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Status of the course in the study program:
A facultative Master course for computer science students.
Objectives of the course:
The goal of this course is to introduce students to selected topics on the design of programming languages equipped with advanced type systems. Such languages make it possible to implement programs with 100% guarantee of freedom from some classes of programming errors. The achievements in this area are a basis of many modern tools and programming languages, such as Objective Caml (OCaml), F# (a variant of OCaml for .NET), Haskell and the newest versions of Java (with "generics"). 

The goal of the laboratory course is to demonstrate practical features of modern programming languages, on the example of OCaml (or F#), which is currently the most popular dialect of ML.
Course description:
A large part of the lectures covers the issues of polymorphism and type deduction, on the example of ML -- the first programming language with automatic deduction and verification of types. In order to understand the mechanism of type deduction and verification, we will formally design a simple programming language with polymorphic types (mini-ML). The language constructs and algorithms that are built into this language will be illustrated with example programs. The programs will be executed using the OCaml interpreter, which allows the students to see the effects of type deduction. There will be also briefly discussed the example use of type systems for concurrent and distributed languages whose communication abstractions are based on message passing.

The laboratory course covers a fairly complete course of programming in OCaml. OCaml is a functional language with support of object programming. It is equipped with a static, polymorphic type system with type deduction (at compile time). A subset of OCaml has recently been proposed for the .NET environment, under the name F#. Apart from learning how to program in OCaml or F#, the students will be developing their own project using one of the following environments: Linux/Windows/MacOS (OCaml) or Windows (F#).

The lecture course material includes such topics as:

1.  Types in programming languages, type safety, safe and unsafe languages
2.  Type checking, typability, and type deduction
3.  The ML polymorphism ("generics")
4.  The Mini-ML type system 
5.  Examples of type deduction
6.  The type inference algorithm
7.  Polymorphic types of references
8.  A problem with let-bound polymorphism and its correct solution
9.  The Mini-ML operational semantics and proving type soundness 
10. An introduction to type systems for concurrent and distributed languages (the pi-calculus with a simple type system)
11. A presentation of the F# language (a variant of OCaml for .NET): differences between OCaml and F#, linking programs in F# with programs in C# (and vice-versa), using the .NET libraries, deployment and debugging of F# programs in Visual Studio
12. Object-oriented programming in OCaml
13. A module system and functors
14. Selected topics of developing applications in OCaml

The laboratory course material includes topics like:

1. Arithmetic expressions, type deduction, type conversion, let-expressions, defining and calling functions, lambda expressions, polymorphic and recursive functions, pattern matching on the example of list processing
2. Local/global expressions, references (variables) a la pointers in C/C++, nested functions, modules, the "dot" notation and aliases, conditional expressions
3. The list constructor, polymorphic lists, tuples, records, variants, recursive variants (on the example of a type of trees), parametric variants (with type variables)
4. Pattern matching for complex data types, operations on trees
5. Simple modules (without functors), interfaces and signatures, abstract types, privacy, defining submodules
6. "Pointers" to null data, assertions, event handling (exceptions)
7. What is functional programming?, higher-order functions, closures, mapping functions onto complex data structures, partial application of functions and currying, pure and impure functional programming, strict and lazy evaluation of expressions, "boxed" and "unboxed" types
8. Loops, tables, iteration on lists and strings, other operations on lists (mapping, filtering, universal and existential quantifications, aggregation of operations)
9. Opmitimization of recursive programs (tail recursion)
   
Detailed information can be found on this page: http://www.cs.put.poznan.pl/pawelw/typy/.
Initial knowledge:
Basic knowledge of algebra, logic and programming languages.
Teaching methods:
Lectures and a laboratory course. The lecture material will be presented in the form of slides, interleaved with examples run on the computer and with proofs carried out on the blackboard.
Assessment methods:
A written test on the lecture and a programming project (in OCaml or F#) during the lab. course.
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