






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































The challenges of complex systems (CS) research - RenÃ© Doursat

Introduction â€” b. ... RenÃ© Doursat: "Complex Systems Made Simple" ... NetLogo Tutorial .... main tasks of MAS programming: agent design and society design. 

















 Télécharger le PDF 






 1MB taille
 2 téléchargements
 65 vues






 commentaire





 Report
























1. Introduction — b.



A vast archipelago



 The challenges of complex systems (CS) research Transfers  among systems



CS science: understanding & modeling "natural" CS (spontaneously emergent, including human-made) Exports  decentralization  autonomy, homeostasis  learning, evolution



Imports  observe, model  control, harness  design, use



CS (ICT) engineering: designing a new generation of "artificial/hybrid" CS (harnessed & tamed, including nature) Fall 2015



René Doursat: "Complex Systems Made Simple"



1



1. Introduction — b.



A vast archipelago



 Exporting natural CS to artificial disciplines, such as ICT ex: brain



specific natural or societal complex system



ex: genes & evolution



biological neural models



model simulating this system



laws of genetics



binary neuron, linear synapse



generic principles and mechanisms (schematization, caricature)



genetic program, binary code, mutation



artificial neural networks (ANNs) applied to machine learning & classification



new computational discipline exploiting these principles to solve ICT problems



genetic algorithms (GAs), evolutionary computation for search & optimization



Fall 2015
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1. Introduction — b.



A vast archipelago



 Exporting natural CS to artificial disciplines, such as ICT ex: ant colonies



specific natural or societal complex system



ex: bird flocks



trail formation, swarming



model simulating this system



3-D collective flight simulation



agents that move, deposit generic principles and mechanisms & follow “pheromone” (schematization, caricature)



ant colony optimization (ACO) applied to graph theoretic & networking problems Fall 2015



new computational discipline exploiting these principles to solve ICT problems René Doursat: "Complex Systems Made Simple"



“boid”, separation, alignment, cohesion



particle swarm optimization (PSO) “flying over” solutions in high-D spaces 3



Embryomorphic Engineering: Alife Evo-Devo  A new line of bio-inspiration: biological morphogenesis  designing multi-agent models for decentralized systems engineering



Doursat (2006)



Doursat (2008, 2009)



Doursat, Sanchez, Fernandez Kowaliw & Vico (2012)



Doursat & Ulieru (2009)



Doursat, Fourquet, Dordea & Kowaliw (2012)



Embryomorphic Engineering whether simulated in a Turing machine...



... or embedded in bioware, nanoware...



Complex Systems Made Simple 1.



Introduction a.



What are complex systems?



b.



A vast archipelago



c.



Computational modeling



2.



A Complex Systems Sampler



3.



Commonalities



4.



NetLogo Tutorial



Fall 2015
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1. Introduction — c.



Computational modeling



 What this course is about  an exploration of various complex systems objects (i.e., made of many agents, with simple or complex rules, and complex behavior):  cellular automata, pattern formation, swarm intelligence, complex networks, spatial communities, structured morphogenesis



 and their common questions:  emergence, self-organization, positive feedback, decentralization, between simple and disordered, “more is different”, adaptation & evolution



 by interactive experimentation (using NetLogo),  introducing practical complex systems modeling and simulation  from a computational viewpoint, in contrast with a “mathematical” one (i.e., formal or numerical resolution of symbolic equations),  based on discrete agents moving in discrete or quasi-continuous space, and interacting with each other and their environment Fall 2015
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1. Introduction — c.



Computational modeling



 What this course is not  a technical course about the archipelago of related disciplines    



an information theory / computational complexity class a dynamical systems / chaos / fractals / stochastic processes class a systems engineering / control theory class a graph theory / networks / statistical physics class



 a technical course about big questions  big objects



Fall 2015



       



a fluid dynamics class a condensed matter class an embryology class a neuroscience class an entomology class a sociology class you can wake up now an economics class ... but what about the math? ... René Doursat: "Complex Systems Made Simple" 7



1. Introduction — c.



Computational modeling



 Existence of macro-equations for some dynamic systems  we are typically interested in obtaining an explicit description or expression of the behavior of a whole system over time  in the case of dynamical systems, this means solving their evolution rules, traditionally a set of differential equations (DEs)  either ordinary (O)DEs of macro-variables in well-mixed systems  ex: in chemical kinetics, the law of mass action governing concentrations: A + B  C described by d[A]/dt =  k [A] [B]  ex: in economics, (simplistic) laws of gross domestic product (GDP) change: dG(t)/dt =  G(t)



 or partial (P)DEs of local variables in spatially extended systems  ex: heat equation: u/t = 2u, wave equation: 2u/t2 = c22u  ex: Navier-Stokes in fluid dynamics, Maxwell in electromagnetism, etc. Fall 2015
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1. Introduction — c.



Computational modeling



 Existence of macro-equations and an analytical solution  in some cases, the explicit formulation of an exact solution can be found by calculus, i.e., the symbolic manipulation of expressions  ex: geometric GDP growth  exponential function dG(t)/dt =  G(t)  G(t) = G(0) e t  ex: heat equation  linear in 1D borders; widening Gaussian around Dirac u/t =  2u/2x and u(x,0) = (x)  u



 calculus (or analysis) relies on known shortcuts in the world of mathematical “regularities”, i.e., mostly the family of continuous, derivable and integrable functions that can be expressed symbolically



 unfortunately, although vast, this family is in fact very small compared to the immense range of dynamical behaviors that natural complex systems can exhibit! Fall 2015
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1. Introduction — c.



Computational modeling



 Existence of macro-equations but no analytical solution  when there is no symbolic resolution of an equation, numerical analysis involving algorithms (step-by-step recipes) can be used  it involves the discretization of space into cells, and time into steps NetLogo model: /Chemistry & Physics/Heat/Unverified/Heat Diffusion



ui1,j



ui,j1



ui,j



ui,j+1



ui+1,j



u/t = 2u by forward Euler  ui,j = (ui,j1 + ui,j+1 + ui1,j + ui+1,j  4ui,j) Fall 2015
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1. Introduction — c.



Computational modeling



 Absence of macro-equations  “The study of non-linear physics is like the study of nonelephant biology.” —Stanislaw Ulam  the physical world is a fundamentally nonlinear and out-of-equilibrium process  focusing on linear approximations and stable points is missing the big picture in most cases



 let’s push this quip: “The study of nonanalytical complex systems is like the study of non-elephant biology.” —??  complex systems have their own “elephant” species, too: dynamical systems that can be described by diff. eqs or statistical laws → most real-world complex systems do not obey neat macroscopic laws Fall 2015
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1. Introduction — c.



Computational modeling



 Where global ODEs and spatial PDEs break down...  systems that no macroscopic quantity suffices to explain (ODE)



ex: embryogenesis



 no law of "concentration", "pressure", or "gross domestic product"  even if global metrics can be designed to give an indication about the system’s dynamical regimes, they rarely obey a given equation or law



 systems that require a non-Cartesian decomposition of space (PDE)  network of irregularly placed or mobile agents



 systems that contain heterogeneity  segmentation into different types of agents  at a fine grain, this would require a "patchwork" of regional equations (ex: embryo)



 systems that are dynamically adaptive  the topology and strength of the interactions depend on the short-term activity of the agents and long-term "fitness" of the system in its environment Fall 2015
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1. Introduction — c.



Computational modeling



 The world of complex systems modeling a mathematician (physicist?) looking for his keys under a lamp post, because this is the only place where there is (analytical) light



analytically solvable systems linear systems



analytically expressable, numerically solvable systems



all the rest: non-analytically expressable systems  computational models The Lamplighter & the Elephant-Digesting Boa, from “The Little Prince” Antoine de Saint-Exupéry



Fall 2015
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1. Introduction — c.



Computational modeling



 The world of computational (agent) modeling  not a cold and dark place!... it is teeming with myriads of agents a computer scientist that carry (micro-)rules (physicist?) populating the world with agents



 the operational concept of “agent” is inspired from “social” groups: people, insects, cells, modules: agents have goals and interactions Fall 2015
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1. Introduction — c.



Computational modeling



 ABM meets MAS: two (slightly) different perspectives



CS science: understand “natural” CS  Agent-Based Modeling (ABM) ... “Multi Agent-Based Modeling and Simulation Systems” (MABMSS)??



computational complex systems



CS engineering: design a new generation of “artificial” CS  Multi-Agent Systems (MAS)  but again, don’t take this distinction too seriously! they overlap a lot Fall 2015
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1. Introduction — c.



Computational modeling



 ABM: the modeling perspective from CA & social science  agent- (or individual-) based modeling (ABM) arose from the need to model systems that were too complex for analytical descriptions  one origin: cellular automata (CA)  von Neumann self-replicating machines  Ulam’s “paper” abstraction into CAs  Conway’s Game of Life  based on grid topology



 other origins rooted in economics and social sciences  related to “methodological individualism”  mostly based on grid and network topologies



 later: extended to ecology, biology and physics  based on grid, network and 2D/3D Euclidean topologies



 the rise of fast computing made ABM a practical tool Macal & North Argonne National Laboratory



Fall 2015
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1. Introduction — c.



Computational modeling



 MAS: the engineering perspective from computer sci. & AI  in software engineering, the need for clean architectures  historical trend: breaking up big monolithic code into layers, modules or objects that communicate via application programming interfaces (APIs)  this allows fixing, upgrading, or replacing parts without disturbing the rest



 in AI, the need for distribution (formerly “DAI”)  break up big systems into smaller units creating a decentralized computation: software/intelligent agents



 difference with object-oriented programming:  agents are “proactive” / autonomously threaded



 difference with distributed (operating) systems:  agents don’t appear transparently as one coherent system



 the rise of pervasive networking made distributed systems both a necessity and a practical technology Fall 2015
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1. Introduction — c.



Computational modeling



 MAS: the engineering perspective from computer sci. & AI  emphasis on software agent as a proxy representing human users and their interests; users state their prefs, agents try to satisfy them  ex: internet agents searching information  ex: electronic broker agents competing / cooperating to reach an agreement  ex: automation agents controlling and monitoring devices



 main tasks of MAS programming: agent design and society design  an agent can be ± reactive, proactive, deliberative, social (Wooldridge)  an agent is caught between (a) its own (complicated) goals and (b) the constraints from the environment and exchanges with the other agents



 slight contrast between the MAS and ABM philosophies  MAS: focus on few "heavy-weight" (big program), "selfish", intelligent agents – ABM: many "light-weight" (few rules), highly "social", simple agents  MAS: focus on game theoretic gains – ABM: collective emergent behavior Fall 2015
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1. Introduction — c.



Computational modeling



 An agent in this course  a (small) program deemed “local” or “autonomous” because it has  its own scheduling (execution process or thread)  its own memory (data encapsulation)  ... generally simulated in a virtual machine



 this agent-level program can consist of  a set of dynamical equations (“reactive”) at the microscopic level  a set of logical rules (AI)... or a mix of both



Hugo Weaving as Agent Smith The Matrix Revolutions, Warner Bros.



 peer-to-peer interactions among agents under different topologies



Fall 2015
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1. Introduction — c.



Computational modeling



 Agent virtual machines or “platforms”  just like there are various middleware-componentware frameworks... button



processes



bytecodes



widgets



window



documents



pages



text



O/S



Java VM



GUI IDE



Word Processor



Web Browser



 ... there are also ABM platforms, e.g., NetLogo, Swarm, or Repast



agents



ABM Platform Fall 2015
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