Table of Contents

A Layman’s Introduction
Acknowledgements

1 Introduction
1.1 The Origin of the Project
1.2 The Dataflow Compiler Project
1.3 The Demand Graph

1.4 Summary

2 Dataflow Machines

2.1 Parallel Computers

2.2 Dataflow Machine Language
Dataflow Programs
Dataflow Graphs
Conditional Constructs
Iterative Constructs and Reentrancy
Procedure Invocation

2.3 The Architecture of Dataflow Machines
A Processing Element
Dataflow Multiprocessors
Communication
Data Structures

R o<

Wb W -

11
11
12
13
15
18
19
19

23



2.4 A Survey of Dataflow Machines
Direct Communication Machines
Static Packet Communication Machines
Machines with Code Copying Facilities

Machines with Both Tag and Code Copying Facilities

Tagged Machines
2.5 The Manchester Data Flow Machine
2.5.1. Overview
2.5.2. The Match Operation
2.5.3. Instruction Set
2.5.4. State of the Project
2.6 Feasibility of Dataflow Machines
2.6.1. Processing
2.6.2. Storage
2.6.3. Conclusions

3 Dataflow Programming
3.1 Declarative Languages
3.1.1. SISAL
3.1.2. Functional Languages
3.2 Imperative Languages
3.3 Imperative versus Declarative Languages

4 Program Flow Analysis

Graph Terminology

4.1 Applications
Example of an Application
Abstract Applications

4.2 Existing Methods
4.2.1. Interprocedural Analysis
4.2.2. Intraprocedural Analysis

5 The Demand Graph Method
5.1 Evolution of the Demand Graph Method
5.2 Language-Independent Aspects
5.2.1. Syntactic Analysis
5.2.2. Demand Graph Construction
5.2.3. Demand Propagation
5.2.4. Extraction

24
26
27
28
29
29
31
31
33
36
37
37
38
39

45

48
50
52

55
56
56
57
58
59
60
61

66
66
68
68
70
80
82



6 Demand Graph Construction 83

6.1 The SUMMER Programming Language 83
6.2 Overall Structure 87
The Type Tree 88
Construction of the Syntax Trees 88
Attach Procedures 89
6.3 Naive Demand Graph Construction 89
Assignments, Variables, and Constants 90
Input and Output 91
6.4 Conditional Control Flow 92
BRANCH, MERGE and LINK Nodes 93
Conditional Cocoons 94
Case Expressions 94
Failure Mechanism 95
AND and OR Nodes 96
Conditional Expressions in Address or Value Context 98
Iteration 98
6.5 Multiprocedural Graphs 100
Global Variables 100
Return Expressions 102
6.6 Arrays 103
ARRAY and ARRAY-ACCESS Nodes 104
Accesses from within a Conditional 106
Accesses from within a Loop 107
6.7 Conditional Aliasing 108
The LACAP Algorithm 109
Functional Description 110
Example 112
Implementation 113
Alias Graphs that are not Trees 115
Crossing Cocoon Boundaries 116
Case Expressions, Loops, and Procedures 117

7 Demand Propagation 118
7.1 Forward Propagation through an Acyclic Graph 119
7.2 Propagation in a Cyclic Graph 123
7.3 Backward Flowing Information - 127

7.4 Bi-Directional Information Flow 128



8 Generating Dataflow Code

8.1 The Target Language

8.2 General Mechanisms

8.3 Simple Operations
Type Handling
Strings
Literals
Input and Output

8.4 Control Flow
Conditional Constructs
Optimizations Recognized by BRANCH Nodes
Procedure Interfacing
Iteration

8.5 Arrays
Macros
Completion Detection
Loops
Conditional Aliasing

8.6 Loop Optimizations
8.6.1. Parallel Distribution of Loop Constants
8.6.2. Complete Array Update
8.6.3. Reduction Cycles

9 Evaluation
9.1 Quality of the Generated Dataflow Code
9.2 Complexity
9.3 Extensions
9.3.1. Omissions
9.3.2. Further Optimizations
9.4 Conclusions
Program Analysis
Dataflow Programming
A Functional Perspective on Imperative Programs

1 From Program to Parse Tree
11 Algorithm for Demand Graph Construction

Index

130
131
136
137
137
138
139
140
140
141
142
142
143
144
145
147
149
150
152
152
155
155

157
157
161
162
162
164
164
164
165
166

168

171

177



