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[ ] This week in Al: The generative Al

boom drives demand for custom chips

Kyle Wiggers, Devin Coldewey / 2:03 AM GMT+8 * September 12, 2023 ] comment

NeuReality lands $35M to bring Al
accelerator chips to market

Kyle Wiggers @kyle_|_wiggers / 8:00 PM GMT+8 * December 6, 2022 L] comment

- 19 billion transistors

« CPU: 6-core CPU, 2 high-performance cores, and
4 high-efficiency cores

« GPU: 6-core with support for ray tracing B e

« Neural Engine: 16-core, 35 trillion operations per Al chip startup Enfabrica raises $125 min, with backing
second from Nvidia

Story by By Stephen Nellis « 1d

« Technology Node: 3nm

Peking University
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Al for Chip

ded DataFig. 4| Visualization of Ariane pl. Left, zero-shot reservesaconvex hullinthe centre of the canvas in which standard cellscanbe
placements fromthe pre-trained policy; right, placements from the fine-tuned  placed, abehaviour thatreduces wirelengthand thatemerges only after many
policy. The zero-shot pl are g d atinfi etimeona hours of fine-tuningin the policy trained from scratch.

previously unseen chip. The pre-trained policy network (with no fine-tuning)

Too many transistors!
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INTERVIEW ARTIFICIAL INTELLIGENCE

Here’s How Al Will Change Chip Design > Artificial
intelligence’s promise and potential for the
semiconductor industry

BY RINA DIANE CABALLAR | 08 FEB 2022 |5 MIN READ | []

Force-directed method places

i RL agent places macros one at a time
Chip gentp standard cell
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Introduction to Al Chips



Historic Perspective: Al & Chips
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Power?
HARDWARE TECHNOLOGIES USED IN MACHINE LEARNING
2 &
£ i N\ Area? Volume?
E e AMD Radeon GPU Google Cloud TPU‘ Nvidia Pascal And Volta
| - & I
3 i Performance?
S | FPGA'S Nvidia Jetson FPGA SOCs Vicia. Baive
< Srapr & xino — B o8
£ - Nvidia Tesla P40 & P4 Google TPU PR X & Wb}
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Application-Specific Integrated Circuits (ASIC)

Performance & Functionality
« BEFKITATEA!
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Field Programmable Gate Array (FPGA)

FPGA: Xilinx Virtex-5 XC5VLX110T

Peking University

Virtex-5 enhanced die photo
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FPGA building block

————————————————————————————————————————————

\ 4rinput "look up table”

Look up table (LUT)

set by configuration

= bit-stream

Function defined by
configuration bit-stream

* implements combinational logic function

Register (Flip-flop)

= optionally stores output of LUT

Peking University
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Specs & Definition

 Energy Efficiency/Power Efficiency:
« Unit: Op/J [operations per Joule] ~ TOPS/W
« Unit: OPS/W [operations per second per watt] ~ TOPS/W
« Throughput/Power
- Peak/Average/Sparse

« Examples:

« Processor A does INT8 Add, 1k times/second, power: 1ImW, what is
the energy efficiency?

« Processor B does FP64 Multiply, 100 times/second, power: 1mW,
what is the energy efficiency?

FLOPS/W

Peking University



Example

Al Performance

GPU

CPU

DL Accelerator

Vision Accelerator

Safety Cluster Engine

Memory

Storage

Jetson AGX Xavier Series

AGX Xavier AGX Xavier Industrial

32TOPS 30 TOPS

NVIDIA Volta architecture with 512 NVIDIA CUDA cores and 64 Tensor cores

8-core NVIDIA Carmel Armv8.2 64-bit CPU
8MB L2 + 4MB L3

2x NVDLA

2x 7-Way VLIW Vision Processor

- 2x Arm Cortex-R5 in lockstep

32GB 256-bit LPDDRéx
136.568/s 136.568/s

32GB eMMC 5.1 64GB eMMC 5.1

What is the Jetson AGX Xavier’s energy efficiency?

Peking University

32GB 256-bit LPDDR4x (ECC support)

NVIDIA Jetson AGX Xavier

ERTEENSEN A FE

UPHY

Power
Networking

Display

Other 1/0

Mechanical

8x PCle Gen4 | 8x SLVS-EC
3x USB 3.1
Single Lane UFS

8x PCle Gen4
3x USB 3.1
Single Lane UFS

10W | 15W | 30W 20W | 40W
10/100/1000 BASE-T Ethernet

Three multi-mode DP 1.2a/e DP 1.4/HDMI 2.0 a/b

UsB 2.0
UART, SPI, CAN, 12C, I12S, DMIC & DSPK, GPIOs

100mm x 87mm
699-pin connector
Integrated Thermal Transfer Plate



Specs & Definition

« Area Efficiency:
« Unit: OPS/mm? [operations per second per mm?]
« Throughput/Area

« Peak/Average/Sparse..
Processor A does INT8 Add, 1k

times/second, area: 10mm?, what is the
area efficiency?

* Memory Density:
« Unit: bit/mm? [bit per mm?]
« Storage Capacity/Area

Memory A has 1Kb, area: 10mm?, what is
the density?

Peking University
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cLoup “‘ — 8 Tra!n!ng: HPC
il Training
Inference: Datacenter

Service delivery
Computing offload

loT management
Storage & caching

Cid Ei
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Inference: Edge
Inference: Mobile
Inference: Tiny (TinyML)
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Hardcore IP: FE#%IP

- BEERIZIT, NHFAAARNEERZHITHEEIR SoC Example:
« Softcore IP: Z-FIA_'*?( O w8 PABRH— AT QT A

 FVerilogHFE 4R IE S HEIABITNEEIR
System-on-a-chip (SoC): FF L &%
o BASHLEEMR—TTEBNAS, —REE
. CPU. GPU. NPU-,

. B L7

- GPIO. X373z
ASIC: Application-Specific Integrated Circuits & FA5ERL BB E&

Peking University
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Specific IRIEFH &
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FPGA/ASICREERI T 4 n) i

Heterogenous Computing SoC

 Hardware accelerators
* Co-processors
* Tons of on-chip memories

NN

Peking University
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D=A-B
OPs/S or OPs/loule E=C+F
* Exploit problem specific parallelism, at G=D/E

thread and instructions level

Software solution Hardware solution
e Custom operational units or / \

“instructions” match the set of

operations needed for the algorithm A A B C F
(replace multiple instructions with one), Ld B \/ \/
custom word width arithmetic, etc. SubD A B .
* Remove overhead of instruction storage Ld C \DE/
and fetch, ALU multiplexing =
’ AddE, C, F
DivG, D, E |
G
7 clock cycles 2 clock cycle

Peking University



Take-Aways

« Al chips are the foundation of Al
 Chip for Al & Al for Chip
. Why Al ASIC

Peking University
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