
Computer Architecture 
A Quantitative Approach 

Fourth Edition 

John L. Hennessy 
Stanford University 

David A. Patterson 
University of California at Berkeley 

With Contributions by 

Andrea C. Arpaci-Dusseau 
University of Wisconsin-Madison 

Remzi H. Arpaci-Dusseau 
University of Wisconsin-Madison 

Krste Asanovic 
Massachusetts Institute ofTechnology 

Robert P. Colwell 
R&E Colwell & Associates, Inc. 

Thomas M. Conte 
North Carolina State University 

Jose Duato 
Universität Politecnica de Valencia and Simula 

Diana Franklin 
California Polytechnic State University, San Luis Obispo 

David Goldberg 
Xerox Polo Alto Research Center 

Wen-mei W. Hwu 
University of Illinois at Urbana-Champaign 

Norman P.Jouppi 
HP Labs 

Timothy M. Pinkston 
University of Southern California 

John W. Sias 
University of Illinois at Urbana-Champaign 

David A. Wood 
University of Wisconsin-Madison 

ELSEVIER 
Amsterdam • Boston • Heidelberg • London 

New York • Oxford • Paris • San Diego 
San Francisco • Singapore • Sydney • Tokyo 

K 
M O R G A N K A U F M A N N P U B L I S H E R S 



Contents 

Foreword ix 

Preface xv 

Acknowledgments xxiii 

Chapter 1 Fundamentals of Computer Design 

1.1 Introduction 2 
1.2 Classes of Computers 4 
1.3 Defining Computer Architecture 8 
1.4 Trends in Technology 14 
1.5 Trends in Power in Integrated Circuits 17 
1.6 Trends in Cost 19 
1.7 Dependability 25 
1.8 Measuring,Reporting.and Summarizing Performance 28 
1.9 Quantitative Principlesof Computer Design 37 
1.10 Putting It All Together: Performance and Price-Performance 44 
1.11 Fallacies and Pitfalls 48 
1.12 Concluding Remarks 52 
1.13 Historical Perspectives and References 54 

Case Studies with Exercises by Diana Franklin 55 

Chapter 2 Instruction-Level Parallelism and Its Exploitation 

2.1 Instruction-Level Parallelism:Concepts and Challenges 66 
2.2 Basic CompilerTechniques for Exposing ILP 74 
2.3 Reducing Branch Costs with Prediction 80 
2.4 Overcoming Data Hazards with Dynamic Scheduling 89 
2.5 Dynamic Scheduling: Examples and theAlgorithm 97 
2.6 Hardware-Based Speculation 104 
2.7 Exploiting ILP Using Multiple Issue and Static Scheduling 114 

XI 


