
Topic Idea: Compensation

Our next topic is the mathematics behind an important part of
society: Compensation!

Definition (Topic Idea: Compensation)

Society must deal with a number of scenarios where two or more
people have a legitimate claim on some desired resource(s).

Often in these situations the people involved cannot (or will not)
agree on the value of the disputed resource(s).

Compensation is the process of awarding ownership of resource(s)
and (typically) money to each of the people involved in the dispute.

Example (Typical Compensation Scenarios)

Here are some general scenarios where compensation is important:

Inheritance

Divorce Settlements

Treaties/International Disputes



Related Idea: Compensation Basics 1

Definition (Related Idea: Compensation Basics 1)

People who have a claim on a resource. People can be
described by name or by some other designation (like Person
1, 2, . . . ).

N for the number of people involved in a given scenario.

We use lower-case b, decorated with a subscript, to describe
the Value/Bid that each person makes. If there is more than
one resource then this represents the total bid for that person.

Example (Compensation Basics 1)

Kim and Kanye must share a bag of chips. In this scenario N = 2
because there are two people. If Kim (Person 1) thinks the chips
are worth $10 and Kanye (Person 2) thinks the chips are worth $6
then

b1 = 10 while b2 = 6.



Caesar and Cleopatra 1

Example (Caesar and Cleopatra 1)

Caesar and Cleopatra are going through a rough break-up! Caesar
thinks Cleo should give The Port of Alexandria to him, thinking
the The Port of Alexandria is worth 200 thousand denarii.
Cleopatra knows the it isn’t worth that much and could easily get
another one for only 160 thousand denarii.

What is N in this scenario?

What is bCaesar?

What is bCleo?



Related Idea: Compensation Basics 2

Definition (Related Idea: Compensation Basics 2)

The person who bids the most for a resource is called the
highest bidder. Sometimes we use the letter h to denote the
highest bid. This is the value of the bid for the highest
bidder.

The person who wins the resource is called the winning
bidder. We use the letter w to denote the winning bid.
Depending on the compensation method we use, THE
WINNING BIDDER DOES NOT HAVE TO BE THE
HIGHEST BIDDER!!!

Example (Compensation Basics 2)

Recall in the previous example Kim thinks the chips are worth $10
and Kanye thinks the chips are worth $6. If Kanye is awarded the
chips then

w = 6 while h = 10.



Mean Girls 1, Part 1

Example (Mean Girls 1, Part 1)

Three soon-to-be-former friends decide to never see one another
again. Unfortunately they share a prized possession: The Burn
Book . The chart below represents what they each would bid on
this item:

Regina Gretchen Karen
The Burn Book $300 $210 $240

Suppose in the end that Gretchen gets The Burn Book .

What is N for this example?

What is h?

What is w?



Related Idea: Fair Share

Definition (Related Idea: Fair Share)

When N people divide a resource, a person’s fair share is the
amount worth 1

N of the total value of the resource in their eyes.

Using our notation this can be calculated using each of the bids:

The fair share for Person 1 is b1
N .

The fair share for Person 2 is b2
N .

The fair share for Person 3 is b3
N .

...

The fair share for Person N is bN
N .

Example (Compensation Method: Random)

Suppose two people place bids of b1 = 4000 and b2 = 3500 for an
antique. Since N = 2 we calculate the Fair Share of Person 1 to
be 4000

2 = 2000 while the Fair Share of Person 2 is 3500
2 = 1750.



Mean Girls 1, Part 2

Example (Mean Girls 1, Part 2)

Three soon-to-be-former friends decide to never see one another
again. Unfortunately they share a prized possession: The Burn
Book . The chart below represents what they each would bid on
this item:

Regina Gretchen Karen
The Burn Book $300 $210 $240

What is the fair share for Regina ?

What is the fair share for Gretchen ?

What is the fair share for Karen ?



Arrested Development 1

Example (Arrested Development 1)

Lindsay and Tobias decide to divorce (again!). Since they don’t
own much there aren’t a lot of shared assets to fight over.
However, there are two items that both people want; Diamond
Skin Cream and a Poofy Blouse/Shirt. Here are their bids:

Lindsay Tobias
Diamond Skin Cream $200 $260

Poofy Blouse/Shirt $100 $80

What is N for this example?

What is the fair share for Lindsay ?

What is the fair share for Tobias ?



Miley and Liam 1

Example (Miley and Liam 1)

Miley and Liam have broken up and must divide some items they
bought together. The chart below represents what they each
would bid on these items (all in thousands of dollars):

Miley Liam
Engagement Ring $400 $250

Warehouse of Teddy Bear Costumes $100 $60

Basic Human Dignity $30 $200

What is N for this example?

What is the fair share for Miley ?

What is the fair share for Liam ?



Related Idea: Compensation Basics 3

Definition (Related Idea: Compensation Basics 3)

We need a way to write the compensation for people. We
will exclusively use x , decorated with a subscript for whose
compensation, to describe the overall value a person receives.

So x1 is the compensation that Person 1 receives, x2 is the
compensation that person 2 receives. We could also use
names instead of numbers in the subscripts.
These amounts are also sometimes called payouts.

Example (Related Idea: Compensation Basics 3)

Three sisters, April, May, and June, must decide who will inherit
their parents’ house. They make the following bids (in thousands
of dollars): bApril = $200 bMay = $400 bJune = $900
The court awards the house to June who must pay April $150
(thousand) and May $350 (thousand). Then

xApril = $150 xMay = $350 xJune = $400.



Crazy Good Tacos 1

Example (Crazy Good Tacos 1)

The local taco truck operated by Habeñero Loco routinely loses
meal orders. Three people whose orders were lost discuss how
much they would like to be the next in line. Katy is really hungry
and would pay $9 extra to be next in line. Elizabeth and Cara are
not as hungry and would pay $6 and $3, respectively, to be next in
line.

Suppose that Cara is the next person to get her order.

What are xCara and her Fair Share?

What are xKaty and her Fair Share?

What are xElizabeth and her Fair Share?

How do Katy and Elizabeth feel about this compensation
arrangement?



Compensation Method: Knaster’s Procedure

Definition (Compensation Method: Knaster’s Procedure)

1(a) All N people secretly bid on a resource.

1(b) The highest bidder receives the resource but pays w for the
item.

1(c) Everyone (including the highest bidder) receives their fair
share. In symbols, everyone gets bi

N at the end of stage 1.

Leftover money is called the surplus. This is the excess paid to the
3rd-party mediator and will generally be negative.

2 Everyone (including the winner) receives an equal portion of
the surplus. This amount paid back to each person is positive.
Everyone gets extra money in addition to what was received
above in Step 1.
Compensation=Fair Share + Surplus Portion

Knaster’s method is also called The Method of Sealed Bids.



Beyond the Formula: Knaster’s Procedure

The steps of Knaster’s Procedure can be described in very simple
ways:

Step 1 Everyone gets their fair share. People who get item(s) must
pay so they only get their fair share.

Step 2 Everyone gets an equal portion of the surplus.

Compensation=Fair Share + Surplus Portion

We can easily set up Knaster’s Compensation to reflect these ideas:

List of N People

Fair Share Info you fill in

Value of
Item(s) Received Info you fill in Total ↓

Pays/Gets Fair Share -Value of Items =Surplus

Compensation= Fair Share + 1
N · Surplus



Crazy Good Tacos 2

Example (Crazy Good Tacos 2)

Recall the bids to be next in line at the Habeñero Loco taco truck:

Katy Elizabeth Cara
Next in Line $9 $6 $3

The Habeñero Loco people decide to use Knaster’s Procedure
for the next meal order.

Who gets to be next in line?

How much does everyone get after Step 1?

How much does the winner pay in Step 1?

How much surplus is there?



Mean Girls 2

Example (Mean Girls 2)

Three soon-to-be-former friends decide to never see one another
again. Unfortunately they share a prized possession: The Burn
Book . The chart below represents what they each would bid on
this item:

Regina Gretchen Karen
The Burn Book $300 $210 $240

The Mean Girls decide to use Knaster’s Procedure.

Regina Gretchen Karen

Fair Share
Value of

Item(s) Received Surplus ↓
Pays/Gets


