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Welcome to Date 2002 
On behalf of the Executive and Technical Program Committees, we take great pleasure in welcoming you 

to Paris and to DATE 02, the single, most prehensive European Confk and Exhibition event bringing 

together academic researchers, industry specialists, users and vendors in the fields of Design, Automation and Test 

of electronic circuits and systems. 

  

The endless quest for faster, cheaper, smaller aiaprE products, particularly for the growing consumer 

and communications markets, dictate that i i ens be generated in contmuously shrmking time 

scales. But while design time has been reduced by possibly as much as 70 percent over the past few years, the cost 

of design has significantly increased and continues to grow. This makes design automation a strategic technology for 
modem electronic systems, from simple ASICs via embedded IP cores to large systems on chip made of 

heterogeneous processors communicating via on-chip networks. 

    

  

  

  

DATE has b the pi inent European confé tappi into a large reservoir of research and 
development activities in the field. of design technology. World leading comp in wireless communications and 

automotive industries have led to the emergence of recognised E pecialities m Embedded Systems as well 

as IP and SoC Technologies, particularly with a strong mixed-signal « content. These are three of the most important 

driving forces behind IT’s explosive growth and the main contnbutors to accelerate the pace of electronic 

integration allowmg complex systems to be built into a single chip. DATE is a unique event where the latest 
scientific and technological devel ts are brought to public from the leading players im 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 ion and test challenges they bring to tool vendors and PCB 

companies as well as semiconductor and IP providers alike. 

  

  

DATE 02 has received a total of 476 papers submitted to the regular scientific tracks of the Conference, a 

very significant 60 p t i in the ber of submissi in comparison to the previous edition. The 

Program Committee has had the hard and always difficult task of selecting 88 papers for long presentations, 54 

papers for short presentations and 68 papers for presentation as posters. An additional 46 papers will be presented in 
the Designers’ Forum which were selected from a record breaking 70 submissions. Last but not least, 14 Special 

i have been ch to bring stimulating insights and vibrant discussions im state-of-the-art topics. Due to 

such a large ber of lent contri lected by the Technical Program Committee, the Conference 

Program has been extended from 5 to 6 parallel tracks. 

  

  

  

In complement to the main technical and scientific Program, we have designed a ber of valuabl 

education activities in the days before and after the conference. These are the Pre-Conference Tutorials on Monday, 

already a tradition at DATE, and two new full day Master Courses that will take place just after the conference on 

Friday and which will address practical design-oriented issues of syst chip applications. The organization of 
many Hands-on-Tutorials, a PCB Symposium, a University Booth, vendor p i fringe tings, and social 

events offer a wide variety of extra opportunities to meet and exchange information on relevant issues for the design, 

automation and test communities. 

  

  

  

Many volunteers have given their best efforts to make this Conference and Exhibition an outstanding event. 

We would like to thank all the bers of the Sp Committee, the Executive Committee, the Program 

Committee, the Vendors Committee and the Exhibitors, as well as all the Authors, Speakers, Session Organizers, 

Session Chairs, 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 enjoyed organising it for you. 

  

Jose da Franca, General Chairman 

Carlos Delgado Kloos, Program Chairman 

XXXVI 
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Plenary — Keynote Session 

Moderator: J. da Franca, Chipldea, PT 

On N: le I; ion and Gi: le Complexity in the Post Com World [p. 12] 
Hugo De Man, Professor, KU Leuven, Senior Research Fellow, IMEC, BE 
  

Global Responsibilities in SOC Design [p. 12] 

Taylor Scanlon, President & CEO, Virtual Silicon Technology, US 

  

1A: Hot Topic — How to Choose Semiconductor IP? 

Organizer: Yervant Zorian, Virage Logic, US 

Moderator: Nic Mokhoff EE Times, US 

[a] [s] How to Choose Semiconductor IP? -- Embedded Processors [p. 14] 

I. Phillips 

[] [2] Make Your SOC Design a Winner: Select the Right Memory IP [p. 15] 
V. Ratford 

  [3] [2] stow to Choose § icond: TP: Embedded Software [p. 16] 
G. Martin 

[3] [3] Day: How to Choose Semiconductor IP? {p. 17] 

P Bricaud 

  

1B: Formal Verification of Complex Designs 

Moderators: L Fix, Intel, ISR; T. Kropf; Bosch, DE 

[2] [2] Formal Verification of the Pentium 4 Floating-Point Multiplier [p. 20] 
R. Kaivola and N. Narasimhan 

[a] [s] Using Rewriting Rules and Positive Equality to Formally Verify Wide-Issue Out-of-Order Microprocessors with a Reorder Buffer [p. 28] 

M Télev 

  [3] [2] astomatic Verification of In-Order E ution In Microp 3 with Fragmented Pipelines and Multicycle Functional Units [p. 36] 
P. Mishra, N. Dutt, A Nicolau, and H. Tomivama 

[3] [3] A Case Study for the Verification of Complex Timed Circuits: IPCMOS [p. 44] 

M Patia, J. Cortadella, E. Pastor, and_A. Smirnov 

  

1C: Cooling Layout Arrangements 

Moderators: RH.J.M Otten, TU Eindhoven, NL; MDF Wong, Texas U, US 

[1 lppcaps by Thermody ic Combi ial Optimization [p. 54] 

J. De Vicente, J. Lanchares, and R. Hermida 

  

[s] [s] An Enhanced Q-Sequence Augmented with Empty-Room-Insertion and Parenthesis Trees [p. 61] 

C. Zhuang. ¥. Kajitani, K Sakamushi, and L. Jin 

[s] [s] Arbitrary Convex and Concave Rectilmear Module Packing Usmg TCG [p. 69] 

J. Lin H. Chen, and ¥. Chang 

  

1D: Defect Oriented Test 

Moderators: J. Segura, Iiies Balears U, ES: H. Manhasve, Q-Star Test, BE 

aa ms | 

 



|||) A Test Design Method for Floating Gate Defects (FGD) in Analog Integrated Circuits [p. 78] 
M Pronath, H. Graeb, and K Antreich 

["]["] exact Grading of Multiple Path Delay Faults [p. 84] 
S. Padmanaban and S. Tragoud:   

[°] [7] Modeling Techniques and Tests for Partial Faults in Memory Devices [p. $9] 

Z.Al-Ars and A. van de Goor 

[)[5] a New ATPG Alzorithm to Limit Test Set Size and Achieve Multiple Detections of All Faults [p. 94] 
S. Lee, B. Cobb, J. Dworak, M Grimaila, and M Mercer 

  

1E: Power Analysis and Management in Networks and Processors 

Moderators: E. Macii, Politecnico di Torino, IT; K Roy, Purdue U, US 

[=] [a] Low Power Error Resilient Encoding for On-Chip Data Buses [p. 102] 

D. Bertozzi, L. Benini, and G. De Micheli 

E/E ing Power Ci ion in Networks on Chip [p. 110] 

T. Simunic and S. Boyd 

  

[=] [2] Competitive Analysis of Dynamic Power Management Strategies for Systems with Multiple Power Savings States [p. 117] 

S. Irani, R. Gupta, and S. Shukla 

    Ppp urate Power Estimation Tool for Sup lar Mii {p. 124] 
D. Ponomarey, G. Kucuk, and K. Ghose 

  

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

Organizer: ¥. Zorian, Virage Logic, US 

Moderator: K. Bartleson, Synopsys, US 

  

  

  

Panzllists: J. Tully, Gartner D. US; G. Toomajanian, Dain R. her Wessels, US; 
E. Desai, Desaisive Technology R. h, US; M Hosseini, WIT Soundview, US; V. Essi AH&H, UA 

[=] Fp is am About i 1 ion and Customer Satisfaction [p. 132] 
VE Essi, Jr. 

  

2B: SAT and BDD Techniques 

Moderators: T. Shiple, Synopsys, FR; R. Drechsler, Bremen U, DE 

[3] [3] Using Problem Symmetry in Search Based Satisfiability Algorithms [p. 134] 

E. Goldberg, M Prasad and R. Brayton 

[3] [3] BerkMin: A Fast and Robust Sat-Solver [p. 142] 
E. Goldberg and ¥. Novikov 

123] [$2] preemie Schedaling and Clustering, in Symbolic Iexage Computation fp. 150] 
G. Cabodi, P Camurati, and S. Quer 

  

  

2C: Technology and Interconnect Issues in Low Power Design 

Moderators: §. Huss, TU Darmstadt, DE; D. Auvergne, LIRMM F 

[=] [2] Wire Placement for Crosstalk Energy Minimization in Address Buses [p. 158] 

L. Macchiarulo, E. Macii, and M Poncino 

| =][2] Dynamic VTH Scaling Scheme for Active Laskage Power Redaction [p. 163] 

C. Kim and K. Roy 

[3] [3] protite- Based Dynamic Voltage Sch duling Using Program Checkpomts [p. 168] 

A. Azevedo, I Issenin, R Cornea, R Gupta, N. Dutt A. Veidenbaum, and A. Nicolau 

  

[s] [s] Sizing Power/Ground Meshes for Clocking and Computing Circuit Components [p. 176] 

A. Mukherjes, K Wang, L. Chen, and M Marek-Sadowska 

  

2D: Advanced Mixed Signal Test 

Moderators: J. Husrtas, CNM-IMSE, ES; B. Kaminska, Fluence Technology, US   

  [][] a signature Test F; rk for Rapid Production Testing of RF Circuits [p. 186] 
R. Voorakaranam, S. Cherubal, and A. Chatterjee 

[=] [2] analog IP Testing: Diagn is and Optimization [p. 192] 

C. Guardian, P McNamara, L. Daldoss, §. Saxena, §. Zanella, Wi Xiang, and S. Liu 

  

[2] [2] a New Design Flow and T bility Mi for the Generation of a Str 1 Test and BIST for Analogue and Mixed-Sienal Circuits [p. 197] 
C. Hoffinann 

  

[3] [3] Built-In Dynamic Current Sensor for Hard-to-Detect Faults in Mixed-Signal ICs [p. 205] 
¥ Lechuga R Mozuslos, M Martinez, and 5. Brach   

  

2E: Collaborative Design -- Web-Services. Infrastructure. Applications



  

Moderators: A. Sauer, FhG EAS/TIS, DE; A. Pawlak, ITE Warsaw, PL 

BIE bsp eee [p. 214] 

L. Ghanmi, A. Ghrab, M Hamdoun, B. Missaoui, K Skiba, and G. Saucier 

[=] [2] et-Based Collaborative Test Generation with MOSCITO [p. 221] 
A. Schneider, K Disnsr, E. Ivask, J. Raik, R Ubar, P. Miklos, T. Cibakova, and E. Gramatova 
    

[2] [8] a two-Tier Distributed Electronic Design F rk [p. 227] 
T. Kazmierski and N. Clavton 
  

[3] [3] Embedded System Design Based On Webservices [p. 232] 
A. Rettberg and W. Thronicke 

  

2F: Panel — Who Owns the Platform? 

Organizer/Moderator: W. Wolf, Princeton U, US 
Panellists: M Pinto, Agere, US; P Paulin, STMicroelectronics, CA; C. Rowen, Tensilica, US; 
O. Levia, Improv Systems, US; G. Saucier, Design-Reuse, FR; V. Gerousis, Infineon, DE 

[°°] [2] wo Oums the Platform? [p. 238] 
  

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

Organizer: D. Gizopoulos, Piraeus U, GR 

Moderator: G. Smith, Garmer Dataquest, US 

Speakers: M Milligan, HPL Technologies, US; ¥. Zorian, Virage Logic, US; S. Pateras, LogicVision, US; M Nicolaidis, RoC Technologies, FR   

[| [2] op for Embedded Robustness [p. 240] 
M Nicolaidis 

[2] [9] eeibedded Diagnosis IP [p. 242] 
S. Pateras 

[""] [9] eeabedded Robustness IPs fp. 244] 
E. Dupont, M Nicolaidis, and P Rohr 
  

3B: Advances in Logic Synthesis 

Moderators: M Berkelaar, Magma Design Automation, NL; W. Kurz, Kaiserslautern U, DE 

["][) cosas: A Heuristic for State R duction in I letely Specified Finite State Machines [p. 248] 

S. Goren and F Ferguson 
  

[3] [3] Generalized Early Evaluation in Self-Timed Circuits [p. 255] 
M Thornton, K. Fazel, R. Reese, and C. Traver 

PAP ape a a 260] 
S. Jung, K Kim, and S. Kang 

  

Moderators: F Férnandez, IMSE-CNM ES; A. Konczykowska, Alcatel R&I, FR 

[la Fitting app h to Generate Symbolic Expressions for Linear and Nonlinear Analog Circuit Perf Ch istics [p. 268] 
W. Daems, G. Gielen, and W. Sansen 

  
  

[=] [2] parameter Controlled A ic Symbolic Analysis of Nonlinear Analog Circuits [p. 274] 
R Popp, J. Osken, L. Hedrich, and E. Barke 
  

[=] [2] Constructmg Symbolic Models for the Input/Output Behavior of Periodically Time-Varying Systems Using Harmonic Transfer Matrices [p. 279] 

P. Vanassche, G. Gielen, and W. Sansen 

  [\[] taytor E: ion Diag: -AC C ical Rep ion with Applications to Symbolic Verification [p. 285] 
M Ciesielski, P Kalla, Z. Zeng, and B. Rouzeyre 

  

  

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

Organizers: L. Guarnirsi, Barcelona Design, US; E. Chen, Celestry Design Technologies, US 

Moderator: C. Ajluni, Wireless Systems Design, US 

Presenters: §. Savage, Cypress Semiconductors, US; M Hershenson, Barcelona Design, US; X. Zhang, Celesoy Design Technologies, US 

  

[")[) gpa Tools for RF: Myth or Reality? [p. 292] 
  

3E: Platform-Based Design and Virtual Component Reuse 

Moderators: W. Wolf, Princeton U, US; N. Martines Madrid, FZI Karlsruhe, DE 

    [2] [2] Dynamic Runtime Re Scheduling Allowing Multiple Implementations of a Task for Platfocm-Based Designs [p. 296] 
T. Lee, W. Wolf, and J. Henkel 

[sl [3] Techniques to Evolve a C++ Based System Design Language [p. 302] 

R Pasko, 5. Vernalde, and P Schaumont



1) 3] A Mixed Signal Design Reuse Methodology Based on Parametric Behavioural Models with Non Ideal Effects [p. 310] 
A. Ginés, E. Peralias, A Rusda, N. Madrid and R. Seepold 
  

3F2: Analogue Circuit Characterisation and Simulation 

Moderators: A. Rodriguez-Vazquez, IMSE-CNM ES; D. Leenaerts, Philips, NL 

[=] [2] test Stroctore Sor Ic(Vigg) Parameter Determination of Low Voltage Applications [p. 316] 
W. Rahajandraibe, C. Dufaza, D. Auvergne, B. Cialdslla, B. Majoux, and V. Chowdhury 

13] [32] caotal Optimization Applied to the Oscillator Problesa [p. 322] 

S. Lampe and 5. Laur 

  

4A: Panel — MEDEA+ and ITRS Roadmaps 

Organizer: W. Rosenstiel, FZl/Tuebingen U, DE 

Moderator: G. Mathéron, Director of MEDEA+ Office, FR 
Panellists: J. Borel, STMicroel: ics, US; G. Math MEDEA+ Office; A. Jerrava, TIMA, Grenoble, FR: 
S. Resve, UC Berkeley, US; M Rogers, Intel, US; W. Rosenstiel, FZI/Tuebingen U, DE: 
I. Rugen-Herzig, Infineon Technologies, DE; F Theeuwen, Philips Research, NL 

    

[)[] MeDEA+ and ITRS Roadmaps [p. 328] 

  

4B: Asynchronous Circuits and Clock Scheduling 

Moderators: M Renaudin, TIMA, Grenoble, FR: L. L Politecnico di Torino, IT   
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Abstract 
Ye advocate a network on silicon (NOS) as a hardware ar- 

6 to impli b IP cores in 

Suture technologies, and as a software model in the form of 

a protocol stack to structure the programming of NOSs. We 

claim guaranteed services are essential. In the ZTHEREAL 

NOS they pervade the NOS as arequirement for hardware de- 

sign, and as foundation for software programming. 

1. Introduction 

It will soon be possible to manufacture systems on silicon 

(SO$s) containing 10M gates and megabytes of embedded 

ftv The plexity of these systems will be over- 

vhelming, and two fund. ital tions arise. First, from 

a hardware view point, how can these SOSs be designed? 

What are the required hard pts? Sec- 
ond, from a soft (application) p , how can the 

SOS hardware be programmed? What software concepts are 

needed? Our tenet is that only a consistent approach to both 

questions will enable us to hamess the opportunities offered 

by semiconductor technology. 

We believe in the intellectual-property block (IP) re-use 

model. This means that a SOS contains hundreds of IPs that 

  

  

  

  

  

  

  

  

  

are bought or pi de. A ing their mess, their 
communication is then the problem, We propose 3 network 

on silicon (NOS) to impl t the ition between 

these IPs, A NOS is a hard hitecture together with a 

programming model. 

Guaranteed services are the focus of this paper: they serve 

as the basis for the programming model, and as a require- 
  ment for the NOS hard hitecte Ap I stack 

is a layered approach to offering different services to differ- 

ent clients, based on a twork. It structures com-   

munication complexity from the physical implementation up 

to the application in a number of layers. The OSI reference 

model [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 backdrop. The top four layers are independent of the 

hardware architecture and are di d in Section 3. In that 

context we show why guaranteed services offer many advan- 
tages over best-effort services when programming SOSs. 

2. Packet-switched Router Networks 

In this section we consider how a SOS containing hundreds of 

IPs can be designed, especially regarding layout and timing 

  

  

(local) or consider all routers (global). Global scheduling 
  

  

can avoid (several packets want to use the same 

resource at the same time) and congestion (packet: iting 

forar ) but is not scalable. Global scheduling is usu-     

  Consider that the Pp of the IPs 

are dynamic at two levels. First, multiple configurations ex- 

ist, each p g to a required user functi y. Sec-   

ond, communication data rates are variable within a configu- 

ration (e.g. variable-bit-rate MPEG streams), Structuring the 

wires used for communication between [Ps is the main 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 cross talk and wire spacing, and b) 

volume of traffic. Second, it causes wire congestion around 

each IP. Thin closely-spaced high-power wires solve conges- 
tion, but this conflicts with the requi ts 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 specific: it cannot be 

re-used over design iterations or different designs [2). 

A router network based on packet switching helps on these 

accounts. Fundamentally, wires are shared, or made pro- 

g able, by introducing switches (routers). This is pos- 

sible because dedicated wires are normally underutilised (as 

little as 10% [3]), The first benefit is that there are fewer 

programmable wires, which reduces wire congestion around 

IP blocks. Second, traffic of multiple IPs is 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 torus 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 SOSs, Finally, and most impor- 
tantly, decoupling of computation (IPs) and communication 

(NOS) enables compositional layout and timing closure. IPs 

communicate only using the network so that their layout and 

timing closure are independent of other IPs. 

Programmable wires also have drawbacks. First, different 

IPs will contend for the use of a wire, requiring arbitration 

or scheduling. The properties of a router network depend 

much on the kind of scheduling it uses. A schedule can be 

fixed for a configuration (static) 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 also be independent for each router 

  

  

must be predictable. 

In a re-use model IPs that are bought or re-used cannot be 

adapted to each SOS they are used in. They will interact in 

manv different wavs (event-driven. data streaming. messaze 
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ally static (circuit switching) and local scheduling dynamic 

(packet switching). Perfi (Le. absolut 
certainty instead of probabilistic behav jour) are more eas- 

ily given for global static scheduling than for local dynamic 

heduling. The way packets are buffered and scheduled in 
routers, and the effects on pafomumce guarantees has been 

the subject of i d tally, sharing and 
guarantees are conflicting, and ‘efficiently combining guaran- 

teed traffic with best-effort traffic is hard [7). 

Second, programmable wires may be slower than using 

dedicated IP-to-IP wires, which may contain some buffers. In 

a NOS a packet must traverse a number of routers. When 

scheduling statically, a packet need not incur more than a 

pipeline delay per hop. But for dynamic scheduling the 

header of each packet must be inspected before it can be sent 

to the appropriate output port. C ion and 

  

  

  

  

passing, shared memory, etc.) [8]. Thus the interconnecting 

network has to be flexible, in terms of the services that it 

offers. This is the task of the top four OSI layers. They are 

ind dent of the york hard hi , end to end 
(the network i 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 rransport layer is to provide reliable end- 

to-end services over ions, through packetisation, end- 

    

  

  

  

to-end ‘tion m it (perhaps over multiple net- 

works), (de)multiplexing multiple tra rt tions over 

network connections, and so on. Examples of services per 

connection are: uncorrupted transmission, lossless tr: i   

sion, in-order delivery, throughput, jitter (delay variation), 

and latency. Flow control avoids data loss by aligning IP pro- 

duction and ion rates.   

may further delay a packet. Finally, a packet header uses 

some of the communication bandwidth, 

Although a NOS based on packet-switching has its costs 

(packetisation, routers, buffering, harder to give guarantees) 
it is essential for an IP re-use strategy because it enables com- 

itional and scalable integration of the IPs. Moreover, a 

NOS i frastructure (such as and protocol stack) can be 

re-used and its design cost amortised over multiple designs. 

The issues raised in this section can be mapped to the OSI 

protocol stack [4]. Below we discuss the three lower layers 

that are specific to the hard hitecture of the network. 

The physical laver defines how a single bit is sent over 

a physical medium (such as a wire, bus, optical link, radio 

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 NOS eases the implemen- 

tation of the physical on-chip wires. 

The data-link laver ensures reliable (lossless, fault-free) 

communication over a single data link. It considers cross- 

talk and fault-tol (both t soft errors and hard 
errors). For shared and especially broad-cast media (such as 

busses), the medium access sublayer deals with contention 

for the link. Examples are bus arbitration, and router-to- 

router flow control. 
The network layer has two main functions for a given net- 

work. First, delivering packets, more specifically, routing, 

trol, and scheduling over tiple Tinks. Sec- 
ond, arn: Le s © leas . 

ing, management or steering, and intemetworking. 

  

  

  

  

  

  

      

3. Guaranteed Services are essential 

In this section we discuss the remainder of the OSI protocol 
stack, and then show why the services offered by this stack 

services because it has fewer possible interactions (a stricter 
contract) with its environment. A service request may be 

granted or denied by the network. Communication failures 

are therefore restricted to the configuration phase of the IP, 

tead of every ication 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 IP 

are not affected by other IPs in the network, making reasoning 

about the IP in isolation possible. This is tial for a comt- 

positional construction (design and programming) of SOSs. 

When IPs, dto be t, are bined in a system it 

must be clear that the system will function as a 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 i the electrical et (like load) of the bus, 
as well as the existing traffic patterns. The latter can seri- 

  

  

  

  

  

In the session layer are 

into services such as multicast, half duplex and full duplex 

len), ob, hined 
  

  of multip! ions (of au- 
dio and v ideo streams, for example), and token management 

for | exclusion and atomic (chains of) ctions (e.g.   

test and set, swap) may also be offered. 

The presentation laver 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 ap ion laver is 1 to ap- 

plications, n running on IPs. This could be bit streams obeying 

the MP3 standard, video frames, or Java byte code. 

We now return to the question of programming. A SOS 

consists of a set of IPs and ar NOS that must be (dynamically) 

configured. For a given user function, is mapp 

to functional IPs (e.g. tasks to pr s) and i 

tion to the NOS. The number of configurations can be large 

  

  

  

  

  

and they may be g ted at time by an application man- 

ager. To avoid y design iterati we need to be 

sure of ofthe bination of static hard (the   

IPs and their interconnect) and dynamic software (the config- 

) as early as possible in the design flow. Program- 

ming must be predictable; this can be ensured by basing it on 

a 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 = a minimum throughput 

  

  (for real-ti tr ing data), or ded latency (for inter- 

rupts). A NOS with guaranteed services eases their integra- 

tion, S d, an IP tes using the NOS, Requests   

for services make its ptions and dependencies on the 
NOS explicit, structuring the design and programming of the 

IP. Third, an IP can also be simpler when using guaranteed 

  

use time-division-multiplexed circuit switching. Routers use 
virtual output queuing for BE traffic. GT traffic is tightly 

scheduled to minimise buffering. Routers do not drop or re- 

order packets, the former due to fine-grain link-level flow 

control. A variant of the iSLIP switch-scheduling algo- 

rithm [6] is used for BE traffic. BE traffic use all spare ca- 

pacity in the network, i.e. bandwidth that is not reserved or 

unused by GT traffic. Network interfaces implement multi- 

path and multi-ch | ordering, and ch | flow control   

§. 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 (SOSs) at the levels of 

hardware design and software programming. 

ANOS hardware architecture based on a packet-switched 

router network allows average-case wire dimensioning, and 
  ously affect cache behaviour and hence embedded 

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 

SOS. At run-time an application or quality-of-service man- 

ager reconfigures the SOS. This can only be effective when 

the NOS is observable and controllable, but above all, pre- 

dictable in terms of verformance and cost. Third. a NOS 

wire congestion around IPs. It breaks the fatal global 

timing closure loop by separating inter-IP from intra-IP com- 

munication, and can so reduce global design iterations. The 

OSI protocol stack structures the communication complexity 

in the router network (the physical to network layers) and the 

prog ing model (the transport to application layers). 

While a protocol stack offers diverse services on a sin- 
gle hardware architecture, we show that predictability, in the 

  

  

 



    

based on g d services communication 
to (re)configuration points. When the NOS declines 

a service request from an IP, only that IP is 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 £thereal Network-on-Silicon 

The ETHEREAL NOS intends to support both g dand 
best-effort services. We can only list some salient features 

here, to indicate our current direction. 

We use a combination of circuit and packat switching, 

  

  

  

in the spirit of ATM [1]. Ach | implements a 

point-to-point ation bety two nety kc inter- 

faces (possibly with multiple paths). A ch | can have a   

combined throughput and latency guarantee (GT), or be best 

effort (BE), with an unspecified finite latency upper bound. 

Delivery order is not gusranteed over different paths or chan- 

nels. A ti le ch: Is and can in- 

clude flow control and dering for lossless in-order (mul- 
ticast) transmission. The programming model is concurrent 

and distributed: IPs can set up and remove connections in a 

pipelined fashion, and at the same time. Configurations that 
have been computed off-line can be efficiently loaded and ex- 

tended or changed at run time. GT channels are created and 

removed with BE packets that reserve a path through the net- 

work, subject to 

  

  

  

hole source   ating, and GT str 

form of guaranteed services, greatly benefits programming 

a SOS at two levels, Individual IPs with real-time require- 

ments are more easily integrated, and the NOS’s actions are 

restricted by the contract, simplifying the IP’s 10. At the NOS 

level, programming of IPs is compositional because their ser- 

vices are independent of each other. Quality-of-service man- 

agers can effectively observe and steer a NOS because it be- 

haves predictably in terms of performance and cost. 

We believe that a NOS must be a synthesis of hardware ar- 

chitecture and software programming model with guaranteed 

services at its core, In the ETHEREAL NOS we aim to do so 

efficiently. 
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