CS 180: Introduction to Algorithms and Complexity
Midterm Exam

Mar 19, 2019
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Print your name, UID and section number in the boxes above, and print your name at the top of every
page.

Fxams will be scanned and graded in Gradescope. Use Dark pen or pencil. Handwriting should be
clear and legible.

The exam is a closed book exam. You can bring one page cheat sheet.
There are 4 problems. Each problem is worth 25 points.

Do not write code using C or some programming language. Use English or clear and simple pseudo-code.
Fxplain the idea of your algorithm and why it works.

Your answer are supposed to be in a simple and understandable manner. Sloppy answers are expected to
receiver fewer points.

Don’t spend too much time on any single problem. If you get stuck, move on to something else and come
back later. .
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1. We have seen in class a polynozhial time algorithm for maximum matching in bipartite undirected graphs
In genera! undirected graph, the probiem is not NP-complete but the algorithm is quite involved

Suppose we take a tree and ask for maximum matching, Canyou give a polynomial time aigorithm? Ifyou
can, outline the algorithm. [25 pts] B
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2. You are given a list of professors. Each professor P, teaches Cp, different classes, each of an howy, and submits
Cp, different hour intervals in which she wants to teach. S}L_s indifferent to what class she teaches in each
M_vﬁy_@gﬁg@ﬁted On the other hand we have a list of classtooms. HR 15 the st o time™
intervals when each classroom R, is available. We want to answer whether it is feasiblo for all professors’
requests to be satisfied, and if it is, output the assignment. This problem is obviously in NP (why?).

{a} Is the problem NP-complete? [5 pts]

(b) If yes, prove it is NP-complete. If not, give a polynomial time algorithm to answer the feasibili Cry /
sy )
question and output a feasible assignment if there is one. {20 pts] i A o o f/

( o 14 o

{/[’f o
&

f‘{ ?'«‘ﬁfﬁ € ‘
} ll/k {le V‘l ] ,5,, g';’f/ & /;/ iy

31’ /

. g f‘%f/w gff f;ijf i;ﬂ;é%
7 Zf S
@WQ Dot B

\)/ ; Vo i/'ﬁ%*é[/f@ {?@’/ﬁ
"fﬁecf] :
2

M’ i 7 cheok ;pﬂf I’f( vigls i /wf

Jist s}[& s fw fh g} f/ﬂj

J

" N
g g
Joni H f@J il b;m Ef"i.ffx 80/ (91/1 ﬂUO/!/e? i&CM’U -f,{”f’i{l;
mr/a [gf,dltbﬂ) ~J ﬁ\/{f" bmw et ied /%J”Bm}, /)/leg(g’w ol i et

{Tﬂ}lé o 0 [lingo ¢ @f (EU‘ hpe AR MJW Opoem

L_/M
L

/ LA e S I H/umi& W\S P;oblm ‘if\ o ! :mﬁjaw ﬂ [/{
M / b) Fr gtk howr | m*‘fﬁ‘[ Wefile 0ver ﬂ fﬁft’\ i

" f), St |>. ,' (f I
match i gt < Lp it oul fl o >
?l }%20{(5 Olﬂuz, (Se, R?H de dor TLWo /H’La/WLé fw f;,f( Ther

i s b s et ool el Bl 0r ffw/
j/ | i&‘ lan Al hew 1 f%"mf Jig} o w @7@ ‘
: S 'f JW[MH (]Wf % fm@ H\ in - }!5 1 M}em/ [z; b oo o I
i PW\ o /Ui”[ id thyl Tine) dour'! ?prf | onfy Teii

5o, thon The alrihm robtd e (. To abiain L
! aJ [{’JCWMW[ Lepde hasl Mgy fir cach Ulass

and ] g Wﬁ gzﬂ M [‘ﬂm f(ﬂ'd f’mej a3 Ul@z/
C }f\(,,taffwg/f foa, 1he tolel 4 sl it plesiroom fime?.

oo


Cody Swain


Cody Swain






~ i
/ | )
Name: éug( i LS BEy UID: 2 &y C$180 Final Exam

3, 'We have seen in class, by reduction from Hamiltonian cycle, that undirecteé¢ TSP is NP-complete,

(a) The Euclidean TSP (call in class mistakenly “planar”) is a TSP problem where edge weights in the
graph satisfy the triangle inequality ( ¥ vy, vy, va, w{vy,v2} < wiv, v} + w{vy,v,}). Prove that the
Euclidean TSP is NP-complete. {10 pts]

(b} We relax the condition on the (non-Euclidean) TSP that each city is to be visited only once. If the
saleswoman goes to Chicago through Huston, she can fly back to Huston on the way to Miami {nev-
ertheless, at the end she back to her city). Show that the relaxed-TSP is NP-complete (hint: do not
ignore context). {5 pts]

(c) We are now in the relaxed-TSR and not only the weights do not satisfy the triangle inequality but also
they are terribly skewed with respect to each other. Namely, the weights when ordered from low to
high wy, wy, ... satisfy that w; > Z’ - w; for all i, Is the relaxed-skewed-TSP problem NP-complete?
If not, give a polynomaal time algonthm and argue the correctness of your algorithm. {10 pts]
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In class we have seen the Bellman-Ford algorithm for one-to-all shortest paths with negative edges but
no negative cycle. Write a recursion for shortest paths problem such that you can argue the recursion is
amenable to dynamic programmmg And argue that the Bellman-Ford algorithm is in fact an iterative
implementation of your recursion (Do not confusé Bellman-Ford with Floyd-Warshal which is all-to-all
shortest paths algorithm). [10 pts]

We said in ciass that the “idea” of an algorithm is manifested in its recursion,

Here's a recursion to solve MST: For each node v find the min weight edge adjacent to it. These chosen
edges create a forest (why no cycle?). We take these edges to be in the MST. Now we “contract” all
nodes incident to the same tree into a single “new node”, which is connected to other “nodes” by
original edges that connect a node in one tree to a node in another tree, Ali the intra-tree edges (edges
aside from the tree edges that connect nodes in the same tree) are “gone.” Notice that this might
create “paraliel edges” but that is ok,

We want to implement this recursion into an O(IE lHog|V]) dme algorithm, The implementation that
Prof. Gafni knows requires that for each node the edges around it are ordered by weights. Alas, this
looks like resulsin’g in a cost of O(|V|?log |V|) algorithm which is larger than O({E|log|V|) for a sparse
graph.

» Help get Prof. Gafni out of this conundrum. {5 pts]

e Qutline an algorithm and argue it achieves the desired complexity (To find whether an edge is
inter or intra tree its better be that all nodes in the same tree in the recursion are named the
same. You want to argue that throughout the algorithm a node changes name at most log|V|
time. Recali Union-find.) [10 pts]
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