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Advanced Architectures

Master Informatics Eng.

2019/20

A.J.Proença

Data Parallelism 6 (neural nets, neuromorphic computing, ...)
(most slides are borrowed)
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Beyond Vector/SIMD architectures

• Vector/SIMD-extended architectures are hybrid approaches
– mix (super)scalar + vector op capabilities on a single device
– highly pipelined approach to reduce memory access penalty
– tightly-closed access to shared memory: lower latency

• Evolution of Vector/SIMD-extended architectures
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM Power BlueGene/Q Compute, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures, code compiled to silica: FPGA
• focus on SIMT/SIMD to hide memory latency: GPU-type approach
• tensor/neural net cores: NVidia Volta, Google TPU, Intel NNP
• ...

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• …
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Machine learning w/ neural nets & deep learning...

Key algorithms to train & classify use matrix dot products, 
but require lower precision numbers!
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Required hardware operations & data types
to train & classify neural nets

NEW!
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NVidia Volta Architecture:
the new Tensor Cores
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For each SM:
8x 64 FMA ops/cycle

1k FLOPS/cycle!
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NVidia competitors with neural net features:
Intel Nervana Neural Network Processor, NNP 

History
• Nervana Engine announced in May 2016
• Key features:

• ASIC chip, focused on matrix multiplication, convolutions,... (for neural nets)
• HBM2: 4x 8GiB in-package storage & 1TB/sec memory access b/w
• no h/w managed cache hierarchy (saves die area, higher compute density)
• built-in networking (6 bi-directional high-b/w links)
• separate pipelines for computation and data management
• proprietary numeric format Flexpoint

in-between floating point and fixed point precision

• Nervana acquired by Intel in August 2016
• renamed the project to “Lake Crest” (prototype only)
• later to Nervana NNP, launched in October’17 (next slides)
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Intel NNPs :
Training (NNP-T) and Inference (NNP-I)
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Intel NNPs:
another view of the Spring Crest
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Intel Inference neural processor (NNP-I)
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Inference Compute Engines
Sunny Cove cores

Intel doesn’t expect the NNP-I to come to the retail market
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NNP-I: the ICE
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The tensor engine
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NNP-I: the Deep Learning Compute Grid

ht
tp

s:
//w

w
w

.e
xt

re
m

et
ec

h.
co

m
/c

om
pu

tin
g/

29
69

90
-in

te
l-n

er
va

na
-n

np
-i-

nn
p-

t-a
-tr

ai
ni

ng
-in

fe
re

nc
e 

/



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 12

Google Tensor Processing Unit, TPU (May’16)
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Google Tensor Processing Unit, TPU (May’16)

Chip floor plan
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TPUs are intensively used
by Google, namely in 

Google Photos, 
RankBrain, StreetView

& Google Translate
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Google TPUv2 (May’17)



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 15

Google TPUv3 (May’18)
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Tesla Full Self-Driving chip (FSD)
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The Neural Processing Unit in FSD
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Competitors with neural accelerators:
Amazon Web Services (AWS)

Announced
Nov’18

No more 
details…
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Competitors with neural accelerators:
Wujian for Alibaba Aliyun cloud

Wujian
SoC 

platform

Announced
March’19
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Wujian from Alibaba :
the 16-core XuanTie & the NUU  

16-core 
RISC-V 
XuanTie

NPU 
Hanguang 800
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Cerebras Wafer Scale Engine (WSE):
the largest chip ever built

400,000 
Sparse Linear Algebra 

(SLA) cores
(AI-optimized)
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Packing the Cerebras WSE:
clusters of CS-1s (Argonne National Lab)
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The CS-1 internal structure
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Cerebras WSE
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Beyond Vector/SIMD architectures

• Vector/SIMD-extended architectures are hybrid approaches
– mix (super)scalar + vector op capabilities on a single device
– highly pipelined approach to reduce memory access penalty
– tightly-closed access to shared memory: lower latency

• Evolution of Vector/SIMD-extended architectures
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM Power BlueGene/Q Compute, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures, code compiled to silica: FPGA
• focus on SIMT/SIMD to hide memory latency: GPU-type approach
• tensor/neural net cores: NVidia Volta, Google TPU, Intel NNP
• neuromorphic computing: IBM TrueNorth, Intel Loihi

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• …
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Neuromorphic landscape:
IBM TrueNorth, Intel Loihi, 
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The IBM TrueNorth chip array (August’2014)

TrueNorth Chip:
• 4096 neurosynaptic cores
Each core:
• 256 inputs (axons)
• 256 outputs (neurons)
• RAM w/ data for each neuron
• router (any neuron to any axon)
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The IBM TrueNorth architecture
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Intel Loihi chip
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Intel Loihi chip
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Intel Loihi chip
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The Intel Loihi
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Intel Loihi chip
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Systems with Intel Loihi

Nahuku board: 
16 Loihi chips

at each side
in a 4x4 mesh
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Beyond Vector/SIMD architectures

• Vector/SIMD-extended architectures are hybrid approaches
– mix (super)scalar + vector op capabilities on a single device
– highly pipelined approach to reduce memory access penalty
– tightly-closed access to shared memory: lower latency

• Evolution of Vector/SIMD-extended architectures
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM Power BlueGene/Q Compute, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures, code compiled to silica: FPGA
• focus on SIMT/SIMD to hide memory latency: GPU-type approach
• tensor/neural net cores: NVidia Volta, Google TPU, Intel NNP
• neuromorphic computing: IBM TrueNorth, Intel Loihi

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• x86 multicore coupled with GPU cores: Intel i5/i7
• ARMv8 cores coupled with GPU cores: NVidia Tegra... Xavier
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Intel multicore coupled with GPU-cores

Skylake

Haswell
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NVidia Tegra: SoC partnership with ARM (1)

• Tegra 2 in Android (2010) ...
• Tegra 3 in Audi infotainment (2012) ...

Tegra 4:
replace the 32-bit ARM 

Cortex A9 by 
Cortex A15, and add 

72 CUDA-cores

Tegra 4

A15

A15A15

A15A15

A9

A9 A9

A9A9

Tegra 3 Nov’2011
May’2013



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 38

Replace the GPU block by 192 GPU-cores (from Kepler) and 
offer either 32/64-bit CPU cores => Tegra K1

NVidia Tegra: SoC partnership with ARM (2)

Apr’2014
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Replace the GPU block by 192 GPU-cores (from Kepler) and 
offer either 32/64-bit CPU cores => Tegra K1

NVidia Tegra: SoC partnership with ARM (2)

Apr’2014

+1 (battery saver)
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• Replace the 5x 32-bit ARM by 2x4 32-bit Cortex (A57 & A53)
and the 192 Kepler CUDA cores by 256 Maxwell => Tegra X1

A15

NVidia Tegra: SoC partnership with ARM (3)

May’2015
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NVidia Tegra: pathway towards ARM-64 (1)

• Upgrade 32-bit ARM to 64-bit ARM (Denver 2 & A57) and 
replace Maxwell cores by Pascal ones => Parker Aug’2016
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NVidia Tegra: pathway towards ARM-64 (2)

• Increment #ARMv8-cores (custom architecture) and replace 
Pascal cores by Volta (w/ tensor cores) => Xavier Jun’2018
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The Jetson line of embedded Linux AI
and computer vision compute modules 
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Competitors of the Jetson line:
Google Coral Edge TPU, Raspberry Pi + Intel NCS

https://augmentedstartups.com/movidius-ncs-with-raspberry-pi-vs-google-edge-tpu-coral-vs-nvidia-jetson-nano-a-quick-comparison/
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Beyond Vector/SIMD architectures

• Vector/SIMD-extended architectures are hybrid approaches
– mix (super)scalar + vector op capabilities on a single device
– highly pipelined approach to reduce memory access penalty
– tightly-closed access to shared memory: lower latency

• Evolution of Vector/SIMD-extended architectures
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM Power BlueGene/Q, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures, code compiled to silica: FPGA
• focus on SIMT/SIMD to hide memory latency: GPU-type approach
• tensor/neural net cores: NVidia Volta, Google TPU, Intel NNP
• neuromorphic computing: IBM TrueNorth, Intel Loihi

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• x86 multicore coupled with GPU cores: Intel i5/i7
• ARMv8 cores coupled with GPU cores: NVidia Tegra... Xavier


