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Definition 4 (Language Measure):

o Letw e L(qi, Qj) - 2L(ai),

» The measure of L(g;), is defined as
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Parameter Definition Example
States: Graph Nodes Q=1{41.92.93}
Alphabet: Edge labels L ={oy,05}
Transition 5:0XL - Q 0(qy,01) =42
Map: ' (3((]3, (72) = Q3
[”'Ob(lbil“}’ ]"-I COxY — ’U ]] ﬂ{ql r 01 ) =0.9
Morph: N [1(g3,09) = 0.7

- )

Definition 2 (Generated Language): The language L(q;) generated by a PFSA G initialized at the state ¢; € Q:

ap|p

o1l @

L(gi) ={s€X" | d(q:,s) € Q}

o€ s.t. 6(gi,0)=q;
IT is a stochastic matrix, where 11;; is the probability of the ¢; — ¢; transition.

« The signed real measure v}, of every singleton set {w}:

vy({w}) £ 0(1 — 0)“I1(g;, w)x(q))

. Guaranteed convergence to

M Polynomial time-complexity ;i convergence

Guaranteed convergence to

2N 001 0) (g w)x;

weL(qi,q;)

[11 W. Rudin, Real and Complex Analysis, 3rd ed. McGraw Hill, New York, 1988.
[2] I Chattopadhyay and A. Ray, “Language-measure-theoretic optimal control of probabilistic finite-state systems,” International Journal of Control,

SN EIA supervision policy

Definition 1 (Control Philosophy): If i(q;, o) = q;, then the disabling of & at ¢; prevents the state transition from
¢; to qi. by replacing the original transition with a self-loop with identical occurrence probability.

For every q; € Q, L(qi,q;) denotes the set of all strings that, starting from the state ¢;, terminate at the state ¢;, i.e.,

L(gi,q;) ={s € £" | 6(q,s) = q; € Q}

Definition 3 (State Transition Matrix): The state transition matrix II € [0, 1]CARP(Q)xCARD(Q) for a given PFSA:
Vgi,q; € Q.1L; =y 1I(0,q;)

A signed real measure [1] v* : 2E(%) & R = (—o0, 4+00) is constructed on the o-algebra 25(4) [2], implying that
every singleton string set {s € L(gq;)} is a measurable set.

« Forany 6 € (0,1), the signed real measure of a sublanguage L(q;,q;) € L(g;) is defined as:

ve(L(gi, q;))

e-optimal supervision policy

Only uses QLI =Ml JiEV]10 & local communication
LBV to estimation uncertainties & load fluctuations

GODDeS: Globally ¢-Optimal Routing Via Distributed Decision-theoretic Self-
organization, | Chattopadhyay. ArXiv preprint arXiv:1008.1620

Sum of measures

Compute vy

Disable

Enable

S

Optimal Supervision Problem:
Find optimal decision to maximize language measure elementwise

Choose ¢

all ¢; = q; if po(q:) < vo(qy)

Probability of ¢; — ¢;

measure of singleton strings
approaches the product of
the conditional probability of the string,
and the characteristic weight

of all paths from node i to node ; on

In the limit 6 — 0™,

the terminating state.

Otherwise

(1)

CENTRALIZED
CONTROL

Terminate
On
Convergence

Algorithm 1: Distributed Update of Node Measures

begin

input : Gy = (Q, 3, 6,11, %), 6

Initialize Vq; € Q,vy|; = 0
/* Begin Infinite Asynchronous Loop x*/

while true do

/

else

endif

for each node q; € () do

if N(q:) # @ then

m = CARD(N (q:))

for each node q; € N (q;) do
/* (a1) Internode Communication x/

Query 7y|; & Drop Prob. \;;

(a2) Control Adaptation x*/
if 7y|; < vy|: then

1, ,vy = 0; /» Disable «/

£ 11 0 th DE-

i < _— t

el VD en CENTRALIZED
I, gy = Jis

o]

I1:; = Ilii—fij /« Enable x*/

endif

CONTROL

endfor
endif

endfor
endw

end

/* (a3) Updating Virtual Nodes x/
Volqy)y = (1 = 0)(1 — Aij)Vsl;

/* (a4) Updating Node x/

J:q; eN(q;)
+(1 — 0)11L;;v9 | + Ox|s




