Math F113X: Math and Society Exam Il Review
1 Fair Division

1.1 Methods by Name
Divider-Chooser, Lone Divider, the Method of Sealed Bids.

1.2 Sample Fair Divison Problems

1. For each of the three methods listed above, what is the context in which they are appropriate?
(for example: how many people are dividing? How can you split up the stuft?)

Dividur- Chooter © Ony 2 people, Lonfimmous plivsim ( o can split
S s ey o4 gow voant)

L-DMD\M bt Haon R people cornfaocus dLnsONn
Sealed Rids: for shal (lnowtes le) Huak Can't be sulbdesiled

2. The Cookie Monster and Elmo are splitting a giant cookie that is half chocolate-chip and half
oatmeal, Wort The Cookie Monster likes chocolate chip twice as much as oatmeal.
Elmo likes oatmeal three times as much as chocolate chip.

(a) Suppose someone splits the cookie with all chocolate chip on one side and all oatmeal
on the other. Attach dollar values to each share for each person.

share 1: chocolate chip | share 2: oatmeal tQﬂ_
Cookie Monster B [_[_ 2
Elmo 3 Cl 12

?NDDN\M patad for CM: Quueed potwesl = 1) CC =201)=2. +oted = 3.

w&qq&u b&‘-l'
Algeloa m"‘QM Slo: Leb € = Vodue of claoeslofe chwp: We naucd
+3¢-n.==>4c-t'z=>c 3, ootwad =3(=3:3=4

(b) Which cookie pieces (if any) are fair shares for Elmo? Wthh are fair shares for Cookie
Monster? Show calculations that support your answer.

Foir g = 2= 2. S0 S0 fpuic for CH
Ga BYb. S, i d’i—v&" ¢ lmo, orae 9706.
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3.

(a) James, Gordon, Julie, Alexei, and Latrice divide their pile of Halloween candy worth
a total of $20. Determine who was the divider and determine how the lone divider
method would proceed.

| Pile 1 | Pile2 | Pile 3 | Pile 4 | Pile 5
James || S0 | $5 | $10 | (35)] $0
Gordon || $2 $4 $6 $2 [ ($6)
Julie 34y | $4 | $4 | #4 $4
Alexei | $2 | $4 |[($12)] $2 $0
$7

Latrice $2 @ $1 30
: _ Volue 20 _

@wr showe = #peopa © s .

Wolee Julie Volues ecchn of 4he P..lu b8y o Lo wao Ve

dands

e Swen fr Eoch preon awe luigulighded
T« Pogé.b(z, ¥ cllocate dhowse 60 Hak bo-e:d)vw. s

,B,n..m, aee bue circly.

(b) Suppose Gordon changes his evaluation of the piles. Now determine how the lone
divider method would proceed.
| Pile 1 | Pile 2 | Pile 3 | Pile 4 | Pile 5
James $0 $5 $10 $5 $0
Gordon || $2 $7 $6 $2 $3
Julie $4 $4 $4 $4 $4
Alexei $2 $4 $12 $2 $0
Latrice $2 $10 $7 $1 $0
It s nof Q‘a‘&s-‘nu.e o cllocote Shares o male W\{M
hoppy. Do oaig Tubie an uncovdeded duse Cecthe

ahoe | & hoes) and Hon rcwvxb}uqa,m\.\;,\&‘sw.

Mo recomoneal shonss ull be assppad ¥ o weo Lone Dy
( chotun &/Dm Towceq, Gordon Aliel, Latvic) whd wAll old fhe

P/OCM aﬂahn
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4. Harry Potter (P), Hermione Granger (G), Luna Lovegood (L), and Ronald Weasley (W) are
dividing up some loot they found in the dungeons. The loot consists of a velvet cloak, a gold
chalice, and a self-cleaning cauldron. They decide to divide the loot using the sealed bid
method. The table below shows how many gold coins each person bid for each item.

(a) Fill in the following table.

\ | Potter | Granger | Lovegood | Weasley |
cloak 60 coins | 50 coins | 100 coins | 30 coins
chalice 60 coins | 10 coins | O coins 20 coins
cauldron O coins | 80 coins | 100 coins | 30 coins
total bid 120 14O 200 KO
What is a fair share for each

20 -
person? !-4' =30 =35| 50 20
award (who gets what item) . o clook, .
no
Cholice. | wotiny | 07 Yoy
award value ©O (9] 200 o
How much _money d(_)es each 30 | 6 -3¢ 200-50 | O-20
person pay in or receive from = 10 = 20
the holding pile? -30 |="3¢
Aword - Lot swoue PAY GET PAY GeT
Determine the surplus.
PAN- (6eT) = 30 ¢150- 35 —29 = 128]
Determine each person’s fair =125
\.2¢ RY , 2y |4— ==
share of the surplus. 812 2l 3l 3 ¢
(b) Determine the Final Allocation by filling out each blank below. Space is provided here

to determine the total cash for each person.

PoTTER : =30 +3\.2% =l.25

(RaneeR: 25 + 3.25° b6 25

LoveGoop: —ISD43L.2C = —1&.7s

WeASLeY: 290¢3L.25 = S(.1tS

Summary of Final Allocation
person items cash paid or received?
Pottter Cholice |.2¢< receevedd
Granger — bb-25 réceivect
Lovegood || cloak, couldan 11€.7F po.d
Weasley —_ S.25 récecstd
(c) Is this a fair allocation? Write a computation to explain how you know.
cosh check: 1.2 +66.2v ¢ S1.25 = 1&.7F,
vecei ved Peicl
Ve ? Total Valwes "

2l 60t1.25 = b2 730 &D [ s
6| 66.25 35 -Hj.u.QOuJu.z s e

L | 200 —u8.15 =%l,28 SD

WW/ e .
Wl 515720 eal/
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2 Graph Theory

1. Define the terms below.
(a) An Euler circuit is s db._(-&m “eiccal”
[ R F
A Circust (sca)umu_ of vt Raua sund edgen W & «u-.pk Yot st
ord oS ot e Qame yeriiO) Mwmeﬁ W o W'«
Lactly o
(b) AnEulerpathis s defwse “patt”

A ﬁwqfd-t/l\w{ze_l&m M a Q/u.fh'w uées evtr(
W%&f
s

ace - Typreally 4o ghut 4 ed verkr ose

(c) A Hamiltonian circuit is
A Ciccwat Wt purds Hrvouph M“°'*
-&Lac;ﬂ«.( onee

(d) A spanning tree is ) "tffu“ . .
A collckon of verkuas § edies in o quph urtaosd auny circuats
W o pett between ay pais 8f vURuo  Sp fant
ety ek ghows up ag Huw endprink of e o1 e edgen

(e) A minimum cost spanning tree is (l w,,n:::a( ﬂ
A’ Spuning nte o st weiglt howe 1 eicenitd

(f) the degree of a vertex is

Yoo wuor of elier feadng e virlex
( bott ends of Lodp4 oue counted’)

(g) A complete graph is

A gorph Stk hon an ede wmwdv& Lt
pa of o Buo.
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2. Below is the floor plan of an art gallery with 6 galleries and 11 doorways. A security com-
pany has assigned a theft risk assessment for each doorway. The higher the number, the
greater the risk. Each gallery is labeled with a letter.

r
50 A I
40 100_J

Al,
— s |

N ] C—
Ao @ \740 ‘20
L

(a) Draw a graph below that models this scenario.

(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 mialmum cosk Spomwu\& Jme_g,\ (y;qu,aﬂuw aboye)

You con geb 4o ety oo, becouse Yoo KEST
incoden ortyy sk, Bk s doars comonprealicg fo
%Pe:\s?lf edigr com lbe locliact -
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(a) Given the following table of distances (in miles) between towns in Alaska, construct a

weighted graph model that represents the situation. A — in the table means there is not
a direct route between those two towns (or there is a route but it passes through some
other town on the list).

Anchorage

Cantwell

Delta Junction

Fairbanks

Glennallen

Palmer

Tok

Anchorage

210

42

Cantwell

210

148

Delta Junction - - - 98 108
Fairbanks - 98 - - -
Glennallen - -

Palmer 42 - -

Tok - —

1«8 ®—iz D> —,_\
BN

'o®-&®m

139
147 - -
139 - -

(b) Is the graph connected? Why or why not? Use terminology from graph theory to
explain your answer.

Ves, e 's o pattn betwesn any pai-sf vvhuo.

4. (a) Use Kruskal’s Algorithm to find a minimum cost spanning tree in the graph below.
Document each edge you looked at, in order, and whether or not that edge is used in
the MCST.

edge | weight | used?
AR | 1 v
ce 1 v
AC | 2 v
BC| % X
BE 2 R
eo 3 v
2d 5 X
AdD b <
DE 6 x
A€ (] x
AF 12 v <P

(b) Give an example of a real-world problem where you would want to find a minimum
weight spanning tree. (You need to explain what the vertices represent, what the edges
represent, and what the weights represent, and how a minimum weight spanning tree is

useful.
seful) WV&UPW L ) MM—QQM, 4
Mlninigt Hee totul ot of Layorg He pipe!
Viwrtoa axe M-ﬁ bea o
0 &_J;‘&'-ﬁ .
fxm.'eu&swzaepw\-s suiocoted Wk exch pLpe rowte
6

e~ wenlt "0
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5. (a) What does it mean to Eulerize a graph? What is your goal? What kind of edges can
you add?

bu ok o guplicode erishing oo 90 that open
vt hows bvend.cg\u.. Tlus widl adlow Yoe combme N3N
B(w\ Sl circak .

(b) Eulerize the graph below by duplicating the fewest number of edges and then find
an Euler circuit in the resulting graph. Make sure that someone else can clearly see
the additional edges. List the additional edges and the vertices in the order they are
traversed in the Euler circuit.

Offset your circuit slightly from the graph so that it is clear where the circuit is, and
draw it as one continuous path. If possible use a different color.

odd degree vt due Lignligpbed.

added edges: GF, TN , KL
Fuler Circuit AE Z MNOPLHD (6L KINT FGFBA

(c) Give an example of a real-world problem where you would want to find an Euler circuit.
(You need to explain what the vertices represent, what the edges represent, what the
weights represent, and why finding an Euler circuit is useful in answering the problem.)

ngo@.ou)\ ‘' Vrhas auwe Satrsechions, CA&%M

voods , weti o fovgftn ol roadd aogment

cond Www o el Bn w"‘wwd"b'w
neguasing Hue shorteat poslole distance  (Yacvelling e Lo

ra M P\chd roouke)
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6. (a) Use the Nearest Neighbor Algorithm starting a vertex A, to find a Hamiltonian Circuit
in the graph below and determine its weight. List the edges in the table in the order you
considered them / added them.

edge | weight | used?

. 5 A8 3 Ves )/%@
1 F BC Lo| Yes
12 (> (74 Yes
3 2 Ce 2 | Yes g
AN eF| 5 | Yes z
5 <

AF Yes ©:\é"— £

circuit: A ®o CEFA
weight: 21

(b) Use the Cheapest Link Algorithm to find a Hamiltonian Circuit in the graph below, and
determine its weight. List the edges in the table in the order you considered them /
added them.

edge | weight | used?

T 2

ce 2

— F AS 3
12

B¢

)

eF ¢

¢o 4

9 5 AF s
c

g

<

2

2——F E e
4 5 OF
Y

circuit: AB-D ceVF A (sa.uu. o oove, fhaf ccun
weight: 2\

WX % \\&K\\\
>

1

(c) Give an example of a real-world problem where you would want to find a minimum
weight Hamiltonian circuit. (You need to explain what the vertices represent, what the
edges represent, and what the weights represent, and why finding a Hamiltonian circuit
is useful in answering the problem.)

Thusthsey Selswon Poblom: B¥t o collechian of cches
oA Cheaply ou possnble cwdl rebin hauee
Uorheq ase cehen
(e rocdes o |
we‘i&;aﬂw; gsbbffﬂd'c( Mﬁ/{%m, oorline ¥k cogt, ete)
8



