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Organisatorisches

https://github.com/ManuelLerchner/fpv-tutorial-SS23



3

Materialien

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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Quiz

Passwort:
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T01: Recap Implications
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T02: Assertions

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T03: The Strong and the Weak

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T04: Strongest Postconditions 1

https://github.com/ManuelLerchner/fpv-tutorial-SS23



9

T04: Strongest Postconditions 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T04: Strongest Postconditions 3

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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Preconditions, Postconditions and Local Consistency
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https://github.com/ManuelLerchner/fpv-tutorial-SS23
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Quiz

Passwort:



3https://github.com/ManuelLerchner/fpv-tutorial-SS23

T01: From Post- to Preconditions
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T01: From Post- to Preconditions 1

Post-Condition: Pre-Condition:
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T01: From Post- to Preconditions 2

Post-Condition: Pre-Condition:
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T01: From Post- to Preconditions 3

Post-Condition: Pre-Condition:
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T02: Local Consistency

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T02: Local Consistency (Extra Space)

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T03: Trouble Sort

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T03: Trouble Sort (Extra Space)

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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MiniJava 2.0, Loop Invariants
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Manuel Lerchner
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Quiz

Passwort:
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T01: MiniJava 2.0 Beispiele zum Testen:
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T01: MiniJava 2.0

WP[rand x;](B) =
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T01: MiniJava 2.0

WP[x = either e0, e1 … ek](B) =
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T01: MiniJava 2.0

WP[x e in a, b](B) =
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T01: MiniJava 2.0

WP[stop](B) =
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T02: Loop Invariants
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T02: Loop Invariants 1
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T02: Loop Invariants 2
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T02: Loop Invariants 3
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T03: Two b, or Not Two b
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T03: Two b, or Not Two b

Tipps zum finden von Loop Invarianten: 

https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4

https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4
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Tipps für Loop Invarianten
https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4

https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4
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Loop Invariants and Termination proofs
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Manuel Lerchner

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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Quiz

Passwort:



3https://github.com/ManuelLerchner/fpv-tutorial-SS23

T01: Loop Invariants
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T01: Loop Invariants
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T02: Termination
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T03: A Wavy Approach

Todos:

1. Schleife verstehen

2. Variable r definieren / finden 

• r ≥ 0 in jedem Durchgang
• r wird strikt kleiner

3. Neue Variable und Assertions einfügen
• Am Ende „true“ Assertion!

4. Local-Consistency zeigen
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T03: A Wavy Approach
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Tipps für Loop Invarianten
https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4

https://ttt.in.tum.de/recordings/Info2_2017_11_24-1/Info2_2017_11_24-1.mp4
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T01: Expressions
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T01: Expressions

• Constants:

• Variables:

• Unary Operator:

• Binary Operator:

• Tuples:
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T01: Expressions

• Records (definition):

• Records (access):

• Lists:

• if-then-else:
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T01: Expressions

• Pattern Matching:

• Function Definition :

• Function Application :

• Variable Binding:
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T01: Expressions
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T01: Expressions
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T01: Expressions
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T02: What‘s the Point
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T03: Student Database
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Ocaml: List-Module, Binary Search Trees
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T01: Explicit Type Annotation
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T02: The List Module
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T03: Binary Search Tree 1
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T03: Binary Search Tree 2
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T03: Binary Search Tree 3
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T03: Binary Search Tree 4
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T03: Binary Search Tree 5
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T03: Binary Search Tree 6
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T01: List Module Part 2

• Use functions from the List-Module!
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T01: List Module Part 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23

• Selected Functions from the List-Module

• List.map

• List.fold_left

• List.find_opt

• List.filter

('a -> 'b) -> 'a list -> 'b list

('a -> 'b -> 'a) -> 'a -> 'b list -> 'a

('a -> bool) -> 'a list -> 'a option

('a -> bool) -> 'a list -> 'a list
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T01: List Module Part 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23

• List.map ('a -> 'b) -> 'a list -> 'b list

1 2 -3 4 5 8
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T01: List Module Part 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23

• List.fold_left

1 2 -3 4 5 8

('a -> 'b -> 'a) -> 'a -> 'b list -> 'a
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T01: List Module Part 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23

• List.find_opt

1 2 -3 4 5 8

('a -> bool) -> 'a list -> 'a option
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T01: List Module Part 2

https://github.com/ManuelLerchner/fpv-tutorial-SS23

• List.filter

1 2 -3 4 5 8

('a -> bool) -> 'a list -> 'a list
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T02: Mappings

Idea: Create a Dictionary-Datastructure

age_dictionary = {
"John": 25,
"Mary": 20,
"Tom": 30

}
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T02: Mappings

• How to store dictionaries?

• Association Lists

• Functional mapping

assoc_list = [
("John", 25),
("Mary", 20),
("Tom", 30)

]

25 wenn x = "John"

20 wenn x = “Mary"

30 wenn x = “Tom"

expr sonst

func_map = fun x->
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T02: Functional Mappings

25 wenn x = "John"

20 wenn x = “Mary"

30 wenn x = “Tom" x

func_map = fun x->

sonst
x sonstexpr sonst

• Every layer saves exactly one datapoint

• If the parameter matches the datapoint -> return its value

• Else delegate to sub-function

*Green brackets mean function evaluation with parameter x
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T03: Operator Functions
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T01: Tail Recursion 1
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T01: Tail Recursion 2

• Tipp: Use accumulator variables 

and helper functions
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T02: Lazy List Idea

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T02: Lazy List

https://github.com/ManuelLerchner/fpv-tutorial-SS23

1 2 4 8
…

1, fun ()->n n
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T02: Lazy List

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T02: Lazy List

https://github.com/ManuelLerchner/fpv-tutorial-SS23
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T03: Partial Application
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T03: Partial Application
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T03: Partial Application
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T03: Partial Application
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T03: Partial Application
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T01: Students In Students Out

John;Doe;0;1;3

0;4.

1;3.

2;3.7

Jane;Doe;1;2;3

0;3.

1;3.5

2;3.7

Manuel;Lerchner;1;2;0

store_db

student_database.txt
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T01: Students In Students Out

John;Doe;0;1;3

0;4.

1;3.

2;3.7

Jane;Doe;1;2;3

0;3.

1;3.5

2;3.7

Manuel;Lerchner;1;2;0

load_db

student_database.txt
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T01: Students In Students Out

• File I/O

• open_in
• open_out
• close_in
• close_out
• input_line
• output_string

• Exceptions

• try expr with exn -> expr

• Other helpful functions

• String.split_on_char
• String.concat
• List.iter
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T02: (Delayed) Evaluation, Side-effects, Pure Functions
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OCaml: Modules
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T01: A Multitude of Map Modules
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OCaml vs Java: Module Type

• Module types sind ähnlich zu Interfaces in Java

• Kapselung von zusammengehörigen Daten / Funktionen
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OCaml vs Java: Module

• Modules sind wie Klassen in Java, sie können Module types implementieren

• Typisierung entspricht implements
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OCaml vs Java: Module Type with generic type

• Modules types mit eigenem Datentyp entsprechen generischen Interfaces

• Mit zusätzlich get() Funktion
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OCaml vs Java: Include Keyword

• The include keyword is similar to the extend keyword in Java
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OCaml vs Java: Functors

• Functors are Similar to Generic classes, where the generic type has a constraint
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OCaml vs Java: Functor Example

Nicht ganz, ListSerializer

hat falsche Signatur
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Sharing Constraints



10https://github.com/ManuelLerchner/fpv-tutorial-SS23

Sharing  Constraints
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Summary

• Ähnlichkeiten zwischen OCaml und Java

• module type == Interface

• module == Klasse

• typisiertes Module == Klasse die Interface implementiert

• Include keyoword in Module type == Interface extended anderes Interface

• Functor == generische Klasse mit Constraint auf Generic

• Wird „ausgeführt“ indem der generische Typ „festgelegt“ wird
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Quiz

Passwort:
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What is Big Step?

• A way to formally calculate the value of expressions (Recursive style)

• add (2, 3+4,sq 3) (Function call) 

1. Find the value of the called function

1. add: Global Definition

1. Extract the value

2. Find the value of the argument

1. It‘s a tuple! Simplify all entries

1. 2 => 2

2. 3+4 => 7 (Arith)

3. sq 3 = Function call

1. sq: Global Definition

1. Extract the value

2. Argument 3 => 3

3. Substitute: x*x -> 3*3 => 9

3. Substitute the function variables with actual values

1. Substitute x+y+z with x=2, y=7, z=9

2. 2+7+9 =>18
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Big Step Rules 1
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Big Step Rules 2
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Big Step Rules 3
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T01: Big Steps
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1



15https://github.com/ManuelLerchner/fpv-tutorial-SS23

T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü1
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2



22https://github.com/ManuelLerchner/fpv-tutorial-SS23

T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü2
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3



45https://github.com/ManuelLerchner/fpv-tutorial-SS23

T01: Big Steps Ü3
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T01: Big Steps Ü3
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T01: Big Steps Ü3
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T02: Multiplication

Tipp: Induction on parameter a

• Base Case: n = 0

• n -> n+1
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T02: Multiplication
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T02: Multiplication
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T02: Multiplication
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T02: Multiplication
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T02: Multiplication

IH: mul a b = a*b
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T02: Multiplication
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T02: Multiplication
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T02: Multiplication



57https://github.com/ManuelLerchner/fpv-tutorial-SS23

T02: Multiplication
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T02: Multiplication
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T03: Threesum

Tipp: Induction on parameter L

• Base Case L= [ ]

• L  -> 𝑥𝑛+1 :: L
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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T03: Threesum
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Quiz

Passwort:
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T01: What The Fact
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Template

Tipp: This scheme has has a flaw!

(Try to generalize!)
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T02: Arithmetic 101
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Template
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T03: Counting Nodes
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Template
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Threads

• utop -I +threads
• #use “src/file.ml“

Threads in utop:
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T01: Hellish Counting
spawn_counter n

Print:
id, 0
id, 1
…  
id, n  

Create Thread:

run_counters m n 

spawn_counter n spawn_counter n spawn_counter n

m
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T01: Hellish Counting

run_counters m n

spawn_counter n spawn_counter n spawn_counter n

Channels

1. Threads write in their channel after they

printed somehting and start to wait!

2. Main Thread repeatetly reads from all 

channels, to „unblock“ them

3. Threads proceed to print next value

4. Repeat until all counters are finished

Spawn Threads with an individual channel.

Repeat: Read something from every

channel to „unblock“ them

Print a value, and send 

something in the channel!

Wait for completion!
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T02: Blog Server

Server s

Server main loop:
while true:

sync read message from channel
parse message
perfom action (update db)

Client

db users

1) read s „Manuel“ ch2) Send content to ch
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T03: How about the Future
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