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Welcome to Date 2002

On behalf of the Execufive and Technical Program Commmittees, we take great pleasure in welcoming you
to Paris and to DATE 02, the single, most comprehensive European Confarence and Exhibition event bringing
together academie researchers, industry specialists, users and vendors in the fislds of Design, Automation and Tast
of electronic circuits and systems.

The endlsss quest for faster, cheaper, smaller electronic products, parbicularly for the growing consumer
and commmmications markets, dictate that increazingly complex designs be generated n contimucusly shrmking time
scales. But whila design time hasz been reduced by possibly as much as 70 percent over the past few years, the cost
of design has sigmificantly increased and continues to grow. This makes desizn automation a strategic technology for
modem electronic systems, from zimple ASICs via embedded IP cores to large systems on chip made of
heterogeneous processors communicating via on-chip networks.

DATE haz become the pre-emiment European confe tapping mto a large reservoir of research and
development activities m the fiald of design technology. Werld leading companies in wireless communications and
automotive indusiries have led o the emerzence of recogmised Eurcpean specialities m Embedded Svstems as well
as IP and 30C Technologies, particularly with a strong mixed-signal content. These are thres of the most important
driving forces behind IT's explosive zrowth and the main comimbutors fo accelerate the pace of electromic
integration allowing complex systems te be built into a singla chip. DATE is 2 unique event whare the latest
scientific and technological developments are brought to public from the leading players in the fizld. DATE,
therefore, offars a once-in-z-year occasion to find out more about the technical and architectural frends of circuits
and systems, small and large, and the design sutomation and test challenges they bring to tool vendors and PCE
companies 25 well as samiconductor and IP providers alike.

DATE 02 has recerved a total of 476 papers submitted to the regular scientific tracks of the Conference, 2
very significant 60 percent increase in the number of submissions in comparison to the previcus edifion. The
Program Committes haz had the hard and always difficult task of selecting 83 papers for long presentations, 54
papers for short presantations and 68 papers for presentation s posters. An additional 46 papars will be prezented in
the Designers’ Forum which were selected from a record brezking 70 submussions. Last but not least, 14 Special
Sessions have been chosen to bring stimulating insights and vibrant discussions i state-of-the-art topies. Due to
such a large number of excellent confnbutions selected by the Technical Program Committee, the Conference
Program has been extended from 3 o 6 parallel tracks.

In complement to the main techmical and scientific Program, we have designed a number of valuable
education activities in the days before and after the conference. These are the Pre-Conference Tutorials on hMonday,
alraady 2 tradition at DATE, and two new full day Master Cowrzes that will take place just after the confarence on
Friday and which will address practical desizn-criented 1ssues of system-on-chip applications. The crgamizabion of
many Hands-on-Tutonals, 2 PCE Symposium, 2 University Booth, vendor prasentations, frings meetings, and social
events offer 2 wide variety of extra opportunities to meet and exchange mformation on relevant issues for the dasign,
automation and test commumities.

Many velunteers have grven their best efforts to make this Conference and Exhibition an oufstanding event.
We would like to thank all the members of the Spomsors Committes, the Executive Committee, the Program
Committee, the Vendors Commuttee and the Exhibitors, as well as all the Authors, Speakers, Session Orzanizers,
Session Chairz, and Reviewers for their continued interest, energy and support to DATE. We hope that you will
enjoy the DATE 02 Conference and Exhibition as much as all of us have enjoyved organizing it for you

Jose da Franca, General Chairman
Carlos Delgade Kloos, Program Chairman
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Plenary — Keynote Session

Modsratar: J. da Franca, Chipldea FT

Om Nanoscals Integration and (igascale Complexity i the Post .Com Werdd [p. 12]
Huge De Man, Professar, EU Leuven, Serior Research Fellow IMEC, BE

Global Responsibilities in SOC Design [p. 12]
Taylor Scanlon, President & CEQ, Virtual Silicon Technology, US

1A: Hot Topic — How to Choose Semiconductor IP?
Chrganizer: Yervant Zorian, Firags Logic, US
Modsratar: Nic Mokhoff, EE Timss, US

|— |— How to Choose Semiconductor IPT -- Embaedded Processors [p. 14]
I Phillips

[]["] Make Your SOC Design 2 Winner: Selact the Right Memory TP [p. 15]
¥, Ratford

,_ l_ How to Choose Semicondnetor IP: Embedded Software [p. 16]
G Martin

’_ I_]:P Dizy: How to Choose Semiconductor IPT? [p. 17]
P, Bricaud

1B: Formal Verification of Complex Designs
Moderators: L Fix. Intsl, ISR: T. Eropf, Bosch, DE

,_ l_ Formal Verification of the Pentinm 4 Floating-Point Multiplier [p. 20]
R Eaivola and N. Nevasimhan

’_ I_ Using Rewrting Fules and Positive Equahty to Formally Venfy Wide-Tssne Ont-of-Order Mieroprocessors with a Reorder Buffer [p. 28]

M elew

,_ l_ Antornatic Verification of In-Order Execution In Microprocessors with Frapmentad Pipelines and Mulhieyels Functional Units [p. 36]

P Miskora, N. Dutt. A Nieolaw, and H. Tomivama

,_ l_ A Caze Study for the Verification of Complex Timed Circuits: IPCMOS [p. 44]
M Pefia, J. Cortadslla, E. Pastor, and A Smirnov

1C: Cooling Layout Arrangements
Modsrators: RH.JM Otten, TU Eindhoven, NL: MDF. Wong, Texas U US

'_ I_ FPGA Placement by Thermodynamic Combinztorial Optimizztion [p. 54]
J. D= Ficente, J. Lanchares, and K. Hevrmida

,_ l_ An Erhanced Q-Sequance Ausmanted with Empty-Room-Insertion and Parenthasiz Trees [p. 61]
C Zhuang ¥ Eqfitani, K Sakarushi and L. Jin

’_ I_ Arbitrary Convex and Concave Rectilmsar Module Packing Usmz TCG [p. 69]
J Lin, H. Chen, and ¥. Chang

1D: Defect Oriented Test
Modsrators- J. Segura, Mss Balears U ES; H. Manhasve, O-Star Tast BE

/i
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| /1" "] A Test Design Mathod for Floating Gate Deficts (FGD) in Analos Integrated Circuits [p. 78]
M Pronath, H. Grash, and E. Avntreich

I_I_EndGrzdingnfMplePzﬁDelzyFaulﬁ [p- B4]
5. Padmanaban and 5. Tragoudas

l_l_MndelingTechniquaa.udTubmeazﬁalFauhs in Memory Devices [p. 39]
Z Al-Avs and A van ds Goor

,_ |— A New ATPG Algorithm to Limit Test Set Size and Achieve Multiple Datections of All Faults [p. 94]
5. Lee, B. Cobb, J. Dhworak M Grimaila, and M Mercer

1E: Power Analysis and Management in Networks and Processors
Moderators: E. Macii, Politsenico df Torine, IT: K. Rey, Purdus U, US

’_ l_ Low Powear Error Resilient Encoding for On-Chip Data Busas [p. 102]
D Bertozzi L. Banini, and & De Micheli

l_l_ Manzgms Power Consumption in Networks on Chip [p. 110]
T. Simnmic and 5. Bovd

’_ |— Competittve Analysis of Dymarme Power Management Strategies for Systems with Multiple Power Savings States [p. 117]
5. Irani. R Gupta, and 5. Shukla

’_ |— AccuPower: An Accurate Power Estimation Teol for Superscalar Microprocessors [p. 124]
D. Ponomarey, 5. Eucuk and K. Ghose

2A: Panel — What is the Right IP Business Model?

Organizer: ¥ Zovian, Virage Logic, US

Mboderator: B Bartleson, Swmopsys, LTS

Panellizts: J Tully, Garmer Dataguest, US: G Toomagjarian, Dain Rauscher Wezzels, US:

E Derai, Desaizive Technology Rezeareh, US: M Hozzeini, WIT Sowundview, US; V Erzi AH&EH, U4

l_l_IPisAﬂAbm.ﬁImplemenﬁﬁmande‘h:muSaﬁsﬁwﬁm[p.Bl]
¥ Eszi, Jr.

2B: SAT and BDD Technigques
Moderatorz: T Shiple. Symopsys, FR: R Drechsler, Bremen U] DE

l_l— Using Problem Synumetry in Search Based Satisfiability Algonthms [p. 134]
E. Goldberg, M Prasad and K. Bravton

,_ |— BerkMin- A Fast and Robust Sat-Solver [p. 142]
E. Goldberg and ¥ Novikov

["1 ] Dymamic Schedaling 2nd Chstering in Symbolic Image Comprtstion [p. 150]
G. Cabodi, P Covmwrati, and 5. OQuer

2C: Technology and Interconnect Issues in Low Power Desisn
Moderators: 5. Huss, TU Daymstady, DE: D. Awvergns, LIRMA F

’_ |_ Wire Placement for Crosstalk Energy Minimmzation in Address Busas [p. 158]
L. Macchiorula, E. Macii, and M. Poncing

l_l— Dymarme VTH Scaling Scheme for Active Leakage Power Reduction [p. 163]
. Kim and K. Roy

,_ |— Profile-Based Dynammic Voltaze Scheduling Using Program Checkpoints [p. 168]
A. Azevedn, I Iszerin. R Cornsa R Gupra N Durt A, leidenbaum, and A. Nicolau

’_ |— Sizins Power/Ground Meshes for Clocking and Computing Cirenit Components [p. 176]
A Mukheyjss, K Wang, L. Chen, and M Movek-Sadowska

2D: Advanced Mixed Signal Test
Modsrators: J. Husrtas, CNM-IMSE, ES; B. Kaminska, Flusnce Technology, US

[“I[%] A Signatire Test Framesvorkc for Rapid Production Testing of RF Circuits [p. 196]
R Toorakaranam, 5. Chevubal, and A Chatterjes

l_l—Analeg[PTaﬁng:Diagposisandeﬁmjzaﬁm[p. 192]
C. Guardiari, P MeNamara, L. Daldoss, 5. Saxena, 5. Zanslla, W Xiarng, and 5. Liu

l_l—ANewDesiguFla\'edea‘hh]itj'I\{eme for the Generation of a Stroctural Test and BIST for Analogue and Mixed-Signal Cirentts [p. 197]
C. Haoffinanmn

,_ l_ Built-In Dynamic Current Sensor for Hard-to-Detect Faults in Mixad-Siznal IC: [p. 205]
¥ Lechuga R Mozuslos, M Mortinez, and 5. Bracho

2E: Collaborative Desion - Web-Services. Infrastructure. Applications
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Moderators: A. Sauay, FhG EASTIS, DE; A Pawlak, ITE Warsag PL

|_’_E-Desi§pBasednnﬂ:e Reuse Paradizm [p. 214]
L. Gharmi, 4. Ghwab, M Hamdoun, B. Mizzaoui, K. Skiba, and G. Saucisr

|— ,_ Intemnet-Baszed Collaborative Test Generation with MOSCITO [p. 221]
A. Schrsider, K Digngr; E. Fvazk, J. Raik, . Ubar, B Miklos, I Cibdkovd, and E. Gramatovd

|— ’_ A Two-Tier Distributed Electronic Desizn Framework [p. 227]
T Eazmisrsk and N Clayton

I_I_EmbeddedSy:tEmDaignBuad On Webzarvices [p. 232]
A. Rertherg and W Thronicks

2F: Panel — Who Owns the Platform?

Organizer/Moderaior: W. Wolf, Princeton L, UY

Pansllizis: M Pirnto, Agers, US; P Paulin, STMicroelscronics, Cd; C. Rowen, Tensilica, US;
Q. Levia, Improv Svstems, US; & Saucier, Design-Rewss, FR; I Gerousis, Infineon, DE

[11"] Who Ovens the Pratfoem? [p. 235]

3A: Embedded Tutorial — The Need for Infrastructure IP in SoCs

Orpanizer: D Gizapoulos, Pirasus U, GR
Modsrator: G. Smith, Gartner Dataquest, US
Speakers: M Millipan, HPL Technologies, US; ¥ Zorian Irage Logic, US; 5. Patsras, Logiclizion, US; M Nicolaidis, iRoC Techmologies, FR

[][7] 1P for Embeddad Robustness fp. 240]
M Nicolaidiz

|_,_Embed.dedDia§uDsjsIP[p.242]
5. Pateras

["1[] Erbedded Robustnass s [p. 244]
E. Dupont. M Nicolaidis, and P Rolr

3B: Advances in Logic Synthesis
Modsrators: M Berkelamy, Magma Design Automation, NL; W Euwe, Eaiterslautern U DE

r,_GESLm:AHemﬁﬁnhSEteRedmﬁminImmpletdy Specified Finite State Machines [p. 248]
& Goven and F. Ferguson

|— ,_ Generalized Early Evaluation in Self-Timed Cireuits [p. 255]
M Thovmon, K. Fazsl, R Resss, and C. Traver

|— I_Dml'Ihreshold\-'n-]iag:eDomjno Logic Symthesis for Hizh Parformancs with Noise and Power Constrant [p. 260]
S Jung K Eim and 8 Eang

3C: Novel Applications of Symbolic Technigues to Analogue and Digital Circuit Design
Modsrators: F. Férnandez, IMSE-CNM, ES; A. Eonczykowska, Alcatel Rl FR

|— ’_AFit'I:i.ug_-!.ppma.chto Crenerate Symbolic Expressions for Linear and Nonlinear Analog Ciremit Performance Characteristics [p. 268]
. Daems, . Giglen, and W Sansen

|— ’_ Parameter Controlled Automatic Symbohe Analysis of Nenlmear Analog Circmts [p. 274]
R Popp. J Oslonen, L. Hedvich, mud E. Bavks

|— ’_ Constructing Symbolic Moedels for the Input/Cutput Behavdor of Periodiczlly Time-Varying Systerms Using Harmonic Transfer Matrices [p. 279]
P Tamassche, & Giclan, and W Sazen

|_ ’_ Taylor Expansion Diagrams: A Compact, Canonical Representation with Applications to Symbelic Verification [p. 235]
M Ciesielski, P Kalla, Z. Zeng, and B. Rouzewre

3D: Hot Topic — EDA Tools for RF: Myth or Reality?

Crparizsrs: I Guarnirsi Barcelona Design, US; E. Chen, Celesory Design Technologias, U5
Mbdsrator: C._4jluni, Wirsless Systems Design, US
Prezemters: 5 Savage. Cypress Semiconductors, US: M Hevshenson Bareslona Design, US: X Zhang Celesoy Design Technologies, U5

[“I[""] EDA Tools for RE: Myth or Reality? [p. 292]

3E: Platform-Based Design and Virtual-Component Reuse
Moderators: W, Wolf, Princeton U, US: N. Mrtines Madrid, FZI Karisruhs, DE

|_ ’_ Dyvnamue Runtime Re-Scheduling Allowing Multiple Implementations of 2 Task for Platform-Based Diesizns [p. 296]
T Lee, W Wolf andJ Henksl

|— ’_ Technigues to Evelve a C++ Based System Design Language [p. 302]
K. Pasks, 5. Vernalds, and P Schaumont
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| /1] & Mixed-Siznal Design Reuss Methodology Based on Parametric Behavioural Models with Non-Ideal Effacts [p. 310]
A Ginés, E. Peralins, A Rusda, N. Madvid, and R Sespold

3F2: Analogue Circuit Characterisation and Simulation
Mbdsrators: A. Rodrigusz-Véeques, IMSE-CNM ES; D Leenaerts, Philips, NL

’_ ’_ Test Stroctore for I-(VgE) Parameter Diatermination of Low Voltaze Applications [p. 316]
W. Rahgjandraibe. C. Dyfaza, It Awvergns, B. Cialdslla, B. Myjows, and I Chowdhoy

,_,_GlnhalopiimjzaﬁmApinedmﬂJeOmiﬂamerblm[p_iﬂ]
S Lamps and 5. Laur

4A: Panel - MEDEA+ and ITRS Roadmaps

Organizer: W Rosenztiel, FZI Tucbingsn U, DE

Moderator: G. Mathéron, Divector of MEDEA+ Office, FR

Panelliztz: J. Bovel, ST\icroelctronics, US; G Matheron, MEDEA+ Office; A. Jerraya, TIMA, Grenoble, FR;
5. Resve, UC Berksley, US; M Rogers, Tntel, US: W Rosenstiel, FZI Tucbingen U DE:

I Rugen-Herzig, Infincon Techmnologiss, DE: F Thesuwen, Philips Ressareh NL

’_’_MEEEA+andIIRSRnadm.1m [p. 328]

4B: Asynchronous Circuits and Clock Scheduling
Mbodsvators: M Remaudin TIMA, Grenobls, FR: L. Lavagno, Politecrico di Torino, IT

,_ ,_ A Burst-Mode Onented Back-End for the Balsa Synthesis Svstem [p. 330]
T Chelcea, 5. Nowick, A. Bardsley, and D. Edwards

’_ ’_ Detecting State Coding Conflicts in STGs Using Integar Programming [p. 338]
V. Ehomsnko, M Eoutry, and A. Fakovlev

’_ ’_ Verifying Clock Schedules in the Prasance of Cross Talk [p. 346]
5. Hassoun, E. Calvillo-Gamsz, and C. Cromsr

4C: Analogue and Mixed-Signal Systems
Modsratars: A. Eaizer, ISEN, FR: P Wambacg, IMEC, BE

[“]["-] Analysis of Monlinezrities in RF Front End Architectres Using 2 Modified Volterra Series Approach [p. 352]
M Gaffioul, B Wambacg, G Vanderstean, and 5. Downay

’_ ’_ Systernatic Dasien of 3 200 Ma/S B-bit Inferpolating A/D Cormvertar [p. 357]
J Vendenbuzzehe, E Lewwers, K Uittenhove, M Stevasrt, and G Gielen

,_ ,_ Bio-Inspired Analog VLEI Desizn Realizes Programmable Complex Spatic-Temporal Dynamics on a Single Chip [p. 362]

R Carmona, F Jimenez-Garrids, R Domingusz-Castro, 5. Expgjo, and 4. Rodrigue=z-Tdzques

4D: BIST Diagnosis and DFT
Modsrators: M Flottes, LIRMM FR, A Benso, Politecnico di Toring, IT

’_’_Anhﬂm.enhh\lgmiﬂ:mﬁm?ui Generation in [llincis Scan Architecture Based Designs [p. 363]
A. Pandey and J. Patel

,_ ,_ (Gate Lavel Fault Diagnosis in Scan-Based BIST [p. 376]
I Bagywaktaroglu and 4. Crailogiu

’_ ’_ An Iterval-Based Diagnosis Scheme for Identifying Failing Vectors in a Sean-BIST Environment [p. 382]
C. Liu, K Chakrabary, and M Gosszsl

’_ ’_ Raducing Test Application Time Through Test Diata Mutation Encoding [p. 387]
5. Reda and 4. Ovailoglu

4E: Code and Memory Optimization in Co-Design
Modsrators: B Leupsrs, TU dachsn, DE; R Ernst, TU Brawschweig, DE

’_ ’_ Hardware/Software Trade-0ffs for Advanced 3G Chamnel Coding [p. 396]
H. Michel, A. Worm, N. Wehry, and M Minch

,_ ,_ An Efficient Compiler Technigue for Code Size Feduction Using Reduced Bit-Width ISAs [p. 402]
A. Halambi, A Shrivastava, P Biswas, N. Duit, and A Nicolau

’_’_Assignmnggzma.udIhiaa:jmtu Seratchpad for Energy Reduction [p. 409]
3. Steinks, L. Wehmsyer, B. Les, and P Marwedsl

5A: Hot Topic — Network on a Chip
Modsrator/Organizer: G. De Micheli, Stanford U, LS

’_ ’_ Networks on Chip: A New Paradigm for Systems on Chip Design [p. 418]
(7 Na Micheli mad T. Rasini
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l_’_CcmmmcahmI\{echmmsﬁr Paralle]l DSF Systems ona Chip [p 420]
J. Willigms, N. Heinrzs, and B. Ackland

’_ ’_ MNetworks on Siheon: Combining Best-Effort and Guaranteed Serices [p. 423]
E Goossens, P Wislags, 4. Pestsrs, and J. van Mserbargen

5B: Low Power Architectures and Software
Modsrators: W. Nebel, OFFIS, DE; M Miranda, IMEC, BE

’_ ’_ Data Rense Exploration Techmiques for Loop-Donunated Appheations [p. 428]
T Fan Actwsren, &. Deconinck, F. Carthoor, and R Lewwsreins

’_ ’_ EAC: A Compiler Framework for High-Level Enersy Estimation and Optirnization [p. 436]
I Eadawif M Eandemiv, N. Wiavlkrizhmar, M Irwin, and A Stvasubramaniam

’_ ’_ Powear Savings m Embedded Processors through Decode Filer Cache [p. 443]
W. Immg, B Gupia, and 4. Nicolau

’_ ’_ Hardware-Assisted Data Compressien for Energy Mimmization m Systems with Embedded Processors [p. 449]
L. Benini, I Brumi, A. Marii, and E. Macii

5C: Nitty Gritty Details of Layout Design
Modsrators: E. Barke, Hannover U, DE; P Grosnsveld, Magma Dezign Auwfomation, NL

’_ ’_ Analy=iz of Moise Avoidance Technigues m DSM Int cts Using a Complete Crosstalk Noise Model [p. 436]
M EBseex, ¥ Zolotoy D Blaaws, R. Panda, and I Haji

’_ ’_ Hierarchical Current Density Verification for Electromigration Analysis im Arbitrary Shaped Metallization Patterns of Analog Cirewits [p. 464]
G Jerke and J. Lisnig

I_I_APolynnmial Time Optimal Diode Inserfion/Routine Alsorithm for Foons Antenna Problam [p. 470]
I Huang X Tang H Xiang D Wong and I Liu

5D: SoC and System Test
Mbdsvators: ¥ Zorian, Logiclision, US: D. Gizopouloz, Pirasuz U GR

’_ ’_ Test Planning and Design Space Fxploration in a Core-Based Environmeant [p. 478]
E Cota L Comvo, M Lubazzewski, and 4 Orailogiu

'_'_AH.i.enmhical Test Scheme for System-On-Chip Designs [p. 486]
J Li H Huagng J. Chen, C. Su C. Wy, C Cheng, 5. Chen, C. Hwang, and H. Lin

,_ ,_ Efficient Wrapper TAM Co-Optimization for Larze 30Cs [p. 481]
¥V vemgar; K Chalrabarty, E. Marinizzen

[]["] Beyond UML to an End-of.Line Functional Test Engine [p. 459]
A. Baldini, A Benso, P Prinetto, 5. Mo, and A Taddei

5E: Modelling and Synthesis of Embedded Systems
Modsrators: J. Lopes, Castilla-La Marmcha U, ES: F Rowsrsau, TIMA, Grenobis, FR

’_ ’_ Event Model Interfaces for Heterogeneous System Analysis [p. 306]
K Richtsr and R Ernst

["][""] Energy-Efficient Mapping and Scheduling for DVS Enablsd Distributed Embeddad Systams p. 514]
M Schonizz, B. Al-Hashin, and P Eles

,_ ,_ A Layered, Codesien Virtual Machine Approach to Modeling Computer Systems [p. 532]
J. Paul and I Thomas

’_ ’_ Automztic Evaluation of the Accuracy of Fixed-Point Alsonthms [p. 529]
D Menard and O, Sentigys

6A: Panel — Power Crisis in SoC Design: Strategies for Constructing Low-Power, High-Performance SoC Designs

Crgarnizer: K. Brock, Firtwal Silicon Technology, US

Modsraror: C. Edwards, Electronic Timas, UE

FParellizsts: B Lannoo. Alcatel, BE; U Schiichimann, Irfinson Techmologies, DE; A Domic, Symopsys, US:
J. Benkoski. Mowtsrey, US; D. Overhauser, Stmplex, US; M. Eloment, Firtual Silicon, US

’_ ’_ Power Crisis in SolC Design- Stratesies for Constructing Low-Power, High-Parformance SoC Designs [p. 538]

6B: Reconfigurable Architectures
Moderators: B.. Hartenstein, Eaiserslautern U, DE; U Eebschull, Laipzig UL DE

’_’_AMEdeoCumprEmi.mCmShdynnaRamnﬁgmnbleVLWAmhﬂamne [p. 340]
D Rizzo and . Colavin

—ir—
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|““/["] A Complete Data Scheduler for Multi-Confext Reconfizurable Architectures [p. 547]
AL Ea'.ucijﬁ-flﬁ, M Fé@rmandsz, B Maesore, R. Hermida, N Baghsrzadeh, and F. Kurdahi

|— ,_ Highly Scalzble Dymamically Raconfizurable Systolic Rinz-Architecture for DSP Applications [p. 53]
. Sassarsili, L. Torrss, P Benoir, T Gil, C. Diow. & Cambon, and J. Galy

l_ ’_ (Belf-Jreconfisurable Finite State Machines: Theory and Implamantation [p. 359]
J. Teich and M Esster

6C: Analogue Modelling, L.ayout and Sizing
Moderators: H Graeb, TU Munich, DE: & Giglen, K17 Lewven, BE

|_ ’_ A Lmear-Cenfric Smunlation Framework for Parametnc Floctuations [p. 568]
E. Acar, 8. Nassift and L. Pilsggi

|— ’_ Antormatic Generation of Commen-Centroid Capacitor Arrays with Arbitrary Capaciter Batio [p. 576]
M Dessouky and I Saved

r’_Anﬂng:m&mgUmg Adaptive Worst-Case Parameter Sets [p. 581]
R Schwencker, F. Schenkel, M Pronath, and H. Grasb

|— ’_ High-Frequency Monlinear Amphfier Model for the Efficient Evaluation of Inband Dhstortion Under Monlinear Load-Pull Conditions [p. 336]

G. Vanderstesn, F: Wambarg, 5. Donnay, and F. Ferbeyst

6D: Test Resource Partitioning for Embedded Cores
Modzvators: Z Peng. Linkoping U SE; B. Rouzgure, LIRMM FR

|— ’_ Effective Software Self-Test Meathodology for Processor Cores [p. 392]
N Eranitiz, A Paschaliz, D). Gizopoulos, and ¥ Zovian

|— ’_ Test Resource Partitioning znd Redocad Pin-Cownt Tasting Basad on Test Dats Compraszion [p. 598]
A. Chepedra and K. Chalrabarqy

|_ ’_ Improving Compression Ratio, Area Ohverhead, and Test Application Time for Svstem-on-a-Chip Test Data Compression/Decompression [p. 604]

P Gonciari. B. Al-Hazhimi, and N. Nicolici

|— ,_ Problams Dua to Open Faults in the Interconnections of Self Chacking Datz-Paths [p. 612]
M Favalli and C. Mstra

6E: System Level Simulation and Modelling
Modsrators: B. Al-Hashimi, Southampton U, UE: P Schwarz, FhiG [ISEAS Dyesdan, DE

l_ ,_Auhomzﬁcﬂenazﬁon of Fast Timad Simulation Models for Operating Systems in SoC Design [p. 620]
3. Too, G. Nicolescu, L. Gauthisy, and 4. Jerraua

|— ,_ Window-Basad Susceptance Models for Large-Scale ELC Cirenit Analyzes [p. 628]
Z Zhemg. L. Pileggi, M Beattie, and E. Krauter

][] A Linear-Centric Modeling Approach to Harmonie Balance Analysis [p. 634]
P Liand L Pilegei

r'_AnEuﬂg} Estimation Method for Asynehronous Cirewifs with Application to an Asynchroneus Microprocessor [p. 640]

P Penzes and A Martin

Modzrator/Organizer: K. Otten, TU Eindhoven, NL

Speakers: B Camposane, Symopsys, US; B Groenevald, Magma Derign Automarion, US; B Otten, TU Eindhoven, NL

|— ’_ Design Automation for Deepsubmicron: Present and Future [p. 630]

7A: Panel — Reconfigurable SoC — What Will it Look Like?

Orpanizer- D. Davis, Actel, US
Mbdsrator: B. Lewis, (Gariner/Dataguest. US

Panelliss: I Bolsens, Xiliree, US: B. Gupta, STMicroslectromics, US: R Lawwersins, IMEC. BE: ¥ Tanurhan, Actel Covporation. US: C. Wheddon, Quicksilver Teckmology, US

|—,_Racnnﬁg1mble SoC  What Will it Look Like? [p. 660]

7B: Layvout Aware Logic Synthesis
Moderators: A. Oliveira, INESC, PT: R. Migai, Fujitsu Labs., US

[“I["] Congastion-Aware Logic Synthesis [p. 6641
D Pandini, L Pilsggi and A Smajwas

|— ’_ Layout Driven Decomposition with Congestion Comsidaration [p. 672]
T Eutzzchebaush and L. Stak

l_l_lmpamingthmtmﬂgriheCamhmDelzyMndd[p.ﬁ??]
E Sulinoma, W Ewnz, I Newsmmm, and L. van Girmsken
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r'_&mhlkumiaﬁmﬁmlﬁjmmicnﬁs[p. 683]
T Tiem, T Lai, and 5. Chang

7C: Buffering and Tapering
Mbdsrators: J. Lisnig, Bazch, DE: F Johannes, TU Munich, DE

I_I_FljpﬂnpzndRapa:rerhserﬁcmmeaﬂ_\; Intercormact Planmng [p. 630]
R Ly G Zhong C. Koh, and K Chao

r’_CmgaﬁmEsﬁmzﬁmwﬂhBuﬁuPhnningmﬂmplmDﬁgn[p.ﬁgﬁ]
W. Wong, C. Sham, and F. Young

rl_hhmﬂmﬁng\ﬁthﬂuﬂ'ﬂlmarﬁmmdaTmiﬁmTimeCmﬂnﬁ [p. T02]
L Hugng M Lai I Wong and ¥ Gao

|— ,_ Optiral Transistor Tapering for High-Speed CMOS Circuits [p. T08]
L Ding and P Mazunder

7D: Automatic Design Debug and TPG
Modsrators: P Teivsira, INESC-IST, PT; B. Straube, Fh(G IIS/EAS Dresden, DE

rl_humthhgnosisaudemeﬁmof}{ulﬁpleFmﬂisandEnm[p. 716]
A. Veneris, J. Liv, M Amiri, arnd M Abadir

|— ’_ Test Ennichment for Path Delay Faults Using Multiple Sets of Target Faults [p. 722]
I Pomeranz and 5. Reddy

|— ’_ FACTOR: A Hierarchical Mathodology for Functionz] Tast Genaration and Testability Analyvsis [p. 730]
V Fedula mud J_Abraham

7E: Object Oriented System Specification and Desisn
Mbderators: W, Grass, Passau U, DE;: E. Villay, Cantabria U, ES

|— ’_AnEm-'imnmEni for Dhynamic Component Composition for Efficient Co-Design [p. 736]
F Doucer, 5. Shokla, B Gupta, and M Otsuka

|— ’_ Functional Verification for SystemC Deseriptions Using Constraint Solvine [p. 744]
F. Farrandi. M Rendins, and D. Sciuto

l_ ,_ The Medelling of Embadded Systems Using HASoC [p. 752]
M Edwards and P Green

[“]["] a Functional Spacification Notation fix Co-Design of Mixed Analog Digital Systems [p. 760]
A. Dobol and R. Temuwri

SA: Hot Topic - UML.: Using the Unified Modeling I.anguage for Embedded System Specification
Moderator/Organizer: L. Lavagno, Politecrico di Toving, IT

[ The Real-Time UM Standard: Definition and Application [p. 770]
B. Selic

|_ ’_ TML for Embeddad Systems Specification and Design: Motrvation and Orverview [p. 773]
G Martin

][] A UML Based Design Methodology for Real-Time and Embedded Systems [p. 776]
G de Jong

SB: Real Time Embedded Systems
Moderators: Z Peng. Linkdping U SE: J. Sifukis. FERIMAG, FR

|— ,_ Mininnmn Energy Fixed-Pricnty Schaduling for Vanable Voltaze Processor [p. 782]
G. Quan and X Hu

l_ ,_ A Dhynamic Voltage Sealing Alzorithm for Dynamic-Priority Hard Rieal-Time Systers Using Slack Time Analysis [p. TBE]
W Eim, J. Eim, and 5. Min

|— ’_ Extending Synchronous Languazes for Generating Abstract Real-Time Models [p. 793]
G Logothetiz and K. Schusider

8C: Interconnect Modelling
Mbderators: J. Phillips, Cadsncs Berksley Labs, US; L. Silvsira, ISTINESC, PT

l_ ’_ An Interconnect-Aweare Mathodelogy for Analog and Mixed Signal Design Bazad on High Bandwidth (Crver 40 Ghe) On-Chip Transmizseion Line Approach [p. 804]
D Goven, M Zelikzon, T Galmwbos, B Govdin, B. Livshiz, A Ay, A. Shermarn, and I Wagner

|_ ,_ Clozed-Form Crosstalk Moise Metrics for Physical Desien Applications [p. §12]
L Chsn and M Mavek-Sadowska
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|— ’_ Fermulation of Low-Order Doninant Poles for Y-MMatrix of Intercomnects [p. 320]
O Xu and P Moczumdsr

|_ ’_ Library Compatible Ceff for Gate-Level Timing [p. 826]
E. Sheehan

8D: On-_Line Tesiing and Fault Tolerance
Modsrators: L. Bouzaida STMicroslectronics, FR: A. Singh, Aubwn U] US

|— ’_ Self- Checking Scheme for the On-Lime Testing of Power Supply Moise [p. 832]
C. Metra L. Schiano, B. Riced, and M Favalli

rl_m:mm:hlodﬁtahm of High Lavel VHDL Descriptions for Fault Detechion or Tolerance [p. 337]
R Lovengls

l_’_ExploiﬁngIdleC}ﬂmﬂmﬂlgcﬁﬂnmL!rdRe-Cnmpming[p_Eﬂ]
K Woand R Emri

|— ’_ New Techniques for Spesding-Up Fault-Injection Campaigns [p. 347]
L Barrgjo. I Gorzdles, F Corno, M Soma Reorda, G. Sguillsve, L. Enrena, and C. Lapez

8E: Design Space Evaluation
Modsrators: J. Teich, Paderborn U, DE; W Erujjmer. Philips Researeh, NL

[“1["] system Design for Flexibility [p. 854]
€ Haubelr, J. Teich, K. Richter. and R Ernst

rl_ﬁmmﬂeﬁlumdDe]z\EsthWZﬁxFPGﬂs [p. 862]
A. Navak, M Haldar, A Choudhary, and P Bansrjes

|— ’_ A Powerful System Desizn Methodolegy Combinms QOCAPT and Handel-C for Concept Engmeering [p. 870]
K Buchenrieder, A. Pyasl, and A. Sedlmeisr

|— ’_ Antornzted Conenrrancy Fe-Assignment in Hizh Level Systam Modeals for Efficient System-Level Sirmalation [p. £75]

N Savoin 5. Shukla and R Gupta

9A: Hot Topic — From System Specification to Lavout: Seamless Top-Down Design Methods for Analogue and Mixed

Signal Applications
Moderators/Organizers: I Rugen-Herzig, Iifincon Technologies, DE; R Sononer, Infireon Techmologiss, DE

|_ ’_ From System Specification To Layout: Seamless Top-Down Design Methods for Analog and Mixed-Signal Applications [p. 834]
R Sommex, I Rugen-Herzig, E. Hermig, Ul Gatti, P Maleovati, F. Maloberti, K. Etmwich, C. Clauss, P Schwarz, and & Nosssing

9B: Architectural I evel Synthesis
Modavators: P Eles, Linkiping U, 5E; B. Mesman, Philips/TU Eindhoven, NL

|— ’_ Memory System Connectivity Exploration [p. 894]
E Grun N Durt. and 4. Nicolan

|_ ’_ Parformance-Area Trade-Off of Address Generators for Address Decodar-Decoupled Mamory [p. 902]
5. Hettiaratchi, P Cheung, and I. Clarke

[ paltiple Precision Cireuits Alleation Independent of Data-Objects Length [p. 909]
M Moling J. Mendias, and R Hermida

9C: Advanced Linear Modelling Techniques
Moderators: P Feldmann, Celight Inc, US: G. Vanderstsem, IMEC, BE

|— ’_ Efficiant Model Reduction of Linear Time-Varyme Systems via Compressed Transient System Fumehion [p. 916]
E. Gad and M Nakhla

l_ ’_ Passive Constrained Rational Approximation Alsorithm Using Nevanlinna-Pick Intarpolation [p. 923]
C. Coslho, L. Silveiva, and J. Phillin:

|_ ’_ Model Reduction in the Time-Domam Using Laguerre Polynomaals and Erylov Methods [p. 531]
Y. Chen, I Balglrishnan, C. Koh, and K Roy

9D: Memory Testing and ATPG Issues
Modsrators: H. Obsrmeir, Infinson Technologiss, DE: M Sonza Reovrda, Politscnice di Toving, IT

I_I_Anopﬁm:l)ﬂgmﬂhmfmﬂleAmmzﬁchemﬁmdM:them [p- 938]
A Bermzo, 5 Di Carla, & Db Natale, and P Prinstto

|_ ,_ Minimal Test for Coupling Faults in Word-Oriented Memories [p. 944]
A. van de Goor, M. Abadix and 4. Carlin

-] [] Manimizing Tpeossibilities for Untestable Fault Identification [p. 949]
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M Hrian

,_,_Auhomzhdhlnde]ingof&stommgﬂzlﬁ:mihﬁrTat [p- 954]
5. Boce

9E: Embedded Software Performance Analysis and Optimization
Modsrators: H. Hsish, UC Riversids, US; R Lavwsreirs, IMEC, BE

,_’_FalsePalhE]jminaﬁuninQuaai-BhﬁcScheduﬁng[p.Qﬂ]
G. Arrigosi, L. Duchini, C. Passevons, L. Lavagno, and ¥ Watanabe

,_,_ﬁDaiaAnalyEisMethudﬁxScﬂwamPerﬁmmmerdicﬁnn[pg?l]
G. Bonterngi and W. Erufjizer

’_ ’_ A Code Transformation-Based Methodology for Improving I-Cache Parformance of DEP Applications [p. 977]
N Liveris, N. Zarvas, D Soudris, and C. Gowris

’_ ’_ A Compiler-Based Approach for Improving Intrz-Heration Data Reuse [p. 984]
M Eandemir

9G: Technical Plenary — 40 Years of EDA
Mbodsvator: 4 Jerraya, TIMA, Grenoble, FR

,_ ,_ European CAD from the 60's to the New LMillaniun [p. 3592]
Jozeph Borel, JB.-RED Consulting FR

OrganizsrModerator: I Bolzens, Xilinx, US Speakers: D Verksst, IMEC, BE: 5 Guecions, Xilivx, US; 8 Singh, Xiliree, TS

’_ ’_ Desizn Tecknology for Networked Reconfisurabls FPGA Platforms [p. 3594]
& Guecions, D Verkast, and I Bolsens

10B: High-1 evel Synthesis and Asynchronous Pipelines
Moderators: N. Dutt, UC Irvine, US: M Renaudin, TIM4, Grenobls, FR

’_ ’_ High-Spaed Non-Linear Aoynchroncus Pipelines [p. 1000]
R Qzdag, F Beerel, M. Singh, and 5. Nowick

’_ ’_ Single-Track Asynchroncus Pipeline Templates Uszing 1-0f-M Encedms [p. 1008]
M Ferretti and P Besrel

[“]["] Power-Manageable Scheduling Techmique for Control Dominated High-Level Synthesis [p. 1016]
€ Chen and M Sarrqfsadeh

’_ ’_ Practical Instruction Set Desizm and Compiler Retarsetabality Using Static Resource Models [p. 1021]
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Abstract

We advocate a netweork on silicon (NO%) az a havdware ar-

ki 10 impl: rc i berween IP cores in
Surwre technologisz, and as a software modsl in the form of
a protocol stack 1o structure the programming af ¥W05:, We
elaim guaranteed sevvices ave essential. In the ETHEREAL
W05 they pervads the NOS ar a regquivement for hardware de-
sign, and az foundarion for zaftware programming.
1. Introduction
It will soon be possible to manufacture systems on silicon
(508s) contaiming 100 gates and megabytes of embedded
software, The complexity of these systems will be over-
whelming, and two fundamental questions anse, First, from
3 hardware view point, how can these 5055 be designad?
What are the required hardware architecture concepts? Sec-
ond, from a software (application) perspective, how can the
505 hardware be programmed? What software concepts are
needed? Our tenet is that only a consistent approach to both
guestions will enable us to hamess the opportunities offered
by semiconductor technology.

We believe in the mtellectual-property block (IP) re-use
model This means that a 505 contains hundreds of IPs that
are bought or premade. Assuming their correctness, their
communication is then the problem. We propose a neneork
on silicon (NOS) to impl t the com tion between
thesa [Ps, A NOS iz a hardware architecture together with a
programming modal,

Guaranteed servicas are the focus of this paper: they sarve
as the basiz for the programming model, and as a require-
ment for the NOS hardware architecture. A protocol stack
iz a layered approach to offering different services to differ-
ent clisnts, based on a common network. It structures com-
munication complexity from the physical implementation up
to the application in a number of layers, The 08I reference
mode] [4], used in this paper, comprises seven layers, In Sec-
tion 2 we motivate why a packet-switched router network is.
a suitable hardware architecture, using the lower three layers
as a backdrep. The top four lavers are independent of the
hardware architecture and are discussed in Section 3. In that
context we show why guaranteed services offer many advan-
tages over bast-qffors services when programming 505z,

2. Packet-switched Router Networks

In this section we consider how a 505 containing hundreds of
IPs can be designed, especially regarding layout and timing

{leeal) or consider all routers (global), Global scheduling
can avold contention (several packets want to use the same
resource at the same time) and congestion (packets waiting
fior a resource) but is not scalable. Global scheduling is usg-

closure, Consider that the communication patterns of the IPs
are dynamie at two levels, First, multiple configurations ex-
ist, each corresponding to a required user functionality, Sec-
ond, communication data rates are vanable within a configu-
ration (e.g. vanable-bit-rate MPEG streams). Structuring the
wires used for communication between [Ps 15 the mamn prob-
lem. If dedicated point-to-point wires are used, IPs are con-
nected to all possible communication partners. This leads to
many global wires, with three problems, First, they must be
dimensioned for worst-case conditions in terms of a) electri-
cal parameters such as eross talk amd wire spacing, and b)
volume of trafhe, Second, it causes wire congestion around
each IP. Thin clozely-spaced high-power wires solve conges-
tion, but this conflicts with the requirements for global wires,
which are fat and widely spaced. Third, layout and timing de-
pendencies between all IPs make timing closure global, mak-
ing it non-scalable, Worse, it is layout specifie: it cannot be
re-used over design iterations or different designs [2].

A router network bazed on packet switching helps on these
accounts. Fundamentally, wires are shared, or made pro-
grammable, by introducing switches (routers). This is pos-
sible because dedicated wires are normally underutilised (as
little as 10% [3]). The first benefit 15 that there are fewer
programmable wires, which reduces wire congestion around
IP blocks. Second, traffic of multiple IPs 15 combined over a
single wire, which can be dimensioned for the average traffic
over all blocks using that wire instead of worst-case traffic per
IP. Third, inter-IP wires are now structured: either they are
short to get on the network, or they are router to router. The
network topology and router layout can both be fixed (e.g.
a tores and mesh [3] or a fat tree and Maltese cross [5]), or
only the network topology. This allows dedicated optimisa-
tions that are re-usable over 508z, Fmally, and most impor-
tantly, decoupling of computation (IPs) and communication
(NO0%) enables compositional layout and timing closare. IPs
communicate only using the network o that their layout and
timing closure are independent of other IPs,

Frogrammable wires alse have drawbacks, First, different
IPs will contend for the uze of a wire, requiring arbitration
or scheduling. The properties of a router network depend
rmuch on the kind of scheduling it uses, A schedule can be
fixed for a configuration (stafic) or dynamic (within a con-
figuration). Static scheduling must be worst case, while dy-
namic scheduling leads to dimensioning for average traffic
volume, Scheduling can alse be independent for each router

must be pradictable,

In a re-use model IPs that are bought or re-used cannot be
adapted to each 0% they are used in. They will interact in
manv different wavs (event-driven. data streamine. messaze

chi
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ally static (circuit switching) and local scheduling dynanuc
(packet switching). Performance guarantees (ie. absolute
certainty instead of probabilistic behaviour) are more eas-
ily grven for global static scheduling than for local dynamic
scheduling, The way packets are buffared and scheduled in
routers, and the effects on performance guarantees has been
the subject of intense research. Fundamentally, sharing and
guarantees are conflicting, and efficiently combining guaran-
tead traffic with best-effort traffic 1z hard [7].

Second, programmable wires may be slower than using
dedicated IP-te-IP wires, which may contain some buffers. In
a NOE a packet must traverse a number of routers. When
scheduling statically, a packet need not incur more than a
pipeline delay per hep. But for dynamie schaduling the
header of each packet must be inspected before it can be sent
to the appropriate output port. Contention and congestion
may further delay a packet. Finally, a packet header uses
some of the communication bandwidth.

Altheugh a NOS based on packet-switching has its costs
{packetisation, routers, buffering, harder to grve guarantees)
1t is essential for an IP re-use sirategy because it enables com-
positional and scalable ntegration of the IPs. Moreover, a
NOS mfrastrocture (such as routers and protocol stack) can be
re-used and its design cost amortised over multiple designs.

The 1ssues raised in this section can be mapped to the 031
protocol stack [4]. Below we discuss the three lower lavers
that are specific to the hardware architecture of the network.

The phvsical laver defines how a single bt 1z sent over
a physical medium (such as a wire, bus, optical link, radic
waves). For a NOS it deals with signal voltages and slopes,
wire sizing, etc. of inter-router wires, The preceding discus-
sions motivate why a router-based NOE eases the implemen-
tation of the physical en-chip wires,

The data-link laver ensures reliable (lossless, fault-free)
communication over a single data link It considers cross-
talk and fault-tolerance (both transient soft errors and hard
errors). For shared and especially broad-cast media (such as
busszes), the medium access sublaver deals with contention
for the link, Examples are bus arbitration, and router-to-
router flow control,

The netwerk layer has two main functions for a given net-
work. First, delivering packets, more specifically, routing,
congestion control, and scheduling over multiple links. Sec-
ond, network management, including accounting, monitor-
ing, management or steering, and mtemetworking,

3. Guaranteed Services are essential

In this section we discuss the remamnder of the 03I protocel
stack, and then show why the services offered by this stack

services because it has fawer possible interactions (a stricter
contract) with its emvironment. A service request may be
granted or denied by the network. Communication failures
are therefore restricted to the configuration phase of the IP,
instead of every communication action, so simplifying the
IP's programming model,

Guaranteed services offer the following advantages for the
composition of IPs. First services that are guaranteed to an [P
are not affected by other IPs in the network, making reasoning
about the [P in isolation possible. This is essential for a com-
positional conzruction (design and programming) of 50%s.
When IPs, assumed to be correct, are combinad in a systam it
st be clear that the system will function az 3 whole. This
holds both at the time of design and at run time. Current sys-
tems often fail this requirement. Consider a bus; adding an
IP influsnces the electrical parametars (like load) of the bus,
as well as the existing traffic patterns. The latter can seni-
ously affect cache behaviour and hence embedded processor
performance. Second, a NOS that offers guaranteed services
must accurately model its resources to offer those services,
This makes costs of the NOS explicit early in the design of a
505 At run-time an application or quality-of-service man-
ager reconfigures the 505 This can only be effective when
the NOS iz observable and comtrollable, but above all, pre-
dictable in terms of performance and cost. Third a NOE

passing, shared memory, ete.) [8]. Thus the interconnecting
network has fo be flexible, in terms of the services that it
offers. This is the task of the top four OS] layvers. They are
independent of the network hardware architecture, end to end
(the network is transparent), and peer to peer (between enti-
ties at the same level of abstraction, such as task to task). We
now list these layers, starting with the lowest.

The aim of the ransport laver is to provide reliable and-
to-and zervices over connecrions, through packetisation, end-
to-end connection management (perhaps over multiple net-
works), (delmultiplexing multiple transport connections over
network connections, and so on. Examples of services per
connection are: uncorrupted transmission, lossless transmis-
sion, in-order delivery, throughput, jitter {delay variation),
and lateney. Flow control avoids data loss by aligning IP pro-
duction and consumption rates.

In the zeszion lgyer multiple connections are combined
inte services such as multicast, half duplex and fall duplex

Svnchronisation of multiple 1ems (of au-
dio and video streams, for example), and token management
fior mutual exclusion and atomic (chains of) transactions (e.z.
test and set, swap) may also be offered.

The presentation layer converts the application view on
data to a view more appropriate for transport and vice versa.
Examples are encryption and endian-ness conversions,

In the application laver communication is natural to ap-
plications, running on IPs. This could be bit streams obeving
the MP3 standard, video frames, or Java byte code.

We now return to the question of programming. A 505
consists of a set of [Py and a NOE that must be (dynamically)
configured. For a given user function, computation is mapped
to functional 1P (e.g. tasks to processors) and communica-
tion to the NOS. The number of configurations can be large
and they may be generated at ran-time by an application man-
ager. To avoid unnecessary design iterations we need to be
sure of correciness of the combination of static hardware (the
IPs and their interconnect) and dynamic software (the config-
urations) as early as possible in the design flow. Program-
ming must be predictable; this can be ensured by basing it on
2 NOS that offers guaranteed services.

A NOS with guaranteed services simplifies programming
individual IPs in three ways. First, some IPs have inherent
performance requirements, such as a minimum throughput
(for real-time streaming data), or bounded latency (for inter-
rupts). A NOS with guaranteed services sases their integra-
tion, Second, an IP communicates using the NOS. Requests
for services make its assumptions and dependencies on the
NOS explicit, structurmeg the design and programming of the
IP. Third, an IP can also be simpler when using guarantesd

use time-division-multiplexed circuit switching. Bouters use
virtual sutput quewing for BE traffic. GT traffic iz tightly
scheduled to minmmise buffaring. Routers do not drop or re-
order packets the former due to fine-grain link-level Aow
control. A wvariant of the iSLIP switeh-scheduling algo-
rithm [6] s used for BE trafhe. BE traffic use all spare ca-
pacity m the network, 1.e. bandwidth that 13 not reserved or
unused by GT trafhic. Netwerk interfaces implement multi-
path and multi-channel ordering, and channel flow control.

5. Conclusions

In the IP re-use model communication between the many IP
cores is key. We have shown that a network on silicon (NOS)
eases the design of systems on silicon (508s) at the levels of
hardware design and software programming.

A NOS hardware architecture based on a packet-switched
router network allows average-case wire dimensioning, and
reduces wire congestion around [Ps. It breaks the fatal global
timing closure loop by separating inter-IP from mira-IP com-
munication, and can so reduce global design iterations. The
031 protocol stack structures the communication complexity
in the router network (the physical to network layers) and the
programming model (the transport to application layers).

While a protocel stack offers drverse services on a sin-
gle hardware architecture, we show that predictabality, in the
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based on guaranteed services concentrates communmication
failures to (rejconfiguration points. When the NOS declines
a service request from an IP, only that IP iz affected  Fall-
back strategies are much easier for local configuration-time
failure than for global failure at any point caused by any of
the communicating parties.

4. The Ethereal Network-on-Silicon

The ETHEREAL NOS mtends to suppert both guaranteed and
best-effort services. We can only list some salient features
here, to indicate our current direction.

We uze a combination of circuit and packet switching,
in the spirit of ATM [1]. A channel muplements a simplex
pomnt-to-point communication between two netwerk inter-
faces (possibly with multiple paths). A charmel can have a
combined throughput and latency guarantee (GT), or be best
effort (BE), with an unspecified finite latency upper bound.
Delivery crder iz not guaranteed over different paths or chan-
nels. A commection combines multiple channels and can in-
clude flew conirel and recrdering for lossless in-order (mul-
ticast) tranwmission. The programming model is concurment
and distributed: [Ps can set up and remove connections in a
pipelined fashion and at the zame time. Configurations that
have been computed off-line can be efficiently loaded and ex-
tended or changed at ron time GT channels are created and
removed with BE packets that reserve a path through the net-
werk, subject to resource availability.

EE packets use worm-hole source routing, and GT streams

form of guaranteed services, greatly benefits programming
a 505 at two levels, Individual IPs with real-time require-
ments are more easily integrated and the NOS's actions are
restricted by the contract, simplifiying the IP's 10, At the NOS
level, programming of IPs iz compositional becauze their ser-
vices are independent of sach other, Quality-of-service man-
azerz can effectively observe and steer a WOE because it be-
haves predictably in terms of performance and cost,

We believe that a NOE must be a synthesis of hardware ar-
chitecture and software programming model with guarantesd
services at its core, In the ETHEREAL NOS we aim to do so
efficiently.
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