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HaRe

• Haskell Refactorer 0.3

• ‘Refactoring Functional Programs’ project

• Computing Laboratory, University of Kent

• Simon Thomson, Claus Reinke, Huiqing Li

• From October 2003 to April 2005

• Emacs & Vi bindings



Refactoring

• “Controlled technique for 
improving the design of an 
existing code base”

• Series of small, behavior-
preserving transformations, 
each of which “too small to 
be worth doing”

• Popular in OO / XP worlds 



Refactoring demo
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Common issues
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• Preserve program functionality

• Refactorings might only be valid under 
certain side-conditions
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Common issues

• More than indentation control or textual 
search-and-replace

• Preserve program functionality

• Refactorings might only be valid under 
certain side-conditions

showAll = table . map show
  where
    format = ...
    table = concat . format

showAll = table format . map show
  where
    format = ...

table format = concat . format



Requirements

• Tool needs to be:

• aware of static semantics of the program

• have knowledge of free variables

• have access to type information

• able to access multiple files



Requirements (con’d)

• Integration with existing development 
environments

• Layout style must not be changed, and 
maintained after transformations

• Comments need to be retained (and maybe 
even updated)



HaRe architecture

• Gathering semantic information:

• Programatica [extended]

• Analyses / program transformations:

• Strafunski

• Interaction / integration:

• Text based: Emacs & Vi

• API to build specific refactorings



“Use abstract syntax for abstract tasks,
concrete syntax for concrete tasks;

AST auxiliary, not intermediate representation;
concrete updates on token stream”



HaRe architecture old

Figure 6: A snapshot of the Haskell refactoring tool
embedded in Emacs

est has to be selected in the editor first. For instance, an identifier

is selected by placing the cursor at any of its occurrences; an ex-

pression is selected by highlighting it with the cursor. Next, the

user chooses the refactoring command from the Refactor menu and

inputs any parameters in the mini-buffer if prompted. After that the

refactorer will check the selected source is suitable for this refactor-

ing, the parameters are valid, and the refactoring’s side-conditions

are satisfied. If all checks are successful, the refactorer will perform

the refactoring, otherwise it gives an error message and aborts the

refactoring. Using the refactoring tool embedded in Vim is similar.

Figure 6 also shows a particular refactoring scenario. The user

has selected the identifier format in the definition of table, has
chosen the duplicateDef command from the Refactor menu, and is

just entering a new definition name newFormat in the mini-buffer.
After this, the user would press the Enter key to perform the refac-

toring. The result of this is shown in Figure 7: a new declaration

defining newFormat has been added to the module after the def-
inition of format (note that, unlike editor-based copy&paste, the
refactorer ensures consistent renaming, including recursive calls).

4.2 The Implementation Architecture
The design of the implementation architecture has evolved through

a number of stages. Figure 8 shows a graphical overview of the

original implementation architecture: to perform a refactoring, the

parser takes the program source and parses it into an abstract syn-

tax tree (AST), the refactorer then carries out program analysis and

transformation on the AST and after that, the pretty-printer presents

the modified AST to the programmer in concrete syntax form. This

architecture is straightforward, but has two fatal disadvantages:

• The program is parsed before each refactoring, even if there
has been no editing activity since the previous refactoring.

Frequent reanalysis of large programs can be time-consuming,

which could discourage programmers from using an auto-

matic refactoring tool11. To avoid this, one would want to

11Realistic refactorings are composed of multiple small steps, each
of which appears to users as an advanced editing operation, lower-
ing the threshold for what is deemed acceptable processing time.

Figure 7: A snapshot showing the result of dupli-
cating a definition
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Figure 8: The original implementation architecture

reuse the AST if possible. However, the AST contains in-

formation about the position of identifiers (which turns out

to be very useful for both program analysis and transforma-

tion) and, after a refactoring, some position information in

the AST may have become invalid. The new layout is first

computed in the pretty-printer, so one could try to update the

position information in the abstract syntax tree there, but this

involves dramatic changes of the pretty-printer.

• Comments are not preserved in the AST and the pretty-printer
produces output which completely ignores the style – let alone

the concrete layout – of the input program, so after a refac-

toring, programmers may find all the comments in their pro-

grams are missing and the layout style produced by the pretty-

printer is completely different from that before refactoring.

Clearly, this is unacceptable from a programmer’s point of

view, so one would want to preserve comments in the abstract

syntax tree, analyse the input program for the style of layout

used, and modify the pretty-printer to adapt to the input style

and to reproduce comments. However, this is far from ideal.

Inspired by the fact that Programatica’s lexer preserves position

information, and that comments and white space are also preserved

in the first passes of the lexer, we adjusted the implementation ar-

chitecture as shown in Figure 9. Two separate improvements ad-

dress the problems of the original architecture:

• In the new architecture, the refactorer operates on two views
of the program: the token stream produced by the first pass

of the lexer (with comments and white spaces still intact)

and the AST produced by full lexing and parsing. The AST

is used only as an auxiliary representation of the program to

guide the direct modification of the token stream. The refac-

torer still performs program analysis and transformation on

the AST but, once the AST has been modified, the refactorer
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Figure 9: The new implementation architecture

will modify the token stream as well to reflect the changes in

the AST. The token stream also needs adjustment to counter-

act the side-effects of the transformation on the layout rules.

• If there is no editing activity between the current refactor-
ing and the previous one it is possible to update and reuse

the AST. Lexing the program output yields a token stream in

which each token has correct position information, and we

can use this to update the position information in the AST

from the previous refactoring. After that, the updated token

stream and AST are ready for the next refactoring.

Instead of using the pretty printer to present the modified AST

to the programmer in concrete syntax form, the new program will

be extracted from the token stream, preserving both comments and

layout style for the majority of programs. For certain refactorings,

the refactorer may produce new code in which no layout informa-

tion can be inferred (e.g., when unfolding a definition with multiple

guards, the multiple clauses may have to be translated into a con-

ditional expression). In this case, the pretty-printer will be used to

print the new code, which is then inserted into the token stream.

Also, just preserving comments is not sufficient, so we apply sim-

ple heuristics to associate and move comments with nearby code.

Next, we describe the components in the new architecture in

some more detail, explaining our use of Strafunski-style generic

programming and Programatica front-end components.

4.2.1 The Lexer

Programatica’s lexer [11] is generated from a lexical syntax spec-

ification and is split up into several passes. As mentioned before,

position information is preserved by the lexer, and the first passes

of the lexer preserve comments and white space. These two fea-

tures make it possible for our refactoring tool to preserve comment

and program layout style as well as avoiding reparsing the program.

The lexer splits an input String into a list of token Strings:

type Lexer = String -> [(Token,(Pos,String))]

where Token is a data type classifying tokens, and Pos represents
the position of the token in the source.

4.2.2 The parser

Programatica’s parser is based on hsparser, but with a parame-

terised abstract syntax supporting syntax variants and extensions.

We outline the treatment of identifiers only, as these are central to

the refactorings presented. In the AST produced by the parser, each

identifier is paired with its position information in the source file.

A further scoping process on the AST adds more information

to each identifier, and produces a new variant of the AST. In this

variant, called the scoped AST, each identifier is associated with not

only its position in the source file, but also the information about

where it is defined and which name space it belongs to. The type

used for identifiers in the scoped AST is called PNT and defined as:

data PNT=PNT (PN HsName Orig) (IdTy Pid) OptSrcLoc

Roughly, HsName contains the name of the identifier, Orig spec-
ifies the identifier’s origin information which usually contains the

identifier’s defining module and position, the identifier’s name space

information is contained in (IdTy Pid), and OptSrcLoc contains
the identifier’s position information in the source file.

The scoped AST makes our life easier in the following aspects.

• Source position information makes the mapping from a frag-
ment of code in the source (editor view) to its corresponding

representation in the scoped AST (refactorer view) easier.

• Identifiers in different scopes can be distinguished by just
looking at the PNT values themselves. Two identifiers are
same if and only if they have same origin.

• Given an identifier, the scoped AST makes it convenient to
find the binding definition of the identifier if there is one, as

well as the places where it is used.

4.2.3 The Refactorer

The refactorer is the engine that actually performs the program

analysis and source-to-source transformation. Program analysis

aims at validating the side-conditions of refactorings. Program

transformation performs rewriting of the AST and token stream.

Both program analysis and transformation involve traversing the

scoped AST frequently, which is where Strafunski [20, 19] comes

into play. As discussed in Section 3.2, Strafunski was developed to

support generic programming in application areas that involve term

traversal over large abstract syntaxes, such as Haskell’s. The key

idea is to view traversals as a kind of generic function that can tra-

verse into terms while mixing uniform and type-specific behaviour.

Strafunski offers both a generic traversal combinator library Strat-

egyLib and a generative tool support based on DrIFT12 to use the

library on large systems of data types.

Two kinds of generic functions can be constructed using the

combinators provided in StrategyLib: type-preserving generic func-

tions dealing with program transformation and type-unifying generic

functions dealing with program analysis. The result of applying a

type-preserving generic function to a term of type t is of type t in

a monadic form (so that transformations can fail or return multi-

ple results), whereas the result of a type-unifying generic function

application is always of a specific type, say a (again in a monadic

form) regardless of the type of the input term.

Figures 10 and 11 give two simple examples, illustrating the

form of code implementing program analysis and transformation

using Strafunski’s combinators with Programatica’s data types.

The example in Figure 10 defines a type-unifying generic func-

tion which collects all the data constructors in a fragment of Haskell

code. Here, the functions applyTU, stop tdTU, failTU and

12http://repetae.net/john/computer/haskell/DrIFT/
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Building a refactoring

if isApproaching monster
then runAway
else investigate

case isApproaching monster of
    True  -> runAway
    False -> investigate



module RefacCase (ifToCase) where 
import RefacUtils
 
ifToCase fileName beginPos endPos
 = do (_, _, mod,ts) <- parseSourceFile fileName 
  -- mod: the AST; ts: the token stream. 
  let exp = locToExp beginPos endPos mod ts 
  case exp of
    (Exp (HsIf _ _ _)) 
      -> do
     r <- applyRefac (worker exp) (Just(mod,ts)) fileName 
     writeRefactoredFiles False [r] 
    _ -> error "You haven’t selected a conditional expr!" 
 where 
 worker exp = applyTP (once_buTP (failTP ‘adhocTP‘ inExp)) 
  where
  inExp exp1@((Exp (HsIf e e1 e2))::HsExpP) 
   | sameOccurrence exp exp1 
   = let newExp = Exp (HsCase e 
    [HsAlt loc0 (nameToPat "True") (HsBody e1) [], 
    HsAlt loc0 (nameToPat "False")(HsBody e2) []]) 
   in update exp1 newExp exp1 
 inExp _ = mzero



Conclussions

• Lots of refactorings available

• Lots of papers pulished

• Interesting architecture

• Too bad it doesn’t work...



More about HaRe

• http://www.cs.kent.ac.uk/projects/refactor-fp/

• Paper:  “Tool Support for Refactoring 
Functional Programs”

http://www.cs.kent.ac.uk/projects/refactor-fp/
http://www.cs.kent.ac.uk/projects/refactor-fp/

