ELECTRONICS ENGINEERING SERIES

CAD of Circuits and
Integrated Systems

Ali Mahdoum

SiEe= WILEY




BIBLIOTHEQUE DU CERIST

Series Editor
Robert Baptist

CAD of Circuits and
Integrated Systems

Ali Mahdoum

WILEY



BIBLIOTHEQUE DU CERIST

Contents

Preface . ... ... ... .. . . . . .. e ix
Chapter 1. Basic Notions on Computational

Complexity and Approximate Techniques . . . ... ............ 1

1.1. Computational complexity . . .. . ................ ... ... 1

LLlL Introduction . . . .. ... ... ...ttt 1

1.12.BigOmnotation. . . . .. .. ..o i it e 2

L13.QNotation. . .. .. ... ... 3

1.1.4. Caleulationof T(n) . . .. .. ..... ... . ... 4

1.2. Language computability . . . ... ...... ... ... o L L. 10

1.2.1. Turing machine andclassP. . . . .. ...... ... ... ... ... 10

1.2.2. Non-deterministic algorithmandclassNP . . .. ... ..... ... 12

1.2.3, NP-completeproblems. . . . ....................... 16

124 NP-hardproblems . .. ...... .. ... ... ............. 27

1.2.5. NP-intermediate problems. . . . . ... ................. 31

1.26.Co-NPproblems . .............. ... ... ....... 33

1.2.7. Classhierarchy . . .................... Z 34

1.3. Heuristics and metaheuristics . . .. ............ e 35

131 Definitions . . . . .o oo ittt e 35

1.3.2.Graphtheory. . . .. ... ... ... .. .. 36

1.3.3. Branch and bound technique . . . . .. ................. 37

1.3.4. Tabusearchtechnique . . . . .. ...... ... ... ......... 41

1.3.5. Simulated annealing technique . . . . ... ... ... ......... 43

1.3.6. Genetic and evolutionary algorithms . . ... ............. 45

1.4.Conclusion . . .......



BIBLIOTHEQUE DU CERIST

vi

CAD of Circuits and Integrated Systems

Chapter 2. Basic Notions on the Design of Digital

Circuitsand Systems .. .. ... ............ ... ... ...... 49
2. 1. Introduction. . . . .. .. ... e 49
2.2. History of VLSI circuitdesign . . .. .................... 49

2.2.1. Prediffused circuit . . . ... ... ... Lo 49
222 Seaofgates . .. ... ... e 49
2.2.3. Field-programmable gate array —-FPGA . . ... ........... 51
2.2.4. Elementary pre-characterized circuit (standard cells). . . . ... .. 52
2.25. Full-customecircuit . . . ... ... L 53
2.2.6. Siliconcompilation. . . .. ......... ... .. .. . . ... 54
2.3.Systemdesignlevel . . . .......... ... ... . 0. 57
23.1.Synthesis. . . .. ... e 57
232.Floomplanning . . . . . ... .. ... ... e e 64
233 Analysis . .. e e 65
234. Verification . . ... ... .. e 66
2.4. Register transfer designlevel . . ... .................... 69
24.01.Synthesis. . ... ... L e 69
242 A0alYSIS . . ... e e e e 90
243 Verification . .. ...... .. ... . e 91
25.Moduledesignlevel. . .. ...... ... ... ... .. . . o ... 92
25.1.8Synthesis. . ... e 92
252 Analysis . . ... e 93
253, Verification . . . ... . ... 98
2.6.Gatedesignlevel. . ... ..., .. . .. e 99
26.1.Synthesis. . . .. .. ... ... . 99
262, Analysis .. ... e 111
26.3. Verification . . . ........ ... ... e 112
2.7. Transistorlevel. . . ... ... ... .. ... ... . .. 112
2.7.1. NMOS and CMOS technologies . . . . ... .............. 112
2.7.2. Theory of MOS transistor (current Ipg) . . . . . . ........... 114
2.7.3. Transfer characteristics of the inverter . . . ... ... ........ 117
2.7.4. Static analysis of theinverter. . . . . . ................. 118
2.7.5. Threshold voltage of the inverter. . . . . ... ............. 119
2.7.6. Estimation of the rise and fall times of a capacitor . . . .. ... .. 120
2.8. Interconnections . . . . . ... ... e 124
2.8.1. Synthesis of interconnections. . . .. .................. 126
2.8.2. Synthesis of networks-on-chip . . . . ............ ... ... 140

2.9.CoNnclusion . . . ... e 151



BIBLIOTHEQUE DU CERIST

Contents  vii
Chapter 3. Case Study: Application of Heuristics
and Metaheuristics in the Design of Integrated
CircuitsandSystems . . .. ........ .. ... . ... . ... .. ... 153
3.1 Introduction. . . . .. ... 153
32.Systemlevel . .. ... . ... 154
3.2.1. Synthesis of systems-on-chip (SoCs) with low
ENETZY CONSUMPLION . . . . v v vt vt et et e e e e e e et e e 154
3.2.2. Heuristic application to dynamic voltage and frequency
scaling (DVFS) for the design of a real-time
system subject to energy constraint . . . . . ... .. ... 160
33.Registertransferlevel. . . .. ...... .. ... . .. ... . ... ... 174
3.3.1. Integer linear programming applied to the scheduling
of operations of a data flow graph (DFG) . ... ............... 174
3.3.2. The scheduling of operations in a controlled data
flow graph (considering the speed-power consumption
tradeoff) . . .. ... ... 176
3.3.3. Efficient code assignment to the states of a finite state machine
(aimed at reaching an effective control part in terms of
surface, speed and power consumption) . . . ... .............. 176
3.3.4. Synthesis of submicron transistors and interconnections for
the design of high-performance (low-power) circuits subject
to power (respectively time) and surface constraints. . . .. ........ 196
34 Modulelevel . . .. .. ... L 207
3.4.1. Design of low-power digital circuits, . . . .. ............. 207
3.4.2. Reduction of memory access time for the design
ofembeddedsystems . .. .. ..... ... 0. 219
35.Gatelevel . . .. .. .. 227
3.5.1. Estimation of the average and maximal power
consumption of adigital circuit . . ... .................... 227
3.5.2. Automated layout generation of some regular structures
(shifters, address decoders, PLAs). . . ... .................. 234
3.5.3. Automated layout generation of digital circuits
according to the River PLA technique . . . . ... .............. 238
3.6.Interconnections . . . . ..o e 239
3.6.1. Low-power buffer insertion technique for the design
of submicron interconnections with delay and
surface constraints . . . . . . . . oo e 239
3.6.2. Data encoding and decoding for low-power aided
design of submicron interconnections. . . . . ... ... ... ... ... 250



BIBLIOTHEQUE DU CERIST

viii  CAD of Circuits and Integrated Systems

3.6.3. High-level synthesis of networks-on-chip subject to

bandwidth, surface and power consumption constraints. . . . .. ... .. 253
3.7.Conclusion . . .. ... e 263
References. . . . ... ... .. .. .. e 267
Index . .. e 273



BIBLIOTHEQUE DU CERIST

This book addresses the difficulty of obtaining a quality solution, that is,
pre optimal or even optimal, in a reasonable time from a central
processing unit (CPU). As polynomial problems can be treated by exact
methods, the problem posed concerns non-polynomial problems, for
which it is necessary to develop efficient algorithms based on heuristics
or meta-heuristics.

Chapter 3 of this book demonstrates how to develop such algorithms,
which are characterized by: an initialization of argued solutions
(sometimes, the global optimum can be obtained from such an
initialization); a non-random generation of solutions (to avoid
generating the same solution several times, or even generating
solutions that cannot be achieved); avoidance of being trapped by a
local optimum; good use of CPU time by reducing the size of the space
of solutions to be explored (which is often very large for such problems)
without compromising the quality of the solution; plus a reasoned
displacement from one solution to another, to improve the quality of the
solution as the processing is carried out.

These aspects are applied to concrete applications in the design of
integrated circuits and systems at various levels. To do this and to help
the reader better understand this problem, Chapters 1 and 2 present
basic notions on computational complexity, and the design of integrated
circuits and systems.
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