CS294-7 Spring 1997

University of California at Berkeley Department of Electrical Engineering and Computer Science Reconfigurable Computing Seminar

CS294-7, Spring 1997 Tentative Lectures and Reading Tuesday, January 21

Intro:

1. First Class/Motivation: What’s RC and Why is it interesting?

ffl Goal: Give people an idea of what course is about and why its important. ffl Reading: The Case for Reconfigurable Processors ffl other materials: Course description, calendar, terminology

2. Computing requirements, VLSI Area, scaling, capacity ffl Goal: Start with fresh view of computing requirements and identify key pieces; put components in perspective for remainder of course; Provide background necessary to compare and evaluate computing technologies and to appreciate trends.

ffl Reading: Chapter 14 and 15 of [DeH96], [DGY+74], [Boh95b], [Boh95a]

3. Instructions and GP architecture space

ffl Goal: Understand impact of instruction organization on architecture; understand cost of instruction distribution and storage.

ffl Reading: [DeH96] chapters 8-9

4. FPGA intro/tutorial (including FPGA tool sequence) ffl Goal: Make sure everyone understands what an FPGA looks like and how they are traditionally used and programmed.

ffl Reading: [BR96] [Tri93] ffl Additional Reading: [Tri92]y [Bro95]

5. Dig into one or two CCMs (Perle-1, Cheops)

ffl Goal: See everything involved in a CCM: arch, programming, performance, runtime, pains and limitations.

ffl Reading: [VBR+96] [BW95] ffl Additional Information: PAM <http://pam.devinci.fr/documentation.html>, Cheops <http://tvot.www.media.mit.edu/projects/TVOT/Agenda95-2/Cheops.

html>

6. Dig into an application (SPLASH sequence matching)

CS294-7 Spring 1997

ffl Goal: See computing style, programming style, and results. ffl Reading: [GHK+91], [BAK96] chapter 8 ffl Additional Information: <http://www.super.org:8000/FPGA/fpga.html>, <http:

//pequod.ee.vt.edu/>

7. Comparing computing devices

ffl Goal: Understand how various styles stack up, when they are used well and when they are not.

ffl Reading: [DeH97] ffl Additional Reading: Chapters 4-6 of [DeH96], [ACC96], [ACC94a], [ACC94b], [MVBL96]y

Spatial Computing:

1. Systolic Architectures and Algorithms

(traditional filter and matrix operations here) ffl Goal: Understand style and philosophy of systolic architectures. ffl Reading: [Kun82], [LM85] ffl Additional Reading: [JHS93]

2. Sampling of Systolic Structures

ffl Goal: Familiarize everyone with a broader set of systolic solutions; after these two lectures, should be able to categorize related problems and design systolic solutions for them.

ffl Reading: [Lei79], [KL79], [GKT79]

3. Cellular Automata

ffl Goal: Understand style; see representative problems; appreciate class of problems and algorithms amenable to cellular solution.

ffl Reading: [Min67]?, [RMA84]y, [RR87]

4. Bit Serial Processing

ffl Goal: Understand style, mapping, area-time implications, and sample solutions. ffl Reading: TBD

Interconnect:

1. Interconnect (relative area, delay, capacity, growth, Rent, Sea-of-Gates) ffl Goal: Understand how interconnect requirements can be analyzed, how they scale, and their significance in reconfigurable architectures.

CS294-7 Spring 1997

ffl Reading: [DeH96] Ch 7, [LR71], [Gam81], perhaps others

2. Traditional FPGA Interconnect (Xilinx, Altera, Brown+Rose, Lewis) ffl Goal: Become familiar with traditional interconnect styles used in FPGAs and relate structures to general metrics and goals.

ffl Reading: collection of diagrams from Xilinx, Altera, [RB91], [AL94]

3. VLSI interconnect structures

ffl Goal: Become familiar with typical building blocks at the silicon level and their tradeoffs.

ffl Reading: [DHG95] and others....

4. Partitioning and Placement

ffl Goal: Understand Routing problem and conventional solutions; relate mapping issues to interconnect architecture.

ffl Reading: [KGV83], [FM82]

5. Routing

ffl Goal: Understand Routing problem and conventional solutions; relate mapping issues to interconnect architecture.

ffl Reading: global route - Locus [Ros90]y, detail route - [BLK96]

Compute:

1. Memory as a programmable element; LUTs+interconnect as an alternate to one big memory.

ffl Goal: Understand how memory blocks may act as programmable elements, when they are efficient and inefficient, and how adding programmable interconnect helps in common cases.

ffl Reading: assemble notes from Ch4 of [DeH96] and material written on TN#123, ([RFLC90] and [SRCL92]) or ch4 of [BFRV92]

2. LUT Mapping

ffl Goal: Understand, basically, how LUT mapping is performed. ffl Reading: [BFRV92] 3.2.1-2, Flowmap [CD94a]y [CD94b]y

3. Alternatives to LUTs: ULMs, PLAs

ffl Goal: Appreciate how ULMs relate to LUTs; Understand relative strengths and weaknesses of PLAs.

ffl Reading: [KG92], A good ULM paper? (maybe [ZV96]), maybe [KB96]?

4. ALU bits, fast carry logic, and conventional CLBs (special case interconnect: (a) cascading LUTs, (b)segmentable/combinable LUTs)

CS294-7 Spring 1997

ffl Goal: Understand how ALU bit-slices differ from pure LUTs and how conventional, commercial devices are a combination of the two.

ffl Reading: [Woo95]

Retiming:

1. Fine-grained retiming – heavy pipelining, delay minimization, c-slow ffl Goal: Understand the role of retiming to maximize throughput, and known algorithms for automating the task.

ffl Reading: [LR93]

2. Coarse-grain – bit-serial, fifo, video stream; VLSI structures and costs for retiming (e.g. flip-flops, shift-registers, register files, fifos, SRAM, DRAM) ffl Goal: See how memory is used to perform retiming in various scenarios. Become familiar with the various VLSI structures used for retiming and when each is preferred.

3. Retiming as behavioral optimization (minimize function usage, memory intermediates) ffl Goal: Understand behavioral optimizations which reduce compute and memory requirements.

ffl Reading: [Ben94] [PR90], [GFvS+93]

Other:

1. Control (where data affects the instruction (operation performed) and/or istream) – FSMs ffl Goal: Understand role and integration of control in general-purpose architectures. ffl Reading: Sections 8.5 and 10.6 of [DeH96]

2. Binding time and specialization

ffl Goal: Classify binding times and understand specialization opportunities and benefits.

ffl Reading: [Cha93], [VSCZ96], [DeH95]?

3. Programming styles (single lecture overview)

ffl Goal: Become exposed to various styles possible for programming reconfigurable devices.

4. Reuse/sharing

CS294-7 Spring 1997

ffl Goal: Understand why we might want to share and reuse resources and the techniques for doing so.

ffl Reading: Excerpts from Chapter 10 of [DeH96], [VSCZ96], probably others... ffl Additional Reading: [JOSV95], [WH95], [WH96], [EH94], [LSC96]

y – denotes references which look promising, but which André hasn’t reviewed, yet.

CS294-7 Spring 1997

References

[ACC94a] Osama T. Albaharna, Peter Y.K. Cheung, and Thomas J. Clarke. Area and Time Limitations of FPGA-based Virtual Hardware. In Proceedings of the IEEE International Conference on Computer Design: VLSI in Computers and Processors, pages 184–189. IEEE, October 1994. <http://www.ee.ic.ac.uk/research/

information/www/aosama/pub/iccd94.ps.Z>.

[ACC94b] Osama T. Albaharna, Peter Y.K. Cheung, and Thomas J. Clarke. Virtual Hardware and the Limits of Computational Speed-up. In Proceedings of the IEEE International Symposium on Circuits and Systems. IEEE, July 1994.

[ACC96] Osama T. Albaharna, Peter Y. K. Cheung, and Thomas J. Clarke. On the Viability of FPGA-based Integrated Coprocessors. In Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines, Los Alamitos, California, April 1996. IEEE Computer Society, IEEE Computer Society Press. <http://

www.ee.ic.ac.uk/research/information/www/aosama/pub/fccm96.ps.Z>.

[AL94] Aditya A. Agarwal and David Lewis. Routing Architectures for Hierarchical Field Programmable Gate Arrays. In Proceedings 1994 IEEE International Conference on Computer Design, pages 475–478. IEEE, October 1994.

[BAK96] Duncan Buell, Jeffrey Arnold, and Walter Kleinfelder. Splash 2: FPGAs in a Custom Computing Machine. IEEE Computer Society Press, 10662 Los Vasqueros Circle, PO Box 3014, Los Alamitos, CA 90720-1264, 1996.

[Ben94] Ole Bentz. HYPER: Synthesis for Data Path Intensive Architectures. <http://infopad.eecs.berkeley.edu/~hyper/

Background/hyperBackground.html>, May 1994.

[BFRV92] Stephen D. Brown, Robert J. Francis, Jonathan Rose, and Zvonko G. Vranesic. Field-Programmable Gate Arrays. Kluwer Academic Publishers, 101 Philip Drive, Assinippi Park, Norwell, Massachusetts, 02061 USA, 1992.

[BLK96] Stephen Brown, Guy Lemieux, and Muhammad Khellah. Segmented Routing for Speed-Performance and Routability in Field-Programmable Gate Arrays. Journal of VLSI Design, 4(4):275–291, 1996. <http://www.eecg.toronto.edu/

~lemieux/sega/VLSIDesign.ps.gz>.

[Boh95a] Mark Bohr. Interconnect Scaling – The Real Limiter to High Performance ULSI. In International Electron Devices Meeting 1995 Technical Digest, pages 241–244. Electron Devices Society of IEEE, December 1995.

[Boh95b] Mark Bohr. MOS Transistors: Scaling and Performance Trends. Semiconductor International, pages 75–79, June 1995.

[BR96] Stephen Brown and Jonathan Rose. FPGA and CPLD Architectures: A Tutorial. IEEE Design and Test of Computers, 13(2):42–57, Summer 1996. <http://www.

eecg.toronto.edu/~brown/survey.html>.

CS294-7 Spring 1997

[Bro95] Stephen D. Brown. Field-Programmable Devices: Technology, Applications, and Tools. Stan Baker Associates, 504 Nino Avenue, Los Gatos, CA 95032, 2nd edition, 1995.

[BW95] Vincent Michael Bove, Jr. and John A. Watlington. Cheops: A Reconfigurable Data-Flow System for Video Processing. IEEE Transactions on Circuits and Systems for Video Technology, 5(2):140–149, April 1995. http:

//wad.www.media.mit.edu/people/wad/cheops_CSVT/cheops.html.

[CD94a] Jason Cong and Yuzheng Ding. FlowMap: An Optimal Technology Mapping Algorithm for Delay Optimization in Lookup-Table Based FPGA Designs. IEEE Trans. on Computer-Aided Design, 13(1):1–12, January 1994.

[CD94b] Jason Cong and Yuzheng Ding. On Area/Depth Trade-Off in LUT-Based FPGA Technology Mapping. IEEE Transactions on VLSI Design, 2(2):137–148, June 1994.

[Cha93] Kenneth David Chapman. Fast Integer Multipliers fit in FPGAs. EDN, 39(10):80, May 12 1993. Anonymous FTP www.ednmag.com:EDN/di_sig/

DI1223Z.ZIP .

[DeH95] André DeHon. Specialization versus Configuration. Transit Note 113, MIT Artificial Intelligence Laboratory, January 1995. Anonymous FTP transit.ai.

mit.edu:transit-notes/tn113.ps.Z.

[DeH96] André DeHon. Reconfigurable Architectures for General-Purpose Computing. AI Technical Report 1586, MIT Artificial Intelligence Laboratory, 545 Technology Sq., Cambridge, MA 02139, October 1996. Anonymous FTP publications.ai.

mit.edu:ai-publications/1996/AITR-1586.ps.Z.

[DeH97] André DeHon. Comparing Computing Machines. preprint contact amd@cs.

berkeley.edu, January 1997.

[DGY+74] Robert H. Dennard, Fritz H. Gaensslen, Hwa-Nien Yu, V. Leo Rideout, Ernest Bassous, and Andre R. LeBlanc. Design of Ion-Implanted MOSFET’s with Very Small Physical Dimensions. Journal of Solid-State Circuits, 9(5):256–268, October 1974.

[DHG95] Ivo Dobbelaere, Mark Horowitz, and Abbas El Gamal. Regenerative Feedback Prepeaters for Programmable Interconnections. In Proceedings of the 1995 IEEE International Solid-State Circuits Conference, pages 116–117. IEEE, February 1995.

[EH94] James G. Eldredge and Brad L. Hutchings. Density Enhancement of a Neural Network Using FPGAs and Run-Time Reconfiguration. In Duncan A. Buell and Kenneth L. Pocek, editors, Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines, pages 180–188, Los Alamitos, California, April 1994. IEEE Computer Society, IEEE Computer Society Press.

CS294-7 Spring 1997

[FM82] C. M. Fiduccia and R. M. Mattheyses. A Linear Time Heuristic for Improving Network Partitions. In Proceedings of the 19th Design Automation Conference, pages 175–181, 1982.

[Gam81] Abbas El Gamal. Two-Dimensional Stochastic Model for Interconnections in Master Slice Integrated Circuits. IEEE Transactions on Circuits and Systems, 28(2):127–138, February 1981.

[GFvS+93] Werner Geurts, Frank Franssen, Michael van Swaaij, Francky Catthoor, Hugo De Man, and Marc Moonen. Memory and Data-path Mapping for Image and Video Applications. In Francky Catthoor and Lars Svensson, editors, Application- Driven Architecture Synthesis, chapter 7, pages 143–166. Kluwer Academic Publishers, 1993. Anonymous FTP imec.be:pub/vsdm/reports/high_speed_

datapath_synth/high_throughput_map_sum2.ps.

[GHK+91] Maya Gokhale, William Holmes, Andrew Kopser, Sara Lucas, Ronald Minnich, Douglas Sweely, and Daniel Lopresti. Building and Using a Highly Programmable Logic Array. IEEE Computer, 24(1):81–89, January 1991.

[GKT79] L. J. Guibas, H. T. Kung, and C. D Thompson. Direct VLSI Implemenation of Combinatorial Algorithms. In Caltech Conference on VLSI, pages 509–525, January 1979.

[JHS93] Kurtis T. Johnson, A. R. Hurson, and Behrooz Shirazi. General-Purpose Systolic Arrays. IEEE Computer, 26(11):20–31, November 1993.

[JOSV95] Chris Jones, John Oswald, Brian Schoner, and John Villasenor. Issues in Wireless Video Coding using Run-time-reconfigurable FPGAs. In Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines, April 1995.

[KB96] Alireza Kaviani and Stephen Brown. Hybrid FPGA Architecture. In Proceedings of the International Symposium on Field Programmable Gate Arrays, pages 3–9, February 1996. <http://www.eecg.toronto.edu/~kaviani/HFA/HFA.ps.gz>.

[KG92] Jack Kouloheris and Abbas El Gamal. PLA-based FPGA Area versus Cell Granularity. In Proceedings of the Custom Integrated Circuits Conference, pages 4.3.1– 4. IEEE, May 1992.

[KGV83] S. Kirkpatrik, C. D. Gellatt, Jr., and M. P. Vecchi. Optimization by Simulated Annealing. Science, 220(4598):671–680, May 1983.

[KL79] H. T. Kung and Philip L. Lehman. Systolic (VLSI) Arrays for Relational Database Operations. CMU-CS-TR 114, Carnegie-Mellon University, Pittsbugh, Pennsylvania 15213, October 1979.

[Kun82] H. T. Kung. Why Systolic Architectures? IEEE Computer, 15(1):37–46, January 1982.

CS294-7 Spring 1997

[Lei79] Charles Leiserson. Systolic Priority Queues. CMU-CS-TR 115, Carnegie-Mellon University, Pittsbugh, Pennsylvania 15213, April 1979.

[LM85] Monica Lam and Jack Mostow. A Transformational Model of VLSI Systolic Design. IEEE Computer, 18(2):42–52, February 1985.

[LR71] B. S. Landman and R. L. Russo. On Pin Versus Block Relationship for Partitions of Logic Circuits. IEEE Transactions on Computers, 20:1469–1479, 1971.

[LR93] Charles Leiserson and F. Rose. Optimizing Synchronous Circuitry by Retiming. In Third Caltech Conference On VLSI, March 1993.

[LSC96] Wayne Luk, Nabeel Shirazi, and Peter Y. K. Cheung. Modelling and Optimising Run-Time Reconfigurable Systems. In Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines, Los Alamitos, California, April 1996. IEEE Computer Society, IEEE Computer Society Press.

[Min67] Robert C. Minnick. A Survey of Microcellular Research. Journal of the ACM, 14(2):203–241, April 1967.

[MVBL96] Laurent Moll, Jean Vuillemin, Philippe Boucard, and Lars Lundheim. Realtime High-Energy Physics Applications on DECPeRLe-1 Programmable Active Memory. Journal of VLSI Signal Processing, 9(12):21–33, 1996. Anonymous FTP pam.devinci.fr:pub/doc/To-Be-Published/jvsp.ps.Z.

[PR90] Miodrag Potkonjak and Jan Rabaey. Retiming for Scheduling. In Proceedings of 1990 IEEE Workshop on VLSI Signal Processing, pages 23–32, November 1990. also appears in VLSI and Signal Processing, IV.

[RB91] Jonathan Rose and Stephen Brown. Flexibility of Interconnection Structures for Field-Programmable Gate Arrays. IEEE Journal of Solid-State Circuits, 26(3):277–282, March 1991.

[RFLC90] Jonathan Rose, Robert Francis, David Lewis, and Paul Chow. Architecture of Field-Programmable Gate Arrays: The Effect of Logic Block Functionality on Area Efficiency. IEEE Journal of Solid-State Circuits, 25(5):1217–1225, October 1990.

[RMA84] Rob Rutenbar, Trevor Mudge, and Daniel Atkins. A Class of Cellular Architectures to Support Phsyical Design Automation. IEEE Transactions on Computer- Aided Design, 3(4):264–278, October 1984.

[Ros90] Jonathan Rose. Parallel Global Routing for Standard Cells. IEEE Transactions on Computer Aided Design of Integrated Circuits and Systems, 9(10):1085–95, October 1990.

[RR87] Thomas Ryan and Edwin Rogers. An ISMA Lee Router Accelerator. IEEE Design and Test of Computers, pages 38–45, October 1987.

CS294-7 Spring 1997

[SRCL92] S. Singh, Jonathan Rose, Paul Chow, and David Lewis. The Effect of Logic Block Architecture on FPGA Performance. IEEE Journal of Solid-State Circuits, 27(3):281–287, March 1992.

[Tri92] Stephen Trimberger. Field Programmable Gate Arrays. Kluwer Academic Press, 1992.

[Tri93] Stephen Trimberger. A Reprogrammable Gate Array and Applications. Proceedings of the IEEE, 81(7):1030–1041, July 1993.

[VBR+96] Jean E. Vuillemin, Patrice Bertin, Didier Roncin, Mark Shand, Hervé Touati, and Philippe Boucard. Programmable Active Memories: Reconfigurable Systems Come of Age. IEEE Transactions on VLSI Systems, 4(1):56–69, March 1996. Anonymous FTP pam.devinci.fr:pub/doc/To-Be-Published/PAMieee.ps.Z.

[VSCZ96] John Villasenor, Brian Schoner, Kang-Ngee Chia, and Charles Zapata. Configurable Computer Solutions for Automatic Target Recognition. In Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines. IEEE, April 1996.

[WH95] Michael J. Wirthlin and Brad L. Hutchings. A Dynamic Instruction Set Computer. In Peter Athanas and Ken Pocek, editors, Proceedings of the IEEE Workshop on FPGAs for Custom Computing Machines, Los Alamitos, California, April 1995. IEEE Computer Society, IEEE Computer Society Press.

[WH96] Michael J. Wirthlin and Brad L. Hutchings. Sequencing Run-Time Reconfigured hardware with Software. In Proceedings of the International Symposium on Field Programmable Gate Arrays, pages 122–128, February 1996.

[Woo95] Nam-Sung Woo. Revisiting the Cascade Circuit in Logic Cells of Lookup Table Based FPGAs. In Proceedings of the ACM/SIGDA International Symposium on Field-Programmable Gate Arrays, pages 90–96. ACM, February 1995.

[ZV96] Zeljko Zilic and Zvonko Vranesic. Using BDDs to Design ULMs for FPGAs. In Proceedings of the International Symposium on Field Programmable Gate Arrays, pages 24–30, February 1996.