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Learning Objectives

At the end of this class, students should be able to:

• identify language elements and characteristics of programming languages and
domain-specific languages

• recall the fundamental techniques of language implementation

• develop formal specifications of a language

• apply generating tools and standard solutions to implement compilers

Forms of Teaching

• Lecture

• Discussions

• Reading

• “Check your Knowledge”

• Exercises

• Lab Exercises

• Running Project “SetLan”

• Homework Assignments
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Prerequisites

From the lecture “Modeling” (1st semester)

• Finite automata
↪→ needed for lexical analysis

• Context-free grammars
↪→ needed for grammar design, syntactic analysis

From the lecture “Foundations of Programming Languages” (2nd semester)

• Levels of language properties
↪→ needed for language specification, compiler tasks

• Context-free grammars
↪→ needed for grammar design, syntactic analysis

• Scope rules
↪→ needed for name analysis

• Data types
↪→ needed for type analysis, type systems
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PLaC Web Site

http://ag-kastens.upb.de/lehre/material/plac2016/
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Organization of the Course
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What does a Compiler Compile?

A compiler transforms correct sentences of its source language into sentences of its target
language such that their meaning is unchanged.

Source Target

Impl

T-Diagram of a Compiler: A source language text is
translated to a target language text. The Compiler is
written in the implementation language.
Example Languages: Java, C, C++, Haskell, Lisp,
Prolog, JavaScript, PHP, PostScript, LATEX, XML,
HTML, SQL, BNF, x86, Java Bytecode, ...

Questions

• Create some reasonable T-Diagrams.

• Find some T-Diagrams that make no sense.

• Our C Compiler is written in C, how was it compiled?

• What are the following “compilers” good for?

Java XML

Java

BNF C

Java

Java
Bytecode HTML

Java
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History of Compiler Construction

Research has led to a clear understanding of compiler construction, a large body of
theory, and systematic compiler tools.

The first compiler was written in 1952 by Grace
Hopper for the A-0 system language (Arithmetic
Language Version 0 ).

The FORTRAN team led by John W. Backus at IBM
introduced the first complete compiler in 1957. It
took 18 person-years to create.

The first ALGOL 58 compiler was completed by the
end of 1958 by Friedrich L. Bauer, Hermann
Bottenbruch, Heinz Rutishauser, and Klaus Samelson
for the Z22 computer (vacuum tube computer built
by Konrad Zuse).
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What is compiled here?
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What is compiled here?
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Languages for Specification and Modeling
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Domain Specific Languages (DSL)
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Programming Languages as Source or Target Languages

Programming languages as source languages

• Software development
compilers, interpreters

• Program analysis
call graphs, control-flow graph, data dependencies

• Recognition of structures and patterns
e. g. for reengineering

Programming languages as target languages

• Generating software from specifications

• graphic modeling of structures (UML, SDL)
• Domain specific languages, application generators

• Program transformations

• Language extensions

• Source-to-source compilation
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Semester Project as Running Example

SetLan: A Language for Set Computations

SetLan is a simple imperative language for programming with sets. The language
includes set types and variables and expressions of those types. Specific loop constructs
allow to iterate through sets.
A source-to-source translator translates SetLan programs into Java programs.

The SetLan compiler is implemented using
the methods and tools introduced in this
course. The participants get an
implementation of a sub-language of SetLan
as a starting point. This language is
extended during the practical exercises.

SetLan example

{ set a, b; int i;

i = 1;

a = [i, 3, 5];

b = [3, 6, 8];

print a+b; printLn;

print a*b <= b;

printLn;

}
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