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Test 1 - Clo=d Book
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Multiple Choice. Write your ansver to theLEFT of each problem. 3 points each

1.

Sorting theset of inputedgesis a propaty of which minimum spanning tree technique?
A. Boruvka

B. Kruska

C. Path-based (Warshdl)

D. Prim

Thebdance factorsinan AVL tree are computed as.

A. heightright - haghtjoft

B. same asthenull pah length in aleftist heap

C. thedifference of thenumber of nodesin theleft and right subtrees

D. thedistance from anodeto theroat

Suppoe you aready have 16 different couponswhen there are 20 coupontypes. What is the expected
number of boxes for obtaining a coupondifferent from the 16 you already have?

A. 3

B. 4

C. 5

D. 15

When peforming selection in worst-cast linear time for n numbers, roughly how many column
mediansare computed in thefirst round?

n
A.5

B. m, themedian-of-medians

C. .7n

D. W(%)

To suppot computing thenumber of keystha are smaller than aquey key, an augmented binary

search tree stores thefollowing at every node

A. thecountof the number of keysin theentire tree

B. thesumof all keysintheleft subtree

C. thecountof thenumber of keys stored in the subtree rooted by this node

D. thesum of all keys stored in the subtree rooted by this node

When using Brent@ rehash during insertion, the number of previoudy inserted keys that may moveis:

Al

B. 2

c. 1

D. Hm, where misthenunbe of stored keys

Which of thefollowing statementsis true?

A. A binary search tree may beassignad legd AVL balance factorsif andonly if it may belegdly
colored asared-black tree.

B. If abinary search tree may belegdly colored as ared-black tree, then it may beassigned legd
AVL bdance factors.

C. If abinary search tree may beassigned legd AVL bdance factors, then it may belegdly colored
as ared-black tree.

D. No binay search tree may beassignead both legd AVL bdance factors and belegdly colored asa
red-black tree.



8. Which daastructure is notused to implement a dictionary?
A. AVL tree
B. Red-black tree
C. Sdf-organizinglist
D. Union-find
9. Thereasonfor markingnodesin aFibonaci heapis:
A. to alow computing thevalue of thepotential fundion.
B. to assure tha thestructureis a Fibonacci heap rather than abinomia hesp.
C. toimprovethe peformance of CONSOLIDATE.
D. toindicate nodes tha havelog achild since becoming a child themselves.
10. Which propety does nothold for binomal heaps?
A. DECREASE-KEY takes O(1) time.
B. MinimMuM takes O(log n) time.
C. Performingn INSERT opeaationsinto an empty heap will take O(n) time.
D. Thenumbe of treesis based on the binary representation of the number of stored items.
11.When are Fibonacci trees used?
A. Condructing a priority queue with excellent amortized complexity for DECREASE-KEY.
B. Defining the potential fundionfor Fibonacci heaps.
C. Demondrating worst-case behaviorsfor AVL trees.
D. Demongrating worst-case behaviors for red-black trees.
12. The perfect hashing method discussed in class dependson which fact?

A #xk=—L g<x<
k=0 19X
B. Inn<Hp<Inn+1
C. Theexpected nunber of probes for a successful search in Brent@® methodis less than 2.5.

D. Theprobability of collisonsamongn keys stored in a hash table of size n?
13.Dynamic optimality is aconaept involving the comparison of
A. akey-comparison based daa structure to hashing.
B. amortized complexity to actuad complexity.
C. anonlinedaa structure to afixed, undhanging data structure.
D. anonlinedaa structure to an offline data structure.
14.Which of thefollowing minimum spanning tree algorithmsis theoretically dowest? Assume tha the
modg efficient data structures are used.
A. Boruvka
B. Krusal
C. Path-based (Warshdl)
D. Prim
15. Thetwo parts of usngaMarkov modd to andyze a self-adjusing daa structure are:
A. ddinethepotentia fundion, compare to the optimal offline (OPT) method
B. dgerminetheprobability for each state, then compute the expected number of probes.
C. smulate thedaa structure long enoughto ensure convagence, the compute the expected nunber
of probes.

islessthan 0.5.

D. use Knuth@roottrick to findtheoptiimal subtreesin " %ﬁzé time, backtrace to print thetree.

16. Givethered-black (withou sentinds) and AVL trees with four levels (maximum distance of aleaf
fromtherootis three edges) with thefewest nodes. (5 points)
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1. Suppoe®tha youaregiven nvalues. Givealinear-time algorithm to build abinoma hegp with then
values. 10 points.

2. Evauae thefollowing recurrences usgng the master method. Indicate the case that isused for each.
(10 points)

a T(n)= 4T(ﬂ) +n3

2
b. T(n)= 4T(%) +n?
T(n)= 4T(%) +1

3. Condrud thefind optima binary search tree (usng Knuth@roottrick) and give its cos. SHOW
YOUR WORK. (10 paints)

n=7; w 1] [ 4] =0. 490000 c(7,7) cost 0.000000

g[ 0] =0. 06; w 1] [ 5] =0. 640000 c(0,1) cost 0.260000 1

key[ 1] =1; w 1] [ 6] =0. 710000 c(1,2) cost 0.180000 2

p[ 1] =0. 14; w 1] [ 7] =0. 800000 c(2,3) cost 0.200000 3

q[ 1] =0. 06; w 2] [ 2] =0. 060000 c(3,4) cost 0.230000 4

key[ 2] =2; w 2] [ 3] =0. 200000 c(4,5) cost 0.200000 5

p[ 2] =0. 06; w 2] [ 4] =0. 370000 c(5,6) cost 0.120000 6

q[ 2] =0. 06; w 2] [ 5] =0. 520000 c(6,7) cost 0.140000 7

key[ 3] =3; w 2] [ 6] =0. 590000 c(0,2) cost 0.560000 1(, 2)

p[ 3] =0. 08; w 2] [ 7] =0. 680000 c(1,3) cost 0.500000 3(2,)

q[ 3] =0. 06; w 3] [ 3] =0. 060000 c(2,4) cost 0.570000 4(3,)

key[ 4] =4; w 3] [ 4] =0. 230000 c(3,5) cost 0.580000 4(,5)

p[ 4] =0. 12; w 3] [ 5] =0. 380000 c(4,6) cost 0.390000 5(, 6)

q[ 4] =0. 05; w 3] [ 6] =0. 450000 c(5,7) cost 0.330000 7(6,)

key[ 5] =5; w 3] [ 7] =0. 540000 c(0,3) cost 0.980000 2(1,3)

p[ 5] =0. 10; w 4] [ 4] =0. 050000 c(1,4) cost 0.900000 3(2,4)

g[ 5] =0. 05; w 4] [ 5] =0. 200000 c(2,5) cost 0.920000 4(3,5)

key[ 6] =6; w 4] [ 6] =0. 270000 c(3,6) cost 0.800000 5(4,6)

p[ 6] =0. 02; w 4] [ 7] =0. 360000 c(4,7) cost 0.690000 5(,7(6,))

q[ 6] =0. 05; w 5] [ 5] =0. 050000 c(0,4) cost 1.480000 3(1(,2),4)
key[ 7] =7; w 5] [ 6] =0. 120000 c(1,5) cost 1.340000 4(3(2,),5)

p[ 7] =0. 04; w 5] [ 7] =0. 210000 c(2,6) cost 1.180000 4(3,5(,6))

g[ 7] =0. 05; w 6] [ 6] =0. 050000 c(3,7) cost 1.100000 5(4,7(6,))

w{ 0] [ 0] =0. 060000 w 6] [ 7] =0. 140000 c(0,5) cost 1.980000 3(1(,2),4(,5))
w 0] [ 1] =0. 260000 w 7] [ 7] =0. 050000 c(1,6) cost 1.600000 4(3(2,),5(,6))
w 0] [ 2] =0. 380000 Average probe length is ??? c(2,7) cost 1.570000 4(3,5(,7(6,)))
w 0] [ 3] =0. 520000 trees in parenthesized prefix c(0,6) cost 2.270000 3(1(,2),5(4,6))
w 0] [ 4] =0. 690000 c(0,0) cost 0.000000 c(1,7) cost 1.990000 4(3(2,),5(,7(6,)))
w 0] [ 5] =0. 840000 c(1,1) cost 0.000000 c(0,7) cost ??27? ?2?2?2?222?2?2?27222?27777
w{ 0] [ 6] =0. 910000 c(2,2) cost 0.000000

w 0] [ 7] =1. 000000 c(3,3) cost 0.000000

w 1] [ 1] =0. 060000 c(4,4) cost 0.000000

w 1] [ 2] =0. 180000 c(5,5) cost 0.000000

w 1] [ 3] =0. 320000 c(6,6) cost 0.000000



4. Thehash table bdow was created usng doubie hashing with Brent@ rehash. Theinitial slot (hy(key))
and rehashing increment ( h2(ke30) are given for each key. Show theresult frominserting 9000usng
Brent@ rehash when h(9000)=5 and /(9000) = 4. (10 points)

key h(key)  hp(key)

0

1

2 5000 2 1
3 4000 3 4
4 3000 4 1
5 2000 5 5
6 1000 6 2

5. Demondrate Boruvka®3 algorithm onthefollowing graph. Be sure to indicate the edges that are
inserted into the M ST in each phase. (10 points)
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Multiple Choice. Write your ansver to theLEFT of each problem. 3 points each
1. When peforming bin packing usng the First-Fit Decreasing technique thetotal number of items
placed in thebinspast theoptmal bins(1 .. OPT) is no more than:
A. 1+
B. 2
C. OPT-1
D. OPT
2. How many timeswill - 1 occur in thestyle 1 fail link table for the patern abacabac ?
Al

ow many timeswill - 1 occur in thestyle 2 fail link table for the patern abacabac ?

w
OW>TITOOW
WNR 2 AWN



D. 4
4. Condruding asuffix array for asequence with n symbols by usng an optimal key-comparison sort
has this worst-case time:

A. " (n)
B. " (nlogn)
c. " %nzf
D. " i-féfnzlognfg
5. Theagornthmfor finding a maximum capeacity pah for network flows is mos similar to which
agonthm?

A. Breadth-first search
B. Decompostion of aflow into E augmenting paths
C. Dijkstra
D. Floyd-Warshdl
6. Which of thefollowing algorithms may take time longe than " (nlogn)?

A. Closst pointsin 2-d space - divideand conque
B. Closest pointsin 2-d space - sweepline
C. Graham scan
D. Jarvismarch
7. When combining theleft and right parts for the 2-d closest par algorithm alongthevertical dividing
line, each left-side point hearOthe line has its distance computed to no more than this number of
rightside points.
A. 6
B. 8
C. Ign
D. n/2
8. Which of thefollowingis notrequired before relabeling (QiftingQ a vertex to anew height?
A. Any dligible edges for the present haght have been saturated.
B. Both breadth-first searches have been done
C. Thevertex isnotthesource or sink.
D. Thevertex isoveflowing.
9. Which of thefollowing does not have a pdynoma-time approximation algorithm?
A. Bin packing
B. Edgecoloring
C. Eudidean traveling salesperson
D. Vertex coloring
10.Thelength of alongest increasing subsequencefor 1432343634 is:
A 4
B. 5
C. 6
D. 7
11.Which of thefollowingis NOT required when showing tha problem B is NP-complete by aredudion
from problem A?
A. Problem A is NP-complete.
B. Theredudion has an inverse tha takes each ingance of problem B to an ingance of problem A.
C. Theredudion mug beconsstent for the decision results for each ingance of problem A and and
the corresponding ingance of problem B.
D. Theredudiontakes polynomal time.



4

12.Consde thetechniquefor determining articulation points usng depth-first search. If avertex hasno
predecessors (first vertex discovered for a @estartQ, it can bean articulation point only if
A. theearenoinddent tree edges
B. theeisoneinddenttree edge
C. thereismorethan oneinddent tree edge
D. thereisnoback edgeinddent to this vertex
13. Which of thefollowing problems uses some edges with non-unit capecity when trandated to a
network flow problem?
A. Bipartite matching
B. Edgeconnectivity
C. Minimum vertex cover for bipatite graph
D. Vertex connettivity
14.Which is nottrueregarding the Karp-Rabin method?
A. Itawaysrunsin " (m+n) time.
It computes a signaure for the pattern and each m contiguoustext symbols.
Thesignaure is computed usng a polynomial.
When the signaure for m contiguoustext symbols matches thesignaure for the patern, a
strcmp mug be peformed.
15. Theleast genera approximation result tha can be achieved for an NP-hard problem is:
A. Approximation Algorithm
B. Approximation Scheme
C. Fully Polynomal-time Approximation Scheme
D. Polynomal-time Approximation Scheme
16. Explain howthe Z Algorithm (QFundamental String Preprocessing® may be used to paform astring
search for al occurences (possibly with overlap amongoccurences) of agiven patern within a given text.
Do notexplain details of theZ algorithm. (5 points)

OO
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1. Explain howto usetheZ agarithmto deermineasequence X for thelargest possible value k such

tha for agiven sequence W = Xk. Demondrate your techniquefor ababab = (ab)3 and abad =
(abed)™. 15 paints

2. Usedynanic programming, either with atable or lists, to determinea subset tha sumsto 39. DO
NOT SOLVE BY INSPECTION! (15 points)
24511 12 13 17

3. List thelift and pus opeaationsto solve for the maximum flow. In addition, give aminimum cut. (20
points)




