Department of Computer Science and Engineering
National Sun Yat-sen University
Design and Analysis of Algorithms - Final Exam., Jan. 5, 2021

. Explain each of the following terms. (20%)
(@) NP, NP-complete

(b) a biconnected graph

(c) the 1-center problem

(d) the 2-D ranking problem

(e) an AVL tree

. Present an algorithm for solving the minimum spanning tree problem on graphs.
Analyze the time complexity of your algorithm. (12%)

. Suppose that n planar points with their Voronoi diagram are given. Please
present an efficient algorithm to construct the convex hull of these n points based
on the Voronoi diagram. The time complexity of your algorithm should be O(n).
(12%)

. What data structures are used for depth-first search, breadth-first search and
best-first search, respectively? (9%)

. In the 0/1 knapsack problem, there are n objects with knapsack capacity M,
where the profit of each object i is pi and the weight is w1 < i<n. Please give the
dynamic programming formula for solving the 0/1 knapsack problem. In the
formula, let fi(Q) be the maximum profit obtained by objects 1,2,3,...,1 with
capacity Q.(12%)

. Both 1023 and 9765624 can be divided by 11. There is a simple rule to decide
whether a given number N can be divided by 11 or not. The rule is based on the
sum of some digits and further calculation. Please give the rule. (8%)

. Prove that the partition decision problem polynomially reduces to the bin
packing decision problem. (12%)

. N numbers ai, az, ..., an, are input sequentially. When each a; is input, ai can be
appended into the front of a list if a; is less than the current front, or appended
into the tail of the list if ai is larger than the current tail, or discarded for any
reason. The resulting list should be as long as possible. Note that the initial list is
empty.

(@) Suppose the numbers are2, 5, 4, 8, 6, 3, 9, 7, 1. What is the length of the
longest resulting list? Write down the content of one of the longest lists.
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(5%)

(b) Design an algorithm to find the content of one of the longest lists. Your
algorithm should be of polynomial time. And analyze the time complexity of
your algorithm. (10%)
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(a).
NP : 45T —{EfiE > 0] DAE 2T = UF ] Bas HIERE MY decision problem o

NPC : NPEZINP-Hardfy=2 £ ; NP-Hard : it/ (NP RE#EE Al reduce 2 F: R EA
HifEA ENP-hard -

(b).

{£Biconnected graphr » {25 i (I &fiE 5 2/ DA T I R ABAS UG R -
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(d).

rank(A): AT L dominatery Bi{EHL -

Dominate: P1(x1,y1) dominates P2(x2,y2) iff x1>x2 and y1>y2.

(e).
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2.
Aprim's algorithm

Step 1: R —(EfEmEAY5E2E G={V.E} » SAEL E{x}  xBVH{TE—
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Step 4: E{EStep 2~Step 3 - HEFBEE HZE » AREEH -
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4.
depth-first search: stack
breadth-first search: queue

best-first search: priority queue

5

fi(Q) = max{fi-1(Q-wi), fi..(Q) + pi }
fo(0) = fi(0) = fo(Q) =0 for 1<i<n, 0<Q<M

6.
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partition decision : HA={as,az,....an} * FIET BRI ILEES TR FAEFEE
C,D » (HFCHYITE Z SR DAY TTZR Z 46H -

bin packing decision: 5 {b1,b2,....,bn} » FEEEEER AT A biZE AK{Ebin -

A 0 % ai=hi, 1=i=n, bin packingZ B A bidE Ak=2{FEbin > Hbinfy X
/NEy=(artazt....+an)/2 o

(1) % partition decision/fi# - Hilbin packing decisionJ & fiZ :

“Eipartition decision5fi# - AIIFERI{E T84 C,D » CIY T ZAARERY(IREIA
FMZ —=F) » HDHYTRYEAIRTFRRY - Hftai=bi - L A[REGCHY T ERE
A—{iEbin » KEEDHHYTTEREE A SS—Ebin » R EbinEY A/ NESF Fy © i
bin packing decisionJREf# e

(2) #bin packing decisionF&fi# - Hilpartition decisionJ & fig :

“5bin packing decisionGf# > AIXFE A Kb E F5 4 - BEHEFREELER
Zohy o Haishi o EIE T —(Ebinfy N & AC > EERRIAD - JEiEC
AT DAY AR S (P Fy) © # > partition decisionJNA i
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8.
(a) 134589 or 134569 or 134567
(b)
input = a1,a2,as,...,an
max =0,ans=0

fori=1ton e O(n)

HRHILDS(i,n)=Plai s Rfa~an i R IR 5 2 R ----- O(n'log n)

length= LIS(i,n) + LDS (i,n) ----0(2)
iflength>max: - o)
= length

FETXEFLISELDS L1 - JRA[ (R LISELDSFPAINE -
FFEHEAEE  O(n)*O(n log n) = O(n” log n)



