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Machine Learning meets Quantum Computation



Road map

• Learning Classifier Systems (LCS) 
• OpenAI Gym 
• PyALCS framework 
• Experiments



Learning Classifier Systems



Anticipatory Behavioral Control 
Joachim Hoffmann 1993
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Classifier Structure

CONDITION - ACTION - EFFECT
QUALITY, REWARD, INTERMEDIATE REWARD, MARK, NUMEROSITY, EXPERIENCE, TALP, TGA, TAV



OpenAI



OpenAI Gym



OpenAI Gym Interface

• Initialization (constructor) 
• Methods step,	reset 

• Optionally render



PyALCS

1. Why?  
2. ACS2, ACS2Configuration classes 
3. Working modes (explore/exploit) 
4. Perception standarization 
5. Action mapper standarization



C++ vs Python two-point crossover

void	CharPosList::twoPointCrossover(CharPosList	*	
cpl2,	int	len)	{	
		//determine	two	distinct	crossing	points	and	
bring	them	in	order	
		int	p1,	p2;	
		p1	=	(int)(frand()	*	(double)(len	+	1));	
		while	((p2	=	(int)(frand()	*	(double)(len	+	1)))	
==	p1);	//Just	make	sure	that	we	get	two	distinct	
positions	
		if	(p1	>	p2)	{	
				int	help	=	p1;	
				p1	=	p2;	
				p2	=	help;	
		}	

		//set	the	pointers	of	the	two	lists	to	the	first	
crossing	site	
		CharPosItem	*	cplp,	*	cplpl	=	0;	
		CharPosItem	*	cplp2,	*	cplpl2	=	0;	
		int	s1	=	0,	s2	=	0;	
		for	(cplp	=	first;	cplp	!=	0;	cplp	=	cplp	-	>	
next)	{	
				if	(cplp	-	>	p	>=	p1)	
						break;	
				s1++;	
				cplpl	=	cplp;	
		}	

…

def	two_point_crossover(self,	other,	
samplefunc	=	sample):	
				left,	right	=	samplefunc(range(0,	
self.cfg.classifier_length	+	1),	2)	

				if	left	>	right:	
						left,	right	=	right,	left	

				#	Extract	chromosomes	
				chromosome1	=	self[left:right]	
				chromosome2	=	other[left:right]	

				#	Flip	them	
				for	idx,	el	in	enumerate(range(left,	
right)):	
						self[el]	=	chromosome2[idx]	
						other[el]	=	chromosome1[idx]

C++ 
383 lines

Python 
13 lines



Maze

Perception 
N, NE, E, SE, S, SW, W, NW 

0 - path 
1 - wall 
9 - reward 

Actions 
N(0), NE(1), E(2), SE(3), 
S(4), SW(5), W(6), NW(7)



Maze
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11bit MPX

5th number

Boolean Multiplexer (MPX)



Boolean Multiplexer (MPX)



FrozenLake

SFFF	
FHFH	
FFFH	
HFFG

S: starting point 
F: frozen surface 
H: hole 
G: goal



FrozenLake



Go



Next steps

1. Handle non-deterministic environments 
2. Handle continuous input (rACS) 
3. Mental Acting and Action Planning 
4. Concept drift research 
5. Better default settings



More info

Code 

github.com/ParrotPrediction/pyalcs/ 
github.com/ParrotPrediction/openai-envs 

Contact 

Wroclaw University of Science and Technology 
norbert.kozlowski@pwr.edu.pl


