CSE 5311 Name
Test 1 - Closed Book
Summer 2007 Last 4 Digitsof Student ID #

Multiple Choice. Write your ansver to theLEFT of each problem. 3 points each
1. Duringwhich opeation on aleftist hegp may subtree swapsbe needed?
A. DECREASE-KEY B. EXTRACT-MIN
C. UNION D. All of A, B., andC.
. Wha istheworst-case number of rotationswhen performingddetiononan AVL tree?
A. 6() B. " (logn) C. ©(n) D. Norotationsare ever used
3. Suppoe you dready have 15 different couponswhen there are 20 coupontypes. Wha is the expected
number of boxes for obtaining a coupondifferent from the 15 you already have?
A. 3 B. 4 C. 5 D. 15
4. Whenispah compression used?
A. After aningertioninto any typeof baanced binary search tree.
B. After aninsertioninto asplay tree.
C. With aFiND opeaation.
D. With a UNION opeation.
5. To suppot testing whether an interval intersects some interval in a set of intervals, an augmented
binary search tree stores thefollowing a every node
A. thecountof the number of intervalsin theentire tree
B. thecountof thenumber of intervals stored in the subtree rooted by this node
C. themaximum value appearingin any interval in the subtree rooted by this node
D. thesum of thelengthsof all intervalsin theleft subtree
6. Which Fibonaci heap opeation has O(log n) actual cog?
A. FIB-HEAP-DECREASE-KEY B. FiB-HEAP-DELETE
C. FiB-HEAP-EXTRACT-MIN D. FiB-HEAP-UNION
7. If aFibonaci tree appears as a subtree of an AVL tree, which nodes would be assigned a bdance
factor of 0?
A. noneof them B. only theleaves
C. only theroot D. theleaves andtheroot
8. How many invasionsarethereforthelists 1, 2,5,4,3and 2, 5, 4, 1, 3?
A. 2 B. 3 C. 4 D. 5
9. Thereasonfor markingnodesin aFibonacci heapiis:
A. to alow computing thevalue of thepotential fundion.
B. to assuretha thestructureis a Fibonacci hegp rather than abinomal heap.
C. toimprovethe performance of CONSOLIDATE.
D. toindicate nodes tha havelog achild since becoming a child themselves.
10. Which propety does nothold for binomal heaps?
A. DecrREASE-KEY takes O(logn) time.
B. MiNnIMUM takes O(1) time.
C. Performingn INSERT opaationsinto an empty heap will take O(n) time.
D. Thenumber of treesis based onthebinary representation of the number of stored items.
11.Intheworst case, the nunber of rotationsfor inserting akey in atreap with n keysis:
A. 1(1) B. !'(logn) C. I'(n D. '(nlogn)
12.Which priority quaueis de€fined usng thenotion of null path length?
A. Binay heasp B. Binoma hesp  C. Fibonaci heap D. Leftist heap
13.Which of thefollowingis not a propaty of splay trees?
A. Splaying an accessed nodeto theroat can cause the potential to decrease
B. Theamortized cog of asplaying sequence is boundel logaithmically

N



C. Thezigrotationisonly applied at theroot
D. They are aform of bdanced tree
14. Themain difference beween MTF and OPT for sdf-organizinglinear ligtsis:
A. OPT can dotrangpostions
B. OPT isgiventheentirerequest sequence in advance, while MTF receives therequests oneat-a-
time
C. MTFisgiven theentirerequest sequence in advance, while OPT receives therequests oneat-a-
time
D. MTF counsinversions
15. Assuming arandomn-permutation is provided, the expected number of hiresfor the hiring problem
is:
A. 2 B. Hp c. i D. n

16. Give atree of rank 5 that could appear in aFibonaci heap and has the minimum possible number of
nodes. Be suretoindudethemarks. (5 points)
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1. Describetheformat of the system of equaionstha would be used to perform aMarkov andysis on
thetrango<e approach to self-adjuding listsfor n=4. (10 points)

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

a T(n)=T(0.7n)+n

b. T(n)=T(0.7n)+1

c. T(n)= 16T(%) +n3



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

n=7; w 2] [ 3] =0. 160000 c(2,3) cost 0.160000 3

g[ 0] =0. 06; w 2] [ 4] =0. 260000 c(3,4) cost 0.110000 4

p[ 1] =0. 15; w 2] [ 5] =0. 330000 c(4,5) cost 0.120000 5

g[ 1] =0. 03; w 2] [ 6] =0. 480000 c(5,6) cost 0.200000 6

p[ 2] =0. 15; w 2] [ 7] =0. 610000 c(6,7) cost 0.180000 7

q[ 2] =0. 05; w 3] [ 3] =0. 010000 c(0,2) cost 0.670000 1(, 2)

p[ 3] =0. 1; w 3] [ 4] =0. 110000 c(1,3) cost 0.500000 2(, 3)

q[ 3] =0. 01; w 3] [ 5] =0. 180000 c(2,4) cost 0.370000 3(, 4)

p[ 4] =0. 05; w 3] [ 6] =0. 330000 c(3,5) cost 0.290000 5(4,)

q[ 4] =0. 05; w 3] [ 7] =0. 460000 c(4,6) cost 0.390000 6(5,)

p[ 5] =0. 02; w 4] [ 4] =0. 050000 c(5,7) cost 0.510000 6(,7)

g[ 5] =0. 05; w 4] [ 5] =0. 120000 c(0,3) cost 0.950000 2(1,3)

p[ 6] =0. 1; w 4] [ 6] =0. 270000 c(1,4) cost 0.780000 3(2,4)

q[ 6] =0. 05; w 4] [ 7] =0. 400000 c(2,5) cost 0.610000 4(3,5)

p[ 7] =0. 08; w 5] [ 5] =0. 050000 c(3,6) cost 0.620000 6(5(4,),)

g[ 7] =0. 05; w 5] [ 6] =0. 200000 c(4,7) cost 0.700000 6(5,7)

w{ 0] [ 0] =0. 060000 w 5] [ 7] =0. 330000 c(0,4) cost 1.260000 2(1,3(,4))

w 0] [ 1] =0. 240000 w 6] [ 6] =0. 050000 c(1,5) cost 1.030000 3(2,5(4,))

w 0] [ 2] =0. 440000 w 6] [ 7] =0. 180000 c(2,6) cost 1.030000 4(3,6(5,))

w{ 0] [ 3] =0. 550000 w 7] [ 7] =0. 050000 c(3,7) cost 0.930000 6(5(4,),7)

w 0] [ 4] =0. 650000 Average probe length is ??? c(0,5) cost 1.570000 2(1,4(3,5))

w 0] [ 5] =0. 720000 trees in parenthesized prefix c(1,6) cost 1.510000 3(2,6(5(4,),))
w{ 0] [ 6] =0. 870000 c(0,0) cost 0.000000 c(2,7) cost 1.400000 6(4(3,5),7)

w 0] [ 7] =1. 000000 c(1,1) cost 0.000000 c(0,6) cost 2.140000 2(1,4(3,6(5,)))
w 1] [ 1] =0. 030000 c(2,2) cost 0.000000 c(1,7) cost 1.950000 3(2,6(5(4,),7))
w 1] [ 2] =0. 230000 c(3,3) cost 0.000000 c(0,7) cost ?2?27? ??2?2222?272?27222?27777
w 1] [ 3] =0. 340000 c(4,4) cost 0.000000

w 1] [ 4] =0. 440000 c(5,5) cost 0.000000

w 1] [ 5] =0. 510000 c(6,6) cost 0.000000

w 1] [ 6] =0. 660000 c(7,7) cost 0.000000

w 1] [ 7] =0. 790000 c(0,1) cost 0.240000 1

w 2] [ 2] =0. 050000 c(1,2) cost 0.230000 2

4. Give an example of a splay tree and an access (i.e. a search) such tha the potential isincreased by
splaying the search key. (10 points)
5. Delete 2 fromthefollowing AVL tree (preserving AVL propeties). (10 points)
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Multiple Choice. Write your ansver to theLEFT of each problem. 3 points each

1.

When performing 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(%)
Wha isthenature of thesignaure fundion for the Karp-Rabin method?

A. apolynoma of arbitrary precision implemented using a bignumpackage

B. itissimilar to theKMP fallurelinks

C. gmilar to adoubk hash fundionfor string keys

D. theremainde by discarding the overflow for a polynoma

Which of thefollowingis hdpful if you wish to know thefarthest par in a set of pointsin 2D?

A. Convex hull

B. Delaungy triangulation

C. Eudidean minimum spanning tree

D. Voronoidiagram

While condructing a suffix array for a sequence with n symbols by usng radix sorts, sequence
symbols are used in which of theradix sorts?

A. All of them

B. Noneof them

C. Thefirst one

D. Thelast one

In amaximum flow problem, thenunmber of augmenting pathsin aflow decompostionisboundel
by:

A f

B. E

C. Vv

D. " (VE)

Which algonthmisdefined usng thenotionsof left-turn and rightturn?

A. Closest pointsin 2-d space

B. Graham scan

C. Jarvismarch

D. Suffix array condruction

. Wha daa structure is used for the sweep-line statuswhen computing the 2-d closest par?

A. BST of points with x-coordinates as the key

B. BST of points with y-coordinates as the key

C. Interva tree

D. Sorted array by ascending x-coordinaes

Thefour russiangdconcept is to:

A. Implement longest common subsequences usng linear space

B. Pack bitsinto an efficient storage unit

C. Tradeoff beween enumerating situaionsand referendng these situaions
D. Tradeoff between scalar additionsand multiplications

When coloring the edges of a graph, adc-pah getsinverted because:
A. All edgesin thefan will be colored with d or c.



B. disafreecolorforal fan vertices.

C. disthefree color for two fan vertices.

D. Wearetryingto minimize the number of colors used by the path.
10. Sortingtheedgesisapropaty of which minimum spanning tree technique?

A. Boruvka

B. Kruska

C. Prim

D. Path-based (Warshdl)
11. Theredudionfrom 3-sat to 3-colorability will give a graph requiring four colors when:

A. Removingoneclause fromthe 3-sat indance will leave a satisifiable set of clauses.

B. The3-sat inganceis satisfiable.

C. The3-sat indanceis atautology.

D. The3-sat ingance is unstisfiable.
12.Which of thefollowing problems is not NP-complete? (AssumeP" NP)

A. 3-satisfiability

B. Testingif agraphis 3-colorable

C. Tedtingif atableisin sorted order

D. Testingif thenumber of colors needed to edgecolor agraphis the degree of thegraph
13. Which of thefollowingis adeficiency of the maximum capecity pah technique?
An augmenting path is blocked if it introducees a cycle of flow.
Augmenting pathswill bediscovered in descending incremental flow increase order.
Flow decompostion mug be applied.
Themaximum nunber of potential augmenting pathsdependson the achievable flow, in addition
to thenunbe of vertices and edges.
14.Whichis nottrueregarding thefirst-fit decreasing methodfor bin packing?

A. Each object is placed by going left-to-right urtil it fitsin abin or anew bin is allocated.

B. Objects placed in binsbeyondthe optima nunmber have sizesnolarger than! .

C. Thenumber of objects placed in binsbeyondthe optimal number is arbitrary.

D. Thenumber of objects with sizeslarger than! isalower boundon theoptimal number of bins
15. Themod general approximation result that 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. Suppo® you have aset of pointsin Eudidean 2-d space. Give an algorithm for finding a#-
approximation for theminimum traveling salesperson pah. Be sureto give thevalueof #. (5 points)
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1. Demondrate Boruvka@ agorithm onthefollowing graph. Be sure to indicate theedges tha are
ingerted into the MST in each phase. (15 points)



N

Give bath types of KMP failure link tables and the table produced by the Z agorithm for the following
string: (15 paints)
a

OCO~NOUITARWNEFO
TV O 2O VDTD®O

[ —
(o))
OO VDT VDO VDOYTHO QD

24 a
3. List theremaining opaationsto complete thisingance of nework flows by push-relabd. 1n addition,
give aminimum cut. (20 points)






