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(Overlapping) Fields of AI research
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Fundamentals in AI research

Statistics and probability

Linguistics

Arithmetics

Numerical optimization

Graph theory

Seven bridges of Königsberg Problem1

1https://en.wikipedia.org/wiki/Seven_Bridges_of_Königsberg
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Machine learning prerequisites

Machine learning:
◮ Fast linear algebra functions
◮ Space efficient data handling
◮ Concurrency

Data processing:
◮ Simple input transformation
◮ Short feedback loops

Ecosystem:
◮ Library supply
◮ Community support
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Common languages in AI research 4

Python, R,

Lisp, Prolog,

Java, C++,

Julia, SQL

(with FP patterns)
2020 Kaggle ML survey results3

3https://www.kaggle.com/carloseduardosilvabh/kaggle-2020-ml-survey-analysis

4https://www.techindiatoday.com/programming-languages-for-artificial-intelligence/
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Functional programming languages towards AI

Functional programming



What is functional programming?

Programming paradigm
◮ Collection of concepts, patterns, standards, ✿ ✿ ✿

Functions as first class citizens
◮ Just like any other variable (e.g. argument or return)

Pure functions
◮ Referential transparency: no side–effects
◮ Replacements at compile-time

✦ Consequence: Immutability
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Functional programming for AI?

Immutable data
◮ Concurrency

Pure functions
◮ Easily swapped

Stateless
◮ Convenient for reasoning, testing

Higher abstractions
◮ Easier to understand and debug
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Lisp for AI?

Semantics
◮ Convenient to prove computation properties5

Reprogrammable
◮ Compile, read and run at runtime, compiletime or readtime

Data representation
◮ One language: data, code andmeta-programming

5Winskel is (almost) Right - Tobias Nipkow
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Functional programming languages towards AI

Language focus: Clojure



What is Clojure?

✎ Initial release 2007
◮ A functional Lisp dialect

for concurrency

✎ Very stable core

✎ Current version 1.10.1
(June 2019)

◮ Community driven

development

Statistics for the Clojure repository at GitHub6

6https://github.com/clojure/clojure
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Use of Clojure

State of Clojure community survey 20207

Business users are e.g. Apple, Netflix, Walmart & NASA

7https://de.surveymonkey.com/results/SM-CDBF7CYT7/
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Interesting aspects for AI research

Hosted language

Homoiconicity &macros

Precise, consistent syntax

The REPL

Immutability as default

Dynamic polymorphism
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Hosted language

JVM as primary platform for Clojure
◮ Base for interop with Java (JS for Clojure Script)

Other platforms:
◮ GraalVM (reduced start-up time❁ ✶✵♠s) 8

◮ .NET
◮ Perl, Python, Erlang, C++11, Go, Ruby (to a lesser extend)

8clojureD 2020 - Michiel Borkent on "Babashka and Small Clojure Interpreter: Clojure in new contexts"
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Homoiconicity

Code is data⇄ data is code

✦ Quote (treating code as data)

✦ Eval (executing Data as code)

✎ Easy metaprogramming e.g. macros within the language

✎ Symbolic expressions
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Example: code⇄ data9

Clojure code/ data

HTML code

9https://stackoverflow.com/a/108102/4919081
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Potential of macros10

‘If you give someone Fortran, he has Fortran.

If you give someone Lisp, he has any language he pleases.’

– Guy L. Steele, co-author of the Java spec

10History of Programming Languages II,1996
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Macros

✎ Tool to create syntax, useful for DSL

✎ Expanded at compile-time, evaluated at run-time

✎ Macros construct symbolic expressions, not string generation
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REPL11

Read Evaluate Print Loop
◮ Read: input stream✦ data
◮ Eval: data✦ data
◮ Print: data✦ output stream

✎ Not just a shell, immediate feedback, dynamic development

✎ Compiled on the fly, not interpreted

✎ Can be attached to running programs, even remotely

✎ Can be customized inside the Repl

(custom error msgs, debugging, etc)

11Chicago Clojure 2017 - Stuart Halloway on Repl Driven Development
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Functional programming languages towards AI

Syntax, overview & demo



Syntax 12 - data structures

12Clojure in a nutshell by James Trunk
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Syntax - functions & special forms
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Overview - immutability
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Syntax - defining functions
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Overview - handling parentheses
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Demo - loading a book
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Demo - top 10 words
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Demo - longest words
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Demo - longest palindrome
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Functional programming languages towards AI

Concurrency



Concurrency in general
Locks can cause deadlocks

◮ Difficult to implement correctly
◮ Keeping track of locks is not enforced in Java / C#

Control is facilitated in CLJ ( ✻❂ parallel language)

Solution: persistent data structures 13

Performance guaranteed through structural sharing

13Rich Hickey - Concurrency Support https://youtu.be/dGVqrGmwOAw
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Clojure references

✎ References are the only mutable types in clojure

✎ Snapshot system (multiversion concurrency control)

✎ Commutative transactions supported

Usage:
◮ Vars

(Within threads)
◮ Refs

(Sync., between threads, automatic retry, no side-effects)
◮ Agents

(Async., between threads, queue system, awaits, with side-effects)
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Performance of Clojure

"Neanderthal is also as fast or faster

than the best Java and Scala native BLAS14 wrappers" 15

"[Deep Diamond is m]uch faster than Keras

and TensorFlow on the GPU" 16

Possible to use libraries from:
◮ Python (libpython-clj)
◮ Julia (libjulia-clj)
◮ R (R-clj)
◮ Ruby (zweikopf)

Cover of Deep Learning - Dragan
Djuric17

14Basic Linear Algebra Subprograms

15https://neanderthal.uncomplicate.org/articles/benchmarks.html

16https://dragan.rocks/articles/20/Going-faster-than-Tensorflow-on-GPU-with-Clojure

17https://aiprobook.com/deep-learning-for-programmers/
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Examples

GAN network



FLAN from GAN20

Using a generative adversarial network to create flan pictures with

MXNet18 19

18Deep learning library: https://mxnet.apache.org/

19MXNet now via: DJL (https://djl.ai/)

20http://gigasquidso�ware.com/blog/2018/12/18/how-to-gan-a-flan/
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Flan database

Sample of scrapping 1000–5000 pictures of flans
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Discriminator definition

Fake or real flan per convolutional neural netowrk
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Generator definition

From random noise to flan with a deconvolutional network
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GAN training progress I

Epoch 0

Epoch 10

Epoch 23

Epoch 33
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GAN training progress II

Epoch 68

Epoch 161

Epoch 170

Epoch 195
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Examples

Genetic programming



Spec library - define, validate, generate data
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Spec library - define functions & exercises
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Genetic programming scheme

✦ Generate valid input data

✦ Take samples

✦ Evaluate

� New generation

21

21http://www.genetic-programming.com/coursemainpage.html
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Genetic programming with spec22

Flan discriminator

Spec definition

22Carin Meier - "Deep Learning Needs Clojure" (Conj 2017)
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Wrap-up

Summary



Machine learning capabilities

Machine learning:
◮ Fast linear algebra functions neanderthal, deep–diamond
◮ Space efficient data handling so�ware transactional

memory
◮ Concurrency structural sharing

Data processing:
◮ Simple input transformation demo
◮ Short feedback loops REPL

Ecosystem:
◮ Library supply interop
◮ Community support
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Wrap-up

References



Where to start?

✎ Website: clojure.org

✎ Documentation: clojuredocs.org

✎ Slack: clojurians.slack.com

✎ Zulip: clojurians.zulipchat.com

✎ SciClj: https://scicloj.github.io

42 / 43



How to learn Clojure?

Books:
◮ Programming Clojure - A. Miller, S. Halloway, A. Bedra
◮ Clojure for the Brave and True - D. Higginbotham
◮ Living Clojure - C. Meier
◮ The Joy of Clojure - M. Fogus, C. Houser

Online–learning:
◮ clojurescriptkoans.com
◮ 4clojure.com
◮ braveclojure.com
◮ kimh.github.io/clojure-by-example
◮ exercism.io
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