HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3Stochastic Problem Solvingby Local Computationbased on Self-organization ParadigmYasusi KanadaTsukuba Research CenterReal World Computing PartnershipMasao HirokawaAdvanced Research LaboratoryHitachi, Ltd.HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

IntroductionFuture real-world computational systems areComplex�Non-linear,� orUndecomposable into �independent� modulesOpen and adaptive to real world (i.e., to humans and/or natural systems)Adaptive to unexpected inputs (in a short period of time)� humans and natural systems are unpredictablebecause autonomous and nondeterministic.Adaptive to environmental change (in a long period of time)In development of real-world computational systemsTop-down design or divide-and-concur method do not work well,because of no complete specification, and complexity.(because of strong inter-action between modules)(such as secretary robot brains)

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

What is the self-organization paradigm?What is self-organization?An emergent behavior � toward �global order� from local motionNatural sytems are self-organizing systems.Dissipative structure theory by Prigogine, Bio-holonics by Shimizu, Natural and artificial neural networks, �.�Global order� from computation with local informationComputation only with partial specification! (or no specification?)The knowledge shortage must be covered bySelf-organization in long range. (Nondeterminism is important for self-organization.)HICSS-27

Research goalsLong-term research goalsTo develop a new problem-solving methodology based on a self-organization paradigm.To develop adaptive and open computational systems.We are only at the beginning of research toward these goals.Short-term research objectiveTo establish a computation mechanism and methodology, which areEmergent and nondeterministic

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Computation model CCMA microscopic model of computationWe develop a computation model called CCM forself-organizing computation.�Chemical� means CCM has an analogy to chemical systems.I do not use �program� because it means a whole and complete plan.HICSS-27

Components of CCM � 1

12101210Workingmemory(Unit object)Outline(similar to chemical connections)(Casters)HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Components of CCM � 2Casters (Programs) of CCMLocal order degrees (LODs)Reaction rulesLODsAre local evaluation functions (or negative energy).Are defined for an atom or between two or more atoms.Reaction rulesChange partial (local) state of the working memory.Are written as forward-chaining production rules, such asHICSS-27

Computation process in CCMA reactionAn application of a reaction rule is called a reaction.A reaction takes place whenThere are a rule and a set of data that match the LHS of the rule, The sum of LODs of the data, concerning the reaction, does notSuccession and termination of reactionsReactions occur successively when possible.Their order is nondeterministic (or random) � No limit cycles occur!then the system (temporarily) terminates.

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

The queens problemExample: the queens system � 1The queens problemAn extension of the eight queens problem.A problem of finding a layout of queens on N x �chess board,� wherea queen does not take each other.The queens systemthe queens problem in CCM.The reasons that we use the queens problemWe have to start with a simpler system.This system has several characteristics that will probably lead us to a better understanding of complex systems.A solution of the eightqueens problem

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

How to solve the N queens problem?10Example: the queens system � 2Using swap operationsA reaction swaps the columns of two queens.The initial conditionsboard from the beginning.be put on a diagonal line.This condition holds at any

Swapping columnsHICSS-27

The caster for the N queens system11Example: the queens system � 3Reaction rule Local order degree (Mutual order degree)Definition: o(, ) = 0 ifx.column — y.column = x.row — y.roworx.column — y.column = y.row — x.row1 otherwiseIf queens and

1,2, 3,,3, Queen1:Queen2:Queen3:Queen2:Queen3:Queen1:

,row1, 2, 3,1, 2, 3:: the representation of a queen(coordinates)Less orderedLess ordered

an atomHICSS-27 (Revised)

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3Content of working memory for the eight queens12

Reactions1,2,3,4,5,6,7,8,2,

Working memoryrow

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

A more detailed semantics of reactionsExample: the queens system � 4No need to select a rule because there is only one rule.Three queens are Computation oforder degreesbefore and afterthe reaction arecomputed (beforethe reaction).The reason that the catalyst (Q) is necessaryThe sum of LODs is not changed if the rule contains only Q and Qbecause the LOD between Q and Q is not changed.So the system does not stop when a solution is found.13

(1)(3)(Q = (Q= 1(Q= (Q= 1

(2)HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Performance evaluation � 0*Several conditions of the measurementThe performance of the N queens system is measured using SOOCSOOCSelf-Organization-Oriented Computing) is a computation The initial layouts of queens are random.All values are averages of ten executions.14HICSS-27

1001E+001E+011E+021E+031E+041E+051E+061E+07

Number of matches

Number of reactions

C*N^4Performance evaluation15Results of the N queensThe problems never fail to be solved in our experiments,In spite of the stochastic and non-exhaustive search method.The execution time isin polynomial order(O(N 4.6)).*Much faster than blindbacktrack search (O(e)).It is slower than more(Yagrom’s method� O(N )). TimeHICSS-27

Locality control by catalysts � 1Variability of localityThe locality of data reference can be controlled by adding/removing catalysts to rules.Versions of the N queens ruleA rule with no catalyst (Nc = 0):Most local(minimum data reference)A rule with one catalyst (Nc = 1):A rule with two catalysts (Nc = 2):A rule with NNc = N — 2)16

1,2, 3,,3, Queen1:Queen2:Queen3:Queen2:Queen3:Queen1:

,4,4, Queen4:Queen4:

1, 2,,,Queen1:Queen2:Queen2:Queen3: ,

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Number of catalysts (Nc)

1E+021E+031E+04

10*Reactions

Matchings

1000*TimeLocality control by catalysts � 2Performance comparisons when changing No catalystThe system does not stop even when a solution is foundinfinite.One catalyst or moreThe number of reactionsdecreases when Ncoptimum when Nc = 2.17HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Locality control by catalysts � 3Escaping from �local maxima�No catalyst� no local maxima (of global order degree � the total of LODsOne catalyst or moreThere may be local maxima� invalid termination.Simulated-annealing-like effect.No local maxima (are proved to be)exist when Nc = 1.Local maxima exist when Nc = 4(global rule).18A local maximum of the

diagonalorientation

HICSS-27

Locality control by rule composition*The locality can also be controlled by composing rules.A rule with two or more catalysts may be composed using Example: the queens rule with two catalysts can be composed usingthe rule with one catalyst twice.19

by a rulecatalystby a rulecatalystby a rulecatalyst by a rule with a catalyst� the composedHICSS-27

20406080100Number of reactions (t)

1015202530

No catalyst

One catalystGlobal order degree and its time sequence*A macroscopic model of computationGlobal order degree (GOD)GOD is the sum of the LODs of all the atoms (or all pairs of atoms).An example: theeight queens system0 £ GOD £ 28.� all the queensare on a diagonalline.20

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Other applications*Current applications of CCM � still far from real worldThe above problems are solved using very simple casters.21Rules andPerformance

ProblemNumberof rulesNumberof LODsTime

TSPON 3of 100 trials ( = 10)

NPKnapsack(or 2)ON 2of 100 trials ( = 20)

QueensON 4.6

(or map)coloring

SortingON 2

I explained the self-oreganization paradigm.Self-organization � �global order� from computation with localinformationWe proposed a computation model CCM for self-organizing computation.Problems can be solved using one or a few simple production rules and evaluation functions.Both production rules and evaluation functions works locallyLocal maxima can be avoided by changing locality.Efficiency of searches can be controlled by changing locality.Summary22HICSS-27

Future workConstraint satisfaction or optimization problems are basically closed.To observe and to analyze more complex emergent properties in those systems.Self-referencial systems: a type of self-organizing systemsTo study self-modifying targets of computation.CCM must be enhanced to express self-references.23HICSS-27

Contents*Introduction � the self-organization paradigmComputation model CCM (Chemical Casting Model)Example: the N queens systemLocality control of data referencesSummary and future work24

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

A model of self-organizing systems � 1*A macroscopic model25

System

System’’

Laws or Rules

world

Entropy I0, orOrder degreeI0I1I10 (> 0) (> 0) (> 0)I0 ‡ I1 ‡ � ‡ orI0 £ £ � £ Time Production rules

Production systemNondeterministicdevelopmentNondeterministicdevelopmentworld’world’’HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

A model of self-organizing systems � 2*This model can be applied to a wide range ofself-organizing systems, such asOur target self-organizing computational system.The growth of a self-organizing system is autonomous, and, thus, its behavior is unpredictable, or it is observed as nondeterministic or driven by noise that comes from theoutside of the system.26HICSS-27

Data in CCM*Components of CCM � 3Working memoryAtomsAtoms are unit objects.LinksLinks are connectors of atoms.Links may have labels (names).27HICSS-27

Order of reactions*Order of reactions is nondeterministic.Random, or independent of the problem logic.Different reaction orders may cause different results.� because induced by the LODs.Scheduling strategiesControl the selections macroscopically.Are similar to conflict resolution strategies in conventional production systems.28

HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Types of scheduling strategies*Mathematical random strategies (MRS)Use pseudo-random numbers.Do not cause limit cycles, even if the user pays no attention.Are the standard strategies.Systematic strategies (SS)May cause limit cycles (infinite loops).Parallel strategies29HICSS-27

Computation as Markov process*Computation can be regarded as a stochastic process inCCM even when an S strategy is used.Three states during the computation of CCM.Strongly non-stationary stateThe state in which the probability distribution rapidly changes whenQuasi-stationary stateThe state that the probability of the solution state, p(g), increaseswhen a reaction occurs, where gmax is the maximum value of the GOD (= NC2), but that the ratio of other states, p(g)/(1 — p(gmax)) (g = g, �, g—1), are almost constant when a reaction occurs, where g is the minimum value of the GOD (= 0).Termination state (Stationary state)The state that p(g) is 1. This is the limit state when t fi ¥The above states can be modeled by a Markov chain.30HICSS-27

Number of catalysts (Nc)

1618202224262830

+—Standard deviation

AverageEffect of catalysts on GOD*The average and standard deviation of GOD:When Nc increases,The average becomeshigher.The standard deviationCatalysts bias the search.A rule with more catalystswhere the GOD is higher.31HICSS-27

Yasusi Kanada, Real-World Computing Partnership, Tsukuba, Japan94.1.5 V1.3

Conflict and Cooperation in CCM*Cooperative systemsCooperative systems are called such because reactions cooperate Examples: TSP system, the 0—1 Knapsack system and the sorting systems.Conflicting systemsA reaction may decrease the GOD in conflicting systems.Conflicting systems are called such because reactions does not cooperate toward that.Examples: the queens system and the graph coloring system.32(Revised)