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In tro duction

W e are dev eloping in telligen t, autonomous, 
exible

con trol systems for mission-critical applications suc h

as Uninhabited Aerial V ehicles (UA Vs) and deep space

prob es. These applications require h ybrid con trol sys-

tems, capable of e�ectiv ely managing b oth discrete and

con tin uous con trollable parameters to main tain sys-

tem safet y and ac hiev e system goals. This rep ort de-

scrib es our w ork on dev eloping in telligen t, hard real-

time con trollers for suc h h ybrid systems. In particu-

lar, w e fo cus on the tec hniques w e are dev eloping for

automatically syn thesizing guaran teed mo de-switc hing

con trollers from domain mo dels.

The mission-critical systems w e are in terested in are

t ypically designed, built, v eri�ed, and �elded b y v ery

large organizations suc h as defense con tractors. The

o v erall system con trol problems for these pro ducts are

not solv able \in the whole" b ecause of sheer magnitude,

theoretical limitati ons, and b ecause they require the in-

tegration of sp ecialists from man y di�eren t disciplines.

Instead, the o v erall con trol problems are decomp osed

in to m ultiple simpler con trol problems. F or example, in

an aircraft con troller, pitc h, roll and y a w are t ypically

done separately and indeed, often b y di�eren t a vion-

ics �rms.
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Ev en a relativ ely primitiv e b eha vior suc h as

co ordinated turn is sev eral la y ers up the con trol hierar-

c h y . Autopilots pro vide sets of qualitativ e mo des, suc h

as \Altitude hold," \Altitude select," \V ertical sp eed,"

etc.

Piecing together the di�eren t con trollers, the sys-

tem's mo de lo gic is b oth critical and extremely com-

plex. W e generate this kind of logic, in the form of

clo c k ed, discrete con trollers. These con trollers do not

address the con tin uous part of the problem (except in

the temp oral dimension). Instead, the b eha vior of in-
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\The curren t allo cation of 
igh t automation to sepa-

rate functions is the result of largely acciden tal historical

factors. Consequen tly , certain con trol v ariables that are

tigh tly coupled in a dynamical sense are managed b y di�er-

en t functions: for example, engine thrust is managed b y the

autothrottle, and pitc h angle b y the autopilot." (Rush b y

1998)

dividual con trol mo des is summarized in terms of a

qualitative feature space and in terms of b ounds on the

timing of transitions b et w een qualitativ e states. Note

that the kind of mo de logic that w e are discussing is

not simply sequencing a single con trol system through

m ultiple mo des; it also co v ers sequencing m ultiple con-

trol systems in co ordination. T o tak e a simple exam-

ple, the dev elop er of an autopilot mo dule that is de-

signed to carry an aircraft from one w a yp oin t to an-

other t ypically do es not concern him/herself with han-

dling the b eha vior of the aircraft while its landing gear

are deplo y ed. Accordingly , it will b e the job of our

\outermost-lo op" discrete con trol to ensure that the

landing gear are not deplo y ed when the autopilot is

switc hed to this mo de.

In our approac h, these con trollers are syn thesized

automatic al ly and dynamically , on-line, while the plat-

form is op er ating. Dynamic generation allo ws us to

handle b oth the famili ar problem of state space ex-

plosion, and a related problem w e call b ounde d r e ac-

tivity (Musliner, Durfee, & Shin 1993): ev en simple,

reactiv e systems ha v e only limited abilit y to monitor

their en vironmen ts and act. If to o man y con tingencies

m ust b e addressed, the system will not b e able to re-

act in a timely w a y . Dynamic generation of mo de-logic

allo ws our system to tailor its reactiv e subsystem to

the imm ediately relev an t con tingencies. Rather than

requiring the system to monitor all con tingencies o v er

an en tire mission, w e dev elop a set of sp ecialized dis-

crete state con trollers for di�eren t parts of the mission.

In this pap er, w e discuss curren t w ork on adapt-

ing the CIR CA arc hitecture (Musliner, Durfee, & Shin

1993; 1995) to con trol h ybrid systems. W e ha v e aug-

men ted the kno wledge represen tation used in dev elop-

ing CIR CA's reactiv e plans (real-time discrete ev en t

con trollers) to b e b etter suited to dev eloping mo de

logic. T o pro vide the temp oral reasoning needed to use

this kno wledge, w e ha v e incorp orated a mo del-c hec k er

in to CIR CA's Con troller Syn thesis Mo dule. W e are

in the pro cess of adding an Adaptiv e Mission Plan-

ner and a monitoring subsystem to the arc hitecture.

The Adaptiv e Mission Planner will pro vide long-term
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Figure 1: The CIR CA arc hitecture as recen tly ex-

panded.

(mission duration) pro jection and reasoning ab out re-

sources and decomp ose the problem space for the b ene-

�t of the Con troller Syn thesis Mo dule. The monitoring

subsystem will monitor progress to w ards goals, alert-

ing the mission planner when the system is not mo ving

to w ards its ob jectiv es quic kly enough.

CIR CA

CIR CA has b een applied to real-time planning and

con trol problems in sev eral domains including mobile

rob otics, sim ulated autonomous aircraft, space prob e

c hallenge problems (Musliner & Goldman 1997) and

con trolling a �xed-wing mo del aircraft (A tkins et al.

1998). CIR CA is designed to supp ort b oth hard real-

time resp onse guaran tees and unrestricted (i.e., in-

tractable) AI metho ds that can guide those real-time

resp onses. In CIR CA, an AI subsystem (AIS) reasons

ab out high-lev el problems that require its p o w erful but

p oten tially un b ounded planning metho ds, while a sepa-

rate real-time subsystem (R TS) reactiv ely executes the

AIS-generated plans and enforces guaran teed resp onse

times.

CIR CA's planning and execution subsystems op er-

ate in parallel. The AIS reasons ab out an in ternal

mo del of the w orld and dynamically programs the R TS

with a planned set of reactions (a discrete con troller).

While the R TS is executing those reactions, ensuring

that the system a v oids failure, the AIS con tin ues using

heuristic planning metho ds to �nd the next appropri-

ate set of reactions. F or example, while the R TS is

executing a con troller that will tak e a UA V from its

start p oin t through a sequence of w a yp oin ts to its tar-

get, the AIS will b e generating a new con troller for

the UA V's actions o v er the target (e.g., o v er
ying a

particular lo cation and photographing it). When this

con troller has b een generated and the UA V has reac hed

an appropriate p osition, the new sc hedule of reactions

will b e do wnloaded to the R TS.

A diagram of the curren t CIR CA system arc hitecture

is giv en in Figure 1. In our curren t system, the AIS is

partitioned in to an Adaptiv e Mission Planner (AMP)
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Figure 2: Conceptual view of m ultiple reactiv e con-

trollers.

a Con troller Syn thesis Mo dule (CSM) and a sc heduler.

The AMP reasons ab out mission pro�les in a quasi-

linear w a y , carving the o v erall mission con trol plan in to

smaller regions that are fed to the CSM(see Figure 2).

F or eac h of these con trol regions, the CSM generates a

timed discrete ev en t con troller that will assure system

safet y and attempt to ac hiev e system goals. Put di�er-

en tly , the AMP divides the o v erall mission state space

in to a series of smaller state spaces, for whic h the CSM

generates con trollers.

The AMP also driv es the generation of evaluators .

These are used to giv e feedbac k to the AMP as a mis-

sion unfolds. The AMP reasons ab out o v erall mission

ac hiev emen t, while the running set of reactions are re-

sp onsible only for mo ving to w ards lo c al subgoals (re-

gion in tersections in Figure 2). The ev aluators pro-

vide the AMP with a constan tly-up dated view of the

curren t w orld state, w atc hing b oth the progress of the

agen t to w ards its ob jectiv e and the planning activit y

of the CSM. Space will not p ermit detailed discussion

of the monitoring subsystem here.

CIR CA's Con troller Syn thesis Mo dule system builds

reaction plans based on a w orld mo del and a set of

formally-de�ned safet y conditions that m ust b e satis-

�ed b y feasible plans (Musliner, Durfee, & Shin 1995).

T o describ e a domain to CIR CA, the user inputs a set

of transition descriptions that implicitly de�ne the set

of reac hable states. In the existing system, these tran-

sitions are of four t yp es:

Action transitio ns represen t actions p erformed b y

the R TS.

T emp oral transition s represen t the progression of

time and con tin uous pro cesses that ma y need to b e

preempted.

Ev en t transition s represen t w orld o ccurrences as in-

stan taneous state c hanges.

Reliable temp oral transition s represen t con tin u-

ous pro cesses (suc h as the op eration of a con trol la w)

that ma y need to b e emplo y ed b y the CIR CA agen t.



;; the action of switching on an Inertial

;;Refere nce Unit (IRU)

ACTION start_IRU 1_w ar m_u p

PRECONDITI ONS : '((IRU1 off))

POSTCONDIT ION S: '((IRU1 warming))

DELAY: <= 1

;; the process of the IRU warming

RELIABLE -TE MP ORA L warm_up_ IRU 1

PRECONDITI ONS : '((IRU1 warming))

POSTCONDIT ION S: '((IRU1 on))

DELAY: [45 90]

;;someti mes the IRUs break without warning

EVENT IRU1_fails

PRECONDITI ONS : '((IRU1 on))

POSTCONDIT ION S: '((IRU1 broken))

;; if the engine is burning while the active

;; IRU breaks, we have a limited amount of

;; time to fix the problem before the

;; spacecraft will go too far out of control

TEMPORAL fail_if_bu rn _wi th _br oke n_ IRU 1

PRECONDITI ONS : '((engin e on)(activ e_ IRU IRU1)

(IRU1 broken))

POSTCONDIT ION S: '((failure T))

DELAY: >= 5

Figure 3: Example transition descriptions giv en to

CIR CA's planner.

F or example, Figure 3 sho ws sev eral transitions used

in a situation where CIR CA is to con trol the Cassini

spacecraft in Saturn Orbital Insertion.
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Note that

these transition descriptions implicitly pro vide a fac-

tored description of a timed discrete con troller state

space.

The CSM plans b y generating a timed nondetermin-

istic �nite automaton (NF A) (Alur 1998) from these

transition descriptions. It assigns to eac h reac hable

state either an action transition, a reliable temp oral or

no-op . These selections are made to pr e empt transi-

tions that lead to failure states and to driv e the system

to w ards goal states. A transition, t , is preempted in a

state when that state is assigned an action or reliable

temp oral that is guar ante e d to o ccur b efore t can p os-

sibly o ccur.

The assignmen t of actions and reliable temp orals de-

termines the top ology of the NF A (and so the set of

reac hable states): preemption of temp oral transitions

remo v es edges and assignmen t of actions adds them.

System safet y is guaran teed b y planning transitions

that preempt al l transitions to failure, making the fail-

ure state unreac hable (Musliner, Durfee, & Shin 1995).

It is this abilit y to build plans that guaran tee the cor-
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The problem is tak en from Erann Gat's \F rom the

T renc hes" (Gat 1996).

rectness and timeliness of safet y-preserving reactions

that mak es CIR CA suited to mission-critical applica-

tions in hard real-time domains.

The NF A is then compiled in to a memoryless con-

troller for do wnloading to the R TS. This is done

through a t w o-step pro cess. First, the action assign-

men ts in the NF A are compiled in to a set of T est-A ction

Pairs (T APs). Eac h T AP has a b o olean test expression

that distinguishes b et w een states where a particular ac-

tion is and is not to b e executed. The test expression

is a function of the plan as a whole, rather than lo cal

action assignmen ts, b ecause the same action ma y b e

assigned to more than one state.

These T APs are then assem bled in to a lo op that will

meet all the deadlines. These deadlines are captured

as constrain ts on the maxim um temp oral separation of

the T APs. This second phase of the translation pro-

cess is done b y the sc heduler. CIR CA's sc heduler v er-

i�es that all actions in the T AP lo op will b e executed

quic kly enough to preempt the transitions the CSM has

determined need preempting. The tests and actions

that the R TS can execute as part of its T APs ha v e as-

so ciated w orst-case execution times that are used to

v erify the sc hedule. It is p ossible that sc heduling will

not succeed. In this case, the AIS will bac ktrac k to the

CSM to revise the NF A and generate and sc hedule a

new set of T APs.

When the T APs are arranged in to an executable

lo op, they will b e do wnloaded to the R TS to b e exe-

cuted. The R TS will lo op o v er the set of T APs, c hec k-

ing eac h test expression and executing the corresp ond-

ing action if the test is satis�ed. The tests consist only

of sensing the agen t's en vironmen t, rather than c hec k-

ing an y in ternal memory , so the R TS is async hronous

and memoryless.

F or example, in a recen t test of the CIR CA R TS, it

w as used to pilot t w o sim ulated UA Vs in an attac k mis-

sion. Eac h UA V's R TS con troller, follo wing a mission

pro�le, �rst triggers a con trol subsystem that causes

the aircraft to tak e o�. It then switc hes the autopi-

lot in to a w a yp oin t-directed 
igh t mo de. While the

aircraft are 
ying from one w a yp oin t to the next, the

R TS will b e running a n um b er of T APs in rotation.

Some imp ortan t T APs are:

� One that c hec ks to see whether the aircraft has

reac hed the next w a yp oin t and, if so, sequences the

next w a yp oin t.

� One that c hec ks to see if the aircraft has b een

\pain ted" b y enem y radar and, if so, tak es coun-

termeasures (in this case releasing c ha� ).

� One that c hec ks to see if the aircraft is in the vicinit y

of a v alid ground target and is curren tly the LEAD.

If so, the aircraft will attempt to destro y the target.



Generating Mo de-logic for Hybrid

Con trol

W e are revising the CIR CA con troller syn thesis algo-

rithm to b e more suitable for generating mo de logic

for h ybrid systems. The new CIR CA CSM emplo ys an

abstraction tec hnique that w e call \dynamic abstrac-

tion planning" (D AP) (Goldman et al. 1997) to help

con trol the state space explosion. W e ha v e also re-

vised the CSM algorithm to incorp orate a real-time

mo del-c hec k er. Finally , w e ha v e augmen ted the CSM's

kno wledge represen tation, complicating the con troller

syn thesis problem.

In the original CIR CA, whic h dro v e a mobile rob ot,

the R TS w as in tended to directly in teract with the

plan t: R TS tests w ould sample sensors and R TS actions

w ould con trol e�ectors. This simple discrete-ev en t con-

trol approac h is not suitable for mo de logic in whic h

the R TS m ust con trol other, lo w er-lev el con trollers.

Instead, the R TS m ust use temp orally-extended pro-

cesses, b oth those in the en vironmen t itself and those

that are created b y subsidiary con trollers. T o do this,

w e ha v e in tro duced the r eliable temp or al class of tran-

sition referred to in the previous section.

D AP T ec hnique

CIR CA generates its con trollers through a pro cess that

w e call \dynamic abstraction planning" (D AP) (Gold-

man et al. 1997). Abstraction is used to omit detail

from the state represen tation, reducing b oth the size

of the state space that m ust b e explored to pro duce a

plan, and the size of the resulting plan itself. The ab-

straction metho d w e describ e has three useful features:

1. The abstraction metho d do es not compromise safet y-

preserving guaran tees: the w orld mo del used for

planning is reduced, but not in w a ys that a�ect the

system's abilit y to mak e rigorous statemen ts ab out

the safet y assurances of plans it is building.

2. The metho d is fully automatic, and dynamically de-

termines the appropriate lev el of abstraction during

the planning pro cess itself.

3. The metho d uses di�eren t lev els of abstraction in

di�eren t parts of the searc h space, adjusting the

amoun t of detail omitted at eac h step.

The in tuition b ehind D AP is simple: in some situa-

tions, certain w orld features are imp ortan t, while in

other situations those same features are not imp ortan t.

An optimal state space represen tation w ould capture

only the imp ortan t features for an y particular state.

D AP allo ws a planner to searc h for useful state space

abstractions at the same time it is searc hing for a plan.

The con troller syn thesis problem for CIR CA is to as-

sign to ev ery reac hable state in the state space an ac-

tion or reliable temp oral that preserv es safet y , b y pre-

FAILUREEmergency NIL Emergency T

S1
emergency-alert

F
emergency-failure

(event) (temporal)

S0

Figure 4: A partially-completed CIR CA plan.

empting an y p ossibly applicable transitions to a failure

state. In order to assign an action to a state, the ac-

tion m ust ne c essarily apply . The D AP planner b egins

with a v ery coarse NF A/plan, with all the non-failure

states consolidated in to a single state. In a state with

so few features de�ned, nearly all transitions to failure

are p ossibly applicable and almost none of the actions

are necessarily applicable.

During the planning pro cess, D AP dynamically adds

more detail to this sk etc h y NF A. When it is unable to

generate a satisfactory plan at the curren t lev el of de-

tail, D AP re�nes the NF A b y taking an existing state

and splitting it in to a n um b er of more sp eci�c states,

one for eac h p ossible v alue of a particular feature, F

i

.

F eatures are c hosen for splitting b ecause they either

mak e a p oten tial failure state unreac hable (b y making

a p ossibly applicable transition to failure inapplicable)

or enable a preempting action c hoice (b y making a p os-

sibly applicable action necessarily applicable).

F or example, let us consider the partially-compl eted

plan giv en in Figure 4. Here there are three states: the

failure state and t w o non-failure states, one for eac h

v alue of emergency , a b o olean prop osition. W e assume

that emergency is nil when the system b egins op era-

tion. The NF A in Figure 4 is not safe, b ecause there

is a reac hable state, S

1

, from whic h there is a tran-

sition to the failure state ( emergency-failur e ) that

has not b een preempted. One w a y to �x this problem

w ould b e to c ho ose an action for S

1

that will preempt

emergency-failure . The domain description con tains

suc h an action, push-emergency-butt on . Unfortu-

nately , one of push-emergency-b utton 's preconditions

is part-in-gripper = nil and S

1

is not su�cien tly de-

tailed to sp ecify v alues for part-in-gripper . W e can

rectify this omission b y splitting S

1

in to a set of states,

one for eac h v alue of part-in-gripper . W e can no w

assign push-emergency-butt on to solv e the problem

p osed b y state S

1 ; 1

. The resulting NF A is giv en in

Figure 5. F urther planning is required to resolv e the

problem p osed b y S

1 ; 2

, either b y �nding a preempting

action that do es not require part-in-gripper = nil

or b y making S

1 ; 2

unreac hable.

One un usual asp ect of D AP is that detail is added to

the NF A only lo c al ly . In our example ab o v e, w e only

added the feature part-in-gripper to the part of the

state space where the emergency feature to ok on the

v alue t , rather than re�ning all of the states of the

NF A symmetrically .

The CIR CA CSM algorithm is summarized in

Figure 6. The algorithm is presen ted as a non-
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Figure 5: A re�nemen t of the NF A in Figure 4.

abstract-plan (isd);

isd is initial state description

let N = ; ; The gr aph

op enlist = ; ;

is = mak e-initial -state(isd );

N := N [ f is g ;

push(is, op enlist);

lo op

if there are no more reac hable states in the op enlist then

we ar e done

break;

else

let s = c ho ose a reac hable state from op enlist;

op enlist := op enlist � f s g ;

oneof

split-state :

c ho ose a prop osition p and split s in to j v al ( p ) j

states;

remo v e s from N and insert the new states;

add the new states to the op en list;

assign-action :

c ho ose an action applicable to s ;

( y ) v erify timing prop erties of partial plan, N

utilize-p ro cess :

c ho ose a reliable-temp ora l applicabl e to s ;

( y ) v erify timing prop erties of partial plan, N

fail

Figure 6: Pseudo-co de for the CIR CA state-space

planning algorithm.

disabled

impose
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preconditions
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preconditions
clobbered

preconditions
clobbered

enabled ready

Figure 7: Clo c k ed automaton represen ting the

states of a temp oral transition.

deterministic algorithm, with c hoice p oin ts mark ed in

b old-face. The algorithm is implemen ted b y searc h,

using in telligen t bac kjumping.

V eri�cation of In termediate Plans

In the discussion ab o v e, w e ha v e ignored the temp oral

asp ects of CIR CA state space planning. In particular,

w e ha v e dra wn the plan/con troller as if it w ere a simple

nondeterministic �nite automaton (NF A). Ho w ev er,

the con troller is in fact the pr o duct of a set of clo cke d

NF As and should b e analyzed accordingly (Alur 1998).

T o do so requires that w e reason ab out m ultiple paths

through the automaton, b ecause the temp oral asp ect

of the automaton is not Mark o vian in a useful sense.

T o do that reasoning, w e use a real-time mo del-c hec k er.

One can view the o v erall CIR CA plan as b eing the

pro duct of the follo wing automata:

� one automaton for eac h temp oral and reliable tem-

p oral,

� one automaton represen ting action c hoice, and

� one automaton for the execution of eac h action as-

signed to a state.

F or example, Figure 7 sho ws the states a temp oral

transition ma y b e in: initially it is disabled. When the

system en ters a state in whic h the temp oral's precon-

ditions are satis�ed, the transition b ecomes enabled.

A t this p oin t, one of t w o things can happ en: (1) the

preconditions remain enabled, in whic h case, after the

(lo w er b ound) dela y has elapsed, the mac hine mo v es

to the ready state; or (2) the preconditions get clob-

b ered and the mac hine returns to disabled. In the



ready state, at an y time the transition ma y �re, as-

serting its p ostconditions and returning to disabled or,

if the preconditions are denied, the mac hine will simply

return to the disabled state.

The automata represen ting action execution are sim-

ilar but sligh tly complicated b y the need to consider

the \sense-act gap" | the dela y b et w een the momen t

when the sensory snapshot w as tak en and the c hosen

action actually o ccurs.

Note that temp oral transitions can remain enabled

through a n um b er of states in the o v erall NF A (the

pro duct mac hine). This complicates the temp oral rea-

soning needed to v erify correct timing. T o solv e this

problem, w e ha v e used the Kr onos (Y o vine 1998)

mo del-c hec king to ol to v erify the timing of (partial)

plans. When an action or reliable temp oral is assigned

to preempt a temp oral transition, t , the D AP algo-

rithm uses Kr onos to v erify that t cannot o ccur in

the planned-for region of the state space (see ( y ) in

Figure 6). In the ev en t that the timing requiremen ts

are not met (i.e., t can o ccur), Kr onos returns a path

through the state space that leads to this failure. D AP

then uses the path to failure to iden tify the planning

decisions that led to failure, and to select one as a

bac kjumping target.

Bac kjumping

D AP's abilit y to iden tify culprit decisions and bac k-

jump has pro v en critical to its abilit y to �nd plans

within a reasonable amoun t of time. The CIR CA CSM

searc h space has t w o c haracteristics that mak e it v ery

di�cult to searc h using a naiv e c hronological bac k-

trac king approac h. First, the space is v ery large. Sec-

ond, it is v ery di�cult to iden tify when a decision made

early in the searc h pro cess has made a solution infea-

sible. T ypically , it is only when a sequence of actions

and temp oral transitions ha v e b een sp eci�ed that the

failure condition is realized.

W e ha v e used a dep endency-directed bac kjumping

approac h to o v ercome these di�culties. When the

Kr onos v eri�er determines that failure is reac hable

in an in termediate plan, it �nds path from an initial

state to a failure state and returns it to the planner.

F rom that path, a list of implicated decisions is ex-

tracted and the planner bac kjumps to the most recen t

of those decisions.

The bac kjumping is complicated b y the use of reli-

able temp orals as a w a y of emplo ying domain pro cesses

and sp ecial-purp ose con trollers. Essen tially , the prob-

lem of using a reliable temp oral is one of constructing

a su�cien tly long c hain of states in whic h that reliable

temp oral is enabled. The di�cult y is to augmen t the

bac kjumping with enough information ab out ho w to

correct problems in suc h a c hain while not making the

searc h incomplete. E�orts to o v ercome this c hallenges

are a fo cus of curren t researc h.

Related W ork

Our w ork on con troller syn thesis is similar in its sub ject

to the con troller syn thesis w ork of Maler, Pneuli, and

Sifakis (1995) (henceforth MPS). MPS ha v e dev elop ed

a game-theoretic framew ork for syn thesizing discrete

con trollers for timed systems

3

and sho w that the con-

troller syn thesis problem for these systems is decidable.

More recen tly , T omlin, Lygeros, and Sastry (1998) ha v e

extended the MPS metho d to the syn thesis of h ybrid

automata, ev en in the presence of nonlinear con tin uous

dynamics. Unlik e MPS, w e are in terested in c ompletely

automate d, on-line con troller syn thesis, so computa-

tional e�ciency is critically imp ortan t. T o simplify the

problem, w e ha v e limited the p o w er of our con trollers,

and carefully limited the size of the state space using

the AMP , factoring the state space, and using the D AP

metho d. W e also pro vide an execution platform for our

con trollers (the R TS) and a sc heduling theory .

In the AI literature, Kabanza, Barb eau, and St.-

Denis (KBS) (1997) also w ork on generating timed dis-

crete con trollers. KBS's w ork di�ers in assuming a dis-

crete time mo del, and represen ting time explicitly in

the con troller. Our con trollers are unclo c k ed (although

they meet timing constrain ts), making them less p o w-

erful but easier to syn thesize; represen ting time explic-

itly in the con troller can lead to a state space explosion.

Recen t researc h based on Mark o v Decision Pro cesses

(e.g., (Dearden & Boutilier 1997)), di�ers from ours

in considering uncertain t y to b e more imp ortan t than

timing. F or the con trol problems that in terest us, a

simple represen tation of uncertain t y is adequate, while

correct handling of timing is critical.

Conclusions and F uture W ork

W e argue that, for man y autonomous h ybrid systems,

the k ey to e�ectiv e, in telligen t con trol, is the engineer-

ing of appropriate mo de logic. F urther, w e argue that

this mo de logic can b e e�ectiv ely generated b y mo del-

based reasoning from the temp oral and discrete ev en t

features of sp ecial-purp ose con trollers. W e ha v e dev el-

op ed an algorithm for generating mo de-logic automat-

ically from suc h descriptions and v erifying its timing

prop erties through the use of a mo del-c hec k er. W e are

curren tly applying the CIR CA tec hniques describ ed in

this pap er to con trolling a sim ulated com bat UA V, un-

der supp ort from D ARP A's Activ e Soft w are Comp osi-

tion program.

3

Their \forcing a win" parallels our \necessarily a v oid-

ing failure."
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