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Abstract

This paper is devoted to the description of the languages ARL and PR2. ARL can be
viewed as a cross-fertilization of term rewriting systems and functional languages. The
key concept in the language is reversibility, which means informally, that under certain
circumstances, we can reconstruct the question from the answer. PR2 is an extension
to ARL to make it more suitable for our domain of application: the translation between
programming languages.

Keywords:
reversibility, analysis, generation, controlled continued analysis, pairing, rules, strategy,
driver, matching, interlingua.



Acknowledgements

No-one pulls it off without the help of others, so I guess that includes me: first I'd like
to thank the ones, with whom I talked 'professionally’: Paul Jansen for our discussion
over the phone of 45 and its relation with PR2, Gert-Jan Kamsteeg for our discussion
on the matching of patterns and his suggestion to use empty rules in concatenations,
Henk Goeman for his help with the book of Tennent and his advise on the use of INTRX,
prof. dr. J. Landsbergen for answering my questions about Rosetta, but most of my
thanks go out to my supervisor Alexander Ollongren for listening to all of my ideas and
helping me find my way when there were so many roads that could be followed.

On the non-professional side I'd like to thank the friends with whom I talked about
my project, although they might or might not have understood a word of it. Most
importantly my thanks go out to my parents, who have provided me with a home in
which I had the room and time to study, and more specifically to work on my project
and to Nike and my parents for their moral support in times of hardship.



Contents

1 Introduction

1.1
1.2
1.3
1.4

2 The
2.1
2.2

3 The
3.1

3.2
3.3

3.4
3.5
3.6
3.7
3.8

3.9

3.10

5
The Rosetta project . . . . . . . . . o 5
Our problem . . . . . . oL L 6
The user view . . . . . . . . . L e 6
What toexpect . . . . . .. o 7
syntax of ARL 8
Defining the syntax and terminology . . . . .. ... ... ... ... .. 8
Restricting the language of patterns . . . . . . ... ... ... ... .. 10
semantics of ARL 12
Design choices . . . . . . . . L L 12
3.1.1 Guards do not contain subrules . . . . . ... ... oo 12
3.1.2 Eagerness . . . . . . ... 13
3.1.3 Nested patterns within subrules . . . . . . .. ... .. ... ... 13
Strict equality . . . . . . oL oL 13
Substitutions . . . . . ... oL 15
3.3.1 Introductory definitions . . . . . . .. ..o 0oL 15
3.3.2 Composing substitutions . . . . . . ... ... ... ... 17
3.3.3 Inverting substitutions . . . . . .. ... .. L oo 19
Morphological similarity . . . . . .. ... .. 0 o oL 20
Generality . . . . . o oL 22
Unifiability . . . . .. o 25
Isomorphism . . . . . oL L 26
Partial orders . . . . . .. L 27
3.8.1 Definitions . . .. ..o 27
3.8.2 Least common upper bounds . . . ... ... ... ... ... 28
3.8.3 Greatest common lower bounds . . . . . ... ... 0oL 30
History . . . . o e e 32
3.9.1 Unique reconstruction of an argument . . . . ... ... ... .. 32
3.9.2  Weakly bijective functions . . . . . .. ... oo 34
3.9.3 The implementation of a history . . . . ... ... .. ... ... 34
3.9.4 History and its merits . . . . . . ... L0000 35
Forward and backward application . . . . ... ... ... ... ... 36
3.10.1 Forward application . . . . . ... ... ... . o L. 36



3.10.2 Backward application . . . . ... ..o 0000000 37

4 Extending ARL: adding controlled continued analysis 40
4.1 The problem . . . . . .. e 40
4.2 The interlingua . . . . . . . .. L L e e 41
4.3 Theinterlingua and CCA . . . . .. ... .. L oo 42
4.4 Extending thesyntax. . . . . . . . . ... o o 43
4.5 Extending the semantics . . . . . . . ... ... oL oL 44

4.5.1 Extending the history . . .. ... .. ... ... . 44
4.5.2 Extending the forward semantics . . . . . . ... ... ... ... 47
4.5.3 Extending the reversed semantics . . . . . . ... ... ... ... 47

5 A question of power 52
5.1 An introduction to the Turing Machine . ... ... .. ... ... ... 52
5.2 Implementing a Turing Machine in ARL . . .. .. ... ... ...... 53

6 Pairing: PR2 56
6.1 Introduction . . . . . . . .. 56
6.2 Extending thesyntax. . . . .. ... ... ... o L. 57
6.3 Extending the semantics . . . . . .. ... .. oL oL L 60
6.4 Reversed application under pairing and concatenation . . .. ... ... 61

6.4.1 Pairing . . .. ... 61
6.4.2 Concatenation . . . .. ... ... 0 oo 62
6.5 Reversibility . . . . . . oL 62
6.6 Compile-time checks for incompatibility . . . ... ... ... ... ... 63

7 The driver 64
7.1 The analysis phase . . . . . . . .. L oL 64
7.2 Thetransfer . . . . . . .. L 64
7.3 The generation phase . . . . .. . .. ... L L L oL 65
7.4 Strategies . . . . ..o e e 66

8 Example programs 67
8.1 Cand Pascal . . ... ... 67
8.2 The interlingua and the symbols touse. . . . . .. ... ... ... ... 68
8.3 Theprogram . . .. . . . ... e 69

8.3.1 From Cto ASIL . . . . . . . o 69
8.3.2 From Pascal to ASIL . . . . . . ... ... . ... 71
8.4 About theexample . . . . . . . ... L Lo 73

9 Evaluation and further research 75
9.1 Evaluation . . . . . .. .. L 75
9.2 Further research . . . . . . .. L L o 75

A The subrules 77



Example-code used for reference

C Additional code for proof Turing power

Guide to ARL/PR2

D.1

D.2

Usermanual . . . . . . . . . . . . e
D.1.1 Files and extensions . . . . . . . . . . ... ...
D.1.2 The format of the input files . . .. ... ... .. .. ......
D.1.3 Userinterface . . . . . . . . . .. . ... ...
D.1.4 Output of the programs . . . . . . ... ... ... ... ...,
Programmer manual . . . . ... ... oL
D.2.1 Contents . . . . . . . . . . e
D.2.2 Global set-up . . . . . .. Lo



