Contents1Introduction....................................... 11.1Functional programming and the Cleanproject........................................................ 21.2Research objectives................................... 31.3Research themes....................................... 41.4World-as-value........................................... 51.5Structured programming with statetransition systems...................................... 81.6Interactive functional processes............... 111.7Outline of the thesis................................. 121.8Topics outside the scope of the thesis..... 132Single Interactive FunctionalPrograms......................................... 152.1Introduction.............................................. 162.2Clean........................................................ 172.3Uniqueness types.................................... 192.4Explicit multiple environment passing...... 202.5File I/O...................................................... 232.6Graphical user I/O.................................... 252.7Structuring interactive programs.............. 352.8Implementation of the interface................ 382.9Related work............................................ 392.10Conclusions.............................................. 412.11Current and future work........................... 423Interleaved InteractiveFunctional Processes..................... 433.1Introduction.............................................. 443.2The Clean event I/O system.................... 453.3Dynamic process creation........................ 523.4Data sharing............................................. 563.5Message passing..................................... 593.6Example................................................... 633.7Related work............................................ 663.8Conclusions.............................................. 663.9Current and future work........................... 664Concurrent InteractiveFunctional Processes..................... 694.1Introduction.............................................. 704.2The interleaved event I/O system............ 724.3Towards the concurrent event I/Osystem...................................................... 764.4Remote procedure call processes............ 774.5Files as global process............................ 804.6Concurrent processes.............................. 824.7Concurrent implementation...................... 834.8Related work............................................ 854.9Conclusions.............................................. 854.10Current and future work........................... 855Data Abstraction.............................. 875.1Introduction.............................................. 885.2Uniqueness types.................................... 905.3The effect of uniqueness types................ 915.4Reconciling procedural abstraction withuniqueness.............................................. 935.5Efficiency................................................. 975.6Related work.......................................... 1005.7Conclusions........................................... 1016Object Structures......................... 1036.1Introduction............................................ 1046.2A framework of objects.......................... 1056.3Type and constructor classes in Clean.. 1076.4The type of the interpretation functions. 1096.5Applications of the framework................ 1116.6Related work.......................................... 1146.7Conclusions........................................... 1156.8Current and future work......................... 1157Conclusions.................................. 1177.1Summary................................................ 1187.2The role of the type system................... 1197.3The role of graph rewriting..................... 1197.4The world-as-value paradigm................ 1207.5Processes as building blocks................ 1207.6Portable interactive programs................ 1217.7Efficiency............................................... 1217.8Future work............................................ 123AConcurrent Event I/O Library...... 125A.1General definitions................................. 126A.2Process combinators............................. 134A.3Control device........................................ 136A.4Menu device.......................................... 139A.5Receiver device..................................... 141A.6Timer device.......................................... 142A.7Window device...................................... 144A.8StdFile.................................................... 148BRemote Procedure Calls.............. 151B.1The definition of ShareRPC................... 152B.2The definition of SendRPC.................... 152B.3Operations on SuccessOrFail................ 153B.4Operations on GState............................ 153B.5Operations on PState............................ 153B.6Operations on RuntimeState................. 154References.............................................. 155Index........................................................ 163Summary................................................. 171Samenvatting.......................................... 173Curriculum Vitae..................................... 175