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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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Source: 

https://www.digitimes.com.tw/iot/article.asp?cat=130&cat1=40&id=0000532124_V8O0QH3E3VCTKN3KW6AAR
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Source: https://newsroom.intel.com/news/intel-ai-baidu-create-ai-camera-fpga-

based-acceleration-xeon-scalable-optimizations-deep-learning/#gs.LRDdaTJg
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Source: http://xilinx.eetrend.com/d6-xilinx/news/2018-11/13915.html
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Source: https://technews.tw/2018/09/14/apple-chips-and-ai-are-really-amazing/
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Source: https://www.xilinx.com/news/press/2018/daimler-ag-selects-xilinx-to-

drive-artificial-intelligence-based-automotive-applications.html
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Source: 

https://www.militaryaer

ospace.com/computers/

article/16726578/navy-

orders-diminishing-

manufacturing-sources-

dms-fpgas-to-keep-

f35s-and-other-

military-aircraft-flying
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Why Reconfigurable Computing?

• Memory access and I/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: 教育部ATP課程-PAL聯盟「可重組式晶片系統雛形設計與應用」



Why reconfigurable computing?

• Applications are getting complex and dynamic

flexibility
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FPGA (Field 

Programmable Gate 

Array) 

Source: 教育部ATP課程-PAL聯盟「可重組式晶片系統雛形設計與應用」
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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 (p) in accelerating application 

performance

– 10X ~ 100X speedup of data-intensive applications

Source: 教育部ATP課程-PAL聯盟「可重組式晶片系統雛形設計與應用」



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)
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Source: 教育部ATP課程-PAL聯盟「可重組式晶片系統雛形設計與應用」



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 II (soft)

– Xilinx: ARM, PowerPC 405 (hard), Microblaze (soft)
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Reconfigurable System
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Reconfigurable System Design and 

Verification
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https://www.amazon.com/Reconfigurable-

System-Design-Verification-Pao-

Ann/dp/1420062662

P.-A. Hsiung, M. D. Santambrogio and C.-H.

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


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
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ASOS: Adaptive and Service-Oriented hardware/software System



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.
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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
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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
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map



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
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An FPGA-based Intelligent Robotic 

Vehicle System for Agricultural Cyber 

Physical Systems

• IEEE International Conference on Consumer Electronics (ICCE), January 2020.

• 第24屆大專校院資訊應用服務創新競賽「AIoT兩岸交流應用組」 -第一名, 2019.

• VLSI Design / CAD Symposium, August 2019.

• Taiwan Academic Network Conference, 2018. (最佳口頭報告獎)
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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?
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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
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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), Vol. 6, No. 2, Article 11, July

2013.(SCI)
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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!

huangch@nttu.edu.tw


