
COT5520: COMPUTATIONAL GEOMETRYHomework # 2
Due date: O
t 6, 2009, Tuesday (beginning of the 
lass)Your solutions should be 
on
ise, but 
omplete, and typed (or handwritten 
learly). Feel freeto 
onsult textbooks, journal and 
onferen
e papers and also ea
h other, but write the solutionsyourself and 
ite your sour
es. Answer only five of the following seven questions. Ea
h problemis worth 20 pts.

1. Instead of removing the obje
t from itsmold by a single translation, we 
analso try to remove it by a single rota-tion. For simpli
ity, let's study the pla-nar version of the problem and 
onsider
lo
kwise rotations only.
center
rotation

(a) Give an example of a simple polygon P with top fa
et f that is not 
astable when werequire that P is removed from the mold by a single translation, but that is 
astableusing rotation around a point. Also give an example of a simple polygon P with topfa
et f that is not 
astable when we require that P is removed from the mold by arotation but that is 
astable using a single translation.(b) Show that the problem of �nding a 
enter of rotation that allows us to remove P witha single rotation from its mold 
an be redu
ed to the problem of �nding a point in the
ommon interse
tion of a set of half-planes.2. Implement an eÆ
ient algorithm that 
omputes whether a given simple polygon is 
astablethrough a single translation (or rotation). The output should be visual showing the polygon,a top fa
et together with a translation ve
tor (or a rotation 
enter and dire
tion).3. Consider the restri
ted version of the 
asting problem in whi
h we insist that the obje
t isremoved from its mold using a verti
al translation (perpendi
ular to the top fa
et.)(a) Prove that in this 
ase there is always a 
onstant number of possible top fa
ets.(b) Give a linear time algorithm that determines whether for a given obje
t a mold existsunder this restri
ted model.4. In 
lass we dis
ussed a linear time algorithm for 
omputing a random permutation. Thealgorithm needed a random number generator that 
an produ
e a random integer between 1and n in 
onstant time. Now assume we have a restri
ted random number generator availablethat 
an only generate a random bit (0 or 1) in 
onstant time. How 
an we generate a randompermutation with this restri
ted random number generator? What is the running time ofyour pro
udre?



5. Implement the kd-tree and the range tree data stru
tures for performing two-dimensionalre
tangular range queries. Perform an experimental 
omparative study on data sets of varioussize (e.g., 100-100K) and of various distribution (e.g, random, 
onvex position).6. Kd-trees 
an also be used when querying with ranges other than re
tangles, e.g., triangles.(a) Show that query time in a kd-tree of n points for range queries with triangles is Ω(n)in the worst 
ase.(b) Suppose we limit our queries to triangles whose edges are horizontal, verti
al or haveslope +1 or -1. Design a linear size data stru
ture that answers su
h range queries in
O(n3/4 + k) time, where k is the number of points reported.7. One 
an use the data stru
ture des
ribed in Chapter 5 to determine whether a parti
ularpoint (a, b) is in a given set by performing a range query with range [a : a] × [b : b].(a) Prove that performing su
h a range query on a kd-tree takes time O(logn).(b) What is the time bound for su
h a query on a range tree? Prove your answer.


