Contents

Preface ix

1 An introduction to occam 1

2 Data 6 Integers 6 Characters 7 Floating-point numbers 7 Booleans 8 Arrays 8 Expressions 9 Integer arithmetic 10 Bit-pattern arithmetic 11 Floating-point arithmetic 12 Relational expressions 13 Boolean expressions 14 Type coercion 14 Components of arrays 15 Constant expressions 16

3 Assignment and communication 17 Variables and assignment 17 Communication by channels 19 Protocols and channel declarations 20 Sequential protocols 22 Discriminated protocols 23 Arrays of channels 25

4 Processes 26 Processes that do nothing 26 v

Sequential processes 27 Conditional processes 27 Parallel processes 29 Arbitrating processes 31 Loops 33 Arrays of processes 34

5 Abbreviation and abstraction 37 Procedure definition 40 Anonymous functions 44 Function definitions 46

6 Local time 49 Timers 49 Delay 50 Using timers 51

7 Configuration 53 Biased alternatives 53 Priority on a single processor 54 Distributing a process over several processors 56 Concrete representation of data 58 Attaching a program to hardware 59

8 Programming structures 61 Synchronization without data 63 Synchronization by access to shared data 66 Using parallelism for program modularity 68 Using parallelism to resolve structure clash 72 Distributed implementation of buffers 80 Using parallelism to eliminate recursion 87 Process farming 92

9 Handling interrupts 96 Managing terminal input 97 Managing terminal output 98 Managing echoing 102 Configuring the program 105

10 Formatted input and output 107 Simple output 108 Simple input 112 Multiple output 115 Arranging the text 124 Output into buffers 132

11 Parallel matrix multiplication 134

12 Monitoring communication 140 The example: a sorter 140 Components of the sorter 143 Monitoring strategy 147 Component processes 150 Managing the output from the simulation 152 Displaying the output on a screen 155 Driving the simulation 157

13 Conway’s game of Life 159 The Life board 160 Observation and control 166 Life 173

14 Huffman minimum redundancy coding 175 Representing a coding tree 177 Constructing a coding tree 179 Encoding and decoding using a coding tree 183 Adapting the code to the message 191

15 The occam 2 notation 204 The notation used in this chapter 204 Micro-syntax and program layout 205 Data types 207 Protocols 208 Literals 209 Arrays 210 Specification and scope 211 Declaration 211 Abbreviation 213 Expressions 215 Processes 218 Assignment 219 Communication 220 Constructed processes 221 Sequential processes 222 Conditional processes 222 Homogeneous choice 223 Parallel processes 224 Alternative processes 225 Unbounded loops 227 Procedure abstraction 227

Function abstraction 228 Index of syntactic classes 229

Codes of the programs 232 Packing and unpacking routines 233 Distributed implementation of buffers 237 Process farming 241 Handling interrupts 246 Formatted input and output 250 Parallel matrix multiplier 270 Monitoring communication 273 Conway’s game of Life 283 Simple Huffman coder 292 Adaptive Huffman coder 300

Bibliography 308

Index 313