
FINAL EXAM:CISC481/681

NAME:

Dec11,2001

The �rst questionsare short answer, andthenthere's somelongeronescoveringthe latercourse
topics.Alwaysshow your work soI caneasilyassignpartial credit. Feelfreeto continueananswer
ontothebackof thepaper.

1. (9 points;3 each)How istheopenlist (listof unexpandednodes)orderedin eachof thefollow-
ingsearchalgorithms(assumingthatwenextexpandthe�rst nodeon theopenlist):

(a) Depth-FirstSearch

(b) Breadth-FirstSearch

(c) A* Search

2. (4 points)How doesthePOPplanningalgorithmhandleinteractinggoalsin planning[Suss-
man'sAnomalywith theblocksisoneexampleof interactinggoals]?

3. (4 pts)Giventhestandard descriptionof ataskenvironment(e.g.accessiblevs.non-accessible;
staticvsdynamic;continuousvsdiscrete;deterministicvsstochastic),whattypesof environ-
mentsare goodfor thebasicPOCL/POP(Partial OrderCausalLink) planningalgorithmwe
discussedin class?
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4. REPRESENTATIONS IN LOGIC: (10 points)Supposewe wantto represent,usinga �rst-
orderlogicbasedlanguagelike Epilog,certain propertiesaboutobjects.There are threemain
approaches:

(a) De�ne aPREDICATE for eachvalueof eachproperty. ThepredicateisTRUE if andonly
if theobjecthasthatproperty value.For example(O1, O2, etc.aredistinctobjects):

Triangle(O1) Circle(O2)
Green(O1) Green(O2)
Large(O1) Small(O2)

(b) De�ne aRELATIONSHIP for eachproperty that relatesthevalueof theproperty to the
object.For example,thesameinfo asabovewouldbecome:

Shape(O1,Triangle) Shape(O2,Circle)
Color(O1,Green) Color(O2,Green)
Size(O1,Large) Size(O2,Small)

(c) De�ne arelationshipcalledATTRIBUTE thatrelatesanobject,anattributename,andan
attributevalue.For example,thesameinfo wouldnow berepresentedin your knowledge
baseas:

Attribute(O1,Shape,Triangle) Attribute(O2,Shape,Circle)
Attribute(O1,Color, Green) Attribute(O2,Color, Green)
Attribute(O1,Size,Large) Attribute(O2,Size,Small)

Question:describethe advantagesanddisadvantagesof thesethreeapproaches.Hint: First
considertherangeof questions/queriesthatcanbeanswered,from “whatshapeisO1?” to “In
whatwaysare O1 andO2 similar?”.Hint: Thenconsiderwhatkindsof logicalrulescanwe
write, from “Anythingthat is largeis not small” to “All triangleshave 3 sides” and“All circles
haveadiameter, but trianglesdonot haveadiameter”
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5. (11pts)
Considerusinga partial orderplanningsystemfor planningthedevelopmentandreleaseof a
softwareproduct.Assumethatin thisdomainthereexistthefollowingsimpleoperatorsde�ned
in STRIPS:

Operator Preconditions Add List DeleteList
optimize HaveProgram Optimized BugFree
debug HaveProgram BugFree
ship HaveProgram

BugFree
Optimized
HavePackaging

HappyCustomer

designpackagingHaveProgram HavePackaging

Theplanningproblemis to getfrom astatewhereHaveprogramis trueto onein whichHap-
pyCustomeristrue.Asweknow, wewill alsocreatetwo ”dummy” operators:

Operator Preconditions Add List DeleteList
start T HaveProgram
�nish HappyCustomer NIL

Supposewe start with the following partial plan,which containscurrently no orderingcon-
straintsotherthanthoseimpliedby thepartial orderingof theplan:

T

start

HaveProgram

debug optimize

BugFree Optimized

ship

HappyCustomer

finish

Nil

� (6) Whataretheexistingthreatarc(s)in thispartial plan,if any?

� (5) List thepreconditionsof anyoperatorin thepartial planthatarenot yetsupportedby
acausallink (theopenlist)
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6. PLANNING: (20points,5 each)Thefamouswaterjugproblemcanbestatedasfollows:you
aregiven2 waterjugs—a4-gallonjug(callit JUG4)anda3-gallonjug(callit JUG3).Neither
jug hasanymeasuringmarkerson it. There is a pump that canbeusedto �ll the jugswith
water. Thegoalis to getexactly2 gallonsof waterinto the4-Gallonjug.

Yourjobisto writeasetof POP/STRIPS-styleplanningoperatorsto solvethisproblem.Include
theoperatorsthat setup theSTART andFINISH states.Makedoublysure that your action
descriptionsarecorrectandconsistent—i.e.theyshouldlist all therequiredpreconditionsand
stateexplicitlyall the conditionsthat getchanged.DO NOT worry aboutwhatthe�nal plan
(solution)actuallyis!!Here'ssomeusefullogicalrepresentationsyoucanuse:

� let cont(j,y)be a predicatethat representsthat jug
�

contains� gallonsof liquid. So
cont(JUG4,1)representsthatJUG4has1 gallonof waterin it.

� let capacity(j)beafunctionthatdenotesthetotalcapacityof jug
�

. So cont(JUG3,capac-
ity(JUG3))denotesthatJUG3isfull of threegallonsof water.

� In writing preconditions,you mayusesimplearithmaticoperators(e.g. � , � ) andcom-
parisions(e.g.,� ). So youmightsaysomethinglike ���	�
����
���
���������������� �"! .

Writede�nitionsfor thefollowing4 POPoperators:

(a) Empty(x)— emptiesthecontentsof jugx ontotheground.

(b) Fill(x) — �lls jugx completelyto itscapacity(fromthepump)

(c) Pour-All(x,y)— pourstheentire contentsof jug x into jug y. Pleaseadda precondition
that thecontentsof jugx must�t into jugy!

(d) Pour-Till-Full(x,y)— Poursthecontentsof jugx into jugy justuntil y isfull.
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7. BELIEF NETS: (20 pointstotal) Orville the robot jugglerdropsballsquite often whenits
battery is low. In previoustests,it hasbeendeterminedthat theprobabilitythat it will drop a
ballwhenits battery is low is 0.9. Whereaswhenits battery is not low, theprobabilitythat it
dropsaball isonly0.01.Thebattery wasrechargednot solongago,andourbestguess(before
lookingatOrville'slatestjugglingrecord) is that theoddsthat thebattery is low indicateabout
atenpercentchance.Anotherrobotobserver, with asomewhatunreliablevisionsystem,reports
thatOrvilledroppedaball.Thereliabilityof theobserverisgivenby thefollowingprobabilities:

Pr(observersaysOrvilledrops # Orvilledoesdrop)= 0.9

Pr(observersaysOrvilledrops # Orvilledoesn't drop)= 0.2

(a) (8 points)Drawabeliefnetwork to representthisinformation.

(b) (7 points)Specifytheconditionalprobabiltytables

(c) (5 points)Calculatetheprobabilitythat thebattery is low giventhat theobserver reports
adroppedball. You don't have to do theactualdecimalmath,just leave it in theobvious
unsimpli�edform.

In caseyou forgot, $&%'�)(	*,+-!/.0$&%1�)(2# +-!3$&%1�4+5! , andNormalizedBayesRule:

$&%1�)(2#6+5!7.

$&%��4+,# (8!3$&%1�)(8!

$&%1�4+9# (8!3$&%���(8!:�	$&%'�4+,#6;<(8!3$&%1�4;&(=!
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8. REINFORCEMENT LEARNING: (6 points,3 each)Whenwestudiedreinforcementlearn-
ing in class,we assumedthat all the trainingsequenceswere �nite. Of coursethere are many
realenvironmentswithout sucha clearterminationpoint, andtheunlimitedaccumulationof
rewardscanleadto problemswith in�nite utilities.

To avoid this,adiscountingfactor > is oftenused,where >	?A@ . Theutility of astateB steps
into thefutureisdiscounted(reduced)by multiplyingit by >DC . Thusrewardsvery very far into
thefutureareeffectively0.

TheAdaptiveDynamicProgrammingmodelof utilitiessaysthatastate'sutility shouldbeup-
datedaccordingto thefollowingequation:

�5�FEHG�!&.JIK�FEHG)!:� L

MON next-states

P

G

M

�5�FE

M

!

And the TemporalDifferenceLearningmodelsaysthat a state's utility shouldbeupdatedac-
cordingto thisequation:

�5�FEHG�!&.Q�5�4EHG�!:�SRT�4IK�FEHGU!D�V�5�FE

M

!W�S�5�FEHG)!X!

The question:rewrite thesetwo equationssothat theyincorporatethe discountingfactor > .
Hint: this issimpleandpurelymechanicalif you understandtheequations—don't try to make
theproblemmoredif�cult.
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