TEST 1 — Take Home

COMPUTATIONAL GEOMETRY
Spring Term 2000— Number: CS5963

Due Friday, March 23 at 5:00pm

Name:
StudentiD Number:

Ground rules:
e Openbook(useonly thetext book),opennotes.

e Youshouldwork by yourself. Youmaynot useary mediumwhich providesinteractionwith
otherpeople(e.g. postingto news groups,chatrooms,cornversationswith otherstudents,
staf, or faculty, areforbidden).

e Youshouldspendno morethan8 hours(total) working the exam (this is morethanenough
time).

e Your answergincluding equationsgderivations,etc.) shouldbe written on the pagesgiven
(includingbacksidesaswell).

Hints:

e Theterm*“describe” doesnot meancompletesentencesindparagraph®r essays.Pseudo
codewith short,accurateexplanationsor commentwill suffice.

e All of thequestionsanbeansweredisingtheinformationin the coursetextbook(andsome
thinking).



1. [25 pts.] The convex inclusion problemsis asfollows: Given a simple, closed,corvex,
planar N-gon, P, anda point, g, determinewhetheror notqgisin P.

(a) Describe(psuedocodean algorithmthat hasthe following properties:“inclusion” is

answeredn O(log(N)) time for ary g. The datastructuregake O(N) spaceandde-
pendingon the algorithmwill take O(N) or O(Nlog(N)) time to precompute.

(b) The O(Nlog(N)) is typically moregeneral. How so? How would you extendthis to

non-cotvex polygons?Give (andjustify) expressiongor the precomputestorageand
runtime.






2. [25 pts.] Considerthe point-setminimumdistanceproblem:Giventwo setsof pointsA and
B of pointsin the plane,eachcontainingN elementsfind thetwo closestpoints,onefrom A

andtheotherfrom B.
Give an algorithmthat finds this pair of closestpoints. Shav thatthe alogrithmis correct
andthatit requiresO(Nlog(N)) operations.






3. [25pts.] Themedial axis, .# (P) of apolygonP is thesetof internalpointssuchthatp € .#
is equidistancdrom at leasttwo pointson the boundaryof P, which hasN sides.Describe
anO(Nlog(N)) algorithmthatfinds this setof pointsfor convex polygons(Show thatthis
algorithmis correct).






4. [25 pts.] Thelnverse of the Vornoi Diagram problemis asfollows: Givena planarsubdi-
vision with valence3 (i.e. eachvertex hasdegree3) developanalgorithmto testif it is the
Vornoi diagramof some(finite) setof points,S. If “yes”, the algorithmshouldproduceas
outputthesetS.

Describethis algorithm,show thatit’ s correct,andanalyzeits runtime.






