Research I nterests

I. Summary of Previous Works

Wit h a strong background in circuit simulation, int erconnect extraction and modeling, and VLSI layout design and optimization, my research goals areto study issues crit ical to thedesign of state-of-t he-art VLSI circuits and syst ems, to proposepractical solut ions based on physical and algorithmic foundations, and to transfer prototypetools to theindustry. My doct oral thesis focuses on thefollowing two problems: the int erconnect-centric layout optimization, and int erconnect extraction and modeling. Both problems areof growing importanceas wemoveint o the era of nanomet er technology and gigahertz frequency, becauset he syst emperfor ma ncehas incr easingly become dominat ed by theinter connect delay.

I.1 Contributions to layout optimization

My earliest work at UCLA [C4, J5]was thefirst in-dept h study to consider the wiresizing opti mizationfor multi-source nets , such as bus structures in microprocessors or other VLSI syst ems, whileprevious approaches only consider ed nets with singlesources. Weobtained several elegant theor etical results, and developed a highly efficient algorit hmbased on thevariablewir esegmentation, called thebundled wiresizing algorit hm. Not only did thealgorit hmlea d to substantial delay reduct ion for mult i-sourcenets, it also improved thespeed of theprevious single-sourcewir esizing algorit hmby as much as a factor of 100, without losing any accuracy. Thework has been ext ended t o consider simultaneous driver and wir esizing for mult i-sourcenets [C6], and has generated follow-up works fromUC San Diego [1] and UT Austin [2,3]. The wiresizing algorithmhas also been used in a later wor k fromUCLA [4].

My main contribution in thelayout optimization area was to for mulateand solve the si multaneous transistor and interconnect sizing (STIS)problem [C6,C10,J7]. Among the earliest wor ks to optimize both devices and wir es, our series of works stood out in t hefollowing ways: (i) Our formulations were capableof handing a net list and complex gat es, wher eas other works consider ed a singlenet wit h only drivers or buffers. (ii) Wewer eableto apply accuratedevicemodels (e.g., table-based models) wit h consideration of effects likewaveformshapes, wher eas most works could only handledevicemodels using very simplefor mulas. Moreimportantly, our wor ks made a theor etically innovativecontribution. We developed thr eeclasses of optimization problems, the simple, monotonically constrained, and bounded

CH-programs , and showed t hat many layout opt imization problems including theSTIS problemwer eCHprograms. Weproposed to comput e tight lower and upper bounds of the exact solutions to thet hreeCHprograms, using thr eetypes of local refinement (LR) operations respectively. In practice, our STIS algorit hm based on differ ent types of LR operations achieved optima l solutions under differ ent devicemodels.

Although our STIS formulation is mor egeneral than most wor ks, thealgorithmis oneof themost efficient met hods in thelit erature. Our works havestimulat ed int erests on LR-based optimization fromUT Austin

[5,6].

In addition, drawing upon my strengt h in int erconnect extraction and modeling, I for mulat ed the global interconnect sizing and spacing (GISS) problem based on theconcept of asymmetric wir esizing, in a joint paper wit h my UCLA collea gues [C9]. Taking account of thecoupling capacitance, theproblemopt imized thewir esizing and spacing solutions simultaneously for multiplenets. In contrast, previous wir esizing for mulations consider ed a singlenet without coupling capacitance. Becausethefor mulation well captured thecharacteristics of theint erconnect capacitancein deep submicron designs, it obtained significant dela y reductions compared to thesingle-net wir esizing for mulations. Further more, theGISS problemwas shown to bea CH-program[C10,J7]. It instantly result ed in a LR-based algorit hmthat is 100x faster than an alternativeapproach using a dyna mic-programming t echnique. Moreover, thefor mulation and solution of the

GISS problemhavebeen naturally int egrated into thefra mework of theSTIS problem, which makes t he

STIS work [C10,J7] theonly exist ing deviceand wir esizing study that is ableto apply accuratemodels for both devicedelay and int erconnect capacitance.

Theindustry has expr essed a great deal of int er ests in theseworks that addr essed thecritical issues in the high-perfor ma nceint erconnect designs. Oneof my UCLA collea gues int egrated thebundled wiresizing algorit hm[C4,J5] int o theGARDS system, which is a layout tool fromSilicon Va lley R esearch, Inc.

Moreover, I haveimplement ed t hebundled wir esizing algorithm, as well as STIS and GISS algorithms

[C6,C10,J7] in the TRIO (Tree, Repeater and Interconnect Optimi zation) package , which comprises of a variety of int erconnect opt imization algorit hms ma inly developed in UCLA [C8]. I also haveplayed a leading rolein programint egration and design flow control for thepackage, and haveprovided models for devicedelay and int erconnect capacitance, as well as algorit hms for thesimultaneous buffer and wir esizing module. Thepackagehas been included in a global routing syst emof Int el, and has been transferred to

Hewlett-Packard Research Laboratories.

I.2 Contributions to interconnect extractionand modeling

I havecollaborated wit h theindustry to work on int erconnect extraction and modeling, with emphasis on efficient generation of accuratemodels for int erconnect resistance, capacitanceand inductance. In a joint work [C7] bet ween CadenceDesign Syst ems, Inc. and UCLA, five^foundations~ wer eproposed and validated based on basic constraints (planarization and minimummetal densit y requirement) in process technologies. Thesefoundations enablea 2½-D capacitance extractionmethodology , which reduces the mult i-layer capacitance extraction problemat thefull-chip level to t wo subproblems, oneconsider ing three wiretraces on a metal layer and theother considering six wir etraces on t wo adjacent layers. The2½-D met hodology has been shipped with theSilicon Ensemble5.0 product fromCadencefor timing verification, and has been used in theTRIO packageand quit ea few recent works fromUCLA (e.g., [7,8]) for int erconnect synthesis and planning.

In thelatest cooperation with Hewlett-Packard Research Laboratories (HPL), I proposed an efficient inductance extractionmethodology in order to generatetheRLC model for on-chip int erconnects. My HPL colleagues and I havealso applied theRLC model, with consideration of process variations, to simulating and optimizing int erconnects for themost adva nced micr oprocessor designs. A paper on theinductance extraction met hodology has been submitted to a major IEEE confer ence[9].

II. Future Plans

In thenear future, I would liketo work on computer-aided designfor high-speed circuits , especially on inductance-awareint erconnect planning and synthesis. Theon-chip inductiveeffect has becomea factor of incr easing prominencethat limits thecircuit perfor mance for high-end micr oprocessors and ot her VLSI syst ems. However, very few existing works haveconsider ed t heon-chip inductancefor int erconnect synthesis, and they havet ended to useover-simplified inductancemodels. I amint er est ed in developing a spectrumof highly efficient algorithms under theaccurateRLC model. Moreover, I will ma keprotot ype tools availableto theindustry and theacademia. Concerning int erconnect planning, ther earefew preliminary recent studies (e.g., [8]) using nominal RC models. My research plans includefurther studies in this dir ection as well. I will usetheRLC models (e.g., [9]), and consider process variations and process migration. I would also liketo study the physical designfor SOI (systemon chip), wit h emphasis on synthesis of power, clock and global nets, and process migration of IP blocks. In addition to my rich research experiencein physical design, my knowledgeof and insights in circuit simulation and int erconnect extraction and modeling will gr eatly facilitatethesecrit ical studies.

Teaching I nterests

I would liket o teach a variety of graduate courses on design automation, including VLSI Design, Logic

Synt hesis of Digital Syst ems, Physica l Design Aut omation of VLSI Syst ems, and Circuit Simulation and

Analysis. In order to bett er preparestudents to design high-perfor mancesyst ems for thenanomet er technology and giga hertz frequency, I would also liketo offer an advanced graduate course , Int erconnect

Modeling and Optimization. This new coursehas just started to beoffer ed in UCLA. It is based on a comprehensivesurvey of existing results on int erconnect synthesis and layout compiled by my UCLA colleagues and me[J6]. I also prepared and ga vea four-hour lectureon int erconnect extraction for this course, and assigned and evaluat ed homewor k on this topic.

Given my doublebackground in electrical engineering and comput er science, I amalso capableof teaching a widerangeof undergraduate classes , such as Logic Design of Digital Syst ems, Comput er Archit ecture,

Comput er Net work Funda mentals, Basic Met hods of Data Organization, and programming languages.

References:

[1] J. Lillis and C.K. Cheng, ^Timing Optimization for Multi-sourceNets: Characterization and Optimal

Repeat er Insertion,~ in Proc. Design Automat ion Confer ence, June1997, pp. 214-219.

[2] Y. Gao and D.F. Wong, ^Optimal ShapeFunct ion for a Bi-dir ectional Wireunder Elmor eDelay Model,~ in Proc. IEEE/ACM Int´l Conf. On Comput er-Aided Design, Nov. 1997, pp. 622-627.

[3] C.C.N. Chu and D. F. Wong, ^A New Approach to Simultaneous Buffer Insertion and WireSizing,~ in

Proc. IEEE/ACM Int´l Conf. On Comput er-Aided Design, Nov. 1997, pp. 614-621.

[4] J. Cong, C.-K. Koh, and K. S. Leung, ^Simultaneous Buffer and Wir eSizing for Perfor manceand Power

Optimization,~ in Proc. Int´l Symp. on Low Power Electronics and Design, Aug. 1996, pp.271-276.

[5] C.C.N. Chu and D.F. Wong, ^Greedy Wir e-Sizing is Linear Time,~ in Proc. Int´l Symp. On Physical

Design, April 1998, pp. 39-44.

[6] C.P. Chen, C.C.N. Chu, and D.F. Wong, ^Fast and Exact Simultaneous Gateand WireSizing by

Lagrangia n Relaxation,~ in Proc. IEEE/ACM Int´l Conf. On Comput er-Aided Design, Nov. 1998, pp. 617-

624.

[7] C.C. Chang and J. Cong, ^Crosstalk Constrained Pseudo Pin Assignment,~ submitted to an IEEE confer ence, 1998.

[8] J. Cong and Z. Pan, ^Interconnect Estimation and Planning for Deep Submicr on Designs,~ submitt ed to an IEEE confer ence, 1998.

[9] L. He, N. Chang, S. Lin, and O. S. Nakagawa, ^An Efficient InductanceModeling for On-chip

Int erconnects,~ submitt ed to an IEEE confer ence, 1998.