FINAL EXAM: CISC481/681

NAME:
Decl1,2001

The rst questionsie shot ansver, andthentherls somedongeronescoveringthe latercourse
topics. Alwaysshav your woik sol caneasilyassigrpatial credit. Feelfreeto continuean ansver
ontothebackof thepaper

1. (9 points;3 eachHow istheopenlist (listof unexpandedodesprdeedin eaclof thefollow-
ing seach algorithmgassuminghatwe nextexpandhe rst nodeon the openlist):

(a) Depth-krstSeach
(b) Breadth-kstSeach

(c) A* Seach

2. (4 points)How doeghe POP planningalgorithmhandleinteractinggoalan planning[Suss-
mars Anomalywith the blockss oneexampl®f interactinggoals]?

3. (4 pts)Giventhe standat descriptiorof ataskenvionment(e.g.accessibies.non-accessible;
staticvsdynamic;continuousvsdiscete;deterministioss stochastic)whattypesof envion-
mentsare goodfor the basicPOCL/POP(Pattial Order CausaLink) planningalgorithmwe
discussei class?



4. REPRESENATIONS IN LOGIC: (10 points)Supposenve wantto repesentusinga rst-
orderlogicbasedanguagéke Epilog, cetain propetiesaboutobjects.There are threemain

appoaches:

(a) De ne aPREDICAE for eachvalueof eaclhpropety. Thepredicates TRUE if andonly
if the objecthasthat propety value.For exampléO1, O2, etc.ar distinctobjects):

Triangle(O1) Circle(02)
Green(Ol1) Green(02)
Large(O1) Small(02)

(b) De ne aRELATIONSHIP for eachpropety thatrelateshe valueof the propety to the
object.For examplethe samenfo asabae wouldbecome:

Shape(OlTriangle) Shape(O2Circle)
Color(O1,Green) Color(02,Green)
Sze(O1l,Large) Sze(02,9mall)

(c) De ne arelationshigalledAT TRIBUTE thatrelategnobjectanattributenameandan
attributevalue.For examplethe samenfo wouldnow berepesenteth your knowledge

bases:
Attribute(O1,Shape;Triangle) Attribute(O2,ShapeCircle)
Attribute(O1,Color, Green)  Attribute(O2,Color, Green)
Attribute(O1,9ze,Large) Attribute(O2,Sze, Small)

Question:describeéhe adwantagesind disadantagesf thesethreeappoaches Hint: Frst
considetherangeof questions/queri¢isat canbeanswered, from “whatshapes O1?” to “In
whatwaysare O1 andO2 similar?”.Hint: Then considerwhatkindsof logicalrulescanwe
write, from “Anythingthatis largeis not small to “All triangleshae 3 sides and“All circles
hawe adiameterbut triangleslo not have adiameter



5. (11pts)

Considetusinga pattial order planningsystenfor planningthe deelopmentandreleasef a
softwae product. Assuméhatin thisdomainthere existthefollowingsimpleoperatorsle ned
in STRIPS:

Operator Preconditions Add List DeleteList
optimize HavePogram Optimized Bugkee
debug HavelPogram Bugkee
ship HavePPogram HappyQistomer

Bugkee

Optimized

HaveRckaging
designpackagindgdavePogram HaveRckaging

The planningproblemis to getfrom a statewhee Hawepiogramis trueto onein whichHap-
pyQustomeistrue. Aswe know, we will alsocreateéwo "dummy’ operators:

Operator Preconditions  Add List DeletelList
stat T HavefPogram
nish HappyQustomer NIL

Qupposene stat with the following pattial plan, which containscurrently no orderingcon-
straintotherthanthoseampliedby the patial orderingof the plan:

|BugFred ’Optimized ‘

(Ship)

’ HappyCustomer‘

(6) Whataretheexistinghreatarc(s)in thispatial plan,if any?

(5) Listthe precondition®f anyoperatoin the patial planthatare not yet suppoted by
acausdlink (theopenlist)



6. PLANNING: (20points,5 each)rhe famousvaterjug problemcanbestatedasfollows: you
ar given2 waterjugs—ag-gallonug (callit JUG4)anda 3-gallonug (callit JUG3).Neither
jug hasany measuringnakerson it. Thereis apumpthat canbeusedto Il thejugswith
water Thegoalisto getexactly gallonf waternto the4-Gallonjug.

Yourjobisto writeasetof POP/STRIPS-styf@danningoperatorso solethisproblem.Include
the operatorshat setup the START andFINISH statesMakedoublysue that your action
descriptionare corectandconsistent—i.egheyshouldist all the requiedpreconditiongnd
stateexplicitlyall the conditionsthat getchanged DO NOT worry aboutwhatthe nal plan
(solutionactuallys!'Heres someusefulogicalrepesentationgu canuse:

let cont(j,y)oe a predicatethat repesentghat jug contains gallonsof liquid. So
contJUGA4,1yepesentthat JUG4hasl gallonof waterin it.

let capacity(Ppeafunctionthat denoteshetotal capacityf jug . So contJUG3,capac-
ity(JUG3))denoteshat JUG3isfull of threegallonf water

In writing preconditionsyou mayusesimplearithmaticoperatorge.g. , ) andcom-
parisionge.g., ). Soyoumightsaysomethindike
Write de nitionsfor thefollowing4 POPoperators:

(a) Empty(x)— emptieghe content®f jugx ontotheground.
(b) Fll(x) — lls jugx completelyo its capacityfrom the pump)

(c) Pour-All(x,y)— poursthe entire contentof jug x into jugy. Pleaseadda precondition
thatthe contentf jugx must t into jugy!

(d) Pour-Till-Full(x,y)— Poursthe contentf jugx into jugy justuntil y isfull.



7. BELIEF NETS: (20 pointstotal) Orville the robot jugglerdrops ballsquite often whenits
battey islow. In previoudestsjt hasbeendeterminedhat the probabilitythatit will drop a
ballwhenits battey is low is 0.9. Wheraswvhenits battey is not low, the probabilitythat it
dropsaballisonly 0.01. The battey wasrechargedot solongago.andour bestguesgbefoe
lookingat Orvilléslatesjugglingrecod) is thatthe oddsthatthe battey is low indicateabout
atenpercentchanceAnothemrrobotobsever, with asomevhatunreliablevisionsystenrepots
thatOrvilledroppedaball. Thereliabilityof theobseverisgivenby thefollowingprobabilities:

Pr(obseversay©Orvilledrops Orvilledoesdrop)=0.9
Pr(obseversay©Orvilledrops Orvilledoesh drop)=0.2

(a) (8 points)Drawabeliefnetwok to repesenthisinformation.
(b) (7 points)Specifythe conditionalprobabiltytables

(c) (5 points)Calculatehe probabilitythat the battey is low giventhat the obsever repots
adroppedball. You dorit hawe to do theactualdecimamath,justleaeit in the obvious
unsimpli edform.

In casgou forgot, , andNormalizdBayesRule:




8. REINFORCEMENT LEARNING: (6 points,3 eachWhenwe studiedreinfocementearn-
ing in classye assumethat all the trainingsequencesere nite. Of coursdhele are many
realenvionmentswithout sucha clearterminationpoint, andthe unlimited accumulatiorof
rewadscanleadto problemswith in nite utilities.

To awid this, adiscountingactor isoftenusedwhee . The utility of astate steps
into thefutureis discountedreducedpy multiplyingit by . Thusrewadsvery vely farinto
thefuture are effectielyO.

The Adaptive DynamicProgrammingnodelof utilities sayghat a statés utility shouldbeup-
datedaccodingto thefollowingequation:

next-states

And the TemporabDifferencelearningnodelsayghat a statés utility shouldbe updatedac-
codingto thisequation:

The question:rewrite thesewo equationsothat theyincorporatahe discountingactor .
Hint: thisis simpleandpurelymechanicaf you understanthe equations—ddrtry to make
the problemmore dif cult.



