
TEST 1 — TakeHome

COMPUTATION AL GEOMETRY
Spring Term 2000— Number: CS5963

DueFriday, Mar ch 23at 5:00pm

Name:
StudentID Number:

Ground rules:

� Openbook(useonly thetext book),opennotes.

� Youshouldwork by yourself. Youmaynot useany mediumwhichprovidesinteractionwith
otherpeople(e.g. postingto news groups,chatrooms,conversationswith otherstudents,
staff, or faculty, areforbidden).

� You shouldspendno morethan8 hours(total) working theexam(this is morethanenough
time).

� Your answers(includingequations,derivations,etc.) shouldbe written on thepagesgiven
(includingbacksidesaswell).

Hints:

� The term “describe”doesnot meancompletesentencesandparagraphsor essays.Pseudo
codewith short,accurateexplanationsor commentswill suffice.

� All of thequestionscanbeansweredusingtheinformationin thecoursetextbook(andsome
thinking).
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1. [25 pts.] The convex inclusion problemsis as follows: Given a simple, closed,convex,
planar, N-gon,P, andapoint,q, determinewhetheror not q is in P.

(a) Describe(psuedocode)an algorithmthat hasthe following properties:“inclusion” is
answeredin O

�
log

�
N ��� time for any q. Thedatastructurestake O

�
N � space,andde-

pendingon thealgorithmwill take O
�
N � or O

�
N log

�
N ��� time to precompute.

(b) The O
�
N log

�
N ��� is typically moregeneral.How so? How would you extendthis to

non-convex polygons?Give(andjustify) expressionsfor theprecompute,storage,and
run time.
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2. [25 pts.] Considerthepoint-set,minimumdistanceproblem:Giventwo setsof pointsA and
B of pointsin theplane,eachcontainingN elements,find thetwo closestpoints,onefrom A
andtheotherfrom B.

Give an algorithmthat finds this pair of closestpoints. Show that the alogrithmis correct
andthatit requiresO

�
N log

�
N ��� operations.
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3. [25 pts.] Themedial axis, � �
P � of apolygonP is thesetof internalpointssuchthatp ���

is equidistancefrom at leasttwo pointson theboundaryof P, which hasN sides.Describe
an O

�
N log

�
N ��� algorithmthat finds this setof pointsfor convex polygons(Show that this

algorithmis correct).
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4. [25 pts.] The Inverse 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”, thealgorithmshouldproduceas
outputthesetS.

Describethis algorithm,show thatit’ s correct,andanalyzeits run time.
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