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Complexitg

- Modern Lite:

Ever more technological

Ever more 1 nterconnected

Ever more diverse

| ngptoms:

Increasec
Increasec

Increased

size and sol:)histication of systems and processes
interclepenclence and contingencg (globalization,Just—-imtime}

social & Psgchological stress, due to lack of knowleclge & control

Consequences

Drcﬁcult or lmPOSSIHe @ manage ancl cllagnose

Vu nerable to &establllzatlon and catastrophlc Ioss



Systems are more complex,

but in what sense?

Two definitions

XS Complication

o Strpicttize



Complication

N Connectivitg: Random Graphs
5%

N Time: Intrinsic unpreclic:tability (Chaos)
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Complica jon versus Structure
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DARFEA Agent»-ﬁasecl Computing
(TASK)

* Dynamics of Learning
* Online Causal Inference Algoritlﬁms
* TabulaRasa Learning
* FPattern Discovery
* Emergence of Distributed Aclaptation
* Causal 59nchron9
* Measures of Coordination
* Individual versus Collective Acla[:)tation

2 J Large~5ca!e MAS Dgnamical Sgsmtes



What is an Cognitive Agent?

Some Open Questions

Cognitive Information Processing

* Dgnamic:al sgstems view of leaming as a process whose behavior is Predid:i\/e

model building
* Define and measure agent “cognitive” abilities
* Development ma’ch’lg analgzable ancl simulatable moclels

* What 5tate~5|:>ace structures are responsib!e for cognition? E.g., Basins =

robust memories; bifurcations = adaptation; models = attractor-basin Portrait in

subspace; ...



Dgnamics of Leaming:
Learns ng Curves—The Aha! Effect

* Aclap’cing 1¥e) complex environments
Number of Inferred States versus Data Set Size

* Learningparadigm 300
o Three Phases Aba]
d.
¢ Rote memorization
+ Aha!
* Refinement -
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Finite Data Learning of a Fair Coin (D=12. M=3)



What are Networks?

To say a sgstem is a network calls attention to

its architecture

Stucig of networks is a studg of structure & organization

What'’s old:

Time~-worn Problem of “Pa’ttem”

What’s new:

Mathematics: dgnamics, complexitg,
Tools: simuiation, visualization, automated experiment

OPenness to re—-think current aPProachcs



SFI Network Dgnamics Program

(discuss.santafe.edu/ clgnamics)
Funded bg lntel, an SFI Business Network Member

Theory Agenca:

* Network structure: mean Path, clustering clegree distribution, betweenness
* Dynamics on networks: sgnchronization, emergence of patterns

* Dynamics of networks: Pemcerential attachment, scale-free networks

. 56|1C~aclap’ci ng networks

Apphcatlons:

E‘cologg: food webs, allometric scaling

Internet and web: structure, chnamics, and growth

Social systems: scientific collaboration networks

Neural networks: intrinsic ComPutation versus architecture

Epidemiologg: sPreacﬂ of disease



Unclerstandabilitg of Large~5ca|e

Cognitive Sgstems

Stabilitg & robustness
Control

Pattern cliscovery
Right—-—sizecl?

Ri ght architected?

Right clgnamic:s’?



What’s needed?

Mocleling and Phenomenologg
Design Methods
Failure Diagnosis (Robustness)

Theorg of Cognitive Information Processing s
Intrinsic Coml:)utation:
* How much historical information is stored?

* Inwhich archicture is it stored?

* Howis it used to Procluce future behavior?



Action ltem:
Workslﬂops (e.g. RGOt SR

Lvolutionarg Dgnamics (October 1998)
Network Dgnamics (August 2000)
Collective Cognition (January 2002)
TASK Pl Meetings (4/2001, 10/ 2002
Pattern Discovery (2004)

Dynamics of | earning (2004)



Action ltems: Novel Cognition a9k

]

Embodiments of ComPutation In

TS Dgnamica

Cognitive Processes IEE Proposab

* Collective Cogn tion

* Theory Groul:) N Leaming

+ Novel Computation (SF group Proposal)

* L’)iological Coml:)utation
€ Quantum Computation

* Network Computation



