Q1

Q2

[4,3,5,6, 1]

[4,3,5,6, 2]

[4, 3, 5,6, 3]

13--12129
14 ---1512
15---1414
16----13
17 ----16
18---1815
19-----
20-----
21----19
13--121210
14---1513
15---1414
16----14
17 ----17
18---1816
19-----
20-----
21----20
13--1212 11
14---1514
15---1414
16----15
17----18
18---1817
19-----
20-----
21----21

Superpolynomial if, for any positive integer k, limn—e(n*k)/f(n) = 0

Or an algorithm is defined to take superpolynomial time if T(n) is not bounded
above by any polynomial. Using little omega notation, it is w(nc) time for all
constants ¢, where n is the input parameter, typically the number of bits in the

input.



3. Graphs G = (V, E) (left) and H = (W, F) (right) and bijection f :V <> W are shown below.

j 01 2 3 4 5 6 7 8
f(jJa b ¢ d e f g h j

(a) Is f an isomorphism between G and H? (answer yes or no) NO .

(b) Justify your answer.

Take the edge (0,3 € E. The fesnlt of aPPl\/\'V\g € to it
wanld be (£(a), €3)) = @, d). Bt @A) EF. = € is not an

e Mor’P"\{gvv\ .

I

j 01 2 3 4 5 6 7 8
f(jdJa b ¢ d e f g h j

Take the edge (0,3 € E. The fesnlt aPPl\/\'vg € to it
wauld be  (Fla), £3)) = @@, d). Bt D ETF. = € is not an

isomorphism .

j 01 2 3 45 6 7 8
f(jJa b ¢ d e f g h j

Take the edge (0,5 € E. The feswkt & “PPIV"g £ to ik
wald be (£(0), €60 = @f . Bt @f) ¢F. = € is not an

IS0 MO!“P"(SM .
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4. On a 0-1 knapsack instance with n items, explain why the brute force algorithm performs n2"!
additions.

The brute force dgeritiam for knapsac needs to compute Hae
sam for oll the subsels of items. For each suloset of size t,
there are t-1 addifions needed.

The sum of all sizes of sbsets of S1,.,nt is n2' < fo).
prook . By induckion. This is true o 0=1 [ the sabsets
ace §1,67, £ (0= 0xt = x27 2/ ]
Now assume this is true for k=n, Hut s, £) = na'
The set § 1,0, 041} has 2' subseks fhat contain nxl, and 2

Jf'/\ﬂ:l' A,O no+. TF\U‘QGOPQ

Ees) - L0 + Fony &+ 27
| D] ;_____]
wosets  gulosels Haat

M" dOnl{- Con-‘-q‘:n nx \/

Comun N+ o 0 ae{-s bigqer by L

nA n— n
n2 + nz + 2

L

- = n
ﬂ('Ln \+Zﬂ ) N Z') - n2 +zh
(n+1) -1 ‘/

u

(n+1) 2 - (02

[}

Now thaat we knaw the total cam of sizes is n? _\,
ond  the namber of additions rtqm'(‘ﬁd for each one of
e T is -1, then He tolal number of additions

. n—l| n
S N2 - 2

J—

¥
ane. for eadn swbset.
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5. Set cover is this problem:
Instance. A set U, a set S = {S1,5,...,5;} of subsets of U, and an integer k.
Query. Is there a subset C of S of size k£ whose union equals U?

a) In the set cover instance below, U = {0,1,...,8} and S = {S0, S1, ..., S10}. Does this instance
have a cover of size 67 (yes/no) Yes

b) Justify your answer (use the space below at the right).

012345678

G - m koo Sets S2,53,56 alone will cover U.

S2 - % x — — — x — %
S3 % — — % — k — % —
S - - - % - - - - -
S6 % - - - - - - - -
S6 - - - - *x x x — -
S7 % — — — — % — — %
8 - - -=------

S9 - - - - x - - - %
S10 — % = = — x * — -

6. Prove/disprove: the set cover problem is in the class NP.

(i) Based on defintion above, set cover is a decision problem.

(ii) there is a polynomial time verifier, that for every element u in the universe U
checks whether or not that element in included in one of - the sets S, this would
take time |U| times size of the input which will be a polynomial time because size
of the input is polynomial.



