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Motivation 1:  
Putting build scrips in programs 

• Code transformations are ubiquituous in large 
software systems 
– Compilers 

– Parser generators 

– Cross-language integration 

– Persistence frameworks 

– XML integration 

– Model-Driven Development 

– … 
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Motivation 1:  
Putting build scripts in programs 

• Problem: Transformations are not well-
integrated into module systems 

– Lack of communication integrity hinders separate 
compilation and separate understandability 

– Lack of composability hinders effective 
decompositions 

– Lack of uniformity hinders transformations across 
meta-levels and uniform applicability of 
transformations to all artefacts 
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Lack of Communication Integrity 

• Ex: Module imports generated parser, 
dependency on grammar implicit 

• Modules depend on modules they are not 
explicitly connected to 
– Dependencies hidden in build scripts, 

generator/workflow models 

• Global compilation or manual tracking of 
dependencies required 

• Breaks abstraction barrier (specification vs 
implementation) of code transformation 
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Lack of Composability 

• Transformations usually coarse-grained, work 
on the file level 

• Transformations usually do not compose 

• Makes it hard to use and customize results of 
transformations 
– „Hacks“ such as protected regions or inheriting 

from generated classes 

• Makes it hard to use many transformations 
locally (macro style) 
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Lack of Uniformity 

• Transformations should be uniformly 
applicable across meta-levels 

– Higher-order transformations 

– Meta-level-polymorphic models & 
transformations 

• Every artefact should be available for 
transformation 

– „Everything is a model“ 
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Motivation 2: Improving SugarJ 

• SugarJ = Syntactic extensibility by libraries for 
Java 

• Can be considered a macro system with 
particularly flexible macro call syntax 
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import Pairs; 

import Regex; 

 

public class Test { 

  private (String, Boolean) homeDir = 

    ("/Users/seba", "/Users/seba".matches(/^\/[a-zA-Z\/]*$/)); 

} 

import Pairs; 

 

public class Test { 

  private (String, Integer) p = ("12", 34); 

} 
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SQL Pairs XML Regex 



Example: XML serialization 

in Java using SAX 
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public void appendBook(ContentHandler ch) { 

  String title = "Sweetness and Power"; 

  ch.startDocument(); 

  AttributesImpl bookAttrs = new AttributesImpl(); 

  bookAttrs.addAttribute("", "title", "title", "CDATA", title); 

  ch.startElement("", "book", "book", bookAttrs); 

  AttributesImpl authorAttrs = new AttributesImpl(); 

  authorAttrs.addAttribute("", "name", "name", "CDATA", "Sidney W. Mintz”); 

  ch.startElement("", "author", "author", authorAttrs); 

  ch.endElement("", "author", "author"); 

  ch.startElement("", "editions", "editions", new AttributesImpl()); 

  AttributesImpl edition1Attrs = new AttributesImpl(); 

  edition1Attrs.addAttribute("", "year", "year", "CDATA", "1985"); 

  edition1Attrs.addAttribute("", "publisher", "publisher", "CDATA", "Viking"); 

  ch.startElement("", "edition", "edition", edition1Attrs); 

  ch.endElement("", "edition", "edition"); 

  ch.endElement("", "editions", "editions"); 

  ch.endElement("", "book", "book"); 

  ch.endDocument(); 

} 



XML in SugarJ 
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import XML; 

 

public void appendBook(ContentHandler ch) { 

  String title = "Sweetness and Power"; 

 

  ch.<book title="{title}"> 

       <author name="Sidney W. Mintz" /> 

       <editions> 

         <edition year="1985" publisher="Viking Press" /> 

         <edition year="1986" publisher="Penguin Books" /> 

       </editions> 

     </book>;    

} 



public sugar Pairs { 

 

  context-free syntax 

    "(" JavaExpr "," JavaExpr ")" -> JavaExpr 

 

 

 

 

 

 

 

 

} 

public sugar Pairs { 

 

  context-free syntax 

    "(" JavaExpr "," JavaExpr ")" -> JavaExpr 

 

 

  rules  

    pair-desugaring : 

      |[ (~e1, ~e2) ]| -> |[ new Pair(~e1, ~e2) ]| 

 

 

 

} 

public sugar Pairs { 

 

  context-free syntax 

    "(" JavaExpr "," JavaExpr ")" -> JavaExpr 

 

 

  rules  

    pair-desugaring : 

      |[ (~e1, ~e2) ]| -> |[ new Pair(~e1, ~e2) ]| 

 

  desugarings 

    pair-desugaring 

} 
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 SDF 

 Stratego 

private (String, Integer) p = ("12", 34); 

Desugar private Pair<String, Integer> p = new Pair("12", 34); 

import Pairs; 

 

public class Test { 

  private (String, Integer) p = ("12", 34); 

} 



Metalevels and SugarJ 
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SugarJ is 

• object language 

 

• metalanguage 

libraries can affect both 

Application 

SugarJ 
extensions 



<xsd:schema targetNamespace="lib"> 

  <xsd:element name="book" type="Book" /> 

                 

  <xsd:complexType name="Book"> 

    <xsd:choice maxOccurs="unbounded"> 

      <xsd:element name="author" type="Person" /> 

      <xsd:element name="editions" type="Editions" /> 

    </xsd:choice> 

    <xsd:attribute name="title" type="string" /> 

  </xsd:complexType> 

</xsd:schema> 

prog :    stat+ ; 

stat : expr NEWLINE        -> expr 

 | ID '=' expr NEWLINE -> ^('=' ID expr) 

 | NEWLINE             -> ; 

expr : multExpr (('+' |̂'-'^) multExpr)* ; 

multExpr: atom ('*'^ atom)* ; 

atom : INT 

 | ID 

 | '('! expr ')'! ; 

Metalanguage extensions 
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• alternative syntax for grammars 

• concrete syntax for transformations 

• meta-DSL: XML Schema 

 ANTLR 

desugar 

rules  

  pair-desugaring : 

    PExpr(e1, e2) ->  

    NewInstance( 

      None(), 

      ClassOrInterfaceType(TypeName(Id("Pair")), None()), 

      [e1, e2], 

      None()) 

rules  

  pair-desugaring : 
    |[ (~e1, ~e2) ]| -> |[ new Pair(~e1, ~e2) ]| 



public sugar Pairs { 

 

  context-free syntax 

    "(" JavaExpr "," JavaExpr ")" -> JavaExpr 

 

 

  rules  

    pair-desugaring : 

      |[ (~e1, ~e2) ]| -> |[ new Pair(~e1, ~e2) ]| 

 

  desugarings 

    pair-desugaring 

} 

Problem: Coupling of Syntax & Transformation 

• For instance, cannot store XML data independent of transformation 
• Different transformations would make sense but we can only choose one 



Our approach 

• A module system with first-class transformations 

– Transformations and input to transformations (models) are 
independent 

– Transformations are applied on-demand in import 
statements 

– Can apply many transformations to the same models 

– Can reify everything as a model, including transformations 

– Supports higher-order transformations 
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Example: A state machine DSL 
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State machine metamodel 
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Using the state machine 
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Formalization (1/3) 
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Formalization (2/3) 
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Formalization (3/3) 
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Properties 

22 



Conclusions 

• We want to make transformations a first class 
citizen in module languages 

• We try to combine the strengths of macros 
and MDD 

• All dependencies are explicit 

• Everything is (or can be) a model 

• All concepts applicable across meta-levels 

• Try it! Download on http://sugarj.org 
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