Contents

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xix

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxiii

1 Integrated Programming Environments . . . . . . . . 1

1.1 WHAT IS A PROGRAMMING ENVIRONMENT? . . . . . . . . . . . . . . . 1 1.2 CLASSIFICA TION OF ENVIRONMENTS . . . . . . . . . . . . . . . . . . . . . 3 1.3 OBJECTIVES IN BUILDING FIELD . . . . . . . . . . . . . . . . . . . . . . . . . 6 1.4 INTEGRA TION STRA TEGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.4.1 Integration Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.4.2 Data Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1.4.3 Control Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.5 OVERVIEW OF THE FIELD ENVIRONMENT . . . . . . . . . . . . . . . 13

2 The FIELD Integration Mechanism . . . . . . . . . . . 17

2.1 THE MESSAGE SYSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.1.1 Evolution of Message Passing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.1.2 Message Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.1.3 Message Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2 PATTERN MA TCHING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 2.3 MESSAGE TYPES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 2.3.1 Asynchronous Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 2.3.2 Synchronous Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 2.3.3 Priority Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 2.3.4 Default Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 2.4 MESSAGE GROUPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 2.5 OTHER MESSAGE F ACILITIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 2.5.1 Service Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 2.5.2 Environment Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 2.6 THE MSG PROGRAM INTERF ACE . . . . . . . . . . . . . . . . . . . . . . . . . 30 2.6.1 Connecting to the Message Server . . . . . . . . . . . . . . . . . . . . . . . . 31 2.6.2 Registering for Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 2.6.3 Sending Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 2.6.4 Replying to a Message . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 2.7 COMP ARISON TO OTHER IMPLEMENT ATIONS . . . . . . . . . . . . . 33 2.7.1 Softbench . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 2.7.2 DEC/FUSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 2.7.3 Tooltalk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3 The FIELD Policy Service . . . . . . . . . . . . . . . . . . . . 39

3.1 THE POLICY CONCEPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 3.2 POLICY LANGUAGE CONCEPTS . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 3.2.1 Augmented T ransition Network . . . . . . . . . . . . . . . . . . . . . . . . . . 42 3.2.2 Policy Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 3.2.3 Tool Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 3.2.4 State V ariables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 3.2.5 Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 3.2.6 Policy Rule Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 3.2.7 Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 3.2.8 Selecting Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 3.2.9 Policy Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 3.3 SAMPLE POLICY PROGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3.3.1 Automatic Compilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3.3.2 Starting the Cross-Reference Service . . . . . . . . . . . . . . . . . . . . . . 51 3.3.3 Automatically Starting an Editor . . . . . . . . . . . . . . . . . . . . . . . . . 52

4 The FIELD Debugger . . . . . . . . . . . . . . . . . . . . . . . 53

4.1 OVERALL DEBUGGER ORGANIZA TION . . . . . . . . . . . . . . . . . . . . 53

4.1.1 State Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 4.1.2 Expression Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 4.1.3 Event Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 4.1.4 Stack Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 4.2 THE MESSAGE INTERF ACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 4.2.1 Processing Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 4.2.2 Message Command Language . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 4.2.3 The Programming Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 4.3 MESSAGES GENERA TED BY THE DEBUGGER . . . . . . . . . . . . . 70 4.3.1 System-Oriented Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 4.3.2 Location and T race Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 4.3.3 Messages Describing the Stack . . . . . . . . . . . . . . . . . . . . . . . . . . 72 4.3.4 Messages Describing Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 4.3.5 Information Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 4.4 THE TEXTUAL COMMAND LANGUAGE . . . . . . . . . . . . . . . . . . . 74

5 Cross-Referencing in FIELD . . . . . . . . . . . . . . . . 81

5.1 THE OVERALL APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 5.2 THE CROSS-REFERENCE DA TABASE SYSTEM . . . . . . . . . . . . . 84 5.2.1 Relations and Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 5.2.2 The Query Language . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 5.2.3 Query Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 5.2.4 System Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 5.2.5 Scanning Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 5.2.6 Maintaining the Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 5.2.7 User Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 5.3 THE CROSS-REFERENCE SCANNERS . . . . . . . . . . . . . . . . . . . . 101 5.3.1 Scanner Output Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 5.3.2 The Pascal Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 5.3.3 The C Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 5.3.4 The C++ Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 5.3.5 Compiler -Generated Scans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 5.4 THE CROSS-REFERENCE SER VER . . . . . . . . . . . . . . . . . . . . . . . 106

6 FIELD Services . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6.1 CONFIGURA TION AND VERSION CONTROL . . . . . . . . . . . . . . 109 6.1.1 The Internal Representation . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 6.1.2 The Configuration Management Interface . . . . . . . . . . . . . . . . 112 6.1.3 The Version Control Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

6.1.4 The Formserver Message Interface . . . . . . . . . . . . . . . . . . . . . . . 114 6.2 PROGRAM PROFILING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 6.2.1 The Internal Representation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 6.2.2 Profiling Back Ends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 6.2.3 The Message Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 6.3 EXECUTION MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 6.3.1 Monitoring W ith a Server . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 6.3.2 The Monserver Message Interface . . . . . . . . . . . . . . . . . . . . . . . 121

7 The Brown W orkstation Environment . . . . . . . . 125

7.1 HISTOR Y OF BWE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 7.2 BASIC BWE COMPONENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 7.2.1 Basic Input and Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 7.2.2 Geometry Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 7.2.3 Menuing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 7.2.4 Text Editing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 7.2.5 Window Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 7.2.6 Help Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 7.3 STRUCTURED GRAPHICS DISPLA Y. . . . . . . . . . . . . . . . . . . . . . . 134 7.3.1 GELO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 7.3.2 Layout Heuristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 7.4 RESOURCE MANAGEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 7.4.1 X11 Resource Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 7.4.2 AUXD Resource Management . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

8 The Annotation Editor . . . . . . . . . . . . . . . . . . . . . 145

8.1 ANNOT ATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 8.2 INTEGRA TING ANNOT ATIONS AND MESSAGES . . . . . . . . . . . 149 8.3 PERMANENT ANNOT ATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153 8.4 ANNOT ATION EDITOR INTERF ACE . . . . . . . . . . . . . . . . . . . . . . . 155 8.4.1 The Annotation Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 8.4.2 Manipulating Annotations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 8.4.3 Miscellaneous Annotation Commands . . . . . . . . . . . . . . . . . . . . 158 8.4.4 Editor Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 8.4.5 Defining Annotation Editor T ools . . . . . . . . . . . . . . . . . . . . . . . . 160

9 The Debugger Interface . . . . . . . . . . . . . . . . . . . . 161

9.1 OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

9.2 DBG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 9.2.1 User -Definable Buttons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 9.2.2 Integration W ith Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 9.3 DEBUGGING INFORMA TION VIEWERS . . . . . . . . . . . . . . . . . . 167 9.3.1 Overall Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 9.3.2 The Event V iewer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 9.3.3 The Stack V iewer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 9.3.4 The T race V iewer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 9.4 THE USER INPUT -OUTPUT VIEWER . . . . . . . . . . . . . . . . . . . . . 171

10 The Interface for Cross-Referencing . . . . . . . . . . 175

10.1 DEFINING ST ANDARD QUERIES . . . . . . . . . . . . . . . . . . . . . . . . . 176 10.2 QUER Y PROCESSING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 10.2.1 Generating the Query . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 10.2.2 Outputting the Query Result . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 10.3 INTERACTING WITH OTHER TOOLS . . . . . . . . . . . . . . . . . . . . . 181

11 The Call Graph Browser . . . . . . . . . . . . . . . . . . . 183

11.1 ORGANIZING THE DA TA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183 11.1.1 The Function-File-Directory Hierarchy . . . . . . . . . . . . . . . . . . . 184 11.1.2 User -Defined Groupings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 11.1.3 Deciding What Nodes T o Display . . . . . . . . . . . . . . . . . . . . . . . . 188 11.1.4 Dynamic Calls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 11.2 BROWSING OPTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 11.3 INFORMA TION WINDOW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 11.4 ANIMATING THE CALL GRAPH . . . . . . . . . . . . . . . . . . . . . . . . . . 194 11.5 INTERACTING WITH THE ENVIRONMENT . . . . . . . . . . . . . . . 195

12 The Class Hierarchy Browser . . . . . . . . . . . . . . . 197

12.1 WHAT TO DISPLA Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197 12.2 DISPLA YING LARGE HIERARCHIES . . . . . . . . . . . . . . . . . . . . . . 198 12.3 CLASS AND MEMBER INFORMA TION . . . . . . . . . . . . . . . . . . . . 202 12.3.1 The Class Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 12.3.2 Arcs in the Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205 12.3.3 Highlighting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 12.4 INTERACTING WITH THE CLASS BROWSER . . . . . . . . . . . . . . 207

13 The Interface to UNIX Profiling T ools. . . . . . . . . 211

13.1 DISPLA YING THE PERFORMANCE DA TA . . . . . . . . . . . . . . . . . 211 13.2 INTERACTING WITH XPROF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

14 Configuration and V ersion Management . . . . . . 217

14.1 OBTAINING THE INFORMA TION . . . . . . . . . . . . . . . . . . . . . . . . . 217 14.2 DISPLA YING THE DEPENDENCY GRAPH . . . . . . . . . . . . . . . . . 218 14.3 BROWSING OPTIONS AND COMMANDS . . . . . . . . . . . . . . . . . . 220 14.3.1 Configuration Management Commands . . . . . . . . . . . . . . . . . . 221 14.3.2 Version Control Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222 14.3.3 The T ranscript W indow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 14.4 INTERACTING WITH OTHER TOOLS . . . . . . . . . . . . . . . . . . . . . 224

15 Data Structure Display . . . . . . . . . . . . . . . . . . . . . 227

15.1 GETTING THE INFORMA TION . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 15.2 DEF AULT DISPLA Y DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . 229 15.3 USER-DEFINED DISPLA Y DEFINITIONS . . . . . . . . . . . . . . . . . . 230 15.3.1 The APPLE Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231 15.3.2 The APPLE User Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 15.4 EXAMPLES OF MAPPING DEFINITIONS . . . . . . . . . . . . . . . . . . 236 15.4.1 A Tiled Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 15.4.2 A List Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 15.5 EDITING DA TA STRUCTURES GRAPHICALL Y . . . . . . . . . . . . . 238

16 Monitoring Program Execution . . . . . . . . . . . . . . 243

16.1 HEAP VISUALIZA TION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243 16.2 INPUT/OUTPUT VISUALIZA TION . . . . . . . . . . . . . . . . . . . . . . . . . 247 16.3 PERFORMANCE VISUALIZA TION . . . . . . . . . . . . . . . . . . . . . . . . 248

17 The Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . 253

17.1 DEFINING THE CONTROL P ANEL . . . . . . . . . . . . . . . . . . . . . . . . 253 17.2 WINDOW MANAGEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 17.3 COMMON UTILITIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 17.4 STANDARD BUTTON COMMANDS . . . . . . . . . . . . . . . . . . . . . . . . 256

18 Retrospective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

18.1 MESSAGING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

18.1.1 Message Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262 18.1.2 Messaging Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262 18.1.3 The Policy T ool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264 18.2 GENERAL STRUCTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264 18.2.1 Tool Decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265 18.2.2 Tool Wrappers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266 18.3 GRAPHICAL INTERF ACES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266 18.3.1 The Effectiveness of Graphical Displays . . . . . . . . . . . . . . . . . . 267 18.3.2 The BWE T oolkit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268 18.4 EDITING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269 18.5 DEBUGGING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 18.5.1 The Debugger Monitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 18.5.2 Debugger Information V iewers . . . . . . . . . . . . . . . . . . . . . . . . . . 271 18.5.3 Data Structure Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272 18.6 PROGRAM DA TABASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273 18.7 EXPERIENCE WITH THE ENVIRONMENT . . . . . . . . . . . . . . . . 274 18.8 CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

xii

Figures

FIGURE 1-1: Overall FIELD architecture . . . . . . . . . . . . . . . . . . . . . . . . . . 15 FIGURE 1-2: Sample FIELD screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 FIGURE 2-1: FIELD messaging architecture . . . . . . . . . . . . . . . . . . . . . . . 19 FIGURE 3-1: The policy tool in the FIELD architecture . . . . . . . . . . . . . . 40 FIGURE 3-2: Processing a message in the policy service . . . . . . . . . . . . . . 49 FIGURE 3-3: Rule matching algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 FIGURE 3-4: Policy program for automatic compilation . . . . . . . . . . . . . . 51 FIGURE 3-5: Policy program to start the cross-reference service . . . . . . . 52 FIGURE 3-6: Policy program to invoke the editor upon selection . . . . . . . 52 FIGURE 4-1: The debugger interface in the FIELD architecture . . . . . . . 55 FIGURE 4-2: Organization of the FIELD debugger wrapper ddt_mon . . 56 FIGURE 5-1: Cross-Referencing in the FIELD architecture . . . . . . . . . . . 83 FIGURE 5-2: Query syntax for the cross-reference database . . . . . . . . . . 91 FIGURE 6-1: Services in the FIELD architecture . . . . . . . . . . . . . . . . . . 110 FIGURE 6-2: Messages for monitoring file operations . . . . . . . . . . . . . . . 123 FIGURE 7-1: Development timeline for BWE . . . . . . . . . . . . . . . . . . . . . . 126 FIGURE 7-2: The architecture of BWE . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 FIGURE 7-3: Example of a GELO tiled-flavored object . . . . . . . . . . . . . . 136 FIGURE 7-4: AUXD resource file syntax . . . . . . . . . . . . . . . . . . . . . . . . . . 143 FIGURE 7-5: Sample resource file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 FIGURE 8-1: The annotation editor in the FIELD architecture . . . . . . . 146 FIGURE 8-2: Dialog for creating an annotation . . . . . . . . . . . . . . . . . . . . 152

FIGURE 8-3: Sample annotation editor . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 FIGURE 8-4: Information display dialog box for an annotation . . . . . . . 157 FIGURE 8-5: Annotation query output window . . . . . . . . . . . . . . . . . . . . . 160 FIGURE 9-1: Debugger tools in the FIELD architecture . . . . . . . . . . . . . 162 FIGURE 9-2: The dbg debugger interface . . . . . . . . . . . . . . . . . . . . . . . . . . 163 FIGURE 9-3: Query dialog box for debugger button . . . . . . . . . . . . . . . . . 165 FIGURE 9-4: Dialog box for editing a debugger button . . . . . . . . . . . . . . 166 FIGURE 9-5: Event viewer display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 FIGURE 9-6: Stack display viewer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 FIGURE 9-7: Variable trace viewer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 FIGURE 9-8: User input-output viewer . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 FIGURE 10-1: The xref interface in the FIELD architecture . . . . . . . . . . . 176 FIGURE 10-2: Reference query display output . . . . . . . . . . . . . . . . . . . . . . 178 FIGURE 10-3: Cross-reference query output . . . . . . . . . . . . . . . . . . . . . . . . 179 FIGURE 10-4: Cross-reference query dialog box . . . . . . . . . . . . . . . . . . . . . 180 FIGURE 1 1-1: Flowview in the FIELD architecture . . . . . . . . . . . . . . . . . . 184 FIGURE 1 1-2: Sample directory-file-function hierarchy . . . . . . . . . . . . . . . 185 FIGURE 1 1-3: FIELD call graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 FIGURE 1 1-4: Initial display of the FIELD call graph . . . . . . . . . . . . . . . . 187 FIGURE 1 1-5: Class groupings used in a call graph display . . . . . . . . . . . 189 FIGURE 1 1-6: Local call graph display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 FIGURE 1 1-7: Call graph information window . . . . . . . . . . . . . . . . . . . . . . 193 FIGURE 1 1-8: Call graph animation display . . . . . . . . . . . . . . . . . . . . . . . . 195 FIGURE 12-1: The class browser in the FIELD architecture . . . . . . . . . . . 198 FIGURE 12-2: Complete class hierarchy for moderate-sized system . . . . 199 FIGURE 12-3: Display for a single class . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 FIGURE 12-4: Class display with collapsed hierarchy . . . . . . . . . . . . . . . . 201 FIGURE 12-5: Class hierarchy without member information . . . . . . . . . . 203 FIGURE 12-6: Class browser display showing visual encodings . . . . . . . . 204 FIGURE 12-7: Class browser showing member details . . . . . . . . . . . . . . . . 205

FIGURE 12-8: Class browser information window . . . . . . . . . . . . . . . . . . . 208 FIGURE 13-1: The profiling interface in the FIELD architecture . . . . . . 212 FIGURE 13-2: Sample profile histogram display . . . . . . . . . . . . . . . . . . . . 213 FIGURE 13-3: Line display for profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 FIGURE 13-4: Full profiling display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 FIGURE 13-5: Information dialog for profiling . . . . . . . . . . . . . . . . . . . . . . 216 FIGURE 14-1: Formview in the FIELD architecture . . . . . . . . . . . . . . . . . 218 FIGURE 14-2: Formview example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 FIGURE 14-3: Formview display restricted to a file . . . . . . . . . . . . . . . . . . 221 FIGURE 14-4: Formview dialog box showing file information . . . . . . . . . 222 FIGURE 14-5: Checkin command dialog box . . . . . . . . . . . . . . . . . . . . . . . 223 FIGURE 14-6: Formview transcript window . . . . . . . . . . . . . . . . . . . . . . . . 224 FIGURE 15-1: Data structure display in the FIELD architecture . . . . . . 228 FIGURE 15-2: Default data structure display for a tree . . . . . . . . . . . . . . 230 FIGURE 15-3: List data structure display . . . . . . . . . . . . . . . . . . . . . . . . . . 231 FIGURE 15-4: Default data structure display for an array . . . . . . . . . . . . 231 FIGURE 15-5: Editor for defining type-based display mappings . . . . . . . 233 FIGURE 15-6: Editor for defining arc objects . . . . . . . . . . . . . . . . . . . . . . . 235 FIGURE 15-7: Display mapping for an empty tree . . . . . . . . . . . . . . . . . . . 237 FIGURE 15-8: Data structure display using user -define mappings . . . . . 238 FIGURE 15-9: Structures used for linked list display . . . . . . . . . . . . . . . . 238 FIGURE 15-10: List mapping and the resultant display . . . . . . . . . . . . . . . 239 FIGURE 15-1 1: ListElement mapping and resultant display . . . . . . . . . . . 240 FIGURE 15-12: Final list structure display . . . . . . . . . . . . . . . . . . . . . . . . . . 241 FIGURE 15-13: Inset window used in tree data structure display . . . . . . . 242 FIGURE 16-1: Monitoring tools in the FIELD architecture . . . . . . . . . . . 244 FIGURE 16-2: Graphical display of heap memory . . . . . . . . . . . . . . . . . . . 245 FIGURE 16-3: Heap display showing various optional windows . . . . . . . 246 FIGURE 16-4: Display of file input and output . . . . . . . . . . . . . . . . . . . . . . 248 FIGURE 16-5: Input/output viewer showing auxiliary windows . . . . . . . 249

FIGURE 16-6: Performance visualization display . . . . . . . . . . . . . . . . . . . . 251 FIGURE 17-1: Default FIELD control panel . . . . . . . . . . . . . . . . . . . . . . . . 254 FIGURE 18-1: Tool composition methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 265

Tables

TABLE 1-1: Summary of environment types . . . . . . . . . . . . . . . . . . . . . . 13 TABLE 2-1: Parameter type options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 TABLE 4-1: Event types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 TABLE 4-2: Message-based command language . . . . . . . . . . . . . . . . . . . 63 TABLE 4-3: STEP actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 TABLE 4-4: SYMINFO command options . . . . . . . . . . . . . . . . . . . . . . . . . 67 TABLE 4-5: Programming interface commands . . . . . . . . . . . . . . . . . . . . 68 TABLE 4-6: Messages sent by the debugger . . . . . . . . . . . . . . . . . . . . . . . 71 TABLE 4-7: Debugger commands for controlling execution . . . . . . . . . . 75 TABLE 4-8: Debugger commands for events . . . . . . . . . . . . . . . . . . . . . . . 76 TABLE 4-9: Debugger commands for expressions . . . . . . . . . . . . . . . . . . 77 TABLE 4-10: Debugger commands for manipulating files . . . . . . . . . . . . 78 TABLE 4-1 1: Debugger commands for programming . . . . . . . . . . . . . . . . 78 TABLE 4-12: Debugger commands for csh-like interface . . . . . . . . . . . . . 79 TABLE 4-13: Debugger commands for the gdb interface . . . . . . . . . . . . . . 79 TABLE 5-1: The file relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 TABLE 5-2: The reference relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 TABLE 5-3: The scope relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 TABLE 5-4: The declaration relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 TABLE 5-5: Declaration classes supported by XREFDB . . . . . . . . . . . . . 87 TABLE 5-6: The call relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 TABLE 5-7: The function relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

TABLE 5-8: The hierarchy relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 TABLE 5-9: The member relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 TABLE 5-10: The member definition relation . . . . . . . . . . . . . . . . . . . . . . . 90 TABLE 5-1 1: The client-server relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 TABLE 5-12: Cross-reference database commands . . . . . . . . . . . . . . . . . . . 95 TABLE 5-13: Cross-reference database resource file commands . . . . . . . 100 TABLE 5-14: Scanner output formats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 TABLE 6-1: Configuration command options . . . . . . . . . . . . . . . . . . . . . . 113 TABLE 8-1: Annotation types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 TABLE 8-2: Annotation pattern codes . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 TABLE 9-1: Escape sequences for buttons . . . . . . . . . . . . . . . . . . . . . . . . 164 TABLE 1 1-1: Mouse actions in the call graph browser . . . . . . . . . . . . . . . 192 TABLE 12-1: Mouse commands for class browser . . . . . . . . . . . . . . . . . . . 207 TABLE 13-1: Mouse actions in the performance visualizer . . . . . . . . . . . 215 TABLE 14-1: Mouse actions in formview . . . . . . . . . . . . . . . . . . . . . . . . . . 220 TABLE 18-1: Code size for FIELD components . . . . . . . . . . . . . . . . . . . . . 260 TABLE 18-2: Code size for BWE toolkit components . . . . . . . . . . . . . . . . 261

Preface

FIELD, the Friendly Integrated Environment for Learning and Development, is the research project that demonstrated that practical integrated graphical programming environments are possible. It provides user - friendly graphical interfaces to the multitude of UNIX programming tools, integrating these separate tools into a unified whole.

This book describes the FIELD environment. It discusses the history and evolution of the environment, concentrating on the development of ideas that both worked and didn’ t work. It discusses the inner workings of the environment, showing how each of the programming tools works and how the various tools interact with each other . It discusses the user interfaces provided by the various tools, how they are used, why they were chosen, and their strengths and weaknesses.

FIELD has been a remarkably successful research project. The ideas first exhibited in the environment now form the basis for most of the current generation of programming environments including Hewitt-Packard’ s Softbench, DEC’ s FUSE, Sun’ s SP ARCworks, Lucid’ s Energize, and SGI’ s CodeVision. FIELD pioneered the notion of broadcast messaging as a basis for tool integration. Moreover , many of the other tool concepts we introduced in FIELD have found their way into these environments. Thus, in discussing the FIELD environment, this book actually explains the inner workings of today’ s programming environments.

The concepts presented here — the message passing framework, the various graphical user interfaces, and the integration of a wide variety of tools to form a single application — are applicable to domains other than programming environments. Many of the lessons learned from FIELD can be applied to general distributed object systems as well as a variety of new applications that can better be structured as loosely coupled processes rather than a single massive entity . The work on program visualization can be applied to visual database query interfaces and to visually browse the ever -expanding information highway .

The primary audience for this book are those interested in the development of programming tools and environments. The book will also be valuable to serious users of programming environments. The book should also be of interest to anyone undertaking a large software project, both by introducing the software tools needed to work on such a project and by demonstrating the concepts of message-based integration which can be applied to a variety of domains.

This book can be divided into three parts. The first part, Chapters 1 through 3, details the message-based integration mechanism at the core of the environment. The second part, Chapters 4 through 6, describes the underlying services provided by FIELD through wrappers around traditional programming tools. The third part, Chapters 7 through 17, describes the tools and user interfaces FIELD offers to the user .

Chapter 1 provides an overview of integrated programming environments, providing context for the use of message-based integration by briefly reviewing the history of such environments and the alternative technologies that were proposed and considered.

Chapters 2 and 3 detail the message-based integration mechanism, describing the concepts behind it, how it is implemented, and the simple interface it offers the various tools. Chapter 2 provides the basics, while Chapter 3 describes extensions to this mechanism that make it more flexible.

Chapter 4 describes the debugger monitor provided by FIELD. This service consists of a complex wrapper around the system debugger , either dbx or gdb , that interacts with the rest of the environment through the message server .

Chapter 5 details the cross-reference database service, a new tool that was developed to support the environment. It is used extensively for visualization and as a service available to other tools and, through an appropriate interface, to the user .

Chapter 6 describes the remaining services provided by the environment. Two of these are wrappers around existing programming tools, one for configuration management and version control and one for profiling, while the third is an interface for execution monitoring.

Chapter 7 describes the user interface tools that were developed to support FIELD and other programming projects, emphasizing the use of these tools in the environment.

Chapter 8 details the internals and the user interface of the annotation editor . Source code must be a central focus of any programming environment, since it is the programmer ’s concrete input and the program representation. The annotation editor provides FIELD with a clean interface for tying the source to the rest of the environment.

Chapters 9 through 17 then describe the user interfaces provided by the other FIELD tools, showing both how the tools are used and the tradeoffs made to use graphics effectively . Especially important here are the techniques used in the various tools for managing complexity , allowing graphical interfaces to be used on relatively large programs.

The final chapter provides an overview of the lessons we learned from the system, what we felt were its successes and failures, and some sense of future research directions for programming environments.

This book was written using FrameMaker . All the FIELD images in the book are screen dumps taken from the current working version of the system. Because we have been developing almost exclusively on color workstations over the last five years, the user interface has become color - oriented and the various images are taken from a color display . Since they are printed in black and white, the actual colors are shown using gray scale or dithered images. Where it is appropriate throughout the text, we describe the use of color in the images and leave it to the reader ’s imagination to fill in the colors.

The FIELD environment is available in source form without charge via ftp on the internet or on various media at a nominal cost, although its use is restricted to non-commercial purposes. Documentation is available in the form of man pages and a new tutorial and reference manual. Persons interested should contact the Brown University Computer Science Department Software Librarian through email at brusd@cs.br own.edu or at: Software Librarian Department of Computer Science Box 1910

Brown University Providence, RI 02912 The current version is known to run on Sun workstations with the current operating system. It has been ported to UL TRIX on DECstations, HPUX, IBM’s AIX, and other systems, but we do not test these ports on a regular basis. For more information on the availability and current status of the environment, or questions regarding the book or any of the tools, contact the author at spr@cs.br own.edu.