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[0 O Why this book?[] [0 Designing integrated electronics has become a multisciplinary enterprise that involves
solving problems from fields as disparate asC] [1 - Hardware architecture[] [1 - Software engineering[] []

- Marketing and investment[d [J - Solid-state physics] (I - Systems engineering] [ - Circuit design] [

- Discrete mathematicsC] [0 - Electronic design automation] [0 - Layout design] [0 - Hardware test
equipment and measurement techniquesC] [0 Covering all these subjects is clearly beyond the scope of this text and
also beyond the authors proficiencyd Yet[] | have made an attempt to collect material from the above fields that |
have found to be relevant for deciding whether or not to develop digital Very Large Scale Integration(\VLSI)
circuitsC] for making major design decisionst] and for carrying out the actual engineering work[l The present
volume has been written with two audiences in mind[] As a textbook[ it wants to intro- duce engineering students
to the beauty and the challenges of digital \VLSI design while preventing them from repeating mistakes that others
have made beforel] Practising electronics engineers should find it appealing as a reference book because of its
comprehensiveness and the many tablesC] check- lists0J diagrams[] and case studies intended to help them not to
overlook important action items and alternative options when planning to develop their own hardware
componentsC] [ O What sets this book apart from others in the field is its top-down approach Beginning with
hardware architecturest] rather than with solid [

state physicsC] naturally follows the normal VVLSI design flow and makes the material more accessible to readers
with a background in systems engineering] information technology[] digital signal processing] or management
O
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Chapter 10 Introduction to Microelectronicsl] [0 1.100 Economic impact] [ 1.2[1 Concepts and terminology[]
(0 O 1.2.10 The Guinness book of records point of view[] [1 [0 1.2.2[1 The marketing point of view[d [0 [0 1.2.3
[0 The fabrication point of viewd [ [0 1.2.400 The design engineer’s point of view[] [0 [ 1.2.500 The business
point of view[] [0 1.300 Design flow in digital VLSIO O [0 1.3.10 The Y-chart, a map of digital electronic systems
0 O O 1.3.20 Major stages in VLSI designd [ [0 1.3.30 Cell libraries[d O [0 1.3.400 Electronic design
automation software[] (1 1.400 Field-programmable logic O O 1.4.10 Configuration technologiest [ [0 1.4.2
[0 Organization of hardware resources] [0 [0 1.4.300 Commercial products] [J 1.500 Problems(] [0 1.6

(0 Appendix I: A brief glossary of logic familiest] [ 1.700 Appendix II: An illustrated glossary of circuit-related
termsC] Chapter 2[J From Algorithms to Architecturest] [0 2.1[1 The goals of architecture design] [0 [J 2.1.1

(0 Agendal] [J 2.2[0 The architectural antipodesC] [1 [J 2.2.1[1 What makes an algorithm suitable for a dedicated
VLSl architecture?l] 00 O 2.2.200 There is plenty of land between the architectural antipodes(] [0 [J 2.2.3

[0 Assemblies of general-purpose and dedicated processing unitsC] [0 [J 2.2.400 Coprocessors] [J [1 2.2.5

O Application-specific instruction set processorsC] [ [ 2.2.600 Configurable computing O [0 2.2.7

[J Extendable instruction set processorst] [ [1 2.2.80 Digest[] [1 [J 2.3 AlJ transform approach to VLSI
architecture designJ O O 2.3.10 There is room for remodelling in the algorithmic domaind 620 [J 2.3.2[] ...and
there is room in the architectural domaint] 0 O 2.3.300 Systems engineers and VLSI designers must collaboratel]
0 [0 2.3.40 A graph-based formalism for describing processing algorithms[] O [ 2.3.500 The isomorphic
architectured [J [0 2.3.600 Relative merits of architectural alternativest] [J [ 2.3.700 Computation cycle versus
clock periodd [0 2.400 Equivalence transforms for combinational computations(] [ [1 2.4.10 Common
assumptionst] O O 2.4.200 Iterative decomposition [ [ 2.4.300 Pipelining] O [1 2.4.400 Replication O

[0 2.4.500 Time sharing] [0 0 2.4.600 Associativity transform [0 [0 2.4.70 Other algebraic transforms(] [

(0 2.4.800 Digest[] [J 2.500 Options for temporary storage of datal] [1 [1 2.5.1[0 Data access patternsC] (1 [0 2.5.2
[0 Available memory configurations and area occupationd [ [J 2.5.3[0 Storage capacitiesd] 0 [ 2.5.400 Wiring
and the costs of going off-chipd 00 [ 2.5.500 Latency and timingd O O 2.5.600 Digest[] [J 2.6 Equivalence
transforms for nonrecursive computationsd [0 [0 2.6.100 Retimingd O [0 2.6.20 Pipelining revisited 0 [ 2.6.3
[ Systolic conversion [ [ 2.6.40 Iterative decomposition and time-sharing revisited[dJ [J [ 2.6.5[1 Replication
revisited[] [0 [0 2.6.6[1 Digest[] (I 2.700 Equivalence transforms for recursive computations(] (1 (1 2.7.1[0 The
feedback bottleneck] [ [ 2.7.2[0 Unfolding of first-order loops] [ 0 2.7.300 Higher-order loops] [ 0 2.7.4
[J Time-variant loops [ [0 2.7.50 Nonlinear or general loopst] 0 0 2.7.601 Pipeline interleaving is not an
equivalence transformd O O 2.7.700 Digest[] [J 2.800 Generalizations of the transform approachJ] 0 [ 2.8.1

[J Generalization to other levels of detail (] [J [J 2.8.2[1 Bit-serial architectures] [J 1 2.8.3[1] Distributed
arithmeticC] [ O 2.8.40 Generalization to other algebraic structuresC] O [J 2.8.500 Digest[] O 2.900 Conclusions
00 0 29.10 Summaryd O [0 2.9.20 The grand architectural alternatives from an energy point of viewd [J

[0 2.9.300 A guide to evaluating architectural alternativesC] [J 2.100] Problems(J [J 2.111 Appendix I: A brief
glossary of algebraic structurest] [ 2.12[1 Appendix II: Area and delay figures of VLSI subfunctionsl] Chapter 3
O Functional VerificationlJ Chapter 400 Modelling Hardware with VHDL[] Chapter 501 The Case for
Synchronous Design[] Chapter 61 Clocking of Synchronous CircuitsC] Chapter 701 Acquisition of
Asynchronous Datal] Chapter 81 Gate- and Transistor-Level Designl] Chapter 901 Energy Efficiency and Heat
Removal[ Chapter 1000 Signal Integrity[] Chapter 111 Physical Design[] Chapter 121 Design Verification

[0 Chapter 1300 VLSI Economics and Project Management[] Chapter 141 A Primer on CMOS Technology

[0 Chapter 1500 Outlook Appendix ALl Elementary Digital ElectronicsC] Appendix B Finite State Machines
O Appendix CO VLSI Designer’ s ChecklistC] Appendix DO Symbols and constantsC] References] Index[
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[0 O From Algorithms to Architectures] [J 2[10 1 The goals of architecture design[] [ VVLSI architecture design is
concerned with deciding on the necessary hardware resources for solving problems from data and[J or signal
processing and with organizing their interplay in such a way as to meet target specifications defined by marketing(]
The foremost concern is to get the desired functionality rightC] The second priority is to meet some given
performance target j often expressed in terms of data throughput or operation rate[] A third objectiveld of
economic nature this timej is to minimize production costsC] Assuming a given fabrication process this implies
minimizing circuit size and maximizing fabrication yield SO as to obtain as many functioning parts per processed
wafer as possible[] (I OO Another general concern in VVLSI design is energy efficiency] Battery-operated equipment
[ such as hand-held cellular phones[] laptop computers] digital hearing aids] etc[] (I obviously imposes
stringent limits on the acceptable power consumption[] It is perhaps less evident that energy efficiency is also of
interest when power gets supplied from the mainsC] The reason for this is the cost of removing the heat generated
by highO performance high-density ICsC] While the VVLSI designer is challenged to meet a given performance
figure at minimum power in the former case[] maximizing performance within a limited power budget is what is
sought in the latter(] [J [J The ability to change from one mode of operation to another in very little time(] and the
flexibility to accommodate evolving needs and[] or to upgrade to future standards are other highly desirable
qualities and subsumed here under the term agilityd Last but not least[] two distinct architectures are likely to
differ in terms of the overall engineering effort required to work them out in full detail and[J hence also[] in their
respective times to market[]
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