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Intro

Clojure - Überblick

Funktional
aber nicht ausschließlich

Dynamisch Typisiert
erlaubt Type Hints

Basiert auf JVM
alternativ CLR

Ein modernes Lisp
mehr Syntax
weniger Klammern
gleiche Mächtigkeit
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Designziele
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Figure 1.1 Broad goals of Clojure: Clojure was designed with these three main goals in
mind. Several more specific goals and design decisions are shown here to indicate how they
support combinations of the three main goals.

As the figure above illustrates, Clojure's broad goals are formed from a
confluence of supporting goals and functionality. We will touch on all of these in
the sections below.

It's hard to write simple solutions to complex problems. But every experienced
programmer has also stumbled on areas where we've made things even more
complex than necessary, what we might call  complexity as opposed toaccidental
complexity that is  to the task at hand.  Clojure strives to let you tackleessential 2

complex problems involving a wide variety of data requirements, multiple
concurrent threads, composing independently developed libraries, etc. without
adding accidental complexity. It also provides tools reducing what at first glance
may even seem like essential complexity. The resulting set of features may not
always seem simple, especially when they are still unfamiliar, but as you read
through this book we think you'll come to see how much complexity Clojure helps
strip away.
Footnote 2m"Out of the Tar Pit" by Ben Moseley and Peter Marks;
http://web.mac.com/ben_moseley/frp/frp.html

One example of accidental complexity is the tendency of modern object
oriented languages to require that every piece of runnable code be packaged in
layers of class definitions, method declarations, static typing, etc. Most functions
don't actually need to be polymorphic, virtual, or even associated strongly with a

1.1.1 Simplicity

©Manning Publications Co. Please post comments or corrections to the Author Online forum: 
http://www.manning-sandbox.com/forum.jspa?forumID=624
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Abbildung: Clojure-Designziele
(Quelle: “The Joy of Clojure”)

Allgemein
Einfachheit
Ausdrucksstärke
Praktikabilität

Konkret
Kaum Syntax
Trennung von Konzepten
exzellente Java-Interop
Erweiterbarkeit
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Basics

Atomare Werte

Zahlen
1, 3.14, 3/4

Booleans
true, false

Strings
"Hallo, Welt!"

Keywords
:black, :name
Stehen für sich selbst

Symbole
x, my-name, finished?
Stehen für etwas anderes

nil
Steht für “nichts”
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Basics

Datenstrukturen

Listen
(a b c)
In der Regel für “Befehle” verwendet

Vektoren
[1 2 3]
Normalerweise für Daten verwendet

Maps
{:a 1, :b 2, :c 3}

Sets
#{1 42 :foo}
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Basics

Syntax

Habt ihr bereits gesehen!
Clojure ist homoikonisch

Code ist selbst in Datenstrukturen der Sprache repräsentiert
⇒ Meta-Programmierung wird einfach!

Aber: Semantik steckt in Auswertungsregeln

Beispiel: Funktionsdefinition
(defn my-add

"Adds two numbers"
[x y]
(+ x y))
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Basics

Auswertung

Fast alles evaluiert zu sich selbst - bis auf ...
Symbole: Lookup des Wertes
Listen: Erstes Element wird als Befehl, alle weiteren als
Elemente interpretiert
Evaluierung kann durch quote unterbunden werden

Die Funktion eval liefert einen vollständigen
Clojure-Interpreter
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Basics

Der REPL

Read-Eval-Print-Loop
Read: Umwandeln von Quelltext in Clojure-Datenstrukturen
Eval: Auswertung
Print: Ausgabe im Terminal

Ernöglicht interaktive Entwicklung
Algorithmen entwickeln
Mit Libraries spielen
Testen
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Funktionale Programmierung

Das Problem imperativer Sprachen

Python
x = [5]
process(x)
x[0] = x[0] + 1

Was ist x am Ende?
Semantik ist nicht-lokal
⇒ Systemkomplexität!

Hilft Kapselung?
Nebenläufigkeit?
⇒ “Locking-Albtraum”

Zitat
“Mutable stateful objects are the new spaghetti code”
– Rich Hickey

Benjamin Teuber Clojure



Intro Basics Funktionale Programmierung Collections Java-Interop State Fortgeschrittenes

Funktionale Programmierung

Funktionale Programmierung

Pure Funktionen
Keine Nebeneffekte
Ausgabe hängt ausschließlich von den Eingaben ab

⇒ Referentielle Transparenz
Vereinfacht Testen etc.

Clojure
Pure Funktionen normal
Kein Zwang (vgl. Haskell)
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Funktionale Programmierung

Funktionen höherer Ordnung

Funktionen selbst sind Werte
Können als Ein- oder Ausgaben vorkommen
Anonyme Funktionen sinnvoll

z.B. praktisch für Stream-Verarbeitung

(def digits [0 1 2 3 4 5 6 7 8 9]

(filter odd? digits)

(map inc digits)

(take-while (fn [x] (< x 4)) digits)
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Funktionale Programmierung

Wahrheit in Clojure

Logisch falsch: nil und false

Logisch wahr: alles andere
Ungewohnt, aber praktisch
(or nil 42)
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Funktionale Programmierung

Wertsemantik

Werte sind unveränderlich
Alle bisherigen Datentypen sind Werte (auch Collections!!!)
Gleichheit von Werten über Struktur
(= [1 2 3] [1 2 3])
Vergleiche Java

equals unsauber für veränderliche Objekte
Mal gleich, mal ungleich?
Strings
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Collections
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Collections

Collections

Clojure-Collections sind persistent
Achtung: nicht im Sinne von Datenbanken!
Operationen geben “neues Objekt” zurück
Altes bleibt intakt

Performanz
Komplette Kopie zu langsam
Idee: Structural Sharing
Implementation als Baumstrukturen
O(log32n), d.h. praktisch konstant!
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Collections

Collections (2)

“Ändern” in verschachtelten Collections
(assoc-in {:a [10 11 12]} [:a 0] 42)
(update-in {:a [10 11 12]} [:a 0] + 5)

Collections als Funktionen
([1 2 3] 0)
({:a 1, :b 2} :b)

Keywords als Funktionen
(:b {:a 1, :b 2}
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Collections

Destructuring

Wie Pattern Matching (aber weniger mächtig)
Erlaubt zerlegen von Collections z.B. in Parametern

(defn foo [x [a b c] z]
(prn x a b c z))

(foo 42 [1 2 3] :bar)
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Collections

Sequence-Abstraktion

Analog zu Listen alter Lisps
Erstes Element:
(first liste)
Rest-Liste:
(rest liste)
Element hinzufügen:
(cons elt liste)

Modernisierung: Interface
vgl. Iterable
Bereits für “alles”
implementiert

100

Clojure classifies each composite data type into one of three logical categories or
partitions: sequentials, maps, and sets. These divisions draw clear distinctions
between the types and help define the equality semantics. Specifically, two objects
will never be equal if they belong to different partitions. Very few composite types
are actually , though several such as vectors are .sequences sequential

If two sequentials have the same values in the same order,  will return true for=
them, even if their concrete types are different. Conversely, even if two collections
have the same values in the same order, if one is a sequential collection and the
other is not,  will return false. Examples of things that are sequential include=
Clojure lists and vectors, and Java lists like ArrayList. In fact everything that
implements java.util.List is included in the sequential partition.

Generally things that fall into the other partitions include "set" or "map" in their
name and so are easy to identify.

Many Lisps build their data types  on the cons-cell abstraction; a simple81

two-element structure illustrated in figure 4.7.
Footnote 81mAlthough as early as 1962 Lisp has had arrays as a base type. See "LISP 1.5 Programmer's
Manual" by McCarthy, Abrahams, Edwards, Hart, and Levin for more information.

Figure 4.1 A Cons Cell: Each cons cell is a simple pair, a car and a cdr. 1) A list with 2
cells, each of which has a value (A and B) as the head (i.e. car in Lisp terminology), and a list
as the tail (i.e. cdr). This is very similar to first and rest in Clojure sequences. 2) A cons cell
with a simple value for both the head and tail. This is called a *dotted pair*, but is not
supported by any of Clojure's built in type.

Clojure also has a couple of cons-cell-like structures which are covered in the
list section later, but they're not central to Clojure's design. Instead, the conceptual
interface fulfilled by the cons-cell has been lifted off the concrete structure
illustrated above, and been named . All an object needs to do to be asequence
sequence is to support the two core functions:  and . This isn't much,first rest
but it's all that's required for the bulk of Clojure's powerful library of sequence
functions and macros to be able to operate on the collection: , , , filter map for

, , , the list goes on.doseq take partition

EQUALITY PARTITIONS

THE SEQUENCE ABSTRACTION

©Manning Publications Co. Please post comments or corrections to the Author Online forum: 
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Abbildung: Alte Lisp-Listen
(Quelle: “The Joy of Clojure”)
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Collections

Lazy Sequences

Lazyness: Verschieben von Arbeit bis Ergebnis benötigt
vergleiche Haskell

Lazy Sequences
Können unendlich sein
Können große Datenmengen verwalten
Erlauben generischeren Code

⇒ Viele Sequence-Funktionen sind lazy

Beispiel: Fibonacci
(defn calc-fibs [x y]

(lazy-seq
(cons x (calc-fibs y (+ x y)))))

(def fibs (calc-fibs 1 1))
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Java-Interop

Java-Interop allgemein

von Java nach Clojure
Jede Clojure-Funktion implementiert Runnable
Jede Clojure-Collection implementiert Iterable
Jeder Clojure-Namespace wird eine Klasse
Clojure kann Klassen und Interfaces definieren

von Clojure nach Java
Iterable, Strings, Arrays etc. sind Sequences
Klassen und Interfaces können geerbt werden
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Java-Interop

Java-Operatoren

new
(new java.io.File "foo")
kürzer (java.io.File. "foo")

Methoden
(. person toString)
kürzer (.toString person)

Syntaktischer Zucker
(. (. person getAdress) toString)

⇒ (.. person getAdress toString)
(let [p (Person. "foobert")] (.setAge p 25) p)

⇒ (doto (Person. "foobert") (.setAge 25))

Benjamin Teuber Clojure



Intro Basics Funktionale Programmierung Collections Java-Interop State Fortgeschrittenes

Java-Interop

Beispiel: Swing-Anwendung
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Java-Interop

Beispiel: Swing-Anwendung (2)

(import ’(javax.swing JFrame JLabel JTextField JButton)
’(java.awt.event ActionListener)
’(java.awt GridLayout))

(defn celsius []
(let [frame (JFrame. "Celsius Converter")

temp-text (JTextField.)
celsius-label (JLabel. "Celsius")
convert-button (JButton. "Convert")
fahrenheit-label (JLabel. "Fahrenheit")]

Benjamin Teuber Clojure
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Java-Interop

Beispiel: Swing-Anwendung (3)

(.addActionListener convert-button
(proxy [ActionListener] []

(actionPerformed [evt]
(let [c (Double/parseDouble (.getText temp-text))]

(.setText fahrenheit-label
(str (+ 32 (* 1.8 c)) " Fahrenheit"))))))

(doto frame
(.setLayout (GridLayout. 2 2 3 3))
(.add temp-text)
(.add celsius-label)
(.add convert-button)
(.add fahrenheit-label)
(.setSize 300 80)
(.setVisible true))))
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State

OOP vs. Clojure-Sichtweise

OOP-Sicht
veränderliche Werte
Alte Versionen zerstört
Probleme bei nebenläufigem
Zugriff

Clojure-Sicht
Veränderliche Referenz auf
unveränderliche Werte
Alte Versionen intakt
“To excel at mutablility, you
have to be good at
immutability”
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requiring that in order to model changes we must physically erase and redraw the
parts of the picture requiring change. Using this model we can now see that
mutation destroys all notion of time, and state and identity become one.

Figure 1.3 The Mutable Runner: Modeling state change with mutation requires that we
stock up on erasers.

Immutability lies at the cornerstone of Clojure and much of the implementation
ensures that immutability is supported efficiently. By focusing on immutability
Clojure eliminates entirely the notion of  (which is an oxymoron inmutable state
terms) and instead expounds that most of what we mean by instances are instead 

. Value by definition refers to an object's constant representative  amount,values 13

magnitude, or epoch. So we now ask ourselves: what are the implications of the
value-based programming semantics of Clojure?
Footnote 13mSome entities have no representative value -- Pi is an example. However, in the realm of
computing where we are ultimately referring to finite things, this is a moot point.

Naturally, by adhering to a strict model of immutability, concurrency suddenly
becomes a simpler problem, meaning if we have no fear that an object's state will
change then we can promiscuously share it without fear of it changing out from
underneath us. Clojure instead isolates value change to the reference types and as
we will see in chapter 11, that change is highly coordinated. Clojure's reference
types provide a level of indirection to an object which can be used to obtain

©Manning Publications Co. Please post comments or corrections to the Author Online forum: 
http://www.manning-sandbox.com/forum.jspa?forumID=624
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Abbildung: OOP-Sicht
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a manifestation of its properties at a given moment in time. We can envision a
child's flip-book to understand the terms fully. That is, the book itself, entitled
"The Runner" represents the identity. Whenever we wish to show a change in the
runner illustrated, we simply draw another picture and add it to the end of our flip
book. The act of flipping the pages therefore represents the states over time of the
image within. Stopping at any given page and observing the particular picture
represents the state of the "The Runner" at that moment in time. The primary
mechanism for drawing these distinctions is that of , or the inability toimmutability
change an object's state after its creation.

Figure 1.2 The Runner: A child's flip book serves to illustrate Clojure's notions of state,
time, and identity.

It's important to note that in the cannon of object-oriented programming there is
no clear distinction between state and identity. In other words, these two ideas are
conflated into what is commonly referred to as . That is, the classicalmutable state
object-oriented model allows unrestrained mutation of object properties without a
willingness to preserve historical states. Clojure's implementation attempts to draw
a clear separation between an object's state and identity as they relate to time. To
state the difference to Clojure's model in terms of our aforementioned flip book,
the mutable state model is very different. That is, our book becomes a single page

©Manning Publications Co. Please post comments or corrections to the Author Online forum: 
http://www.manning-sandbox.com/forum.jspa?forumID=624
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Abbildung: Clojure-Sicht (Quelle:
“The Joy of Clojure”)
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State

Referenzarten

4 verschiedene Arten von Referenzen
Verschiedene Nebenläufigkeitssemantiken
Gleiche Schnittstellen

Refs
Software Transactional Memory
Synchroner, koordinierter Zugriff

Agents
Asynchroner, unkoordinierter Zugriff

Atoms
Synchroner, unkoordinierter Zugriff

Vars
Thread-lokal
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State

Zugriff auf Refs

Lesen
@my-ref

Schreiben
(ref-set my-ref)

Ändern
(alter my-ref f extra-arg1 ...)

Schreibzugriff nur in Transaktion möglich
(dosync ...)
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State

Beispiel: Bankkonten

Atomare Überweisung
Schwierig in Java

(def my-account (ref 100))
(def your-account (ref 0))

(defn transfer [from to amount]
(when (>= @from amount)

(dosync
(alter from - amount)
(alter to + amount))))

(transfer my-account your-account 50)

Benjamin Teuber Clojure



Intro Basics Funktionale Programmierung Collections Java-Interop State Fortgeschrittenes

Fortgeschrittenes

Fortgeschrittenes
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Fortgeschrittenes

Makros

“Compiler-Plugins”
erlauben echte Erweiterung der Sprache
Idee: Funktionen, die Code als Ein- und Ausgaben bekommen
viele Clojure-Befehle sind als Makros definiert

Aus clojure.core
(defmacro when

"Evaluates test. If logical true,
evaluates body in an implicit do."

[test & body]
(list ’if test (cons ’do body)))

Benjamin Teuber Clojure
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Fortgeschrittenes

Multimethods

Idee: Verallgemeinerung von OO-Konzepten
Dispatch-Funktion
Hierarchien

(defmulti arg-count-dispatch (fn [& args] (count args)))

(defmethod arg-count-dispatch 1 [x] "One Arg")
(defmethod arg-count-dispatch 2 [x y] "Two Args")
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Fortgeschrittenes

Protocols

Multimethods allgemein, aber langsam
90% der Fälle single-dispatch
Host-Sprache kann besser ausgenutzt werden

⇒ Protocols
Interfaces++
können nachträglich implementiert werden

ohne Wrapper
Namespace-abhängig

⇒ keine Probleme mit externem Code
keine Vermischung von Spezifikation und Hierarchie
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Fortgeschrittenes

Literatur

Halloway: Programming Clojure (hier in der Bib)
Fogus/Houser: The Joy of Clojure (bisher nur als Preview)
Die Clojure-Webseite
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