Spring 2026

Exam 2

Name: SOlU\{'COV\S

Rules:

e Partial credit will be awarded, but you must show your work.

¢ You may have a 3in X 5in notecard with writing on both sides.

e Calculators are allowed.

Instructor:

e Turn off anything that might go beep during the exam.

Good luck!

Math F113X

Problem Possible Score

1 12

2 12

3 12

4 12

5 12

6 10

7 15

8 15
Extra Credit (4)
Total 100
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1. (12 pts. total)

(a)

edg

(6 pts.) Perform Kruskal’s algorithm to find a minimum weight spanning tree for the following
graph. Draw your tree, connecting the vertices provided, and determine the total weight.
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(b)
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Total weight of spanning tree: l F2e3 M+ Ltt= 2 3

(6 pts.) Describe one real-world situation in which it would be useful to find a minimal span-
ning tree for a graph, including what the vertices, nodes, and edge weights in the graph repre-
sent.

Vertices represent C \- veS

Edge represent fo&b‘\'VTLC‘L‘-‘\ h\n.(._S L)p+W&&V\ C{-\-I‘Q_S

Edge weights represent -HAL cost U'f ‘phl(vxﬁ ‘HK\Q.VV\

Reason to find a minimal spanning tree:

H's +he cheapest way o make sare all
cities are on the e/&ct‘rfr,a,{ ﬂr{d.
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2. (12 pts total)

(a) (3 pts.) Explain why the graph on the right
does not have an Euler circuit.

The vevtex D lhas odd
cLLSru_

(b) (5 pts.) Duplicate the fewest number of
edges such that the resulting graph will have an
Euler circuit. Note: You do not have to find the
circuit.

(c) (4 pts.) Suppose the edges are now weighted (see below). Duplicate edges such that the resulting
graph will have an Euler circuit of smallest possible total weight.
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3. (12 pts. total) There is a river running through the middle of a city with three islands and nine
bridges, shown in the figure below.

(b) (6 pts.) A tourist wants to travel from the South Bank (§) to the North Bank (N) going across
every bridge at least one time. Suppose there is a cost of $2.00 every time one crosses a bridge.
What is the cheapest achievable cost of such a trip? Justify your answer.

cost: gz 'q ‘:518
justification: The LSI"A\D"\ has *wo veytices O‘F oal of

oLL%hc,e_) g qnol/\/. So HL Lm..} an

Ewlevian circuit. Se ;tis pessibl

+o glavhkin S j 40 ackss ewl/j ac[ge_
@,Lm,{'lj one Hone, aond Linish at M,
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4. (12 pts. total) A company plans to run a bus continually throughout the day in a loop around 5 tourist
stops in a city, denoted A, B, C, D, and E. The company would like to find a route that minimizes
the time to complete a loop. Driving times are shown in the table.

__[[A[B]C|D|E]
Al -]4]7]3]2
B[ 4]-15/6]9
Cll7(5/-/86
D368 -5
E[[2]9/6]5

(a) (3 pts.) Using terminology from Graph Theory, what is the company looking for?

(b) (6 pts.) Use the Sorted Edges / Cheapest Link algorithm to find a good route for the bus. A
table of driving times in increasing order is given. You may draw your route connecting the
vertices provided if you wish, but be sure to also give your answer as a list of vertices, along
with the total time on the bus.

| edge | time | used? |
AE 2
AD
AB
BC
DE
CE
BD
AC
CD
BE

NS XISXIN S

done

O 0| AN N[N | =~ W

Route (list vertices) A' ECR DA

Total time onbus 2 +2+5+ b +6 = 22.

(c) (3 pts.) What other algorithm might you use for this problem if you were not confident that
you had found the best route?

A//,a.rcs‘{' h-{,fshk‘aor :
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5. (12 pts. total) Answer the following questions about the graph drawn below. A copy of the vertices
are provided to use as scratch work if desired.

5 10 ®
®)
?s 4 4
A 5 @A) 5 D

&10 8 G (©) G

12 @

=

(a) (4 pts.) Find a shortest path from vertex A to vertex H. State the vertices on the path and its
total weight. You are not required to use any particular method.

shortest path: A’D G H total weight: I L'I

(b) (8 pts.) Describe one real-world situation for which finding a shortest path would be useful.

1. The vertices represent Ct 'l' 1eS

ii. There is an edge between two vertices if ’H’\bV'L s a weén ‘]“/\-U’V\

iii. The weight of edge represents 'I’}\L +i me 10 Clrln\/‘f, '4‘;\0\_‘}' %Cf‘{‘l‘oq
of road

iv. Reason to find a shortest path:

1}'¢ +he Faclest rowte 4o fake 4o 3L4_
Lrpm ciky A o a;J,3 u.
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6. (10 pts. total) In this question you will be asked to do only a few steps Dijkstra’s Algorithm.

At no point are you asked to complete Dijkstra’s Algorithm from beginning to end.

CAK
ch

5

Loy

(a) (5 pts.) Begin Dijkstra’s Algorithm, showing your work in the table below. STOP when you
mark the second vertex as current.
DO NOT GO PAST THIS POINT. DO NOT DO THE WHOLE ALGORITHM.

tentative
vertex | current/ minimum preceding
visited distance to G vertex
A
B
C
D O G
E 25 G
E [ G
G |gv #) —

(b) (5 pts.) A few more steps of Dijkstra’s Algorithm have been completed for you. Identify the
next current vertex and update appropriate rows in the table below. STOP once your current
vertex is marked as visited.

e
tentative 10
vertex | current/ minimum preceding /CDP\
visited distance to G vertex 30 20
X 1010
B 30 D 8 15 L2
C wis T rE @0 2518) ©
D | &,V 10 G 12 >
E | 2,V 2520 GF s T
F | £V 5 G 4o \é/
G | ¢V 0 - 5
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7. (15 pts total) Consider the following table of tasks and dependencies.

Task | Time | dependency
A | 3 hours
B 4 hours
C 6 hour
D 8 hours AB
E 5 hour B
F 1 hours C
G 2 hour D,E.F

(a) (5 pts.) Construct a scheduling digraph corresponding to the tasks and dependencies above.

A3 0EY[e]
o———=

G(2)[2]

E(s)[#]
O

BWY) ool >

CU’) E(:] 7 F?(D E'b:]

(b) (2 pts.) What priority list do you get if you prioritize the tasks using the Decreasing Time
Algorithm?

(Vo)
o
W
X
)
©

(5 pts.) Label the vertices in your scheduling digraph using the Backflow Algorithm. Use
square brackets — [ ] — for these labels.

(d) (3 pts.) What priority list do you get if you prioritize the tasks using the Critical Path Algo-
rithm?

B A D C E F G
4 13 Jjo 9 F 3 2
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8. (15 pts) Consider the following digraph. The units for the tasks are hours.

A4 D(6)
X s

B(5) F(1)

() E(2)

S

(a) (10 pts) Construct a schedule for two processors using the priority list

Gl

Make sure to label the tasks in the schedule. You may use the table below to track your work.

time || O H ¥ ’ q I | 5
done AlC|B |e | o
ready | A B & < |DE | — &
Hs % 20 15 1l 20 25
) |
A B IET 1
P C | | D | |
(b) (3 pts) How much idle time is in this schedule? :}— A ours

(c) (2 pts.) How long did this schedule take to complete? / b h oud
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Extra Credit (4 pts.) Below is the floor plan of an art gallery with 6 galleries and 11 doorways. A
security company has assigned a theft risk assessment for each doorway. The higher the number the
greater the risk.

Ry
A B C
40
60 30 30 60 |
[\ ‘ \_ A \_ \_
E (20 F

D 40
/7100 \7 ‘

(b) The gallery owners want all rooms to be available to visitors but they would like to shut and
lock as many doors as possible to lower their risk. Using terminology from Graph Theory,
what is the company looking for?

A’ Minimum we,iﬁ/r/' Spanninj 'ALP‘LL—

10



