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Fuzzy relational ontological model

Docs Keywords Concepts

K C
,..d } {ky, ks, Ky K} {C1, CpnsCiyen Ck

I"JJ mmw
MWWMMW

R={(k, ¢) |kOK, ¢OC}




Relational ontology model

= Concerns with

— two-layer ontology
 category names
» keywords
— association between category and keywords (fuzzy relation)

* Fuzzy relational ontology

— fuzzy relation R=[r;] in KxC

— K ={ky, Ky, ...k}

- C={c,¢C,, ....,C}

— r;; degree of association between k and ¢




Example




Information retrieval model

" |R=< D1 Qi V! F(qi’ ddOC)>

D : set of document representation

Q : set of query representation

V : framework to represent docs, queries and their relations
F : function associating a real number to (doc, query) pair

=D={d,d, ...,dyy ..., d}




Information retrieval system structure

Retrieved
Documents




Documents representation




Query representation

= Q= {k, cj}; K, ¢, may be linked by and or or operators

Q is represented by vectors x [{0,1}" and y [{0,1}™




Information retrieval

= X vector query keywords
= y vector query keywords

» R fuzzy relational ontology

G.=XoR

G,=Roy




= Q= (k,0k,0c,) O(ks OC))

" C={c, ¢}, K={ky ky K3}
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= 7 :threshold (chosen by design)




= Relevance degrees between docs and keywords
Vpk = T o Fy

» Relevance degrees between docs and concepts

Vpc=T.oF

= Retrieval vector
Vp = Vpk U Vpe

= Ordering V, produces retrieval vector V




procedure INFORMATION-RETRIEVAL (Q) returnsdocuments
Input: query Q
local: thresholdsz,, z,

fuzzy relationsG, G,

setQ = {k, ¢}

split Q: Q, = {k} and Q,= {c}

construct queries vectoxsandy

computeG, = [g]

computeG, = [g]

select categories wit) >z,

select keywords with,, >z,

find database documents related with the categgries

find database documents related with the keywkrds

find database documents related with the categpreesented 110,

find database documents related with the keyworesgmted ir1Q,
If sub-queries AND connectéden select the common documents
If sub-queries OR connectéten select all documents

computeVp,

computeVy-

setVp = Vo INpe

setV = rank ordered/, according to increasing values

retrieval documents for whici component values are greater than or equal to

return documents




Example
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Example

= 100 scientific papers on computational intelligence
* 61 words
= 6 concepts

= 55 keywords




Performance measures

Numberof relevantiocumentsetrieved

rRecalk———m—"—---— -~ —— "~ "~
Totalnumbeof relevantiocumentg databas

Numberof relevantdocumentgetrieved
Numberof documentgetrieved

Precision=

P(r) : averageprecision at recall level r
Ng : numberof queries

B(r) :precision at recall level r for thei-th quer



Threshold x recall/precision
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Precision x recall for composite queries
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15.2 Multiagent fuzzy systems




Agents and multiagents

= Agent: anything that can be viewed as perceiving its environment
through sensors and acting upon that environment thorough
actuators

» Rational agent: one that does the right thing

» Rationality depends on:
— performance measure to define success
— agent’s prior knowledge of the environment
— actions that the agent can perform

— agent percept history (sequence) to date

(Russel & Norvig, 2003)




Agents

= Computer systems that is situated in some environment, and that is
capable if autonomous action in this environment to meet its design
objectives

= Agents: autonomy is central
= Intelligent agents

— reactive

— proactive

— social ability

— learning

(Wooldridge, 2002)




= Agent function: abstract mathematical (computable) description

= Agent function of an artificial agent is implemented by an agent program

actuators

action

Agent function
(strategy)

perception histol

Sensors




Structure of agents

= Agent = architecture + programs
= Agent programs

— table driven

— reflex

— model-based

— goal-based

— utility-based

— learning agents

(Russel & Norvig, 2003)




Multiagents

= Systems composed of multiple interacting agents
» Multiagent systems concerns

— individual gents

— collection of these agents

— Interaction between agents
= Interactions involve

— cooperation

— negotiation

— coordination

(Wooldridge, 2002)




Architecture of multiagent systems

Agent

Percepts

Actuator

. Sensor
Environment -.-

Actions




Electricity markets

= Power industry worldwide

— auctions
e resource allocation
» systems coordination

= Power supplier in competing markets must
— decide bidding strategy

— maximize expected profit
— market share




Demand

= Publicly known

= Auction is an ex-ante mechanism to allocate power hourly
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Running cost function

* Pool of thermal plants
= Cost of coal, gas, oil power plants F(gin)=a+bgj, +cg%
= Cost of nuclear plants: linear cost function

= Supplier cost function:
C(gjh)=a+Pgjn +V9j2h

g, : active power supplied by plant | at hour h




Uniform price auction

Open the auction

Publish day ahead hourly load forecast
Accept bids from suppliers

Stop receiving bids
Apply a pricing procedure (e.g. merit order)
Publish the hourly price 7z, h=1,....,24

Inform each supplier the power to be produced for 24 h

Close the auction




* Power demand inelastic with price

= Auctioneer must assure D, is met at all h

= Conservative agent bid pairs (MW, $): (g, Py

= Intelligent agent: free to choose price and amount




Supply = demand (MW)

Pih =Thdhj —C;(gjn) Supplier profit ($)

~_9C;(gjn)

MC

j Marginal cost ($/MW)

0Q i
i 9;,=C;




Market players

Table 1 Thermal plants characteristics

Plant Type : Cii)
Angra | Muclear . 8.5z

Angra 2 Muclear B.5g

P Medici 3-4 Coal 865.3 4+ 28014z + 0.0063g7
P Meadici 1-2 Coal 343.34 4 28.53g 4+ 0.01005g2
TermoBahia as S80.54 + 30.985g + 0.00092 5%
TermoCeara Gas 505.20 4 30.538¢g + 0.0136"
Canoas Gas 1575.22 4 33.860g + 000408
M.Fluminense 3as 148492 4 33,759 4+ 0.004 5457
Araucaria as 150565 4+ 33782 + 0.004435
Tres Lagoas Gas 1115.29 4 33,505 4 0.00643¢°
Corumba Gas 27897 4 33256 + 0.030167
Juiz de Fora s 23,68 + 32.088g + 0.02745°
Ibirite 3as 63208 4 3].960g 4 000463
TermoRio as 00405 431912 4+ 000436
Argentina I Gas 445061 4 32.775 + 0.00406g
Argentina IT Gas 437082 432774 + 0.004 145
J.Lacerda C Coal 1547.15 4+ 45.062¢ 4+ 0.000]0g1
J Lacerda B Coal 140765 4 56108 + 0.01 356,62
JLacerda Al-2 Coal 540,80 4 57.805g + 0.04605
J Lacerda A3-4 Coal 7286 4 57652 4 00367452
Charqueadas Coal ' 414,50 4 60,037 4+ 0.05550g
FAFEN Gas 417.18 + 66.857¢ + 0.06870g>
Uniguaiana Gas 430682 + 76.720g + 0.00510g°
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Market supplier function
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Intelligent agent = genetic fuzzy system

procedure GFRBS-ALGORITHM ,Y f) returnsa rule base
Input : universes,Y
fitness functionf
local: population: set of individuals
crossover rate, mutation rate
max: maximum number of generations
INITIALIZE(population, number individuals)
repeat
evaluate each individual usihg
select parents in population using relative fitness
apply crossover and mutation on parents
create new population
until number generatiorss max
return rule base
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Rule base

10010= 01010101 111011
11111 01100000 110011
11011= 11100010 010110
00010= 01010101 011011
00011= 01011010 010111
01010= 11110110 011111

If X, is(A0rA)
thenY,is (C,or C,or C  or C, g First rule
and Y, is (C,,or C,,or C;or C,.or C,)




= Best bid strategy: two weeks test period

— profit 36.7% higher
— 91.3% more energy produced than conservative strategy

= Rule-base semantics

— when demand is low and price below its marginal cost at full
capacity, the agent bids lower price and a quantity that
minimizes loss

— Increases price when he has opportunity to be the marginal supplier




15.3 Distributed fuzzy control




Resource allocation




Economic system

= Agents

— producers
— consumers

* Price system

= commodities




Artificial market

= Agents

— producers: maximize profit
— consumers: maximize utility

= resource vector u 0 R’
= consumer agents: n, f(u°),uc 0 R (f = utility)

= producer agents: m, f(uP), upOR" (f; = profit)




Optimal market allocation




Control systems and economy

muin F(u ) ],... [uy ()], %)
Xj (t+1) = fi (x(t),u; (t),t)

St. x; (t+1) = f; (x(t), u: (t), 1)
yi (t) = gi (x(1),1), X; (0) =Xiq

yi (t) = gj (x(t),t)
xORY, u; OR’, y; OR®

luj(t)= 0

Xi (0) = X;
Coupled dynamic =

systems

Distributed resource
allocation problem




Fuzzy market-based control

Comunication Network

set-points

operation point

AR (t) input variablefor i!" agent

Ui (t) = U, +Au; (t) decision of i agen




Market-based control algorithm

procedure DISTRIBUTED-FUZZY-AUCTIONEER (,s) returns price
input : demandd

supply:s

for each agendo
If demand agenthen get demand
If consumer agerthen get supply
compute equilibrium price
run auctions for the training period

store individual fithesg
remove individual from the market
return price

m g
CCAWORCRWIC




Consumer agent

If price islow and deviation ismall then demand ig,,
If price islow and deviation isarge then demand ig,,.,
If price ishigh then demand ig,

large B, -




Odo(P(L), Ahy (1)) = 0, Up(t), Ahy (t)

dd max( P(t), AN (1)) =g max, UP(t), ARy (1)

i (t) = (Kgp — kg2 () AR (t)

Ka1 = (rd max/ &H max)

Ka2 = (Kg1/ Pmax)




Demand function of a consumer agent




Producer agent

If price islow then supply i),

If price ishigh and deviation ismall then supply ig)_,
If price ishigh and deviation isarge then supply 19, .,

large B, -




Jso(P(t), Ak (1)) = 0, Op(t), Ak (t)

Ismax( P(t), AN (1)) = rsmax. UP(t), Ahy (t)

() =ksp(t) | A (t) |

Ks = ("'smax/(Pmax@H max))




Supply function of a producer agent




Market equilibrium

Pump as a permanent producer : Mo (t) = 0p(t)

Pump as a permanent consumer:

Equilibrium prices

Controls

O +Kgp Yt AR (t)

pt)=—m4@m8M8 —mm————————————
&+ (01 /ap) +Ks X L1 ANy (t) [+ kg2 XL ARy (1)

Ay; (t) = (kgp —kg2p(1))Ah (t) EeleaS8lagl=ls

Aug(t) =k p(t))Ah; (1) producer




Example 1: Tank level

tanque 4

tanque 2
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Equilibrium prices

time (sec)




Example 2: Tank levels




Equilibrium prices

time (sec) 100




