Reverse Literate ProgrammingMarkus Knasm�llerJohannes Kepler University LinzAltenbergerstra§e 39Linz, 4040, AustriaTel. +43 732 2468 7133Fax +43 732 2468 7138Internet knasmueller@ssw.uni-linz.ac.atAbstract. Knuth�s Literate Programming system allows an author to design anddescribe a program hierarchically according to the method of stepwise refinement. Theresult is source code, which can be read sequentially like a book, section after section.This helps when reading printed source code, but on screen source code is read ratherselectively like an encyclopedia. There the programmer wants a system which allows,possibly even encourages, selective browsing; zoom in at interesting points; jump toother locations according to control flow or other semantic relationships. This is theapproach chosen by hypertext systems. In this paper, we demonstrate a solution, calledReverse Literate Programming, which combines the advantages of Knuth�s method andof the hypertext approach. We implemented active text elements making it possible tohave the source code as a hypertext screen document. A special command prints thisdocument as a Literate Program, i.e. an essay, including documentation, pictures, andprogram code. The implementation was done in the Oberon system which offerspowerful mechanisms for extending software in an object-oriented way. 1 . IntroductionWhen developing or reusing software components, one is often forced to study sourcecode. In many cases this code contains only little or even no design information,which makes it hard to read and understand it. This is the main reason, why softwaremaintenance costs dominate over all other life-cycle costs. Standish (1984), forexample, discovered, that the time needed to understand source code, causes 50 to 90percent of the maintenance costs. Therefore high software quality, in form of readablesource code, is the best way to save time and money for new developments.During the last years, different tools for constructing readable and maintainable codewere suggested. One of these approaches, Literate Programming by Donald E. Knuth(1984), allows an author to design and describe a program hierarchically according tothe method of stepwise refinement. The result is source code, which can be readsequentially like a book, section after section. This helps while reading the printedsource code of a program. On the other hand, on screen programs are usually readrather selectively like an encyclopedia. The programmer does not want to have thesource code in book form, but rather the opposite: a system which allows, possiblyeven encourages, selective browsing. Zoom in at interesting points or jump to other1 locations according to control flow or other semantic relationships. This is theapproach chosen by hypertext editors. Unfortunately, hypertext editors lack thepossibility to generate good and sequentially readable printed source.Our solution combines the advantages of Knuth�s method and of the hypertextapproach. We implemented active text elements for hypertext features like folding,linking and bookmarking in a framework of an extensible editor (Szyperski, 1992;M�ssenb�ck and Koskimies, in press). Starting with traditional source code, thesefeatures can be used to write Literate Programs. A Literate Programming Section ismarked with fold elements in order to allow on demand expanding and collapsing ofsections. Comments and pictures, helpful for explaining the source code of a section,can be associated with these fold elements. These annotations are shown (on demand)wherever the name of the corresponding section appears. Relations between sectionsare set through inserted link elements. Links are used in a similar way as referenceswithin an encyclopedia. In addition, graphical elements, timestamp elements, andelements for command execution can be inserted into the source code.A special print command prints the source code (the hypertext screen document) as aLiterate Program, i.e. an essay, including documentation, pictures, and program code.A proof-of-concept prototype implementation has been done in the Oberon system(Wirth and Gutknecht, 1989), which offers powerful mechanisms for extendingsoftware in an object-oriented way. However, the solution is language independent,and can be used for all kinds of programming languages.2 . Literate ProgrammingLiterate Programming is a construction and documentation technique for computerprograms. The traditional comments are replaced and enlarged to full programdocuments. The aim is to write programs, which are not only understandable for thecomputer, but also for the human reader. A program should be designed as a book.2 . 1 . The structure of a program documentA program document is divided into sections. This dividing into sections is equivalentto the stepwise refinement of the program. Thereby the following aims should bereached:¥Each section should be short and simple to understand.¥There should only be few and simple relations between a set of sections .Each section consists of a title, a comment about the section, a definition part, and asource code part. All these parts are optional.Figure 1 shows an example for such a program document. 2

Figure 1 - A Literate Programming document

1. Hello World program.This is a small demonstration of the use of Reverse Literate Programming in a program that printsthe famous �Hello World� greeting.MODULE HelloWorld; <Import Statement> <Output Procedure>END HelloWorld.See also Sections 2, 3.2. Import Statement.The only imported module required is Out. Module Out provides a set of basic routines forformatted output of characters, numbers, and strings. It assumes a standard output stream towhich the symbols are written.<Import Statement> =IMPORT Out;This code is used in Section 1.3. Output Procedure.This procedure, called Do, uses the operation Out.String to write the string "Hello World" to thestandard output stream.<Output Procedure> =PROCEDURE Do*;BEGIN Out.String ("Hello World")END Do;This code is used in Section 1.See also Section 2.Example for a Literate Programming document2 . 2 . The titleThe title should sum up the job of the section in a few words like it is done in a title ofa literal work.2 . 3 . The comment partThe comment part can be created optionally and should explain the contents of thesection. It is the job of the programmer to write down all relevant information, makingthe program understandable for another programmer. 3

2 . 4 . The definition partThe definition part consists of macro definitions. Such a macro can be used to sum upa piece of source code under one name, which can be used at other places in thesource code. During the compilation these names are replaced with the original sourcecode. Such macros support a clear design.2 . 5 . The source code partThe program code part contains standard programming language instructions, but alsotext macros. Such macros (enclosed by the characters �<� and �>�) represent sourcecode, which is specified in another section. Macros help to structure a program.Footnotes show the section, in which a used macro is specified, as well as othersections also using this macro.2 . 6 . Working with the Literate Programming system WebIn Knuth�s Literate Programming system Web (1984) the programmer has to write aprogram using TeX macros. This leads to a rather unreadable on screen source code.Two tools are offered by Web:¥Tangle: A tool creating a source code file from the TeX input. This source codefile can be translated by a compiler.¥Weave: A tool creating a full program document from the TeX input.3 . Active Text For Structuring Source CodeThis section shows active text elements for structuring and understanding sourcecode. Elements can be pictures, tables, formulas, popup buttons, hypertext objects, oranything else. They are treated as special characters with a certain width and height,but with unspecified contents. Such elements are a feature of Oberon�s text framework(Szyperski, 92), but they are similar to Microsoft�s OLE (object linking andembedding) architecture (Brockschmidt, 94). M�ssenb�ck and Koskimies (in print)show additional information about active text elements. 3 . 1 . FoldingThe idea of folding is, that a piece of text can be collapsed and, possibly, replacedwith some other (usually shorter) text. The user can switch between the two textsusing the mouse. Folds can also be nested. This can be used for abstracting,commenting, and structuring source code. For our case, the two functionalities,abstracting and commenting, are of interest.4

Figure 2 shows how to use fold elements for abstraction. The left part of the figureshows a code fragment, where certain details are folded away, and replaced by asimpler pseudocode statement. If the user wants to see the details, he can �zoom in�and get the expanded view (right part of the figure). He can switch between the twoviews with a simple mouse click. Figure 2 - Folding@<Output Procedure@>END HelloWorld.@*Import Statement.The only imported module required is Out. Module Out provides a set of basic routines forformatted output of characters, numbers, and strings. It assumes a standard output stream towhich the symbols are written.@c@<Import Statement@> = IMPORT Out;@*Output Procedure.This procedure, called Do, uses the operation Out.String to write the string "Hello World" to thestandard output stream.@c@<Output Procedure@> =PROCEDURE Do*;BEGIN Out.String ("Hello World")END Do;An example input for the standard Web systemFurthermore, since elements are implemented as special characters with attributescontaining a reference to the object, the compiler simply ignores the element characterwhen compiling a text containing elements. This makes it possible, to compile aLiterate Program, including graphical elements or links, with the standard compiler.This is another advantage compared to Knuth�s Literate Programming system, wherea special ’tangle’ phase is necessary, before the compiler can compile the programdocument.Although newer Literate Programming systems offer WYSIWYG editors (Brown andChilds, 1990; Knasm�ller, 1993), we see, that the on-screen representation of suchprogramming documents, is not as good as in our approach, because programs are notread sequentially like a programming document, but rather selectively like anencyclopedia. This is possible with our approach.8

In comparison with other hypertext editors, we can say that these editors offer, likeour approach, a very readable document on the screen, but, in contrast to ourapproach, a rather unreadable printed code.5 . 2 . Future workWe intend to include further text elements in our Reverse Literate Programmingsystem, e.g. elements including formatting hints. Furthermore, it should beconsidered, whether a multi-stage title hierarchy would be better than the presentlyused single-stage title hierarchy. Also, the construction of indices (used idents andused macros) should be implemented.We use our approach, to implement an object-oriented database system (Knasm�ller,1996). We think, that this is an sufficiently large example to evaluate the usability ofour system for Reverse Literate Programming.The newest information about Reverse Literate Programming can be obtained viaWWW from http://www.ssw.uni-linz.ac.at/Projects/RevLitProg.html.6 . ReferencesBrown, M. and Childs, B. 1990. An Interactive Environment for LiterateProgramming. Structured Programming. 11(1): 11-25.Brockschmidt, K. 1994. Inside OLE 2. Washington: Microsoft Press.Knasm�ller, M. 1993. Ein grafischer Editor f�r Literate Programming. DiplomaThesis, Linz: Johannes Kepler University.Knasm�ller, M. 1996. Adding Persistence to the Oberon System. Linz: JohannesKepler University.Knuth, D.E. 1984. Literate Programming. The Computer Journal. 27(2): 97-111.M�ssenb�ck, H. and Koskimies, K. in press. Active Text for Structuring andUnderstanding Source Code. Software - Practice and Experience.Szyperski, C.A. 1992. Write-ing Applications: Designing an Extensible Text Editor asan Application Framework. In Tools 1992. Dortmund: 247-261.Standish, T.A. 1984. An Essay on Software Reuse. IEEE Transactions on SoftwareEngineering. 10(5): 494-497.Wirth, N. and Gutknecht, J. 1989. The Oberon System. Software - Practice andExperience. 19(9): 857-893.9