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In traditional digital system designs, it usualy starts from pure
software descriptionsin a high-level language, such as C/C++ or
MATLAB. After algorithms are verified to meet the specifications,
designers have to manually convert those algorithmsinto hardware.
The algorithms implemented in high-level languages usualy use
high-precision floating point (FP) operations. Due to performance
and cost consideration, the hardware only uses fixed point (fp)
operations to implement. As aresult, the conversion from floating
point to fixed point is mandatory. Hence, one of the main design
difficultiesisto compute each value using the limited bit width
while maintaining the correctness of results.
In this project, we focus on the area-efficient design with the
bitwidth consideration in the high level synthesis design flow. In the
high level design flow, we consider not only the quantization impact
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but also the effect of functional unit bitwidth. Our contributions are
asfollows:

1. A bitwidth optimization case study of pipeline based FFT
processor

The proposed agorithm uses the lower bound and the upper bound
to iteratively find the optimal results. We apply the proposed
algorithm to the OFDM system. The experimental results show that
the proposed a gorithm reduces almost 30% simulation time than
compl exity-and-distortion measure and sequential search method.
2. An expandable MDC-based FFT generator

We propose approaches which can make appropriate design tradeoff
between throughput and area of pipeline FFT architectures, and
automatically generate the corresponding hardware design. The
experimental results show that the proposed methodology can
generate area-efficient architectures under throughput constraints.
3. A optimal bitwidth-aware algorithm for FIR designs

While designing FIR filters, we use adders to replace the constant
multipliers and minimize the total bitwidth of the adders
simultaneously. The experimental results show that the proposed
algorithm can minimize the total number of adder bits, which

3

reduces about 7% hardware resource than existing algorithms

In summary, the proposed algorithms can dea with the bitwidth
problem in the electronic system level design flow.
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As semiconductor devices shrink with the advancing process technology, more and more transistors can
be integrated in a single chip. It makes modern electronic products provide much more functionalities, and
increases the complexity to design a chip as well. In addition, the impact of process variation during
manufacturing and other physical effects become more and more significant and non-negligible in the era of
deep submicron (DSM). New challenges and new design issues arise along with the DSM. Therefore
designers must resolve these issues by considering all design stages simultaneously to increase the quality and
manufacturability of chips.

Because the DSM issues and targets of different design levels are quite diverse, this project considers the
overall design flow and divides it into five major topics for advanced research : (1) Geometry-Aware
Architecture Synthesis for Next-Generation On-Chip Communication Paradigm, (2) Integrated Low Power
Management Technologies, (3) Silicon Debug for Hard-Corner Design Errors, (4) Coping with Reliability
Challenges to Circuit Designs beyond Deep Sub-Micron Era by Computational Intelligence Reasoning, (5)
Manufacturability, Reliability, and Yield-Aware Routing System. The ultimate goal of this project is to

integrate these emerging EDA technologies as a complete top-down solution. The techniques developed by
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these proposed sub-projects will efficiently solve the DSM issues. Furthermore, with the benefit of better
design quality and faster design process, the domestic semiconductor related industry will have better

competitiveness.

Keywords: Deep Submicron , Electronic Design Automation, Muti-Cycle Communication, High-Level
Synthesis, Power Management, Low Power Design, Silicon Debug, Design for Debug, Soft Error,

Computational Intelligence, Design for Manufacturability, Redundant Via
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ALGORITHM 1:

Automatic_Bounding Charge_Selection()

1 while Q,,,;,, Or Q. are undecided

pick a charge g

compute each TF dist. latched by each FF

MaxUpperBound=max(upper bound of TF dist.)

MinLowerBound=min(lower bound of TF dist.)

if MaxUpperBound < latching-window size
Qmin:q

if MinLowerBound > latching-window size
Q'm ax=({
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Meng-Jai Tsai, Mango Chia-Tso Chao, Jing-Yang Jou, and Meng-Chen Wu, “Multiple-Fault
Diagnosis Using Faulty-Region Identification,” IEEE VLSI Test Symposium (VTS), pp. 123-128,
May 2009. (In this paper, we propose a fault-diagnosis framework targeting multiple stuck-at faults.
This framework first reports a minimal suspect region, in which all real faults are topologically
covered. Next, a proposed ranking method is applied to sieve out the real faults from the candidates
within the suspect region. The experimental results show that the proposed diagnosis framework can
effectively locate the multiple stuck-at faults within a neighborhood, which may generate erroneous
signals cancelling one another and are difficult to be diagnosed based on a single-fault-model
method.)

Kuo-An Chen, Tsung-Wei Chang, Meng-Chen Wu, Mango Chia-Tso Chao, Jing-Yang Jou, and
Sonair Chen, “Design-for-Debug Layout Adjustment for FIB Probing and Circuit Editing”, accepted,
International Test Conference, Sep. 2011. (This paper introduces a design-for-debug framework
which can adjust the layout to increase the FIB observable rate and the FIB repairable rate for its
signals. The layout adjustment is made through pre-defined simple operations subject to the design
rules and the timing constraints. Hence, the proposed framework does not require a complicated
router as its core and can be applied in conjunction with any commercial APR tool. The experimental
result based on a 90nm technology has demonstrated that the proposed DFD framework can
effectively increase the FIB observable and repairable rates under different parameter settings while
the overall area and circuit performance remain the same.)

H.-K. Peng, H.-M. Huang, Y.-H. Kuo, and Charles H.-P. Wen, ““Statistical Soft Error Rate (SSER)
Analysis for Scaled CMOS Designs,” to appear ACM Trans. Design Automation of Electronic
Systems. 2011. (In this paper, we formulate the statistical soft error rate (SSER) problem and present
two frameworks to cope with the aforementioned sophisticated issues. The table-lookup framework
captures the change of transient-fault distributions implicitly using a Monte-Carlo approach,
whereas the SVR-learning framework does the task explicitly using statistical learning theory.)
Pumbaa H.-K. Peng, Charles H.-P. Wen and Jayanta Bhadra, ““2D.1: On Soft Error Rate Analysis
Beyond Deep Submicron - A Statistical Perspective,” Proc. Int'l Conf. Computer Aided Design,
(ICCAD'09), November 2009.(In this paper, we apply the state-of-the-art statistical learning
algorithm to tackle the complexity of these natures and build compact yet accurate generation and
propagation models for transient fault distributions. A statistical analysis framework for soft error
rate (SER) is also proposed on the basis of these models.)

Yu-Hsin (Phoebe) Kuo, Huan-Kai (Pumbaa) Peng and Charles H.-P. Wen, ““Accurate Statistical Soft
Error Rate (SSER) Analysis Using A Quasi-Monte Carlo Framework With Quality Cell Models,”
IEEE International Symposium on Quality Electronic Design (ISQED'10), March 2010. (In this paper,
we present accurate table-based cell models, based on which a Monte Carlo SSER analysis
framework is built. We further propose a heuristic to customize the use of quasirandom sequences,
which successfully speeds up the convergence of simulation error and hence shortens the runtime.)
Yu-Hsin (Phoebe) Kuo, Huan-Kai (Pumbaa) Peng and Charles H.-P. Wen, ‘““Monte-Carlo-based
statistical soft error rate (SSER) analysis for the deep sub-micron era,”” Proc. IEEE Symposium on

Circuits and Systems (ISCAS’10), June 2010. (This paper presents a Monte-Carlo based SER
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analysis considering the statistical impact due to variation. Quasirandom sequences are also
incorporated for fast convergence of SER accuracy and time efficiency. Experiments show that the
proposed framework yields more accurate SERs compared to static analysis.)

B Yen-Hung Lin and Yih-Lang Li, “Double Patterning Lithography Aware Gridless Detailed Routing
with Innovative Conflict Graph”, in Proceedings of ACM/IEEE Design Automation Conference
(DAC-2010), Anaheim, CA, June 2010. (In this paper, we develop the first DPL-aware gridless
detailed routing with ICG to generate a highly decomposable routing outcome with low yield loss.)
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001 Ya-Shih Huang, Yu-Ju Hong, and Juinn-Dar Huang, “Communication Synthesis for Interconnect
Minimization in Multicycle Communication Architecture,” IEICE Trans. on Fundamentals. vol. E92-A, no.
12, pp. 3143-3150, Dec. 2009.

002 Juinn-Dar Huang, Ya-Shih Huang, Liya Wang, and Geeng-Wei Lee, “Throughput-Aware Floorplanning via
Dynamic Optimization on Performance-Critical Loops,” International Journal of Electrical Engineering
(JEE), vol. 17, no.1, pp. 33-42, Feb. 2010.

003 Chia-I Chen, and Juinn-Dar Huang, “A Hierarchical Criticality-Aware Architectural Synthesis Framework
for Multicycle Communication,” IEICE Trans. on Fundamentals, vol. E93-A, no. 7, pp. 1300-1308, Jul.
2010.

004 Juinn-Dar Huang, Chia-I Chen, Yen-Ting Lin, and Wan-Lin Hsu, “Communication synthesis for
interconnect minimization targeting distributed register-file microarchitecture,” IEICE Trans. on
Fundamentals, vol. E94-A, no. 4, pp. 1151-1155, Apr. 2011.

005 Juinn-Dar Huang, Chia-1 Chen, Wan-Ling Hsu, Yen-Ting Lin, and Jing-Yang Jou, “Performance-driven
architectural synthesis for distributed register-file microarchitecture with inter-island delay,” accepted by
IEICE Trans. on Fundamentals.
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006 W.-Y.LeeandI.H.-R. Jiang, “Topology generation and floorplanning for low power application-specific
network-on-chips,”  International Journal of Electrical Engineering (1JEE), vol. 16, no. 1, Feb. 2009.

007 I. H.-R. Jiang and H.-Y. Chang, “ECOS: Stable matching based metal-only ECO synthesis,” accepted
by IEEE Trans Very Large Scale Integration Systems (IEEE TVLSI).

008 1. H.-R. Jiang, H.-Y. Chang, and C.-L. Chang, “WiT: Optimal wiring topology for electromigration
avoidance,” accepted by IEEE Trans Very Large Scale Integration Systems (IEEE TVLSI).

009 J.-W. Lin, T.-Y. Ho, and I. H.-R. Jiang, “Reliability-driven power/ground routing for analog ICs,”
accepted by ACM Transactions on Design Automation of Electronic Systems (ACM TODAES).

010 W.-Y. Leg, I. H.-R. Jiang, and T.-W. Mei, “Generic integer linear programming formulation for 3D IC
partitioning,” accepted by Journal of Information Science and Engineering (JISE).

011 Meng-Chen Wu, Ming-Ching Lu, Hung-Ming Chen, and Jing-Yang Jou, “Performance-constrained Voltage
Assignment in Multiple Supply Voltage SoC Floorplanning,” ACM Transactions on Design Automation of
Electronic Systems (ACM TODAES), vol. 15, no. 1, Dec. 2009.

012 H.-K. Peng, H.-M. Huang, Y.-H. Kuo, and Charles H.-P. Wen, “Statistical Soft Error Rate (SSER) Analysis
for Scaled CMOS Designs,” to appear ACM Transactions on Design Automation of Electronic Systems
(ACM TODAES), 2011.

013 Ke-Ren Dai, Wen-Hao Liu and Yih-Lang Li, " NCTU-GR: Efficient Simulated Evolution Based Rerouting
and Congestion-Relaxed Layer Assignment on 3-D Global Routing," to appear in IEEE Transactions on
Very Large Scale Integration Systems (IEEE TVLSI).

014 Yen-Hung Lin, Shu-Hsin Chang, Yih-Lang Li, “Critical-Trunk-based Obstacle-Avoiding Rectilinear Steiner
Tree Routings and Buffer Insertion for Delay and Slack Optimization,” IEEE Transactions on
Computer-Aided Design of Integrated Circuits and Systems (IEEE TCAD), vol. 30, no. 9, pp. 1335-1348,
Sep. 2011.

015 Yih-Lang Li, Yu-Ning Chang, and Wen-Nai Cheng, “A Gridless Routing System with Non-Slicing
Floorplanning-Based Crosstalk Reduction on Gridless Track Assignment”, ACM Transactions on Design
Automation of Electronic Systems (ACM TODAES), vol. 16, no. 2, article 19 (1-25), Mar. 2011.
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001 Yu-Ju Hong, Ya-Shih Huang, and Juinn-Dar Huang, “Simultaneous Data Transfer Routing and Scheduling
for Interconnect Minimization in Multicycle Communication Architecture,” Proc. of IEEE Asia and South
Pacific Design Automation Conference (ASP-DAC 2009), pp. 19-24, Jan. 2009.

002 Chia-I Chen, and Juinn-Dar Huang, “CriAS: A Performance-Driven Criticality-Aware Synthesis Flow for
On-Chip Multicycle Communication Architecture,” Proc. of IEEE Asia and South Pacific Design
Automation Conference (ASP-DAC 2009), pp. 67-72, Jan. 2009.

003 Chia-I Chen, and Juinn-Dar Huang, “Performance-Driven Architectural Synthesis for Multicycle
Communication,” Proc. of the 15th Workshop on Synthesis and System Integration of Mixed Information
Technologies (SASIMI 2009), pp. 82-87, Mar. 20009.

004 Ya-Shih Huang, and Juinn-Dar Huang, “Throughput-Driven Hierarchical Partitioning-Based Placement for
Regular Distributed Register Architecture,” Proc. of the 15th Workshop on Synthesis and System
Integration of Mixed Information Technologies (SASIMI 2009), pp. 313-317, Mar. 2009.

005 Juinn-Dar Huang, Chia-l1 Chen, Wan-Ling Hsu, Yen-Ting Lin, and Jing-Yang Jou “Performance-Driven
Architectural Synthesis for Distributed Register-File Microarchitecture Considering Inter-Island Delay,”
IEEE International Symposium on VLSI Design, Automation, and Test (VLSI-DAT 2010), pp.169-172,
Apr. 2010.
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Juinn-Dar Huang, Chia-l1 Chen, Wan-Ling Hsu, Yen-Ting Lin, and Jing-Yang Jou, “Inter-Island Delay
Aware Communication Synthesis for Island-Based Distributed Register Architecture,” Proc. of the 16th
Workshop on Synthesis and System Integration of Mixed Information Technologies (SASIMI 2010), pp.
58-63, Oct. 2010.

Ya-Shih Huang, Yang-Hsiang Liu, and Juinn-Dar Huang, “Iterative 3D Partitioning for Through-Silicon Via
Minimization,”  Proc. of the 16th Workshop on Synthesis and System Integration of Mixed Information
Technologies (SASIMI 2010), pp. 154-159, Oct. 2010.

Juinn-Dar Huang, Yi-Hang Chen, and Ya-Chien Ho, “Quantitative Graph-Based Minimal Queue Sizing for
Throughput Optimization in Latency-Insensitive Designs,” Proc. of the 16th Workshop on Synthesis and
System Integration of Mixed Information Technologies (SASIMI 2010), pp. 430-435, Oct. 2010.

Juinn-Dar Huang, Yi-Hang Chen, and Ya-Chien Ho, “Throughput Optimization for Latency-Insensitive
System with Minimal Queue Insertion,” Proc. of IEEE Asia and South Pacific Design Automation
Conference (ASP-DAC 2011), pp.585-590, Jan. 2011.

I. H.-R. Jiang, S.-W. Lin and Y.-T. Yu, “Unification of obstacle-avoiding rectilinear Steiner tree
construction,” 21st IEEE International SOC Conference (SOCC 2008), Sep. 2008.

I. H.-R. Jiang and Y.-T. Yu, “Configurable rectilinear Steiner tree construction for SoC and nano
technologies,” 26th IEEE International Conference on Computer Design (ICCD 2008), Oct. 2008, pp.
34-39.

I. H.-R. Jiang and M.-H. Wu, “Power-state-aware buffered tree construction,” 26th IEEE International
Conference on Computer Design (ICCD 2008), Oct. 2008, pp. 21-26.

W.-Y. Lee and I. H.-R. Jiang, “Variability characterization and tolerance on throughput and power for
chip-multiprocessors,” 15th Workshop on Synthesis and System Integration of Mixed Information
technologies (SASIMI 2009), Mar. 2009.

I. H.-R. Jiang and M.-H. Wu, “POSA: power-state-aware buffered tree construction,” demonstrated at IEEE
International Symposium on Circuits and Systems (ISCAS 2009), May 2009.

W.-Y. Lee and I. H.-R. Jiang, “VIFI-CMP: variability-tolerant chip-multiprocessors for throughput and
power,” 19th ACM Great Lakes Symposium on VLSI (GLSVLSI 2009), May 2009.

I. H.-R. Jiang, H.-Y. Chang, L.-G. Chang, and H.-B. Hung, “Matching-based minimum-cost spare cell
selection for design changes,” 46th ACM/IEEE Design Automation Conference (DAC 2009), Jul. 2009, pp.
408-411.

W.-Y. Lee and I. H.-R. Jiang, “Variability tolerance on throughput and power for 3D chip-multiprocessors,”
18th International Workshop on Logic & Synthesis (IWLS 2009), Jul. 2009.

I. H.-R. Jiang, “Generic integer linear programming formulation for 3D IC partitioning,” 22nd IEEE
International SOC Conference (SOCC 2009), Sep. 2009.

I. H.-R. Jiang, H.-Y. Chang, and C.-L. Chang, “Optimal wiring topology for electromigration avoidance
considering multiple layers and obstacles,” 19th ACM International Symposium on Physical Design (ISPD
2010), Mar. 2010.

Y.-M. Yang and I. H.-R. Jiang, “Analog placement and global routing considering wiring symmetry,” 11th
IEEE International Symposium on Quality Electronic Design (ISQED 2010), Mar. 2010.

I. H.-R. Jiang and H.-Y. Chang, “ECOS: A metal-only ECO synthesizer,” demonstrated at IEEE
International Symposium on Circuits and Systems (ISCAS 2010), May 2010.

H.-Y. Lee, I. H.-R. Jiang and H.-M. Chen, “Simultaneous voltage island generation and floorplanning,”
23rd IEEE International SOC Conference (SOCC 2010), Sep. 2010.
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Y.-M. Yang and I. H.-R. Jiang, “Analog layout generation based on wiring symmetry,” 16th Workshop on
Synthesis and System Integration of Mixed Information technologies (SASIMI 2010), Oct. 2010.

I. H.-R. Jiang, H.-Y. Chang, and C.-L. Chang, “Optimal wiring topology for electromigration avoidance,”
16th Workshop on Synthesis and System Integration of Mixed Information technologies (SASIMI 2010),
Oct. 2010.

Y.-T. Yu, C.-C. Chan, and I. H.-R. Jiang, “3DICE: 3D IC cost evaluation based on fast tier number
estimation,” 12th IEEE International Symposium on Quality Electronic Design (ISQED 2011), Mar. 2011.

I. H.-R. Jiang, C.-L. Chang, Y.-M. Yang, E. Y.-W. Tsai, and L. S.-F. Chen, “INTEGRA: Fast multi-bit
flip-flop clustering for clock power saving based on interval graphs,” 20th ACM International Symposium
on Physical Design (ISPD 2011), Mar. 2011.

H.-Y. Chang, I. H.-R. Jiang, and Y.-W. Chang, “Simultaneous functional and timing ECO,” 48th
ACM/IEEE Design Automation Conferen ce (DAC 2011), June 2011.

Meng-Jai Tsai, Mango Chia-Tso Chao, Jing-Yang Jou, and Meng-Chen Wu, “Multiple-Fault Diagnosis
Using Faulty-Region Identification,” IEEE VLSI Test Symposium (VTS 2009), pp. 123-128, May 2009.

Kuo-An Chen, Tsung-Wei Chang, Meng-Chen Wu, Mango Chia-Tso Chao, Jing-Yang Jou, and Sonair
Chen, “Design-for-Debug Layout Adjustment for FIB Probing and Circuit Editing”, accepted, International
Test Conference (ITC 2011), Sep. 2011.

Meng-Chen Wu, Hung-Ming Chen, and Jing-Yang Jou, “Mixed Non-Rectangular Block Packing for
Non-Manhattan Layout Architectures,” International Symposium on Quality Electronic Design (ISQED
2011), pp. 257-262, Mar. 2011.

Pumbaa H.-K. Peng, Charles H.-P. Wen and Jayanta Bhadra, “2D.1: On Soft Error Rate Analysis Beyond
Deep Submicron - A Statistical Perspective,” Proc. International Conference Computer Aided Design,
(ICCAD 2009), Nov. 20009.

Yu-Hsin (Phoebe) Kuo, Huan-Kai (Pumbaa) Peng and Charles H.-P. Wen, “Accurate Statistical Soft Error
Rate (SSER) Analysis Using A Quasi-Monte Carlo Framework With Quality Cell Models,” IEEE
International Symposium on Quality Electronic Design (ISQED 2010), Mar. 2010.

Yu-Hsin (Phoebe) Kuo, Huan-Kai (Pumbaa) Peng and Charles H.-P. Wen, “Monte-Carlo-based statistical
soft error rate (SSER) analysis for the deep sub-micron era,” Proc. IEEE Symposium on Circuits and
Systems (ISCAS 2010), Jun. 2010.

H.-M. Huang, C.-W Chang, and Charles H.-P. Wen, “Learning-based Statistical Soft Error Rate (SSER)
Analysis Considering Full-Spectrum Charge Collection,” VLSI Test Technology Workshop, 2011.

C.-C. Chang, H.-M Huang, Y.-H Lin, and Charles H.-P. Wen, “Parameterized Closed-form for Block-based
Soft Error Rate Analysis Considering Correlations of Variation Sources,” VLS| Design/CAD Symposium,
2011

Wen-Hao Liu, Yih-Lang Li and Kai-Yuan Chao, “High-Quality Global Routing for Multiple Dynamic
Supply Voltage Designs,” to appear in International Conference on Computer-Aided Design (ICCAD
2011), 2011.

Yen-Hung Lin, Yong-Chan Ban, David Z. Pan and Yih-Lang Li, “DOPPLER: DPL-aware and OPC-friendly
Gridless Detailed Routing with Mask Density Balancing,” to appear in International Conference on
Computer-Aided Design (ICCAD 2011), 2011.

Wen-Hao Liu and Yih-Lang Li, “Negotiation-Based Layer Assignment for Via Count and Via Overflow
Minimization,” Proc. Asia and South Pacific Design Automation Conference (ASP-DAC 2011), Jan. 2011.

Yen-Hung Lin and Yih-Lang Li, “Double Patterning Lithography Aware Gridless Detailed Routing with
Innovative Conflict Graph”, Proc. of ACM/IEEE Design Automation Conference (DAC 2010), Jun. 2010.
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Chih-Ta Lin, Yen-Hung Lin, Guan-Chan Su, Yih-Lang Li, “Dead Via Minimization by Simultaneous
Routing and Redundant Via Insertion”, Proc. Asia and South Pacific Design Automation Conference
(ASP-DAC 2010), Jan. 2010.

Wen-Hao Liu, Yih-Lang Li, Hui-chi Chen, “Minimizing Clock Latency Range in Robust Clock Tree
Synthesis”, Proc. Asia and South Pacific Design Automation Conference (ASP-DAC 2010), Jan. 2010.

Yen-Hung Lin, Shu-Hsin Chang, and Yih-Lang Li, “Critical-Trunk based Obstacle-Avoiding Rectilinear
Steiner Tree Routings for Delay and Slack Optimization”, in ACM International Symposium on Physical
Design (ISPD 2009), Mar. 2009.

Ke-Ren Dai, Wen-Hao Liu, and Yih-Lang Li, “Efficient Simulated Evolution Based Rerouting and
Congestion-Relaxed Layer Assignment on 3-D Global Routing”, Proc. Asia and South Pacific Design
Automation Conference (ASP-DAC 2009), Jan. 2009 (**Best paper nominee**).
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