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Model-based Diagnosis
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Nayak/Williams

* Models behavior only within a component mode
« Does not explicitly model transitions between modes
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Transition systems
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.

o Explicitly model mode transitions (including self-transitions)
— commanded transitions with preconditions

— failure (uncommanded) transitions
— repair transitions
— Intermittency

/

Nayak/Williams

SP2-96

AAAI-97 Tutorial SP2



-~

\
Markov models
Valve Driver
Reset 1

on . fRe_IsettabIe
Turn | | Turn 0 Omal Lre
on 2| | off
Off Turn fPe_rmanent

off 2 allure

.

Represent probability of uncommanded transitions and cost of

commanded transitions

e Can modd

— Rdliability

— Optimal control /
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Concurrent transition systems

Concurrently |

L ' open four ;g ;? _*.l *
A N AT il i

e Components within a system are modeled as concurrent
transition system [Manna & Pneuli 92

P Each system transition consists of a single transition by each
component transition system (possibly the idling transition)

« Can naturally model digital hardware, analog hardware using
gualitative representations, and real -time software

. /
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: Traectories of concurrent transition
stems
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Transition system models

« Asysem S isatuple(P, S, T)

P : set of variables ranging over finite domains
— dtate variables(P)
— control variables (P )
— dependent variables (P )
— oObservable variables (P )
o S: setof feasible assignments
— S,istheprojectionof Son P
— each element of S isastate
e T: setof transitions
— each transition isafunctionS® S,

— asingletransitiont 1 T isthe nominal (commanded) transition

\ — all other trangitionsar e failure (uncommanded) transitions /
Nayak/Williams SP2-100 AAAI-97 Tutorial SP2




4 N
Specifying transition systems

o SystemS= (P, S, T) is specified using a propositional
temporal logic formular ¢
» Propositions are of theformy, = g,
— Yy isavariableinP, and g isiny, sdomain
» Feasible assignments S specified by a propositional formular ¢
— gpecifiesthe set of assignmentsthat satisfy r ¢

e Eachtransitiont T T specified using a conjunctionr, of
formulasof theformr, : F, P next(Y,)
— F, Isapropositional formula
— Y, Isof theformy, =g for statevariabley,

— t(@) =sifand onlyif for eachr . whenever assgnment a satisfies
F. thenssatisfiesY .

. /
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Specifying avalve transition system

Same as for state-free systems.

e VariablesP ={mode, cmd, f..,, T, Piny Pout }
— mode ranges over { open, closed, stuck-open, stuck-closed}
— cmd ranges over { open, close, no-cmd}
— f,, and f_, rangeover { positive, negative, zero}

— p» @d p,, ranging over { high, low, nominal}
e Specifying Swithr ¢
mode = openP (P, = Pou) L (i = Tou)
mode = closed P (f,, = zero) L (f,, = zero)
mode = stuck-openb (P, = Py L (f, = fop0)
mode = stuck-closed b (., = zero) L (f,, = zero)

. /
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Specifying a valve transition system (cont.)

N

» Specifying the nominal transitiont | T

mode = closed L cmd = open P next (mode = open)
mode = closed L cmd ° open P next (mode = closed)
mode = openL cmd = close b next (mode = closed)
mode = open L cmd ° close P next (mode = open)
mode = stuck-open P next (mode = stuck-open)
mode = stuck-closed P next (mode = stuck-closed)

« Specifying faillure transitions

.

t,:
t, :mode = closed P next (mode = stuck-open)
ty:

t, : mode = open P next (mode = stuck-closed)

mode = closed b next (mode = stuck-closed)

mode = open b next (mode = stuck-open)

~
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Concurrent transition system models

P Concurrent transition systems are ssmply composed out of the
component transition systems

e LetS=(P, S, T) beasystem consisting of a set component
trangition systemsC, = (P, S, T))

« PEP, foreachP,
— P may include additional variables

 Eachfeasibleassignmentin S, whenrestrictedto P, ,isin S

— S may enforce additional feasibility constraints, e.g., to model
component connections

— rgentalsrg (by smply including it as a conjunct)
Trangitionsin T are cross-products of component transitions

— each trangition in T performs exactly one transition from each T,

\ — rrisequivalent to the conjunction of ther . /
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Configuration Manager

| nput
e Sisasystem (P,S, T)
* 0:0y9,% , caled goal configurations,
IS a sequence of propositional formulae on P
« O:0y 0,% ,ISsasequence of observations
Output
 m: m, m ¥, asequence of valuesfor al control variables so

that Sevolves through a configuration trajectory s : s,, S, %4
such that

— for every assignment a, that agrees with s, o, and m
— ifs,,=t, (a), then s,, satisfies goal configuration g,

. /
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Configuration goal: Fire main engine

ERE R R
1pap 4pap
£ = * * EREEE
Y EX % £1 %***i*ﬁ
=)

5 5

\- Specified using a propositiona logic formula

/
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Mode |dentification

Current state E

*ﬁﬁﬁgf
&84 -
% g \ £ & *f

* *
Possible next states * X ¥ * X
Wlth observation
“no thrust” Y
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Characterizing Ml

e Find possible next states, given current state commands
and next state observations.

o o)
S =Utj(SG Sy ) CSCS,,
J

SCS,

I+1

/
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Characterizing Ml

» Possible next states given current state commands and next
state observations

& 0
S+1=QUt (S C §y):CSCSo,,
J

o Characterization of the possible next states
, Uz U

~

6. .
"sii” t; & g Urs, entails Fy VikgUTs Yo,

7))
wheretransition 1 ; is spexified by aconjunction of formulas Fik P next(ij)

* Focuson likely transitions

. /
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" Mode Reconfiguration:
Reachability 1n the next state

Current state |

£ £ F %
X £ £1 £1 » g

&
S 5582
Next states that provide

“nominal thrust”

. /
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Characterizing MR
 Find possible commands that achieve the current goal in
the next state.
Mi :{n]l tn(S CSmiji gi}

S

> Y

S”j

N /
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Characterizing MR

» Possible commands that achieve the current goal in the next
state for all predicted trgectories

M, :{nqltn(S Gy oS! g‘]

o Characterization of the possible commands

M; :{rr]| s, L‘erj isiconsistent and

=z U 6. T
grsi Ur y entails FnkYnkbursurgi entails rgi%
e Focus on optimal control actions
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" Statistically Optimal
Configuration M anagement

Statistical Mode Identification

* p(t;|o) =plo |t;) p(t;) / p(o)
kL p(o; [ t)) p(t;)

* p(o, |t;) Isapproximated from the mode!
- po; [t) =1 if t;(a.,) entails o,

Bayes Rule

— p(o, tj):O iftj(ai_l)isinconsistentwithoi

- p(o; [t) =" otherwise

Optimal Mode Reconfiguration
m= argminc(m’) st. ny in M,

.
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MI and MR as combinatorial optimization

Ml

« Variables 'V : transitions taken by each component

o Feashility f: consistency of resulting state with observations
e Cost c: derived from transition probabilities

MR

o VariablesV : control variables of the system

* Feashility f : the resulting state must entall the goal
e Cost c: dertved from cost of control actions

. /
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