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Volume I

Plenary : Keynote Session
Moderator: J. Figueras, UP Catalunya, ES

Opportunities and Challenges in Building Silicon Products in 65nm and Beyond [p. 2]
G. Spirakis

1A: Architectural-Level Power Management
Moderators: J. Henkel, NEC, US; A. Macli, Politecnico di Torino, IT

E PDF icon Fine-Grained Dynamic Voltage and Frequency Scaling for Precise Energy and Performance Trade-Off Based on the Ratio of Off-Chip Access to On-Chip Computation Times [p. 4]
X Choi, R. Soma, and M. Pedram

WPDF icon Hybrid Architectural Dynamic Thermal Management [p. 10]
K. Skadron

DF icon Value-Conscious Cache: Simple Technique for Reducing Cache Access Power [p. 16]
Y. Chang, C. Yang, and F. Lai

‘:l PDF icon State-Preserving vs. Non-State-Preserving Leakage Control in Caches [p. 22]
D. Parikh, K. Sankaranaravanan, Y. Li, K. Skadron, Y. Zhang, and M. Stan

1B: Formal Verification Using Functional and Structural Information

Moderators: A. Veneris, Toronto U, CA; K. Winkelmann, Infineon Technologies, DE

[_ PDF icon Arithmetic Reasoning in DPLL-Based SAT Solving [p. 30]
M. Wedler, D. Stoffel, and W. Kunz

m PDF icon E: Diameter ing via ion [p. 36]
J. Baumgartner and A. Kuehimann

PDF icon Imp 1 ic S i
1. Feng, L. Wang, K. Cheng, and A. Lin

by Dynamic Functional Space Partitioning [p. 42]

1C: Power, Timing and Diagnosis Constrained Testing

Moderators: S. Kundu, Intel, US; B. Straube, FhG JIS/EAS Dresden, DE

l—_l PDF icon Using BDDs and ZBDDs for Efficient Identification of Testable Path Delay Faults [p. 50]
S. Padmanaban and S. Tragoudas

D PDF icon Level of Similarity: A Metric for Fault Collapsing [p. 56]
1. Pomeranz and S. Reddy

m PDF icon Design of Routing-Constrained Low Power Scan Chains [p. 62]
Y. Bonhomme, P. Girard, L. Guiller, C. Landrault, S. Pravossoudovitch, and A. Virazel

Fl PDF icon Z-Sets and Z-Detections: Circuit Characteristics that Simplify Fault Diagnosis [p. 68]
1. Pomeranz, S. Venkataraman, S. Reddy, and B. Seshadri

1D: Mixed-Signal Circuits and Systems
Moderators: A. Rodriguez-Vazquez, IMSE-CNM, ES; P. IWambacq, IMEC, BE

D PDF icon A 2.7V 350uW [1-b Algorithmic Analog-to-Digital Converter with Single-Ended Multiplexed Inputs [p. 76]
A. Nagari and G. Nicollini

E‘ PDF icon Digital Background Gain Error Correction in Pipeline ADCs [p. 82]
A. Ginés, E. Peralias, and A. Rueda

D PDF icon Digital Ground Bounce Reduction by Phase Modulation of the Clock [p. 88]
M. Badarogly, G. Gielen, H. De Man, P. Wambacq, G. Van Der Plas, and S. Donnay

D PDF icon Pseudo-Random Sequence Based Tuning System for Continuous-Time Filters [p.94]
A. Baschirotto, S. D'Amico, F. Corsi, C. Marzocca, and G. Matarrese

1E: Communication-Centric and Source-Level Optimisations for High-Level Synthesis

Moderators: J. Teich, Erlangen-Nuremberg U, DE; P. Cheung, Imperial College London, UK

E PDF icon A Crosstalk Aware Interconnect with Variable Cycle Transmission [p. 102]
L. Li, N. Vijaykrishnan, M. Kandemir, and M. Irwin

Ij PDF icon Layout Conscious Bus Architecture Synthesis for Deep Submicron Systems on Chip [p. 108]
N. Thepayasuwan and A. Doboli

l_'| PDF icon Loop Shifting and Compaction for the High-Level Synthesis of Designs with Complex Control Flow [p. 114]
S. Gupta, N. Dutt, A. Nicolau, and R. Gupta
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Page 3

1F: Panel Session: SystemC and System Verilog: Where do They Fit? Where are They Going?

Organiser/Moderator: G. Martin, Cadence Berkeley Labs, US, D. Sciuto, Politecnico di Milano
Panellists:

S. Swan, Cadence, US

F. Ghenassia, STMicroelectronics, FR

P. Flake, Synopsys, US

J. Sroyji, Intel, Israel

W. Rosenstiel, Titbingen U, DE

D PDF icon SystemC and System Verilog: Where do They Fit? Where are they going? [p. 122]

2A: Low Power Systems and Architectures
Moderators: E. Schmidt, Chip Vision Design Systems, DE; C. Guardiani, PDF Solutions, IT

PDF icon Re-Configurable Bus Encoding Scheme for Reducing Power Consumption of the Cross Coupling Capacitance for Deep Sub-Micron Instruction Bus [p. 130]
S. Wong and C. Tsui

PDEF icon Hierarchical Adaptive Dynamic Power Management [p. 136]
Z. Ren, B. Krogh, and R. Marculescu

E PDF icon A Self-Tuning Cache Architecture for Embedded Systems [p. 142]
C. Zhang, F. Vahid, and R. Lysecky

PDF icon Scheduling Reusable Insaructions for Power Reduction [p. 148]
J. Hu, N. Vijavkrishnan, S. Kim, M. Kandemir, and M. Irwin

2B: Advanced Formal Verification Techniques
Moderators: R. Drechsler, Bremen U, DE; H. Eveking, TU Darmstadt, DE

’- -‘PDF icon Using Counter Example Guided Abstraction Refinement to Find Compiex Bugs [p. 156]
P, Bjesse and J. Kukula

PDF icon Cost-Efficient Block Verification for a UMTS Up-Link Chip-Rate Coprocessor [p. 162]
G. Fey, D. Stoffel, H. Trylus, and K. Winkelmann

PDF icon Automatic Verification of Safety and Liveness for XScale-Like Processor Models Using WEB Refinements [p. 168]
P. Manolios and S. Srinivasan

2C: New Algorithms for TPG
Moderators: H. Obermeir, Infineon Technologies, DE; M. Hsiao, Virginia Tech., US

m PDF icon A istic Method for the C ion of Testability of RTL Constructs [p. 176]
J. Fernandes, M. Santos, A. Oliveira, and J. Teixeira

I—l PDF icon Graph-Based Functional Test Program Generation for Pipelined Processors [p. 182]
P. Mishra and N. Dutt

IZ‘ PDF icon G ion of’ Stimuli for Appli Specific Processors [p. 188]
O. Goloubeva, M. Sonza Reorda, and M. Violante

I: PDF icon Efficient Static Compaction of Test Sequence Sets through the Application of Set Covering Techniques [p. 194]
M. Dimopoulos and P. Linardis

2E: Optimisation of Memory Hierarchies
Moderators: R. Bergamaschi, IBM T.] Watson Res. Center, US; R. Hermida, Madrid Complutense U, ES

IZ‘_P_DF_imn Data Reuse Analysis Technique for Software-Controlled Memory Hierarchies [p. 202]
I Issenin, N. Dutt, E. Brockmeyer, and M. Miranda

D PDF icon Automatic Tuning of Two-Level Caches to Embedded Applications [p. 208]
A. Gordon-Ross, F. Vahid, and N. Dutt

rl PDF icon Low Static-Power Frequent-Value Data Caches [p. 214]
C. Zhang, J. Yang, and F. Vahid

[Z]pDF icon Using a Victim Buffer in an ion-Specific Memory Hi ' [p. 220]
C. Zhang and F. Vahid

2F: Hot Topic -- High Security Smartcards

Organiser/Moderator: M. Renaudin, 1IMA Laboratory, FR; F. Bouesse, 1IMA Laboratory, FR
Speakers:

P. Proust, Gempius Corporate R&D Security Technologies, FR

J. Tual, Axalto - Schlumberger, FR

L. Sourgen, STMicroelectronics, FR

F. Germain, DCSSI - French Government Service on the Security of Information Systems, FR

PDF icon High Security Smartcards [p. 228]

3A: New Directions in Low-Power Design
Moderators: M. Miranda, IMEC, BE; W. Nebel, OFFIS, DE

[7 PDF icon Energy-Aware C ication and Task ing for Network-on-Chip Architectures Under Real-Time Conswaints [p. 234]
J. Hu and R. Marculescu

D PDF icon A Low Cost Individual-Well Adaptive Body Bias (WABB) Scheme for Leakage Power jon and P E in the Presence of Inwa-Die Variations [p. 240]
1. Chen and J. Gregg

[ PDF icon A Logic Level Design Methodology for a Secure DPA Resistant ASIC or FPGA Implementation [p. 246]
K. Tiriand 1. Verbauwhede

Ij PDF icon Power Minimization in a Backlit TFT-LCD Display by Concurrent Brighwess and Contrast Scaling [p. 252]
W. Cheng, Y. Hou, and M. Pedram

3B: Advances in SAT
Moderators: P. Bjesse, Synopsys, US; G. Cabodi, Politecnico di Torino, IT

m PDF icon Managing Don't Cares in Boolean Satisfiability [p. 260]
S. Safarpour, A. Veneris, R. Drechsler, and J. Lee

PDEF icon Exploiting Signal Unobservability for Efficient Translation to CNF in Formal Verification of Microprocessors [p. 266]
M. Veley

I: PDF icon A Novel SAT All-Solutions Solver for Efficient Preimage Computation [p. 272]
B. Li, M. Hsiao, and S. Sheng
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3C: Analogue and High-Frequency Test
Moderators: A. Richardson, Lancaster U, UK; F Azais, LIRMM, FR

]—‘ PDF icon Efficient Test Strategy for TDMA Power Amplifiers Using Transient Current Measurements: Uses and Benefits [p. 280]

G. Srinivasan, S. Bhattacharya, A. Chatterjee, and S. Cherubal

Fl PDF icon Random Jitter Extraction Technique in a Multi-Gigahertz Signal [p. 286]
C. Ong, D. Hong, K. Cheng, and L. Wang

[ PDF icon Low Cost Analog Testing of RF Signal Paths [p. 292]
M. Negreiros, L. Carro, and A. Susin

EPDF icon A Method for Parameter E: ion of Analog Sine-Wave Signals for Mixed-Signal Built-In-Self-Test Appli

D. Vdzquez, G. Huertas, G. Leger, A. Rueda, and J. Huertas

3E: Energy Efficient Memory Usage
Moderators: E. de Kock, Philips Research, NL; G. Constantinides, Imperial College, UK

E PDF icon A Novel Impl ion of Tile-Based Address Mapping [p. 306]
S. Hettiaratchi and P. Cheung

Q PDF icon Power Aware Variable Partitioning and Instruction Scheduling for Multiple Memory Banks [p. 312]

Z. Wang and X. Hu

D PDF icon Time-Energy Design Space Exploration for Multi-Layer Memory Architectures [p. 318)
R. Szvmanek, K. Kuchcinski, and F. Catthoor

D PDF icon Breaking Instance-Independent Symmetries in Exact Graph Coloring [p. 324]
A. Ramani, F. Aloul, I. Markov, and K. Sakallah

3F: Hot Topic -- How Can System Level Design Solve the Interconnect Technology Scaling Problem?

Organiser: R. Lauwereins, IMEC, BE
Moderator: R. Wilson, CMP Media, US
Panellists:

K Maex, IMEC, BE

P. Groeneveld, Magma Design Automation, US
G. Martin, Cadence, US

A. Cuomo, STMicroelectronics, IT

F Catthoor, IMEC, BE

P van de Steeg, Philips Semiconductors, NL

E PDF icon How Can System Level Design Solve the Interconnect Technology Scaling Problem? [p. 332]

4A: System Level Design Methodology
Moderators: Y. Mathys, Motorola, FR; H. Hsieh, UC Riverside, US

|_‘ PDF icon System Design Using Kahn Process Networks: The Compaan/Laura Approach [p. 340]
E. Deprettere, B. Kienhuis, I” Stefanov, A. Turjan, and C. Zissulescu

PDF icon Microarchitecture Development via Metropolis Successive Platform Refinement [p. 346]
D. D , A. Sangi i- lli, and S. Rekhi

E PDF icon Fast E. of P: ized Bus Archi for C icadon-Centric SoC Design [p. 352]

C. Shin, Y. Kim, E. Chung, K. Choi, J. Kong, and S. Eo

El PDF icon SoftContract: An Assertion-Based Software Development Process that Enables Design-by-Contract [p. 358]

J. Brunel, P. Giusto, M. di Natale, A. Ferrari, and L. Lavagno

E] PDF icon A System Level E ion Platform and M y for Network Applications Based on Configurable Processors [p. 364]

D. Quinn, B. Lavigueur, G. Bois, and M. Aboulhamid

4B: System Level Modelling and Analysis
Moderators: S. Singh, Xilinx, US; A. Jantsch, Royal Inst. of Tech., SE

[ PDF icon Ref: of Mixed-Signal Systems with Affme Arithmetic [p. 372]
C. Grimm, W. Heupke, and K. Waldschmidt

[] PDF icon System-Level Performance Analysis in SystemC [p. 378]
H. Posadas, F. Herrera, P. Sanchez, E. Villar, and F. Blasco

[Z‘ PDF icon Modeling and Validating Globally Asynchronous Design in Synchronous Frameworks [p. 384]

M. Mousavi, P. Le Guernic, J. Talpin, S. Shukla, and 1. Basten

[ PDF icon Synchronous Protocol Automata: A Framework for Modelling and Verification of SoC Communication Architectures [p. 390]

V. D'Silva, S. Ramesh, and A. Sowmya

D PDF icon Aspects of Formal and Graphical Design of a Bus System [p. 396]
1. Seceleanu and 1. Westerlund

4C: Advances in SoC Testing
Moderators: R. Dorsch, IBM Deutschland Entwicklung, DE; E. Larsson, Linkdping U, SE

m PDF icon Scan Power Minimization through Stimulus and Response Transformations [p. 404]
O. Sinanoglu and A. Orailoglu

DF icon Synchro-Tokens: Eliminating Nondeterminism to Enable Chip-Level Test of Globally As
M. Heath, W. Burleson, and I. Harris

D PDF icon Wrapper Design for Testing IP Cores with Multiple Clock Domains [p. 416]
O. Xu and N. Nicolici

m PDF icon Efficient Modular Testing of SOCs Using Dual-Speed TAM Architectures [p. 422]
A. Sehgal and K. Chakrabarty

DF icon An Arithmetic Structure for Test Data Horizontal Compression [p. 428]
M. Flottes, R. Poirier, and B. Rouzeyre

Locally-S:

SoC's [p. 410]
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4E: New Issues in Analogue System- and Circuit-Level Performance Modelling

Moderators: F. Fernandez, IMSE-CNM, ES; R. Schwencker, Infineon Technologies, DE

D PDF icon A Phase-Frequency Transfer Description of Analog and Mixed-Signal Front-End Architectures for System-Level Design [p. 436]
E. Martens and G. Gielen

D PDF icon Hierarchical Automatic Behavioral Model Generation of Nonlinear Analog Circuits Based on Nonlinear Symbolic Techniques [p. 442]
L. Ndthke, V. Burkhay, L. Hedrich, and E. Barke

D PDF icon Performance Modeling of Analog Integrated Circuits Using Least-Squares Support Vector Machines [p. 448]
T Kiely and G. Gielen

mPDF icon Extended Subspace Identification of Improper Linear Systems [p. 454]
G. Vandersteen, D. Linten, R. Pintelon, and S. Donnay

E] PDF icon Identification and Modeling of Nonlinear Dvnamic Behavior in Analog Circuits [p. 460]
X. Huang and H. Mantooth

4F: Fabrics and Scheduling for Reconfigurable Computing
Moderators: G. Koch, Micronas GmbH, DE; C. Passerone, Politecnico di Torino, IT

[Z]pDF icon Exploring Logic Block Granularity for Regular Fabrics [p. 468]
A. Koorapaty, V. Kheterpal, P. Gopalakrishnan, M. Fu, and L. Pileggi

|—| PDF icon Network Topology Exploration of Mesh-Based Ci Grail [p. 474)
N. Bansal, S. Gupta, N. Dutt, A. Nicolau, and R. Gupta

r PDF icon A C¢ Logic A for Dynamic P ioning [p. 480]
R. Lysecky and F. Vahid

DPDF icon C ion-Sensitive Process ing for FPGA-Based Computing Platforms [p. 486]
G. Chen, M. Kandemir, and U. Sezer

4G: Power Aware Design and Synthesis

: R. Zafalon, ST} , IT; K. Roy, Purdue U, US

F PDF icon Simultaneous State, Vt and Tox Assignmeat for Total Standby Power Minimization [p. 494]
D. Lee, H. Deogun, D. Blaauw, and D. Sylvester

m PDF icon A Scalable ODC-Based Algorithm for RTL Insertion of Gated Clocks [p. 500]
P. Babighian, E. Macii, and L. Benini

E PDF icon Impact of Data Transformations on Memory Bank Locality [p. 506]
M. Kandemir

D PDF icon Why Transition Coding for Power Minimization of On-Chip Buses Does Not Work [p. 512]
C. Kretzschmar, D. Muller; and A. Niewwland

E' PDF icon Overhead-Conscious Voltage Selection for Dynamic and Leakage Energy Reduction of Time-Conswained Systems [p. 518]
A. Andrei, M. Schmitz, P. Eles, Z. Peng, and B. Al-Hashimi

5A: System Level Design: Case Studies, Exploration and Optimisation

Moderators: B. Kienhuis, LIACS, Leiden U, NL; F. Petrot, Pierre et Marie Curie U, FR

P PDF icon Dynamic Power Management Using Date Buffers [p. 526]
Y LuandL. Cai

D PDF icon Dynamic Memory Management Design Methodology for Reduced Memory. Footprint in Multimedia and Wireless Network Applications [p. 532]
D. Atienza, J. Mendias, S. Mamagkakis, D. Soudris, and F. Catthoor

|
| |pDF icon HighLevet System Modeling and Architecture Exploration with SystemC on a Network SoC: S3C2510 Case Studs [p. 538]
H. Jang, M. Kang, K. Shim, M. Lee, K. Chae, and . Lee

D PDF icon A SystemC-Based Verification Methodology for Complex Wireless Software IP [p. 544]
G. Post, P. T Ray, and D.

SB: Recent Advances in Digital Systems Simulation
: M. Zwolinski, U, UK; M. Lajolo, NEC Laboratories, US

D PDF icon A New Optimized Implementation of the SystemC Engine Using Acyclic Scheduling [p. 552]
D. Pérez, O. Temam, and G. Mouchard

D PDF icon Stimuli Generation with Late Binding of Values [p. 558]
4. 2iv

|T| PDF icon Native ISS-SystemC for the Co-Si of Multi-Processor SoC [p. 564]
F Fummi, S. Martini, G. Perbellini, and M. Poncino

D PDF icon Extraction of Schematic Array Models for Memosy Circuits [p. 570]
S. Bose and A. Nandi

SC: On-Line Testing and Reliability for Nanometric Technolo
Moderators: T. Mak, Intel Corp., US; Y. Tsiatouhas, loannina U, GR

g PDF icon Effective Software-Based Self-Test Strategies for On-Line Periodic Testing of Embedded Processors [p. 578]
A. Paschalis and D. Gizopoulos

lj PDF icon Evaluating the Effects of SEUs Affecting the Configuration Memory ofan SRAM-Based FPGA [p. 584]
M. Bellato, P. Bernardi, A. Candelori, M. Rebaudengo, M. Sonza Reorda, M. Violante, M. Ceschia, D. Bortolato, A. Paccagnella, and P. Zambolin

m PDEF icon Early SEU Fault Injection in Digital, Analog and Mixed Signal Circuits: A Global Flow [p. 590]
R. Leveugle and 4. Ammari

[]pDF icon On Concurrent Esror Detection with Bounded Latency in FSMs [p. 596]
S. Almukhaizim, Y. Makris, and P. Drineas

SE: Parasitic-Aware Analogue Design
Moderators: H. Graeb, TU Munich, DE, G. Vandersteen, IMEC, BE

[ ] pDF icon Fast, Layout Inclusive Aualog Circuit Syathesis sing Pre-Compiled Parasitc-Aveare Symbolic Performance Models [p. 604]
M. Raan, A. Agarwal, H. Sampath, R. Vemuri, W. Verhaegen, and G. Gielen

[Z]pDF icon Sensitivity-Based Modeling and Methodology for Full-Chip Substate Noise Analysis [p. 610)
R. Mwgai, S. Reddy, I. Miyoshi, T Horie, and M. Tahoori

m PDF icon SubCALM: A Program for Hierarchical Subswrate Coupling Simulation on Floorplan Level [p. 616]
1. Brandtner and R. Weigel

D PDF icon Optimization of Integrated Spiral Inductors Using Sequential Quadratic Programming [p. 622]
¥. Zhan and S. Sapatnekar
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SF: Hardware/Software System Design and Architecture Exploration
Moderators: B. Juurlink, TU Delf, NL; R. Leupers, RW1H Aachen, DE

[=] PDF icon System Design for DSP Applications Using the MASIC Methodology [p. 630]
A K. Deb, 4. Jantsch, and J. Oberg

‘ = ‘ PDF icon Flexible Software Protection Using Hardware/Software Codesign Techniques [p. 636]
J. Zambreno, A. Choudhary, R. Simha, and B. Narahari

PDF icon ive C ion with Partial Evaluation [p. 642]
P. Schaumont and 1. Verbauwhede

PDF icon Communication Analysis for System on Chip Design [p. 648]
A. S O. Bri and W. R iel

5G: Hot Topic -- Extremely Low-Power Logic

Organizer/Moderator: C. Piguet, CSEM, CH
Presenters:

J. Gautier, CE4-LETI, FR

C. Heer, Infineon Technologies, DE

1. O'Connor, Ecole centrale de Lyon, FR

U. Schlichtmann, Technical University of Munich, DE

D PDF icon Extremely Low-Power Logic [p. 656]

IP1: Interactive Presentations

DF icon Decomposition of Instruction Decoder for Low Power Design [p. 664]
W. Kuo, T. Hwang, and A. Wu

E} PDF icon Functional Level Power Analysis: An Efficient Approach for Modeling the Power Consumption of Complex Processors [p. 666]
J. Laurent, N. Julien, E. Senn, and E. Martin

[ PDF icon Formal Verification Coverage: Are the RTL-Properties Covering the Design's Architectural Intent? [p. 668]
P, Basu, S. Das, P. Dasgupta, P. Chakrabarti, C. Mohan, and L. Fix

|—'J PDF icon Functional Coverage Metric Generation from Temporal Event Relation Graph [p. 670]
¥ Kwonand C. Kyung

[ 2] pDF icon Avtomatic Scan Insertion and Pattem Generation for Asynchronous Circuits [p. 672]
A. Efthymiou, D. Edwards, and C. Sotiriou

[=]PDF icon ic Synthesis and Simulation of Conti Time £A [p. 674]
H. Aboushadh, L. de Lamarre, N, Beilleau, and M. Louérat

PDF icon A Methodology for System-Level Analog Design Space Exploration [p. 676]
F De inis and A. V

[=]pDF icon Desiga for Oj of High Pipelined ADCs [p. 678]
R. Lotfi, M. Taherzadeh-Sani, and O. Shoaei

E PDF icon A Direct Boostrapped CMOS Large Capacitive-Load Driver Circuit [p. 680]
J. Garcia, J. Montiel-Nelson, J. Sosa, and H. Navarro

E PDF icon Co-Processor Synthesis: A New for Software A ion [p. 682]
B. Hounsell and R. Taylor

IZ PDF icon vif Bitwise Based on C i Effort Balancing [p. 684]
M. Molina, R. Ruiz-Sautua, J. Mendias, and R. Hermida

|j PDF icon A Tool for Automatic Generation of RTL-Level VHDL Description of RNS FIR Filters [p. 686]
A. Nannarelli A Del Re, and M. Re

PDF icon On Transfer Function and Power Consumption Transient Response [p. 688]
L Cao

PDF icon ial Abstraction for Veri: ion of i C inati Circuts [p. 690]
1. Raudvere, A. Singh, 1. Sander, and A. Jantsch

[ =] PDF icon Regression Simulation: Applying Path-Based Leaming in Delay Test and Post-Silicon Validation [p. 692]
L Wang

IP2: Interactive Presentations

E PDF icon A Game Theoretic Approach to Low Energy Wireless Video Streaming [p. 696]
A. Iranli, K. Choi, and M. Pedram

F PDF icon Block-Enabled Memory Macros: Design Space Exploration and Application-Specific Tuning [p. 698]
A. Ivaldi, A. Macii, E. Macii, and L. Benini

PDF icon Synthesis of Partitioned Shared Memory Architectures for Energy-Efficient Multi-Processor SoC [p. 700]
E. Macii, K. Patel, and M. Poncino

|T PDF icon A Low Power Strategy for Future Mobile Terminals [p. 702]
M. Nikitovic and M. Brorsson

F PDF icon A 0.18 pm CMOS Implementation of On-Chip Analogue Test Signal Generation from Digital Test Patterns [p. 704]
L. Rolindez, S. Mir, G. Prenat, and A. Bounceur

[Z]pDF icona Digital Test for First-Order SAModulators [p. 706]
G. Leger and A. Rueda

E PDF icon Trim Bit Setting of Analog Filters Using Wavelet-Based Supply Current Analysis [p. 708]
S. Bhunia, A. Ravchowdhury, and K. Roy

Jj— PDF icon SoC Test Scheduling with Power-Time Tradeoff and Hot Spot Avoidance [p. 710]
J. Chin and M. Nourani

]T PDF icon STEPS: Experimenting a New Software-Based Strategy for Testing SoCs Containing P1500-Compliant IP Cores [p. 712]
M. Benabdenbi, F. Pécheux, A. Greiner, M. Tuna and E. Viaud

I: PDF icon Are Our Designs for Testability Features Fault Secure? [p. 714]
C. Metra, M. Omaria, and T. Mak

PDF icon Test Compression and Hardware Decompression for Scan-Based SoCs [p. 716]
F. Wolff, C. Papachristou, and D. McIntyre

I: PDF icon Concurrent Sizing, Vdd and Vy, Assignment for Low-Power Design [p. 718]
A. Srivastava, D. Sylvester, and D. Blaauw

E PDF icon Sizing and Characterization of Leakage-Control Cells for Layout-Aware Distributed Power-Gating [p. 720]
P. Babighian, E. Macii, and L. Benini
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IP3: Interactive Presentations

PDF icon An Asynchronous Synthesis Toolset Using Verilog [p. 724]
F. Burns, D. Shang, A. Koelmans, and A. Yakovlev

lj PDF icon Organizing Libraries of DFG Patterns [p. 726]
G. Dittmann

PDF icon Compositional Memory Systems for Data Intensive Applications [p. 728]
A. Molnos, M. Heijligers, J. Van Ejjndhoven, and S. Cotofana

D PDF icon Scalar Metric for Temporal Locality and Estimation of Cache Performance [p. 730]
J. Alakarhu and J. Niittylahti

PDF icon NET Framework -- A Solution for the Next Generation Tools for System-Level Modeling and Simulation [p. 732]

J. Lapalme, E. Aboulhamid, G. Nicolescu, L. Charest, J. David, F. Boyer, and G. Bois

PDF icon ing and Si Memoy Hierarchies in a Platform-Based Design M [p. 734]
P Viana, E. Barros, S. Rigo, R. Azevedo, and G. Araiijo

PDF icon Integrating the Synchronous Dataflow Model with UML [p. 736]
P. Greenand S. Essa

[ ] PDF icon Design and Bebavioral Modeling Tools for Optical Network-On-Chip [p. 738]
M_Briére, L. Carrel, T. Michalke, F. Mieyeville, I. O'Connor, and F. Gaffiot

PDF icon Modeling and of Large Analog Circuits [p. 740]
S.Tan, Z. Qi,and H. Li

[;‘1 PDF icon Efficient Mixed-Domain i Modeling of F ic Hysteresis I in VHDL-AMS [p. 742]

P. Wilson, J. Ross, A. Brown, T. Kazmierski, and J. Baranowski

Ij PDF icon A Fast Algorithm for Finding Maximal Empty Rectangles for Dynamic FPGA Placement [p. 744]
M. Handa and R. Vemuri

D PDF icon i iability of Operati ions in FPGAs [p. 746]
A. Fit-Florea, M. Halas, and F. Kocan

D PDF icon Operating System Support for Interface Vi ization of C [p- 748]
M. Valetic, L. Righetti, L. Pozzi, and P. Ienne

Volume II

6A: Performances Analysis for MPSoC
Mod: - R. Ernst, TU B weig, DE; A. Jantsch, Royal Inst. of Tech., SE

| pDF icon Anatyzing On-Chip ¢ ication in a MPSoC [p.752]
F.Angiolini, D. Bertozzi, L. Benini, M. Loghi, and R. Zafalon

H PDF icon A Mapping Swategy for Resource-Efficient Network Processing on Multiprocessor SoCs [p. 758)
M. Griinewald, J. Niemann, M. Porrmann, and U. Riickert

D PDF icon Cost-Performance Trade-Offs in on Chip: A Based A h [p. 764]
S. Pestana, E. Rijpkema, A. Radulescu, K. Goossens, and O. Gangwal

El PDF icon A Case Study in Networks-on-Chip Desiga for Embedded Video [p. 770]
J. Xu, W. Wolf, T. Lv, J. Henkel, and S. Chakradhar

6B: Synthesis for Noise and Manufacturability

Moderators: T. Villa, Udine U, IT; T. Shiple, Synopsys, FR

IZ‘ PDF icon Exploiting Crosstalk to Speed up On-Chip Buses [p. 778]
C. Duan and S. Khatri

[j PDF icon False-Noise Analysis for Domino Circuits [p. 784]
A. Glebov, S. Gavrilov, V. Zolotov, M. Becer, C. Oh, and R. Panda

[2] pDF icon Crosstalk Migimization in Logic Synthesis for PLA [p. 790]
Y Li, T. Hwang, and K. Wang

[2]pDF icon Synthesis for Manufacturability: A Sanity Check [p. 796]
A. Nardi and A. Sangiovanni-Vincentelli

6C: Support for BIST
Moderators: G: Carlsson, Ericsson Telecom, SE; K. Chakrabarty, Duke U, US

’: PDF icon Design of Sub-10-Picoseconds On-Chip Time Measurement Circuit [p. 804]
M. Abas, D. Kinniment, and G. Russell

D PDF icon Impact of Test Point Insestion on Silicon Area and Timing during Layout [p. 810]
H. Vranken, H. Wunderlich, and F. Sapei

E PDF icon Designing Self Test Programs for Embedded DSP Cores [p. 816]
H. Rizk, C. Papachristou, and F. TWolff

6E: Modelling, Simulation and Optimisation in Power/Ground/Substrate

Moderators: P. Feldmann, IBM T.J. Watson Res. Center, US; L. Silveira, INESC ID/IST - TU Lisbon, PT

F‘ PDF icon Accurate M ing of Digital A for Power/G: Noise Prediction [p. 824]

Z. Wang, J. Roychowdhury, and R. Murgai

E PDF icon Thermal and Power Integrity Based Power, Ground Networks Optimization [p. 830]
T. Wang, J. Tsai, and C. Chen

PDF icon Synthesized Compact Models (SCM) of Subswrate Noise Coupling Analysis and Synthesis in Mixed-Signal ICs [p. 836]

H. Lanand R. Dutton

6F: Panel Session -- Chips of the Future: Soft, Crunchy or Hard?

Organizer/Moderator: P. Paulin, STMicroelectronics, FR
Panellists

R. Bramley, STMicroelectronics

A. Silburt, Cisco, CAN

J. Balzano, Alcatel, FR

K. van Berkel, Philips Research, NL

N. Wehn, Kaiserslautern U, DE

E PDF icon Chips of the Future: Soft, Crunchy or Hard? [p. 844]
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6G: Power-Aware Networks and Interfaces (Low Power Special Dav)
Moderators: M. Pedram, Southern California U, US; A. Amara, ISEP, FR

E PDF icon Tuning In-Sensor Data Filtering to Reduce Energy Consumption in Wireless Sensor Networks [p. 852]
1. Kadayif and M. Kandemir

E PDF icon Power-Aware Network Swapping for Wireless Palmtop PCs [p. 858]
A. Acquaviva, E. Lattanzi, and A. Bogliolo

PDF icon Power Aware Interface Synthesis for Bus-Based SoC Design [p. 864]
N. Liveris and P. Banerjee

[:\ PDF icon Asys Design by Cq : Conv g Sy Circuits into Asy: Ones [p. 870]
A. Branover, R. Kol, and R. Ginosar

7A: Networks on Chip Design

Moderators: G. Nicolescu, Ecole Polytechnique de Montreal, CA; M. Coppola, STMicroelectronics, FR

PDF icon An Efficient On-Chip Network Interface Offering G Services, Shared-M y Al ion, and Flexible Network Configuration [p. 878]
A. Radules cu, J. Dielissen, K. Goossens, E. Rijpkema, and P. Wielage

PDF icon xpipesCompiler: A Tool for i ication Specific Networks-on-Chip [p. 884]
S. Murali, G. De Micheli, A. Jalabert, and L. Benini

[Z PDF icon Guaranteed Bandwidth Using Looped Containers in Temporally Disjoint Networks within the Nostrum Network on Chip [p. 890]
M. Millberg, E. Nilsson, R. Thid, and A. Jantsch

E PDF icon Bandwidth-Conswained Mapping of Cores onto NoC Architectures [p. 896]
S. Murali and G. De Micheli

7B: Advances in Technology Mapping and Circuit Sizing
A - T.Xa hebauch, Magma Design US; L. Stok, IBM, US

E PDF icon Synthesis and Optimization of Threshold Logic Networks with Application to Nanotechnologies [p. 904]
R Zhang P. Gupta, L. Zhong, and N. Jha

[Z] pDF icon Fast ¢ of Circuit [p-910]
S Karandikar and S. Sapatnekar

E PDF icon Saving Power by Mapping Finite-State Machines into Embedded Memory Blocks in FPGAs [p. 916]
A Trwariand K. Tomko

[Z]pDF icon MemMap: Technology Mapping Algorithm for Area Reduction in FPGAs with Embedded Memory Arrays Using Reconvergence Analysis [p. 922]
M. Kumar, J. Bobba, and V. Kamakoti

7C: Panel Session -- Nanometer Design: What are the Requirements for Manufacturing Test?
Organizer: K. Thapar, Mentor Graphics Europe, UK

Moderator: J. Rajski, Mentor Graphics, US

Panellists:

M e S VGG ™ Cnéra, ana k. srinvasan

E PDF icon Local Decisions and Triggering Mechanisms for Dynamic Fault Tolerance [p. 968]
P. Stanley-Marbell and D. Marculescu

m PDF icon An Algorithm for Nano-Pipelining of Circuits and Architectures for a Nanotechnology [p. 974]
P. Gupta and N. Jha

L_ PDF icon Smaller Two-Qubit Circuits for Quantum Communication and Computation [p. 980]
V. Shende, 1. Markov, and S. Bullock

7G: Embedded Tutorial -- Architectures and Design Techniques for Energy Efficient Embedded DSP and Multimedia Processing

Organizer: E. Macii, Politecnico di Torino, IT
Moderator: N. Chang, Seoul National U, KR
Speakers:

1. Verbauwhede, UCLA, LS

C. Piguet, CSEM, CH

P. Schaumont, UCLA, US

B. Kienhuis, Leiden U, NL

[5] b icon Architectures and Design Techniques for Energy Efficient Embedded DSP and Multimedia Processing [p. 988)

8A: Platform-Based Design and VC Reuse Methods
Moderators: R Seepold, Carlos I de Madrid U, ES; T Riesgo, UP Madrid, ES

[T PDF icon Measurement of IP Qualification Costs and Benefits [p. 996]
A. Vorg, W. Rosenstiel, and M. Radetzki

E PDF icon Archi Level P for 1P-Based Embedded Systems [p. 1002]
X. Ueda, K. Sakanushi, Y. Takeuchi, and M. Imai

PDF iconG: ized Latency- itive Systems for Single-Clock and Multi-Clock Architectures [p. 1008]
M. Singh and M. Theobald

[:ED_F_LmnPlatfmm Based on Open-Source Cores for Industrial Applications [p. 1014]
M. Bolado, J. Castillo, P. Huerta, H. Posadas, P. Sanchez, C. Sanchez, F. Blasco, and H. Fouren

EPDF icon MINCE: Matching INstructions with C: i qui e for Extensible Processor [p. 1020]
N. Cheung, S. Parameswaran, J. Henkel, and J. Chan

8B: Real-Time Issues in Embedded Systems
Moderators: S. Hu, Notre Dame U, US; F. Wolf, Volkswagen, DE

[—" PDF icon Design Optimization of Multi-Cluster Embedded Systems for Real-Time Applications [p. 1028]
P. Pop, P. Eles, Z. Peng, V. Izosimov, M. Hellring, and O. Bridal

E PDF icon Timing Analysis for Preemptive Multi-Tasking Real-Time Systems with Caches [p. 1034]
¥. Tan and V. Mooney

[: PDF icon Workload Characterization Mode! for Tasks with Variable Execution Demand [p. 1040]
A. Maxiaguine, S. Kurzli, and L. Thiele

E PDF icon Context-Aware Performance Analysis for Efficient Embedded System Design [p. 1046]
M. Jersak, R. Henia, and R. Ernst

[T‘ PDF icon Compact Binaries with Code Compression in a Software Dynamic Translator [p. 1052]
S. Shogan and B. Childers
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8C: Real-Life Defect Modelling and Detection
Moderators: R. Aitken, Artisan, US; H. Manhaeve, O-star Test, BE

El PDF icon Pattern Selection for Testing of Deep Sub-Micron Timing Defects [p. 1060)
M C. Chao, L. Wang, and K. Cheng

[_“\ PDF icon Balanced Excitation and its Effect on the Fortuitous Detection of Dynamic Defects [p. 1066]
J. Dworak, B. Cobb, J. Wingfield, and M. Mercer

PDF icon Intermittent Scan Chain Fault Diagnosis Based on Signal Probability Analysis [p. 1072]
Y. Huang, W. Cheng, C. Hsieh, H. Tseng, A. Huang, and Y. Hung

l: PDF icon A Modeling Approach for Addressing Power Supply Switching Noise Related Failures of Integrated Circuits [p. 1078]
C. Tirumurti, S. Kundu, S. Sur-Kolay, and Y. Chang

PDF icon Soft Faults and the Importance of Stresses in Memory Testing [p. 1084]
Z Al-Ars and A. van De Goor

8E: Optimisation in Physical Design
Moderators: J. Lienig, 1U Dresden, DE; R. Otten, TU Eindhoven, NL

EEDF_Lcu.nWire Retiming for System-On-Chip by Fixpoint Computation [p. 1092]
C. Linand H. Zhou

D PDF icon Boosting: Min-Cut Placement with Improved Signal Delay [p. 1098]
A. Kahng, S. Reda, and I. Markov

E PDF icon Optimal Algorithm for Minimizing the Number of Twists in an On-Chip Bus [p. 1104]
L. Deng and M. Wong

E PDF icon A Fast Word-Level Statistical Estimator of Intra-Bus Crosstalk [p. 1110]
S. Gupta and S. Katkoori

E PDF icon Full-Chip Multilevel Routing for Power and Signal Integrity [p. 1116]
J. Xiong and L. He

8G: Hot Topic -- Platforms and Tools for Energy-Efficient Design of Multimedia Systems

Organizer/Moderator: E. Pol, Philips Research, NL
Speakers:

H. Van Antwerpen, Philips Research, NL

R. von Vignau, Philips Research, NL

R. Gupta, UC San Diego, US

. Dutt, UC Irvine, US

IN. Venkatasubramanian, UC Irvine, US

S. Mohapatra, UC California Irvine, US

C. Pereira, UC California San Diego, US

]_ PDF icon Energy-Aware System Design for Wireless Multimedia [p. 1124]

9A: Communication Design for MPSoC
Moderators: K. Goossens, Philips Research, NL, L. Benini, Bologna U, IT

PDF icon Unified Comp ion Flow for Multi-Processor SoC Design and Validation [p. 1132]
M. Dziri, W. Cesario, A. Jerraya, and F. Wagner

m PDF icon An Channel Design N logy for High Per I Circuits [p. 1138]
V. Chandra, A. Xu, H. Schmit, and L. Pileggi

‘ PDF icon Modeling Shared Resource Contention Using a Hybrid Simulation/Analytical Approach [p. 1144]
A. Bobrek, J. Pieper, J. Nelson, J. Paul, and D. Thomas

B PDF icon Supporting Cache C in H Aultip: Systems [p. 1150]
T’ Suh, D. Blough, and H. Lee

9B: Combining Static and Dynamic Software Optimisation

Moderators: R. Ernst, TU Braunschweig; P. Kajfasz, Thales Communications, FR

[j PDF icon iting Processor Workload Hi ity for R ing Energy C ion in Chip Multip [p- 1158]
I Kadayif, M. Kandemir, and I. Kolcu
[— PDF icon Fault-Tolerant D of Software for Cost: itive Real-Time Feedback-Control Applications [p. 1164}

C. Pinello, L. Carloni, and A. Sangiovanni-Vincentelli

E PDF icon Task Feasibility Analysis and Dynamic Voltage Scaling in Fault-Tolerant Real-Time Embedded Systems [p. 1170]
Y. Zhang and K. Chakrabarty

E PDF icon Quasi-Static Scheduling for Real-Time Systems with Hard and Soft Tasks [p. 1176]
L. Cortés, P. Eles, and Z. Peng

9C: Hot Topic -- The Status of the New IEEE Test Standards

Organizer/Moderator: B. Bennetts, Bennetts Associates, UK

t—“. PDF icon Status of IEEE Testability Standards 1149.4, 1532 and 1149.6 [p. 1184]
S. Sunter, A. Osseiran, A. Cron, N. Jacobson, D. Bonnett B. Eklow, C. Barnhart, and B. Bennetts

9E: Modelling and Estimation in Circuit Layout
Moderators: 1. Markov, Michigan U, US; J. Lienig, TU Dresden, DE

E PDF icon Eliminating False Positives in Crosstalk Noise Analysis [p. 1192]
Y. Ran, M. Marek-Sadowska, A. Kondratyev, and ¥. Watanabe

E PDF icon A New Approach to Timing Analysis Using Event Propagation and Temporal Logic [p. 1198]
A. Mondal, P. Chakrabarti, and C. Mandal

E PDF icon A New Effective Congestion Model in Floorplan Design [p. 1204]
Y. Hsiehand I. Hsieh

m PDF icon ULSI Interconnect Length Distribution Model Considering Core Utilization [p. 1210]
H. Nakashima, J. Inoue, X. Okada, and K. Masu
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9G: Applications of Reconfigurability
Moderators: ¥. Tanurhan, Actel, US; W. Rosenstiel, Tuebingen U and FZI Karisruhe, DE

L PDF icon Implementation of a UMTS Turbo-decoder on a Dynamically Reconfigurable Platform [p. 1218]
A. La Rosa, C. Passerone, F. Gregoretti, and L. Lavagno

E PDF icon Design Methodology for a Tightly Coupled VLIW/R g Matrix A e: A Case Study [p. 1224]
B Mei, R. Lauwereins, S. Vernalde, and D. Verkest

E] PDF icon Efficient ions of Mobile Video C: ions on D in-Specific R Arrays [p. 1230]
I Ahmed, S. Baloch, A. Pai, 1. Arslan, N. Avdin, S. Khawam, and F. Westall

‘D PDF icon Mapping Multi-Million Gate SoCs on FPGAs: Industrial Methodology and Experience [p. 1236]
H. Krupnova

10A: Interconnect Modelling for MPSoC
Moderators: B. Candaele, Thales, FR; A. Jerrava, TIMA Laboratory, FR

[ PDF icon Using a Ci ication Archif i ion in an Application-Driven R Prototyping Platform for Multiprocessing [p. 1244]
X Zhu and S. Malik

PDF icon A Power and Performance Model for Network-on-Chip Architectures [p. 1250]
N. Banerjee, P. Velianki, and K Chatha

|?| PDF icon A System Level Processor; ication Co-] ion Methodology for Multi-Processor Systt ‘hip Platforms [p. 1256]
A. Wieferink, I. Kogel, R. Leupers, G. Ascheid, H. Meyr, G. Braun, and A. Nohl

10B: Embedded Software Generation and Optimisation
Moderators: F. Rousseau, 17MA4 Laboratory, FR, J. Madsen, TU Denmark, DK

PDF icon Cache-Aware Scratchpad Allocation Algorithm [p. 1264]
M. Verma, L. Wehmeyer, and P. Marwedel

PDF icon Phase Coupled Code Generation for DSPs Using a Genetic Algorithm [p. 1270]
M. Lorenz and P. Marwedel

IZ‘ PDF icon A Methodology and Tool Suite for C Compiler Generation from ADL Processor Models [p. 1276]
M. Hohenauer, H. Scharwaechter, K. Karuri, O. Wahlen, 1. Kogel, R. Leupers, G. Ascheid, H. Meyr, G. Braun, and H. van Someren

10C: Scan-Based Testing
Moderators: H. Vianken, Philips Research, NL; C. Papachristou, Case Western Reserve U, US

D PDF icon Nine-Coded Compression Technique with Application to Reduced Pin-Count Testing and Flexible On-Chip Decompression [p. 1284]
M. Tehranipour, M. Nourani, and K. Chakrabarty

[ PDF icon CircularScan: A Scan Architecture for Test Cost Reduction [p. 1290]
B. Arslan and A. Orailoglu

[ PDF icon Hybrid Delay Scan: A Low Hardware Overhead Scan-Based Delay Test Technique for High Fault Coverage and Compact Test Sets [p. 1296]
S. Wang, S. Chakradhar, and X. Liu

PDF icon Diagnosis of Scan-Chains by Use of a Configurable Signature Register and Error-Correcting Codes [p. 1302]
A. Leininger, P. Muhmenthaler, and M. Goessel

M. Pedram, Southern California U, US

D PDF icon Distributed Multimedia System Design: A Holistic Perspective [p. 1342]

IP4: Interactive Presentations

[ PDF icon Adaptive Prefetching for Multimedia Applications in Embedded Systems [p. 1350]
H. Sbeyti, S. Niar, and L. Eeckhout

IZ] PDF icon Data Windows: A Data-Centric Approach for Query Execution in Memory-Resident Databases [p. 1352]
J. Pisharath, A. Choudhary, and M. Kandemir

E PDF icon High-Per. QuIDD-Based Si ion of Quantum Circuits [p. 1354]
G. Viamontes, 1. Markov, and J. Hayes

[ PDF icon An Application of Parallel Discrete Event Simulation Algorithms to Mixed Domain System Simulation [p. 1356]
D. Reed, S. Levitan, J. Boles, J. Martinez, and D. Chiarulli

Ij PDF icon Fault Tolerance of Programmable Switch Blocks [p. 1358]
J. Huang, M. Tahoori, and F. Lombardi

Fl PDF icon A New Self-Checking Sum-Bit Duplicated Carry-Select Adder [p. 1360]
E D. Marienfeld, V. Och j, and M. Géssel

EPDF icon A M: Methodology for Efficient High-Level Si ion of Noise G ion [p. 1362]
L. Elvira, F. Martorell, X. Aragonés, and J. Gonzdlez

PDF icon Accurate Estimation of Parasitic Capacitances in Analog Circuits [p. 1364]
A. Agarwal, H. Sampath, V. Yelamanchili, and R. Vemuri

PDF icon GRAAL — A Dev F 1k for Emb Graphics A [p. 1366]
D. Crisu, S. Cotofana, S. Vassiliadis, and P. Liuha

‘PDF icon From Sy to Asy; :An A Approach [p. 1368]
J. Cortadella, 4. Kondratvey, L. Lavagno, K. Lwin, and C. Sotiriou

PDF icon Enhancing Testability of System on Chips Using Network Management Protocols [p. 1370]
O. Laouamri and C. Aktouf

E PDF icon Minimization of Crosstalk Noise, Delay and Power Using a Modified Bus Invert Technique [p. 1372]
M. Lampropoulos, B. Al-Hashimi, and P. Rosinger

IZJ PDF icon Ener
J. Aragon, D.

Efficient Design for Highly Associative Instruction Caches in Next-Generation Embedded Processors [p. 1374]
L Veidenb and A.

D PDF icon Dynamic Voltage and Cache Reconfiguration for Low Power [p. 1376]
1 A. Nacul and A. Givargis
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Foreword

On ‘behalf of the Executive and Technical ngmm Committees, we take great pleasure in welcoming you to
the pmcsedmgs of DATE 04, the most | European C and Exhibition event bringing together
. industry lists, users and vendors in the fields of Design. Automation and Test of

electronic circuits and systems

The endless quest for faster, less consuming, cheaper and safer electronic products, particularly for the growing
consumer and communications markets, dictate that mcreasmgl\ complex deslgns be generated in continuously
shrinking time scales. Design 1s a strategic for modern systems, from simple
ASICs via embedded IP cores to large systems on chip made of via on-
chip networks. The use of embedded processors i SoCs requires an ever- mcxezsmg emphasis on embedded
software development techniques as part of the design process of state-of-the-art electronic systems. Testing of these
complex electronic systems is becoming a key factor in enabling the final quality goals and has a growing impact in
the overall cost of product development.

DATE has become the pre-eminent European conference adéressing rescarch and development activiies in the
field of design technology. Werld leading in dia, wireless and

industries have led to the emergence of recogmised European strengths in System-on-Chip Technologies, particularly
Embedded Systems with a strong analogue and mixed-signal content. DATE is a umque event where the latest
scientific and technological developments are brought to the public from the leading players in the field. DATE,
therefore, offers a once-in-a-year occasion to find out more about the technical and architectural trends of circuits
and systems, small and large, and the design automation and test challenges they bring to users, tool providers and
PCB companies as well as semiconductor and IP providers alike.

A total of 780 submissions were received for DATE 04, a significant increase over the previous edition. After
careful consideration, the Program Committee has selected 181 papers for regular oral presentation in 53 sesstons—
an acceptance rate of 27 percent — and 73 papers as interactive presentations (a new format started at DATE 04 to
present novel ideas of “ongoing work™ of high quality in an i 1 format). An addif 1 52 regular
papers and 5 interactive presentations are presented in the Designers’ Forum, a technical program track devoted to
the presentation and discussien of practical, industry-oriented design experiences and methodologies using state of
the art design tools. In addition, 12 Special Sessions (embedded tutorials, panels, etc.) have been chosen to bring
stimulating insights and vibrant d in state-of-the-art topies. In i to the main technical and
scientific program, there are a number of valuable education activities in the days before and after the conference.
These are the Pre-Conference Tutorials and Industrial Tutorials on Monday and 3 full-day Master Courses and 4
Workshops on Friday. The organisation of a PCB Symposium. a University Booth, fringe mealmgs and social events
during the conference offer a wide variety of extra to meet and exch: on relevant
issues for the design, automation and test communities.

DATE continues its tradition of grouping presentations and activities related to Special Themes on specific focus
days. This year's Special Days are dedicated to ULTRA LOW POWER (Wednesday) and TRENDS IN
MULTIMEDIA (Thursday). In addition to the keynote address presented at the Tuesday Opening Plenary this year
we will have two keynotes related to these Special Days. The Wednesday lunch plenary keynote 1s devoted to Ultra
Low Power and the Thursday lunch keynote to Trends in Multimedia

The one-day Executive Track, comprising of three sessions and one executive panel, 1s one of the new initiatives
m DATE 04 designed to offer the technical/business views of high-level executives from EDA and related fields.
Presentations by leading company CEOs, CTOs, VPs and other senior executives from EDA vendors, IP suppliers,
semiconductor and system houses and test teehnology suppliers takes place on Tuesday

Ko #s & how hiistive, DATE 04 offses Workshiops of Bridy' as 4 somigl i e supilis Gk
semning: heoughout i wedk. Fous wosdshogs will ron i passilal showisig sesmicl sossi. ovuoten o albvanbed
technologies and discussion panels of a different nature. The four Workshops will deal with aspects and
technologies not directly covered by the technical program

xxvii

Following its successful implementation last year, the DATE Focus on Business and Industry, a presentation
theatre located on the exhit floor, offers exhibition visitors and delegates a fresh view on some key
technical and steatsgic issues in the currest electroic systems design market

Many volunteers have given their best efforts to make this Conference and Exhibition an outstanding event. We
would like to thank all the members of the Sponsors C the = the Technical Program
Committee, the Vendors C and the Exhibitors, and specially our recognition goes to all the Authors,
Speakers, Session Organisers, Session Chairs, and Reviewers for their continued interest, energy and support to
DATE. We hope that you enjoy the DATE 04 Conference and Exhibition as much as all of us have enjoyed
organising it for you, and that you find much scientific value in reading these proceedings

Joan Figueras Georges Gielen
General Chairman Program Chairman
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An Efficient On-Chip Network Interface Offering Guaranteed Services,
Shared-Memory Abstraction, and Flexible Network Configuration

Andrei Ridulescu, John Dielissen, Kees Gcossen& Edwin Rupkcma and Paul Wielage
The

Philips Research Labor:

Abstract

In this paper we presont a natwork intarface for an on-chip
network. Our natwork interface decouples computation from com-
munication by offering a shared.memory abstraction, which is in-
dapendent of the natwork implementation. We use a transaction-
based protocol to achiave backward compatibility with existing
bus protocols such as AXY, OCP and DTL. Our network interface
has @ modular architecturs, which allows flexibla instantiation. It
providas both guaranteed and bast-affort servicas via connactions.

Thase ara configured via natwork Intarface ports using the net-

y i g read, this.
Fusther, we also have 10 provide a simple and flexible configura-
tion, preferably using the NoC itself 1o avoid the need for  sepa-
rate scalable interconnect,

Ve achieve a low-cost implementation of the N1 by implement-
ing the protocol stack in hardware, and by exploiting on-chip char-
acteristics (such as the absence of transmission errors, relatively
static configuration, tight synchronization) to implemeat oaly the
relevant parts of a complete OSI stack. A hardware implementa-
tion of the protocol stack provides a much lower latency overhead
compared to a software implementation. Further, a hardware im-
bereused

work ltself, instead of a separata control An axam.
ple instance of this network interface with 4 ports has an area of
0.143mm? in a 0130 tachnology, and runs at 500 MHz.

1 Introduction

Networks on chip (NoC) have been proposed as a solution to
the interconnect problem for highly complex chips 2,3,5,9, 12,
14,15,17,21,27). NoCs help designing chips in several ways:
they (a) structure and manage wires in deep submicron technolo-
gies [2,3,9,12,21), (b) allow good wire utilization through shar-
ing 5,9, 12,21], (c) scale better than buses [14, 21], (d) can be
energy efficient and reliable [2, 5, and (e) decouple computation
fiom communication through well.defined interfaces, enabling [P
modules and interconnect to be desigaed in isolation, and to be
integrated more easily (2, 13,21,24]

Networks are composed of routers, which transport the data
from one place to another, and nerwork interfoces (NI), which im-
plement the interface to the IP modules. In a previous article [21],
we have shown the trade-offs in designing a cost-effective router
combining guaranteed with best-effort traffic. In this paper, we
foeus o the other network component, the network interface.

Network interface design has received considerable atteation
for parallel computers (8, 25], and computer networks [6, 7). These
designs are optimized for performance (high throughput, low la-
tency), and often consist of a dedicated processor, and large
amount of buffering. As a consequence, their cost is too large
0 be applicable on chip.

On-chip network interfaces must provide a low-area overhead,
‘because the size of IP modules attached to the NoC is relatively
smali Desigas of network interfaces with a low area have been
proposed [4,28]. However, they do not provide throughput or
Iatency guarantees, which are esseatial for a compositional con-
swuction of complex SeCs.

Our NI is inteaded for systems on chip (SoC), hence, it must
have a low area. To enable the reuse of existing [P modules, we
must provide a smooth transition &om buses to NoCs. A shared-

1530-1591/04 $20.00 (c) 2004 [EEE

a separate control interconnect to program them, the NoC is used
to program itself. This is performed through configuration ports
usiog DTL-MMIO (memory-mapped 10) transactions [19). The
NoC caa be configured in a distributed fashion (i.e.. via multiple
configuration ports), or centralized (i.e., via a single port).

The paper is organized as follows. In the next secsion, the
services that we implement, and the interface offered to the [P
modules are described. In Section 3, we show that NoCs can be
configured both in a diswibuted and in a centralized way, and we
present the trade-offs between the two approaches. In Section 4,
we present a modular network interface architecture, which s split
into a kemel, providing core fuactionality, aod a aumber of shells
t0 extend functionality, ¢ g, wrappers to provide an interface to
existing bus protocols, such as AXI or DTL. In this section, we
also show how the NI allows NoC configuration usiag the NoC
itself as opposed to via a separate control interconnect. In Sec-
tion 5, we demonstrate the feasibility of our network interface de-
sign through a prototype implementation in a 0. 13 technology,
and we conclude in Section 6.

2 NoC Services

As mentioned in the previous section, the communication ser-
vices of the Ethereal NoC are defined to meet the following
goals: (2) decouple computation (IP modules) fom communica-
tion (NoC), (b) provide backward compatibility to existing bus
protocols, (c) provide support for real-time communication, and
(d) have a low.cost implementation.

Decoupling computation fom communication is a key ingredi-
ent in managing the complexity of desigaing chips with billions of
transistors, because it allows the IP modules and the interconnect
10 be desigaed independently [16,24]. In NoCs, this decoupling
is achieved by positioning the network services at the transport
level [3,21] or above in the ISO-OSI reference model [22]. At the
transport level, the offered services are and 10 and between com-
municating IP modules, hiding, thus, the network intemals, such
as topology, routing scheme, etc.

Backward compatibility with existing protocols, such as AXI
or DTL, is achieved by using a model based an ransactions (23]
In a wramsaction-based model, there are two types of IP modul
masters and slaves. Masters initiate transactions by issving re-
quests, which can be further split in commands, and write data
(corresponding to the address and write signal groups in AXI).
Examples of commands are read, and write. One or more slaves
receive and execute each transaction. Optionally,

without change [4)

ur NI provides services at the transport layer in the 1S0-OS1
reference model [22), because this is the first layer where offered
services are independent of the network implementation. This
is a key ingredient in achieviog the dacoupling batwaan com-
putation and communication [16,24), which allows IP modules
and interconnect to be designed independently from each other.
We provide transport-layer services by defining connections (e.g.,

or for spe d
throughput, ordering).

We offer guarantsad sarvices as they are essential for a com-
positional construction (design and programming) of SoC. The
reasons are that they limit the possible interactions of IPs with
the communication eavironment [12, 13), separate the IP require-
ments and their implementation, and make application quality of
service indepeadent of the IP and NoC implementations. Exam-
ples of such guarantees are lower bounds on throughput, and upper
‘bounds on latenc:

Our NoC, called Ethereal, offers a sharad-memory abstrac-
tion to the IP modules. Communication is performed using a
wansaction-based protocol, where master [P modules issue raguest
messages (e.g., tead and write commands at an address, possibly
cartying data) that are executed by the addressed slave modules,
which may respond with a rasponse massaga (i.e., status of the
command execution, aad possily dats) (23], We adopt thisproto-
colto provide
nication protocols (e.g, AXI {1), OCP (18], DTL (19)), and also
toallow future protocols better suited to NoC

We provide a modular NI, which can be conﬁgured at design
time. This is, the number of ports and their type (i.e., configuration
port, master port, or slave port), the number of connections at each
port, memory allocated for the queves, the level of services per
port, aad the interface to the [P modules are all configurable at
design (instantiation) time using an XML description [11]

e NI allows flexible NoC configuration at rua time. Each
conaection can be configured individually, requiring configurable
NoC componeats (i.e., router and NI). However, instead of using

delivery, and with or without timing guarantees. As a result, dif:
ferent properties can be attached to the request and response parts
of a connection, or for differeat slaves within the same connection.
Counections can be opened and closed at any time. Opening and
closing of connections takes time, and is intended to be performed
ata granularity larger than individual transactions.

Support for real-time communication is achieved by providing
throughput, latency and jitter guarantees. ln AEthereal, this is im-
plemented by configuring connections as pipelined time-division-
multiplexed circuit over the network. Time multiplexing is only
possible when the network routers have a notion of syachronic-
ity which allows slots to be reserved consecutively in a sequeace
of routers [13,21). This scheme [21) has smaller packet buffers,
and, heace, has lower implementation cost compared to alterna-
tives, such as rate-based packet switching [29), o deadline-based
packet switching [20).

Throughput guarantees are given by the aumber of slots re-
served for a connection. Slots correspond to a given bandwidth:
1%, and, therefore, reserving V slots for a connection results in a

13 The latency given by the wait-
ing time until the reserved slot arives and the number of routers
data passes to reach its destination. Jitter is given by the maximum
distance between two slot resenvations.

Protocol stacks that are used in networks to implement com-
munication services, require additional cost compared to buses.
Protocol stacks are necessary in networks to manage the complex-
ity of networks, and to offer differentiated services. The pressure
1o keep the protocol stack small is higher on-chip than offschip,
because the size of the IP modules attached to the NoC is rela-
tively small, However, for NoCs, the protocol stacks can be re-
duced by exploiting the on-chip characteristics (e.g., no wansfer
exrors, short wires) [23). In the Ethereal NoC, we optimize the
performance and minimize the cost of the protocol stack by im-
plementing it in hardware, rather than in software, We support this
claim in Section 5.

3 Network Configuration

Before the Ethereal NoC can be used by an application, it must
be configured. NoC (re)configuration means opening and closing
connections in the system. Connections are set up depending on
the application or the mode the system is sunning. Therefore, we
must be able to open and close connections while the system is
ruaning. (Re)configuration can be partial or total (some or all con-

also include a response issued by the slave to the master to retum
data or an acknowledgment of the transaction execution (cor
sponding to the read data and write response groups in AXI).

In the Ethereal NoC, all these sigaals are sequentialized in
request and response messages, which are supplied to
\where they are transported by means of packets. Sequentialization
is performed to reduce the number of wires, increasing their vti-
lization, and to simplify arbitration. Packetization is performed by
the NI, and is thus transpareat to the IP modules

The Ethereal NoC offers its services on connections, which
can be point to point (one master, one slave), multicast (one mas-
ter, multiple slaves, all slaves executing each transaction), and
narrowecast (one master, multiple slaves, a wansaction is executed
by oaly one slave) [23]. Connections are composed of unidirec-
tional point-to-point channels (between a single master and a sin-
gle slave). To each channel, properties are attached, such as gu;
anteed message delivery of o, in order or un-ordered message

nections are

Opening a connection involves setting several registers, and al-
locating shared resources (for more details see Section 4). In the
case of the cutrent prototype of the Ethereal NoC, for each pair
of one master and one slave of a connection, there are 5 and 3
registers written at the master and slave network interfaces, re-
spectively. The shared resources consist of the slots allocated to
the connections. These slots can be configured using either a dis-
ibuted or a ceatralized model.

In ase, tion can be fom
multiple network interface ports. Multiple configuration opera
tions can be performed simultaneously, however, poteatial con-
flicts must also be solved (e g, connection configurations initiated
at two configuration ports may try to reserve the same slot in a
fouter). Information about the slots is maintained in the routers,
which also accept or reject a tentative slot allocation.

In a cenwalized system, there is only one place that performs
NoC configuration. In such a case, the slot information can be
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Figure 1. NI kernel and shells

stored in the configuration module instead of the routers, which
simplifies the design, and, in the case of small NoCs, may even
speed up configuration. For large NoCs, however, centralized con-
fi can a

In the initial prototype of the Ethereal NoC, we opt for central-
ized configuration, because it is able to satisfy the needs of a small
NoC (around 10 routers), and has a simpler design and lower cost,
We use transactions to program the NoC, both for connection reg-
isters in the NIs, and for the slot information. We present details
of how NoC conflguration is performed in Section 4

4 Network Interface Architecture

The network interface (NI) is the component that provides the
of the packet-based of the NoC to the
higher-level protocol that [P modules use. We split the design of
the network interface in two parts (see Figure 1): (a) the N7 kernel,
which implements the channels, packetizes messages and sched-
ules them to the routers, implements the end-to-end flow control,
and the clock domain crossing, and (b) the NT shelis, which im-
plement the (eg.,

{kh

mamory- mapped
config. port

Figure 2. Network interface kernel

and are also used to provide the clock domain crossing between
the network and the [P modules. Each port can, therefore, have a
different clock frequency.

Each channel is confy individually. In a first
of the AEthereal NI, we can configure if a channel provides time
guarantees (GT) or not (we call this best effort, BE), reserve slots
for GT figure the end-to-end flow control, and the
routing information.

End-to-end flow control ensures that no data is sent unless
there is enough space in the destination buffer to accommodate
it. This is implemented using credits [26). For each channel, there
is a counter (Space) tracking the empty buffer space of the re-

ordering for connections, and other higher-level issues specific to
the protocol offered to the IP.

4.1 NI Kernel Architecture

The NI kernel (see Figure 2) receives and provides messages,
which contain the data provided by the IP modules via their pro-
tocol after sequentialization. The message structure may vary de-
pending on the protocol used by the [P module. However, the
message structure is irrelevant for the NI kernel, as it just sees
messages as pieces of data to be transported over the NoC.

The NI kemel communicates with the NI shells via ports. At
each port, point-to-point can be confj; their max-
imum number being selected at NI instantiation time. A port can
have multiple connections to allow differentiated traffic classes,
in which case there are also connid signals to select on which
connection a message is supplied or consumed.

Int he NI kernel, there are two message queues for each point-
to-point connection (one source queue, for messages going to the
NoC, and one destination queue, for messages coming from the
NoC). Theirsize is also selected at the Nl instantiation time. Inour
NI, queues are implemented using custom-made hardware fifos,

the scheduler selects a BE channel with data and remote space
using some arbitration scheme: e.g. round-robin, weighted round-
robin, or based on the queue filling.

To optimize the NoC utilization, it is preferable to send longer
packets. Toachieve this, we implemented a configurable threshold
mechanism, which skips a channel as long as the sendable data
is below the threshold. This is applicable for both BE and GT
chaanels. To prevent starvation at user/application level (e.g., due
1o write data being buffered indefinitely on which the [P module
waits for an acknowledge), we also provide a flush signal for each
channel (and a bit in the message header) to temporarily override
the threshold. When the flush signal is high for a cycle, a snapshot
of its source queue filling is taken, and as long as all the words in
the queue at the time of flushing have not been sent, the threshold
for that queue is bypassed

A similar threshold is set for credit transmission. The reason
is that, when there is no data on which the credits can be pig-
gybacked, the credits are sent as empty packets, thus, consuming
extra To the by cred-
its, a credit threshold is set, which allows credits to be i

mote queue. This counter is initialized with the remote
buffer size. When data is sent from the source queue, the counter
is di d. When data is d by the IP module at the

other side, credits are produced in a counter (Credit) to indicate
that more empty space is available. These credits are sent to the
producer of data to be added to its Space counter. In the Ethe-
real prototype, we piggyback credits in the header of the packets
for the data in the other direction to improve NoC efficiency. Note
that at most Space data items can be transmitted before credits
are received We call the minimum between the data items in the
queue and the value in the counter Space, the sendable data.

From the source queues, data is packetized (Pck) and sent to
the NoC via a single link. A packet header consisk of the rout-
ing informasion (NI address for destination routing, and path for
source routing), remote queue id (i.e., the queue of the remote NI
in which the data will be stored), and piggybacked credits.

There are multiple chanaels which may require data transmis-
sion, we implement a scheduler to arbitrate between them. The
scheduler checks if the current slot is reserved for a GT chan-
nel. If the slot is reserved, is the GT channel has data which can
be transmitted, and if there is space in the channel’s destination
buffer, then the channel is granted data transmission. Othenwise,

For more complex types of connections, such as narrowcast or
multicast, and to provide conversions to other protocols, we add
shells around the NI kemel. As an example, in Figure 1, we show
a NI with two DTL and two AXI ports. All ports provide point-to-
point connections. In addition to this, the two DTL ports provide
narrowcast connections, and one DTL and one AXI port provide
multicastconnections. Note that these shells add specific function-
ality, and can be plugged in or left out at design time according to
the requirements. NoC instantiation is simple, as we use an XML
description to automatically generate the VHDL code for the NIs
as well as for the NoC topology.

In Figure 3, we show an example of a narrowcast shell. Nar-
rowcast connections are connections between one master and sev-
eral slaves, where each transaction is executed by a single slave
selected based on the address provided in the transaction {23].
Narrowcast connections provide a simple, low-cost solution for a
single shared address space mapped on multiple memories. It im-
plements the splitting merging of data going to/coming from these
memories.

We the asa of

only when their sum is above the threshold. Similarly to the data
case, to prevent possible starvaion, we provide a flush signal to
force credits to be sent even when they are below their threshold.

As credits are piggybacked on packets, a queue becomes eli-
gible for scheduling when either the amount of sendable data are
above a first threshold, or when the amount of credits is above
a second threshold. However, once a queue is selected, a packet
containing the largest possible amount of credits and data will be
produced. Note the amount of credits is bound by implementa-
tion to the given number of bits in the packet header, and packet
have a maximum length to avoid links being used exclusively by a
packet/chansel, which would cause congestion

On the outgoing path, packess are depacketized, credits are
added to the counter Space, and data is stored in it correspond-
ing queue, which is given by a queue id field in the header.

point-to-point i one for each ter-slave pair. Within
a narrowcast connection, the slave for which the transaction is des-
tined is selected based on the address (Conn block). The address
range assigned to a slave is configurable in the narrowcast mod-
ule. To provide in-order response delivery, the narroweast must
also keep a history of d of the in-
cluding responses (e.g., reads, and acknowledged writes), and the
length of these responses. In-order delivery per slave of request
messages is already provided by the point-to-point connections.
When a slave using a connectionless protocol (e.g., DTL) is
d to a NI port supp g multiple i a multi-
connection shell must be included to arbitrate between the connec-
tions. A multi-connection shell (see Figure 4) includes a scheduler
to select from which are based
e.g., on their filling. As for the narrowcast, the multi-connection
shell has a connection id history for scheduling the responses.
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Figure 8. NI configuration

In Figures 5 and 6, we show a master and slave shells that im-
plement a nmphﬁ:d version of a protocol such as AXI. The basic
1 ds and their
flags, addxessts. and write data in request messages, and to dese-
quentialize messages into read data, and write responses. Exam-
ples of the 8¢ e, after passing
from NI shells and NI kemel are showa in Figure 7. In full-fledged
master and slave shells, more blocks would be added to implement
e.8., the unbuffered writes at the master side, and read linked, write
conditional at the slave side.

4.3 NI Configuration

As mentioned in Section 3, in our prototype Ethereal NoC, we
opt for centralized configuration. This means that there is a single
configuration module that configures the whole NoC, and that slot
tables can be removed from the routers. Consequently, only the
NIs need to be configured when opening/closing connections.

NIs are configured via a configuration port (CNIP), which of-
fers a memory-mapped view on all control registers in the NIs.
‘This means that the registers in the NI are readable and writable
by any master using normal read and write transactions,

Configuration is performed using the NoC itself (i.e., there is
10 separate control interconnect needed for NoC configuration).
Consequently, the CNIPs are connected to the NoC like any other
slave (see CNIP at NI2 in Figure 8). At the configuration module
C/g's NI, we introduce a configuration shell (Config Shal), which,
based on the address configures the local NI (NI 1), or sends con-
figuration messages via the NoC to other NIs. The configuration
shell optimizes away the need for an extra data port at NI1 to be
connected to the NI1's CNIP.

In Figure 9, we show the necessary steps in setting up a connec-
tion between two modules (master B and slave A) from a configu-
ration module (Cfg). Like for any other memory-mapped register,
before sending configuration messages for configuring the B to A
connection at N12, a connection from Cfg to NI2's CNIP must be
set up. This connection is opened in two steps corresponding to
the request and response channels. First, the request channel to
the NI2's CNIP is set up by writing the necessary registers in NI1
(Step 1 in Figure 9). Second, we use this channel to set up (via
the NoC) the response chanel from NI2’s CNIP to Cfg (Step 2).
The three shown messages are delivered and executed in order at
NI2. The last of them also requests an acknowledgment message
to confirm that the channel has been successfully set up.

After the configuration conneckion has been set up, the remote
NI2 can be configured to set up a channel fiom B to A. For config-

Narrowcast and multi-congection shells have an area of
0.004 mm? and 0.007 mm?, corresponding to 4% and 6% of the
NI kernel area. The DTL shells are very small, 0.005 mm? and
0.002 mm? for the master and slave ports, corresponding to 5%
and 2% of the NI kernel area, respectively. (This is also due to the
fact that not all of the DTL functionality has been implemented)
The configuration shell, which provides a simplified DTL-MMIO
interface to configure the NoC, has an area of 0.01 mm?.

Summing up, for an example NI with 4 ports, one for config-
uration (one chanzel to which the configuration shell is attached),
two masters (one offering narrowcast), and one slave (multichan.
nel), the total area is 0.11+0.01 +2 x 0.005 -+ 0.004 +0.002 +
0.007 = 0.143 mm?.

The latency intoduced by our current Nl is 2 cycles in the DTL
master shell (due to sequentialization, as part of packetization), 0
to 2 in the narrowcast and multicast shells (depending on the NI
instance), and between | and 3 cycles in the NI kernels (as data
needs 1o be aligned to a 3 word flit boundary), and 2 clock cycles
for clock domain crossing. Additional delay is caused by the arbi-
tration, but we do not include this in the NI latency overhead, as it
needs to be performed anyway (also in the case of a bus, arbitration
is performed).

The resulting latency overhead introduced by our NI is between
4and 10 cycles, which is pipelined to maximize throughput. The
latency overhead of a software implementation of the protocol is
much larger (e g, 47 instructions for packetization only [4]). A
bardware implementation allows both legacy software and hard-
ware task implementations to be used without change.

6 Conclusions

In this paper, we describe a network interface
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Figure 9. Connection configuration example

uring NI2 (B's NI), the previously set up configuration connection
is used. For configuring NI1, the NI1's configuration port is ac-
cessed directly via Config Shell. First, the channel from the
slave module A to the master module B is configured at NI1 (Step
3). Second, the chanael fiom the master module B to the slave
module A is configured (Step 4) through messages to NI2

5 Implementation

In the previous section, we describe a prototype of a config-
urable NT architecture, In this section, we discuss the synthe-
sized area and speed figures for the network interface components:
NI kernel, narrowcast, multichannel and configuration shells, and
master and slave shells for a simplified version of DTL.

We have synthesized an instance of a NI kemel with a STU of
8 slots, and 4 ports having 1, 1, 2, and 4 channels, respectively,
with all queves being 32-bit wide and S-word deep. The queves
are areaefficient custom-made hardware fifos. We use these fi-
fos instead of RAMs, because we need simultaneous access at all
NI ports (possibly running at different speeds) as well as simulta-
neous read and write access for incoming and outgoing packets,
which cannot be offered with a single RAM. Finally, for the small
queues needed in the NI, multiple RAMs have a too large area
overhead. Moreover, the hardware fifos implement the clock do-
main boundary allowing each NI port to run at a different clock
frequency. The router side of the NI kernel runs at a frequency of
500 MHz, whichmatches our prototype router frequency [21}, and
delivers a bandwidth toward the router of 16 Gbit's in each direc-
tion. The synthesized area for this NLkernel instance is 0. 11 mm?
ina 0.13um technology.
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