List of Figures

1.1 Multicomputer ..................................................................................... 2 2.1 System with shared bus for snoop-based coherence protocols ............ 13 2.2 Centralized directory for directory-based coherence protocol ............ 14 2.3 Distributed directory for directory-based coherence protocol ............. 15 3.1 A multicomputer node ......................................................................... 30 3.2 Address translation tables for the block-level scheme ........................ 33 3.3 Copy directory analysis: access bursts prior to invalidate ................... 36 3.4 Address translation tables for the two-level scheme ........................... 39 3.5 Address translation for local requests .................................................. 41 3.6 Processor List per Block (PLpB) copy directory organization ........... 43 3.7 Block Map per Processor (BMpP) copy directory

organization ........................................................................................... 44 3.8 BMpP copy directory size ................................................................... 46 4.1 Memory Management Unit Design ..................................................... 52 4.2 Present Pages Table (PPT) entry format .............................................. 55 4.3 Shared Pages Table (SPT) entry format .............................................. 56 4.4 BMpP copy directory organization ...................................................... 60 4.5 Deadlock due to competing writes ...................................................... 66 4.6 Deadlock avoided by sinking invalidate .............................................. 67

4.7 Forwarding in Protocol ........................................................................ 72 4.8 Races in protocols with forwarding ..................................................... 74 4.9 Race condition that cannot be identified locally ................................. 76 4.10 Protocol based on bilateral exchanges ............................................... 78 4.11 Protocol based on bilateral exchanges avoids races .......................... 79 4.12 Protocol actions for a read access ...................................................... 81 4.13 Replacement during read access ........................................................ 83 4.14 Addition of new protocol state to handle replacement ...................... 84 4.15 Comparison of bilateral exchange and forwarding ........................... 97 4.16 Anatomy of a read request ................................................................. 100 4.17 Read access when page owner is not known locally ......................... 103 4.18 Additional protocol flow sequences for read requests ....................... 104 4.19 Race between ACKand RREQ .......................................................... 105 4.20 Anatomy of a write request ............................................................... 112 4.21 Additional protocol flow sequences for write requests ..................... 114 5.1 Model of the execution-driven simulation. ......................................... 138 5.2 One-level scheme protocol flow sequences for read requests ............. 144 5.3 One-level scheme protocol flow sequences for

write requests ......................................................................................... 145 5.4 Distribution of application instructions amongst processors. .............. 152 5.5 Distribution of application shared reads amongst processors. ............ 153 5.6 Distribution of application shared writes amongst processors. ............................................................................................. 154 5.7 Small Shared Working Set. ................................................................. 157 5.8 BMpP organization of the copy directory is more efficient. ............... 161 5.9 Copy Directory can be bounded. ......................................................... 162 5.10 Performance of the hierarchical scheme. ........................................... 163 5.11 False sharing is higher at larger block sizes. ..................................... 166 5.12 Latency of remote read accesses is higher at

larger block sizes. .................................................................................. 168 5.13 Processor utilization is lower at larger block sizes. ........................... 169 5.14 Miss Rate for Shared Accesses. ......................................................... 173 5.15 Break down of read accesses by hop-sequence type in

the one-level scheme. ............................................................................ 189 5.16 Break down of read accesses by hop-sequence type in

the hierarchical scheme. ........................................................................ 191 5.17 Break down of write accesses by hop-sequence type in

the one-level scheme. ............................................................................ 195 5.18 Break down of write accesses by hop-sequence type in

the hierarchical scheme. ........................................................................ 196 5.19 Access Latency Breakdown (Cholesky). ........................................... 207 5.20 Access Latency Breakdown (Cholesky) with MBT access

latency of 4 cycles. ................................................................................ 210 5.21 Access Latency Breakdown (LU). ..................................................... 211

5.22 Access Latency Breakdown (LU) with MBT access

latency of 4 cycles. ................................................................................ 212 5.23 Access Latency Breakdown (Radix). ................................................ 213 5.24 Access Latency Breakdown (Radix) with MBT access

latency of 4 cycles. ................................................................................ 214 5.25 Execution cycles breakdown (LU). ................................................... 218 5.26 Execution cycles breakdown (Cholesky). ......................................... 219 5.27 Execution cycles breakdown (Radix). ............................................... 221 5.28 Data miss percentage versus SPT size: 4KB pages ........................... 224 5.29 Data miss percentage versus SPT size: 1KB pages ........................... 225 5.30 Network traffic versus SPT size: 4KB pages .................................... 226 5.31 Network traffic versus SPT size: 1KB pages .................................... 227 5.32 BMpP copy directory performance ................................................... 228 5.33 Performance comparison of BMpP and PLpB organizations ............ 229 6.1 Checkpoint Mechanism ....................................................................... 244 6.2 Recovery Mechanism .......................................................................... 247 6.3 Repair of the directory state ................................................................. 250 6.4 Repair of coherency directory in a hierarchical

DSM system — 1 ................................................................................... 260 6.5 Repair of the coherency directory in a hierarchical

DSM system — 2 ................................................................................... 261 6.6 Network traffic with checkpoints versus block size: single-level coherency scheme .................................................................................. 265 6.7 Relative traffic overhead and number of checkpoints in a block-level system versus checkpoint interval ...................................... 266 6.8 Comparison of network traffic in hierarchical and

block-level systems at various block sizes ............................................ 268 6.9 Comparison of interacting set size and checkpoint interval on the hierarchical and block-level systems ..................................................... 270 6.10 Comparison of relative traffic overhead in the hierarchical and block-level systems at various block sizes ............................................ 271