A Model-based Approach to Reactive
Self-Con guring Systems

Brian C. Williams and P. Pandurang Nayak

Presented by

David “Dave” Dagon

dagon@cc.gatech.edu

Collegeo' Computing
Geogia Instituteof Technology

l David Dagon,Geogia Tech—p.1/2



Intr o Induction

Motivation
Livingstone overview

I David Dagon,Geogia Tech—p.2/2



Deep Space 1 Probe

NASA intends to explore the solar system.
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Problems with Space Exploration

Problems:

Probes must be autonomous (distance makes
remote control dif cult)

Costs must be low

Failures during years of service are inevitable;
probe must recon gure itself

Failure scenarios are too numerous to allow
pre-launch enumeration of contingencies.
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Solution: Livingstone

Livingstone, an implemented kernel for a
model-based reactive self-con gur ing
autonomous system.

Features:

Uni es deduction and reactivity, normally
separate in Al

Uses transition system models instead of
traditional rst order logic

Single tool does planning, modes, faults,
diagnosis, etc.
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Solution: Livingstone

Livingstone passed simulations, despite failures.
Selected for Deep Space 1 probe
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Space, The Final Domain

Cassini model
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Space, The Final Domain

Helium drives fuel towards the engines
Valves control the ow
Pyro valves can change state once

Thrust goal reaches through numerous
combinations
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Space, The Final Domain

If one engine falls, the goal still must be reached

E.g., ring pyro valves to redirect fuel to the
adjacent engine

Con gur ation manager continually moves towards
lowest-cost while dynamic system changes.
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How to Model

State diagram models repairable and nominal
states. How?

First order formulations are overly general

Propositional formulas don't capture state
change.
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How to Model (cont' d)

Transition system used to model concurrent
process
consists of tuple
- state variables
- feasible set of state space
- transitions, , between states

A trajectory for Is a sequence of feasible
states.
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Building on Propositional Logic

All formula are represented using proposition
temporal logic.

In addition to traditional prop. logic, Livingstone
adds the O operator.

The O represents the operator in a temporal
system (truth in the next state of the trajectory).
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Example

A valve driver has three state variables: { mode,
cmdin, cmdout }.
Thus:

mode: {on, off, resettable, failed }

cmdin: instruction { on, off, reset, open,
close, none }

cmdout: result { open, close, none }
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Example

Feasible states:

And:
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Example

Transition Assertions
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Con guration Management

Autonomous system viewed as a planner and
con gur ation manager.

Planner generates hardware con gur ation goals

Con gur ation manager evolves plant transition
sytem
Plant transition system models concurrent actions

Concurrent - each component performs a
transition for each state change

Nondeterministic - transitions are among
nominal and failure states.
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Model-Based Con guration
Management

A con gur ation manager uses plant
transition model M to identify:

M| (mode identi cation). generates all plant
con gur ations consistent with transition
model.

MR (mode recon gur ation): uses partial

trajectories to identify valve con gur ations that
achieve goal in next state.

BUT: there are an arbitrary number of states
between current and goal with this approach.
How to limit?
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Mode |denti cation

MI generates a sequence
Characterization of

VIiA

This i1s an incomplete description. We check only

that the entailment of the antecedent of each
subtransition.

Otherwise, all states would have to be
enumerated
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Mode Recon guration

MR generates next control values using nominal
transitions , goal, and set of feasible states.

MR uses a similarly weak (incomplete)
characterization of states.

This avoids an exhaustive enumeration of states

If M Is empty, no actions achieve goal, and
replanning is started.
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Making MI/MR Ef cient

MI and MR recast as combinatorial optimization
problems

Uses a tuple:
- nite set of variables
- constraints over
- objective function

ldea: assign each variable in a domain value to
satisfy
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Combinatorial Optimization of MI/MR

Transition system non-deterministically selects
transiion.

A probability is assigned to each transition ,
the likelinood of 's selection.

Therefore, Ml's task is to select probably paths.
Recall:

Instead of ranging over disjunct of all transition, it
IS rewritten to range of subset of likely transitions.

“When you have eliminated the impossible, whatever remains, however

improbable, must be the truth” — Sherlock Holmes, The Sign of The Four
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Solving

Combinatorial optimizations can be solved using
a conict directed best rst search.

A con ict is a partial solution s.t., any solution
containing the con ict is guaranteed infeasible.

A single con ict may eliminate a large number of
solutions

(Flow chart)
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OCOO~NOUITR~WNE

CBFS

function CBFS(X,C,f)
Agenda = {{(best-solution(X) )}} ; Result = 0;
while Agenda is not empty do
Soln = pop(Agenda)
if Soln satisfies C then
Add Soln to Result;
if enough solutions have been found then
return  result;

else Succs = immediate successors  Soln;
else
Conf = a conflict that subsumes Soln;
Succs = immediate successors of Soln no subsumed by
endif
Insert each solution in Succs into Agenda
in decreasing f order;
endwhile
return  Result;
end CBFS
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CBFS Analysis

Agenda holds unprocessed solutions In
decreating order.

If a solution Is infeasible, we assume
satisfaction returned part of  as con ict with

Then, search is focused by generating
successors that do not subsume

Also, each time a solution is removed, at most two
new ones are added. (Keeps reactivity property of

system).
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Implementation Note

Livingstone was implemented for Deep Space 1
project

Evaluation (Cassini model; Saturn orbit insertion):

Number components 80

Ave modes/component 3.5

Num. propositions 3424

Number of clauses 11101
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Conclusion

Transition system of concurrent reactive systems
joined with model-based reasoning

Reactive system with propositional system,
gualitative models, and synchronous model
transitions

Mode identi cation and recon gur ation seen as
combinatorial optimization, with con ict directed
best- rst

Insight: space craft planning can be serialized
(ordered goals). Cf. “Weld's paper Recent
Advances in Al Planning”

A nice, formal paper. (It would appear that results
contradict results showing STRIPS platiftrteig "



In Memory
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