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Fundamental forces are accelerating change in our industry

Price/Performance

IT innovation can no longer come
from just the processor

Moore’s Law
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tx Faster Data Communication with Unique
CPU-GPU NVLink High-Speed Connection

Store Large Models
in System Memory

Fast Transfer
via NVLink

© 2018 IBM Corporation
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Molecular Dynamics (CPMD)

256 Water Random

LOWER IS BETTER

283

POWER AC922 w/ 4x Tesla V100

https://developer.ibm.com/linuxonpower/perfcol/perfcol-technical/
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Xeon Gold 6150 w/ 4x Tesla V100



GROMACS performance on IBM Power System S822LC system pr——
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tx Faster Data Communication with Unique
CPU-GPU NVLink High-Speed Connection

Store Large Models
in System Memory

Fast Transfer
via NVLink

Operate on One
Layer at a Time

© 2018 IBM Corporation
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Large Al Models Train
~4 Times Faster

POWER9 Servers with NVLink to GPUs
VS
x86 Servers with PCle to GPUs

© 2018 IBM Corporation

Caffe with LMS (Large Model Support)
Runtime of 1000 Iterations

3.2 Hours
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Xeon x86 2640v4 w/ 4x Vioo GPUs  Power ACg922 w/ 4x Vioo GPUs

GoogleNet model on Enlarged
ImageNet Dataset (2240x2240)




Tera-scale Computational Advertising Application

1 million
Criteo Releases Industry’s Largest-Ever Dataset labels features
for Machine Learning to Academic Community : =
— click
New York - June 18, 2015 - Criteo (NASDAQ: CRTO), the performance .
. — no click
marketing technology company, today announced the release of the largest
public machine learning dataset ever issued to the open source community,
with the goal of supporting academic research and innovation in
distributed machine learning algorithms. 4 2 b||.|.|0n
examples

Sparse data

matrix

Predict whether a user will click on a given advert based 2315

on an anonymized set of features.
Train: Fit model parameters using 4.2 billion examples.

Inference: Evaluate model on 180 million unseen examples.
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IBM Open Source Based Al Stack

Auto-Al software: PowerAl Vision, IBM Auto-Al

Watson Watson Watson
Studio Machine Learning OpenScale
Watson ML Accelerator :
WML CE Model Metrics,
Watson ML CE Bias, and Fairness
Data Preparation : : Monitoring
Model Development Runtime Environment
Environment Train, Deploy, Manage Models
dmlc
= XGBoost
jupyter Studio
s S Previous Names:
b' '\_)'\_Jl, WML Accelerat(?r = PowerAl Enterprise
Accelerated AC922 Storage WML Community Ed. = PowerAl-base

Power9 Servers (Spectrum Scale ESS)  Runs on x86 & other storage too
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Hong Kong International Airport is
leveraging POWER9 and PowerAlI Vision
to boost operational efficiency and
improve security.



IBM Open Source Based Al Stack

Auto-Al software: PowerAl Vision, IBM Auto-Al

Watson Watson Watson
Studio Machine Learning OpenScale
Watson ML Accelerator :
WML CE Model Metrics,
Watson ML CE Bias, and Fairness
Data Preparation : : Monitoring
Model Development Runtime Environment
Environment Train, Deploy, Manage Models
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= XGBoost
jupyter Studio
s S Previous Names:
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Accelerated AC922 Storage WML Community Ed. = PowerAl-base
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A 64-GB Sort at 28 GB/s on a 4-GPU POWERY Node for
Uniformly-Distributed 16-Byte Records with 8-Byte Keys

Gordon C. Fossum!, Ting Wang? and H. Peter Hofstee!-

2x100Gb/s

o Blewenc 1, Texas, USA
T ER ighai, China
etherlands
DDR4 » POWER9 —— POWER9 » DDR4 m.com, hofstee@us.ibm.com
170 GB/s 64 GB/s 170 GB/s
bty ™™ | 64GB Sort (“Newell”) 1 GPU 2 GPU 4 GPU
{ V100 V100 (1V100] |'V100 || V100 | V100 Local Read (Estimate) 1.92s 0.96s 0.48s
: : 4x(25+25) GB/s 4x(25+25) GB/s . Partitioner (Measured) 1.71s 0.90s 0.85s
MY RV NUMA Write (Estimate) 1.92s 0.96s 0.57-0.80s
Partitioner Write (Measured) 1.95s 1.03s 1.16s
Local (Read-) Write (Estimate) 1.92s 0.96s 0.57s
Final Sort (Measured) 3.42s 1.79s 0.91s
Total Sort (Measured) 5.91s 3.12s 2.26s
Throughput (Estimate) 17GB/s 33GB/s 67GB/s
Throughput (Measured) 11GB/s 17GB/s 28GB/s




OpenPOWER Cloud-Optimized Systems

Power9 Zaius/Barreleye G2 Wistron Power9 MiHawk
1Tb/s (10x 100Gb/s) demo!
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OpenCAPI !
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Option
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AlphaData '9H7 and ‘9V3 with OpenCAPI !
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| | | Si Interposer | |

XCVU37P
Virtex UltraScale+ FPGA

SLR + Integrated HBM
an | UL L

Controller Controller

+ PHY Flexible Addressing + PHY
: N JNSS
HBM Controller : :
High High High High
Bandwndth Bandw:dth Bandwidth Bagdwidth
Memo Memo Memory N

Pseudo-Channels

HBM-enabled VU37P

https://www.xilinx.com/support/documentation/white_papers/wp485-hbm.pdf



Apache Arrow & Fletcher

Application

[

Apache Spark L Application

M Apache Spark _
(off(ir}?:;g) i Python Native FPGA

JVM tool library Accelerator

Network * l * * *

Serialize / | Apache Arrow libraries Fletcher

Deserialize + * * +

Shared data set / memory in Arrow format

Accelerator ; ¢ t

‘ Storage A Network ‘

library

J. Peltenburg, e.a., TU Delft ( OpenPOWER Summit USA 2018 )



Regular expression matching ST

Host DDR Host Memory

SDRAM
R=16 different regular expressions per unit mee (on board)
AWS F1 Shell ¢

AWS EC2 F1: MMIO | D?I}l
» Virtex Ultrascale+ > DA Controller

* N=16 regex units AXI4 AXI4 SNAP  MMIO
« 256 regexes being matched in parallel

AXI Interconnect 2:1 AXI4 Aﬁ‘é

POWERS8 CAPI (Supervessel, & soon at Nimbix):
< AlphaData KU3 (KinteX Ultrascale) Fletcher Interconnect (N:1)

* N=8 regex units
* 128 regex being matched in parallel

Column
Reader

e

Accumulators

Column
Reader

AWS EC2 F1 (16 units)
0 POWERS+CAPI (8 units)

Regex unit 0
Regex unit N-1

o d

g-g 84

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 .BUS master side Regex matChel"O
logs(Bytes) —» General dataflow Off-board components
Non-FPGA components

R no. matches




Proposed POWER Processor Technology and |/0 Roadmap

POWERY?7 Architecture POWERS Architecture POWERO9 Architect A‘ POWER10

Sustained Memory Bandwidth

Standard I/O Interconnect

Advanced I/O Signaling

Advanced I/O Architecture

2010
POWER?7

8 cores

45nm

New Micro-
Architecture

New Process
Technology

Up To
65 GB/s

PCle Gen2

N/A

2012
POWER?7+

8 cores

32nm

Enhanced
Micro-
Architecture

New Process
Technology

Up To
65 GB/s

PCle Gen2

N/A

2014
POWERS

12 cores

22nm

New Micro-
Architecture

New Process
Technology

Up To
210 GB/s

PCle Gen3

N/A

CAPI 1.0

2016
POWERS
w/ NVLink

12 cores
22nm

Enhanced
Micro-
Architecture
With NVLink

Up To
210 GB/s

PCle Gen3

20 GT/s
160GB/s

CAPI1.0,
NVLink 1.0

2018
P9 SU

24 cores
14nm

2017
P9 SO

24 cores
14nm

Enhanced
Micro-
Architectur

New Micro-
Architecture

Direct attach

memory Buffered

Memory
New Process
Technology

Up To
150 GB/s

Up To
210 GB/s

PCle Gen4 x48 i PCle Gen4 x4

25 GT/s
300GB/s

25 GTI/s
300GB/s

CAPI 2.0, CAPI 2.0,
OpenCAPI3.0, 8 OpenCAPI3.0,
NVLink2.0 NVLink2.0

Statement of Direction, Subject to Change

2020+

P10
TBD cores

24 cores
14nm

Enhanced
Micro-
Architecture
New

Memory
Subsystem

Up To
350 GB/s

PCle Gen4 x48

25 GTI/s
300GB/s

CAPI 2.0,

27



@

OpenCAPI Memory

Power Systems

 Signaling 2> AXON @25.6GHz vs DDR4 @ 3200 MHz
— 4x bw per signal IO

« |dle latency over traditional DDR
— POWERS/9 Centaur design ~10 ns
— OpenCAPI target of ~5 ns

« Centaur - One proprietary design
* OpenCAPI - Open

o I7x245mm

r
SCM

©2018 IBM Corporation J. Stuecheli, IBM: OpenPOWER Summit Europe 2018




Conclusions

* |t’s about more than the CPU cores
* Even though POWERSO cores are very good too!

* Investment in 10 & OpenPOWER collaborations pays off
* Better acceleration — better BW, lower latency, better CPU utilization with GPU & FPGA
* Better networking — better BW, lower latency, lower CPU
* Better memory/storage — better BW, lower latency, lower CPU

e Use examples:
* HPC — Coral systems
* Big Data — sort ( 10x per node of current sortbenchmark.org leader )
* Al —large models ( 3.5-4x faster on large models )

* Open Hardware — Open Standards — Based on Open Software:
* Multicloud

29



And a call to arms ...

* Lots of opportunities for research & collaboration
e Changing system architecture landscape

* Many OpenPOWER systems available from many vendors
* Open ecosystem
* Open firmware ( leveraged e.g. by Talos Raptor systems for a more secure workstation )
* Shared memory accelerator architecture

* Besides high-BW GPU many exciting new opportunities with FPGAs
* Interface new memory types with OpenCAPI 3.0/3.1
e Extreme network bandwidth
* HBM
* Near-storage computing ( e.g. CAPl-attached flash or SCM )

30
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