
CIS4930-CIS6930: COMPUTATIONAL GEOMETRYFinal ExamDate: De 7, 2004, TuesdayTime: 11:45am { 1:45pmProfessor: Alper �Ung�or (OÆe CSE 430)This is a losed book exam. No ollaborations are allowed. As we agreed, you an use aheat-sheet (one side of an A4 paper). Your solutions should be onise, but omplete, andhandwritten learly. Use only the spae provided in this booklet, inluding the even numberedpages. Feel free to give referene to the algorithms, de�nitions and onepts disussed in lassrather than desribing them in detail. You should answer all the questions to get full redit.GOOD LUCK!
:::::Your:::::::name:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
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1. [10 points℄ Mrs. Obtuse is an arhitet and would like to design a museum building where allthe walls meet at an obtuse angle, i.e., both interior and exterior angles are stritly largerthan �=2. Construt an example to show that bn=4 ameras might be neessary to guardher museum design with n pieewise-linear walls.
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2. [10 points℄ Given a set P of points in the plane, de�ne the onvex layers of P as follows: The�rst onvex layer of P is just the onvex hull of P. For all i > 1, the ith onvex layer is theonvex hull of P after the verties of the �rst i - 1 layers have been removed. Desribe anO(n2)-time algorithm to �nd all onvex layers of a given set of n points.
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3. [15 points℄ The MinMax Area triangulation of a point set P has the minimal largest areatriangle among all possible triangulations of P.(a) Prove by example that the MinMax Area triangulation is not equal to the Delaunaytriangulation.(b) How large the following ratio an get?area of the largest triangle in the Delaunay triangulationarea of the largest triangle in the MinMax Area triangulation
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4. [15 points℄ A series of hurrianes hanged the skyline in many of the Florida ities. We need todesign a fast algorithm for omputing the skyline of these ities. Input to your algorithm isthe height, width, and left x-oordinate of n retangles. Skyline is the hain of line segmentswhih form the upper hull of these retangles.(a) Give a tight upper bound on the omplexity of the skyline?(b) Desribe and anaylze an eÆient algorithm to ompute the skyline.
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5. [15 points℄ Prove that 
(n logn) is a lower bound for omputing the onvex hull of a set ofpoints in R2 in a model of omputation where sorting takes 
(n log n) time. (Hint: Desribea transformation from a set of numbers a1; a2; : : : ; an, to a set of points in R2 .)
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6. [15 points℄ Let P be a set of points in the plane, no two sharing an x or y-oordinate. Apoint quadtree is formed by hoosing a pivot point p 2 P, splitting P into four subsets bythe horizontal and vertial lines through p, and reursively onstruting a point quadtreefor eah (non-empty) subset. A point quadtree is perfetly balaned if its four subtreesare perfetly balaned and its largest subtree has at most one more node than its smallestsubtree.
(a) Show that a perfetly balaned pointquadtree an be used to answer orthogo-nal ounting and reporting queries in timeO(pn) and O(pn+ k) time respetively.(b) Desribe a set of points for whih no per-fetly balaned point quadtree exists.
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7. [20 points℄ Given a set L of n lines in the plane, desribe an algorithm whih omputes anaxis-aligned retangle that ontains all the verties of the arrangement of L in O(n log n)time.
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