Contents

Introduction .............. i
1.1 PartI: Debug of Design Bugs ..........cccovviiiiiiiiiiiiiiiian.
1.2 Part II: Debug of Delay Faults ...........ccoooiiiiiiiiiiiiiiian.
1.3 Part III: Debug of Transactions ..........c.c..eeeuveeeeiiiiiieeeennnn.
Preliminaries ...
2.1 Circuits and Sensitized Paths.................oooooi
2.2 Conjunctive Normal Form ...........coooiiiiiiiiiiiiiiiiiiiiinnnnns
2.3 Three-Valued Logic in Boolean Satisfiability ........................
2.4 Model-Based DIiagnosis ......uueeerieiiiieiiiiiiiiiiiiiieeeeeeeeeaes

2.4.1 SAT-Based Debugg@ing ...........ccoovvuuuiiiiiiiiinnnnnnn.
2.5 Transaction-Based Debug ..........cccoviiiiiiiiiiiiiiiiiiiiiiiinnns

2.5.1  Transaction ........oeeeueueieeeeimiiniiieeeiiiiiieeenanas

2.5.2 Transaction Debug Pattern Specification Language .........
2.6 Overview of Benchmarks ..o

PartI Debug of Design Bugs

3

Automated Debugging for Logic Bugs ...........................o.
3.1 Integration of Formal Debugging with Testbench-Based
Verification .......ooouiiiii i
3.2 Counterexample Versus Fault Candidate .............................
3.3 Local Branch Activation ..............ccooiiiiiiiiiiiiiiiiiiiiin,
3.3.1 Branch and Path Activation.....................ooL.
332 LBAAIlgorithm..........cooi
3.4 Minimization of Sensitized Path Intersection ........................
3.5 Limited Minimization Followed by Branch Activation..............
3.6 Experimental Results................ooooiiiiiiii
3.7 SUMMATY .ottt e

vii



viii

6

Contents
Automated Debugging from Pre-Silicon to Post-Silicon ............... 49
4.1 Hardware Structures for Post-Silicon Debugging.................... 50
4.2  Generalized Automated Debugging Procedure ...................... 52
4.3 Automated Post-Silicon Debugging ..............cccviiiiiiiiia. 54
43.1 Casel:DesignBug .......c.ooviiiiiiiiiiiiiiiiiii 55
4.3.2 Case2: Electrical Fault.............ooooooiiiiiiiiiii. 55
4.3.3 Case 3: Electrical Fault and Design Bug ..................... 56
434 Case4:Indefinite Case.......ccovviuiuiieeiiniiiieeeennnnnnns 56
4.4 Instantiation of the Generalized Debug Flow for Design Bugs...... 57
4.5 Experimental Results .........cccooiiiiiiiiiiiiiiiiiii i 57
4.0 SUMMAIY < tnnttttt ettt e et e e e 60
Automated Debugging for Synchronization
B S 63
5.1 Synchronization BugModel ..........ccooiiiiiiiiiiiiiiiiiiiis 64
5.2 APPIOACK ...ttt 65
5.3 Synchronization Correction Block...........ooooiiiiiiiiiiiiiiin 68
5.4 AlGOTithm ....uuei s 71
5.5 Experimental Results ...........cvviiiiiiiiiiiiiiiiiiiiiiiiiiieenns 72
5.6 SUMIMATY L.ttt eeeeeeeeeeeeeeees 76
Part II Debug of Delay Faults
Analyzing Timing Variations .................................. 79
6.1 Timing Parameters............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieees 81
6.2 APPIOACh ...ttt e 82
6.2.1 TAMEDNZING ....uuun 83
6.2.2 Time Control and Variation Control .......................... 87
6.2.3 Slowdown Versus Speedup ..........ccooeuuuiiiiiiiiinnnnnn. 89
6.3 Properties Of TAM ......oiiiiiiiiiii e 91
6.4 Experimental Results ................ooooiiiiiiiiii 95
6.5 SUMIMATY ..ttt eeeeees 99
Automated Debugging for Timing Variations .......................... 101
7.1 Speedpath Debugging .......... ..ot 102
7.2 Fault Model .......uueeei e 103
7.2.1 Slowdown Fault Model ..............cooiiiiiiiiiiiiiiiinn.. 103
7.2.2  Speedup Fault Model...................oooii 103
7.2.3 Slowdown and Speedup Fault Model......................... 104
7.3 Approach ... 105
7.4 TAM-Based Debugging .............ccoiiiiiiiiiiiiiiiiiii i, 107
7.4.1 Algorithm ... ... 108
7.5 Experimental Results ................ooooii 109
7.6 SUMIMATY ..ottt ettt e 113



Contents ix

8 Efficient Automated Speedpath Debugging ............................. 115

8.1 APPIOACH ...ttt 116

8.2 STA-Based Debug@ing ...........c.coeviiiiiiiiiiiiiiiiiiiiiinni. 117

8.2.1 Overclocking Versus Timing Variation....................... 117

8.2.2 Debugging Model .........coooiiiiiiiiiiiiiiiiiiii 121

8.2.3 Instance Creation Algorithm................oooooiiiiit. 124

8.3 Experimental Results ...........oooiiiiiiiiiiiiiiiiiiiiiii 127

84 SUMMATY ...ttt 128
Part III Debug of Transactions

9  Online Debug for NoC-Based Multiprocessor SoCs ................... 133

9.1 APPIoacCh.....veiiie s 135

20 B0 LY (1110 S 137

9.1.2 Debug Redundant Information ......................coouunn. 138

9.1.3 Debug Unit .......uuueiiiiii e 139

9.1.4 Transaction Ordering..........ocooevuuuuuunnnnnnnnn. 141

.15 Filter «.oveii i 142

9.1.6 Debug FSM ......oiiiiiiiii i 143

9.1.7 Design Decisions and Limitations ............................ 145

9.2 Debug FIOW ...t 146

9.3 Experimental Results ...........c.ceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiens 148

9.3.1 Debug Pattern for Race .............ccooviiiiiiiiiiiiiiinnnn. 149

9.3.2 Debug Pattern for Deadlock .............ccoooiiiiiiiiiinnnn. 152

9.3.3 Debug Pattern for Livelock .............cooooiiiiiiiiiiiiin. 155

9.3.4 Overhead and Simulation Results ............................ 156

0.4 SUMIMATY ..ttt eeeeeeeeeeees 157

10 Summary and Outlook ... 159

References. ... ... .....ooiiiiii 161

Index .. ... 169



2 Springer
http://www.springer.com/978-3-319-09308-6

Debug Automation from Pre-Silicon to Post-Silicon
Dehbashi, M.; Fey, G,

2015, XN, 171 p. 93 illus., 55 illus. in color., Hardcover
ISBN: 978-3-319-00308-6



