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Xilinx and IBM First to Double Interconnect Performance for Accelerated Cloud
Computing with New PCI Express Standard

Technology milestone between FPGA-based accelerator and POWER CPUs to boost acceleration of data
center applications

May 16, 2017

SAN JOSE, Calif,, May 16, 2017 /PRNewswire/ - Xilinx, Inc. (XLNX) today announced an achievement in PCl Express® Gen4 capability. Together with IBM, the two
companies are first to double interconnect performance between an accelerator and CPU through the use of PCI Express Gend compared to the existing widely-deployed
PCI Express Gen3 standard. Gen4 doubles the bandwidth between CPUs and accelerators to 16 Gbps per lane, thereby accelerating performance in demanding data center
applications such as artificial intelligence and data analytics.

£ XILINX

CPU FPGA

Since the introduction of PCI Express in 2003, Xilinx has been a leader in PCI™ interconnect-based solutions, offering PCI Express compliance across its All Programmable
FPGA families. Today IBM and Xilinx have achieved Gend interoperability between Xilinx® 16nm UltraScale+™ devices and IBM POWERY processors, demonstrating the
first-ever PCle Gen4 capability in a programmable device.

This leadership in PCI Express is another reason that POWER architecture is being deployed in modern data centers," said Bradley McCredie, vice president and fellow at
IBM. "IBM is excited to leverage the underlying performance of PCle Express Gen4 for CAPI 2.0 which eases the programming experience for application developers.”

We believe in open standards,” said Ivo Bolsens, CTO at Xilinx. "It's gratifying to see this milestone between our companies that will alleviate significant performance
bottlenecks in accelerated computing, particularly for data center computing.”

Source: https://www.xilinx.com/news/press/2017/xilinx-and-ibm-first-to-double-
Interconnect-performance-for-accelerated-cloud-computing-with-new-pci-

express-standard.html
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( intel' Newsroom  Top News Sections ~  News By Category ~

S INTEL Al AT BAIDU CREATE: Al CAMERA, FPGA-BASED

July 3,2018

ACCELERATION AND XEON SCALABLE OPTIMIZATIONS FOR
DEEP LEARNING

» Download full-size image

What's New: Today at Baidu* Create in Beijing, Intel Vice President Gadi Singer shared a series
of collaborations with Baidu on artificial intelligence (Al), including powering Baidu's Xeye* a
new Al retail camera with Intel® Movidius™ vision processing units (VPUs); highlighting
Baidu's plans to offer workload acceleration as a service using Intel® FPGAs; and optimizing
PaddlePaddle*, Baidu's deep learning framework for Intel® Xeon?® Scalable processors.

Source https://newsroom.intel.com/news/intel-ai-baidu-create-ai-camera- fpga—
ed}cceleratlon xeon-scalable- optlmlzatlons deep-learning/#gs. LR') ‘
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Daimler AG Selects Xilinx to Drive Artificial Intelligence-Based Automotive
Applications

Xilinx and Daimler to Develop Ultra-Efficient Al Solutions for Future Mercedes-Benz Models

Jun 26, 2018

SAN JOSE, Calif., June 26, 2018 /PRNewswire/ — Xilinx, Inc. (NASDAQ: XLNX) and Daimler AG today announced that the two companies are L
) . . . e . N . i Media Kit

collaborating on an in-car system using Xilinx technology for artificial intelligence (Al) processing in automotive applications. Powered by a

Xilink automotive platform consisting of system-on-a-chip (SoC) devices and Al acceleration software, the scalable solution will deliver high

performance, low latency and best power efficiency for embedded Al in automotive applications today.

ADAS/AD Central
Module

Xilink has a strong pedigree in automotive. For more than 12 years the company has shipped over 40 million cumulative automotive units to
automakers and Tier 1 suppliers.

"We are accelerating our product development using Al technology by engaging our global development centers with Xilinx experts,' said
Georges Massing, director user interaction & software, Daimler AG. "Through this strategic collaboration, Xilinx is providing technology that will

Source: https://www.xilinx.com/news/press/2018/daimler-ag-selects-xilinx-to-
drive-artificial-intelligence-based-automotive-applications.html

FARE 4 g ) l‘




Navy orders diminishing manufacturing sources (DMS) FPGAs
to keep F-35s and other military aircraft flying

PATUXENT RIVER NAS, Md. - The U.S. Navy is buying more than $40 million worth of obsolescent field-

programmable gate arrays (FPGAs) to ensure the long-term operation and maintenance of the F-35
joint strike fighter and other military aircraft for the U.S. Air Force, Navy, Marine Corps., and allied

military forces.

Author — John Keller
Nov 20th, 2018

Navy orders diminishing manufacturing sources (DMS) FPGAs to keep F-35s and other
military aircraft flying

PATUXENT RIVER NAS, Md. - The U.S. Navy is buying more than $40 million worth
of obsolescent field-programmable gate arrays (FPGAs) to ensure the long-term
operation and maintenance of the F-35 joint strike fighter and other military
aircraft for the U.S. Air Force, Navy, Marine Corps., and allied military forces.

Officials of the Naval Air Systems Command at Patuxent River Naval Air Station,
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Why Reconfigurable Computing?

« Memory access and 1/O bottleneck in microprocessor
architecture performance

* Increasingly higher NRE (non-recurring engineering)
costs and longer design time for nanometer ASIC

development

 Applications are getting complex and dynamic,
ASICs, ASIPs, and configurable processors are
Inflexible in coping with dynamic changes

Source: # 7 FRATP#AZ-PALES B T+ & 3% & 5 A Sufpa kb gt |
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Why reconfigurable computing?

 Applications are getting complex and dynamic

A

flexibility

High performance

\ and high flexibility
Microprocessor EPGA (Field

Reconfigurable Programmable Gate

ASIP and
Configurable pP

Source: # 7 IRATP#AZ-PALE B2 T+

VD= S kre

performance

Jrks

e

i
E




Benefits of Reconfigurable Computing

 Flexible enough to cope with dynamic changes

 Application specific design increases resource
utilization and performance

 Spatial parallelization is superior to temporal
parallelization (up) in accelerating application
performance
— 10X ~ 100X speedup of data-intensive applications

Source: # 7 IRATP#AZ-PALERE T+ & 238 & 5 4 &
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What Is Reconfigurable Computing?

A system or application functions can be
changed by configuring a fixed set of logic
resources through memory settings
— “General purpose custom hardware”

- Seth Copen Goldstein
— “On the fly ASIC”
- Fadi Kurdahi
— “Logic-on-demand”
- Virtual Computer Corporation (VCC)

Source: # 7 IRATP#AZ-PALES B "7 & 238 & 5% A Sufpa k3t gt | .
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Reconfigurable System = RC + MP

Most reconfigurable systems or platforms either
have a hard microprocessor core embedded or soft
microprocessor cores can be configured

— Altera: ARM 922T (hard), Nios Il (soft)

— Xilinx: ARM, PowerPC 405 (hard), Microblaze (soft)

) \ﬂ 3“0_‘ *f.&:t‘
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Reconfigurable System

* QOperating System for

Reconfigurable Systems (OS4RYS)
— Hardware Task

Microprocessor
Memory

AES

>
<>

System Bus
ﬁRPl """""""""" {+ Partial Reconfiguration
H RP2 — Reconfigurable Partition
DES CRC (RP)

 Increase system flexibility and computation power

. Reduce the overall system execution time
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Reconfigurable System Design and

Verification
RECONFIGURABLE
SYSTEM DESIGN P.-A. Hsiung, M. D. Santambrogio and C.-H.
ANDO VERIFICATION Huang, Reconfigurable System Design and

Verification, CRC Press, USA, ISBN: 978-
1420062663, 2009.

https://www.amazon.com/Reconfigurable-
System-Design-Verification-Pao-
Ann/dp/1420062662

Pao-Ann Hsiung %
Marco 0. Santambrogio
Chun-Hsian Huang
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https://www.amazon.com/Reconfigurable-System-Design-Verification-Pao-Ann/dp/1420062662

Adaptive and Service-oriented
Embedded System for Information
Security Applications

« Computers & Electrical Engineering, Vol. 73, pp. 145-154, January 2019.
(SCI)

 |IEEE/IFIP International Conference on Embedded and Ubiquitous
Computing (EUC), pp. 188-192, October 2015.

* |IEEE International Conference on Consumer Electronics—Taiwan (ICCE-
TW), pp. 276-277, June 2015.
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Introduction

« Software Is easily modified than hardware
— A pure software-based architecture is highly prone to
Illegal access.
 The pure software-based architecture also incurs
the performance/security trade-off problem.

* The Inflexible feature of hardware
Implementation, the system adaptivity to
changing environments Is restricted.
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Protect Matrix

Table 1: Protection matrix of ASOS

o1 off create | grant take | destroy
cilz.y) | (z.z,A) Y
co(ryy) | (zzA) | (y.u.P) Y
(y.y,.M)
ca(z,y) | (@A) | (yyP) (y,y.P)
cy(z.y) | (z.2,A) (21 21 D\

(y.4,P) Reaues Address Information
cs(r,y) | (wa,l) | (yyM) et 0x00lc | 0x00001234
cg(r,y) | (z.2.P) Role Operation |

(y.y,M) Information
cr(z.y) | (z,2,A) | address

(y.y.P) . R 0x000c OXOOQOaaaa
cs(z.y) | (x.2,A) Protec‘Flon :D—D 0x0008 0x0010abcd === data_out

) ‘ Matrix Legal =

(y.y.P) c
colz,y) | (z,2,P)

(y,y,M)
cio(x,y) | (.2,P) (x,y,W)

(y,y,M)

A: Administrator, P: Personnel office, M: Manager, W: The permission of writing

the personal information, R: The permission of reading the personal information.

VIO =GR 19




Data Center ASOS /&

ASOS: Adaptive and Service-Oriented hardware/software Syste
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Service-oriented architecture
design for virtualization In
Network-on-Chip

 International Computer Symposium (ICS), pp. 108-113,
December 2016.

* International Workshop on FPGAs for Software
Programmers (FSP), pp. 73-74, September 2015.

| ORI )



PEaaS

Physical Layer Gate-level Virtualization PE-level Virtualization
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Router, network interface, and PE wrapper
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Service-oriented system framework
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Hierarchical and Dependency-
Aware Task Mapping for NoC-

based Systems

 Journal of Systems Architecture (SCI). (Major revision)

 International Workshop on Network on Chip Architectures, pp. 1-6,
October 2018.

* Microprocessors and Microsystems, Vol. 51, pp. 297-312, June
2017. (SCI)
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Motivation

 Try to integrate the concepts of spatial mapping and
Inter-task dependency (temporal) to enhance the
elasticity of task mapping

* Propose a Hierarchical and Dependency-Aware
(HDA) task mapping for NoC-based Systems
— Region selection phase
— Hierarchical task mapping phase

YR 450 26



Problem Formulation

* Given an NoC modeled by AG G’=(V’ ,E’) and an
application modeled by ACG G = (V, E)

— Find a mapping function map() to minimize the total
processing time




Proposed Method - HDA

* Region selection phase

— Ensure that every mapped task can receive the data from its
parent tasks and transmit the results to its child tasks

— The reduction of the number of required PEs in a region
enhances the elasticity of future task mapping

 Hierarchical task mapping phase

— PE reuse scheme: when previously mapped task finishes, its
corresponding PE is released and can be mapped by another
unmapped task

— Lower communication latencies and higher utilization of PEs

4B S rep 28




An FPGA-based Intelligent Robotic
Vehicle System for Agricultural Cyber
Physical Systems

IEEE International Conference on Consumer Electronics (ICCE), January 2020.
P2E < BEARIRT ALY IRIAIATEE T AlOTA At v - % - £, 2010,
e VLSI Design / CAD Symposium, August 2019.
« Taiwan Academic Network Conference, 2018. (& i © 5g 38 & %)
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Research Issues

1. What is the system design that we should realize, so that
the physical world can be integrated with the cyber
system efficiently?

2. How can the data collection and the control of actuators
be performed in real-time, while the system can be
adapted to varying environmental conditions?

3. What is the decision model that can make this system
autonomous?

T oy 30



Agricultural Cyber Physical Systems
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Layered Agricultural CPS
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https://youtu.be/7hceoc3ISss
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https://youtu.be/7hceoc3ISss

C.-H. Huang, "A Reconfigurable Point Target Detection System Based on
Morphological Clutter Elimination," Journal of Systems Architecture (JSA), Vol. 60,
Issue 8, pp. 644-654, September 2014. (SCI)
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C.-H. Huang and P.-A. Hsiung, "Virtualizable Hardware/Software Design Infrastructure

for Dynamically Partially Reconfigurable Systems,” ACM Transactions on
Reconfigurable Technology and Systems (TRETS), Wol. 6, No. 2, Article 11, July
2013.(SCI)
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(b) Execution result using logic virtualization

Ri: Reconfigure the HW module i; Li: Load the device driver of the HW module i; Oi: Open the the device node of the HW module i:
Ti: An iteration to mteract with the HW module i; Ci: Close the dex ice node of the HW module i;
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C.-H. Huang and P.-A. Hsiung, "Model-Based Verification and Estimation Framework
for Dynamically Partially Reconfigurable Systems,"” IEEE Transactions on Industrial
Informatics (TII), Vol. 7, No. 2, pp. 287-301, May 2011. (SCI)
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Thanks for your attention!
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