Table of Contents

Chapter One - Introduction ........................................................................... 1 1.1. Crossbar Arbitration ............................................................................ 5 1.2. Organization of the Dissertation .......................................................... 8 Chapter Two - Previous Work ...................................................................... 11 2.1. Arbitration Problems in Computer Systems ........................................ 11 2.1.1. Conventional Bus Arbitration ................................................... 12 2.1.2. Multiple Bus Arbitration ........................................................... 14 2.1.3. Segmented Ring Bus Arbitration .............................................. 16 2.2. Buffered Communication Switches ..................................................... 18 2.2.1. Performance Impact of Switch Buffers ..................................... 19 2.2.2. Communication Switch Designs ............................................... 21 2.3. The ComCoBB Project ........................................................................ 25 2.3.1. High-Performance Multi-Queue Buffers .................................. 26 2.3.2. Support for High-Priority Traffic .............................................. 29 2.3.3. Dynamic Virtual Circuits .......................................................... 32 Chapter Three - Symmetric Crossbar Arbiters ........................................ 38 3.1. Symmetric Crossbar Arbitration .......................................................... 39 3.2. Symmetric Crossbar Arbiters .............................................................. 43 3.2.1. The Importance of the Arbitration Scheme .............................. 44

3.2.2. The Skewed Two-Step Arbiter ................................................. 49 3.2.3. The Wave Front Arbiter ............................................................ 50 3.2.4. The Wrapped Wave Front Arbiter ............................................ 52 3.3. Performance Evaluation ...................................................................... 54 3.3.1. Simple Probabilistic Analysis for a 2·2 Switch ....................... 54 3.3.2. Probabilistic Analysis for an n·n Switch .................................. 56 3.3.3. Simulation of Synchronous Networks ...................................... 65 3.3.3.1. Performance Measurement .......................................... 65 3.3.3.2. Performance Evaluation of a 4·4 Switch .................... 69 3.3.3.3. Performance Evaluation of a 64·64 Network ............. 71 3.3.3.4. Impact of Buffer Size and Switch Size ....................... 73 3.3.4. Simulation of Asynchronous Networks .................................... 77 3.4. Implementation .................................................................................... 85 3.4.1. Logic and Circuit Design .......................................................... 86 3.4.2. VLSI Layout and Circuit Simulation ........................................ 88 3.5. Summary and Conclusions .................................................................. 91 Chapter Four - Decomposed Arbiters for Large Crossbars ................... 95 4.1. Performance Impact of Large Crossbars ............................................. 97 4.2. Decomposed Arbitration for Large Crossbars ..................................... 101 4.3. Performance Evaluation ...................................................................... 110 4.4. Design of Decomposed Arbiters .......................................................... 118 4.5. Reducing the Number of Queues ......................................................... 125

4.6. Summary and Conclusions .................................................................. 129 Chapter Five - Starvation Prevention .......................................................... 131 5.1. Starvation Prevention for Crossbar Arbitration ................................... 132 5.1.1. Starvation Prevention in Synchronous Networks ..................... 132 5.1.2. Starvation Prevention in Asynchronous Networks ................... 135 5.2. Performance Evaluation ...................................................................... 138 5.2.1. Uniform Traffic ......................................................................... 139 5.2.2. Nonuniform Traffic ................................................................... 144 5.2.2.1. Simulations for a 4·4 Switch ...................................... 145 5.2.2.2. Simulations for a 16·16 Network ............................... 154 5.3. Implementation .................................................................................... 160 5.4. Summary and Conclusions .................................................................. 165 Chapter Six - Arbiter Support for Adaptive Routing and for High-Priority Traffic ....................................................... 166 6.1. Arbiter Design Supporting Adaptive Routing ..................................... 166 6.2. Arbiter Design Supporting High-Priority Traffic ................................ 173 Chapter Seven - Summary ............................................................................. 181 Bibliography ....................................................................................................... 185