key driver of the cross-layer rapid

rocessing

o

—>

| sensing
| Fabric

expertise in low power
ML/DL accelerator design
and tape-outs

(16 nm TSMC & 14nm GF)

- Guidance from DoD military combat vehicle experts

- Drone-swarm collaborative impact — Naval Research Lab (NRL)

— Design methodology and IP contribution to IBM Albany Advanced
Technology Center (ATC), with possible DoD support

development methodology
— Application for multi-vehicle
(cooperative) sensor fusion

Accelerator IP identification and placement (Jasmine)

GALS-driven NoC, swarm Al resource management

e ® = Rapid system-level integration methodology (ESP)
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EPOCHS - IBM’s DSSoC Project: Exemplary Innovation Specifics
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Rapid design space exploration
Novel system-Llevel integration

PI: Pradip Bose (IBM)

Sarita Adve, Vikram Adve, Sasa Misailovic (UIUC)
Luca Carloni, Ken Shepard (Columbia)

David Brooks, Gu-Yeon Wei (Harvard)

Systematic identification of accelerator components

Open-source compiler and programmi

= System-level design methodology promoting HW/SW codesign

ng model

= Flexible integration of heterogeneous components; rapid prototyping
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= Decentralized resource self-management using swarm-Al learning

= Distributed error recovery and reconfiguration
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Combining hardware and software
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