Name:__________________________

Fair Division Lesson 3:  Cake Cutting Procedures

Cake Cutting Procedures: Proportionality 
· Definition: a cake cutting procedure for n players can be used to allocate a cake among themselves (no outside arbitrators) so that each player has a strategy that will guarantee that player a piece with which he or she is ___________________ even in the face of collusion by the others.

· A cake cutting procedure (for n players) is ___________________if each player’s strategy guarantees that a player a piece of size or value at least of 1/n of the whole in his or her own estimation.  It will be called ____________________, as in the adjusted winner context, each player’s strategy guarantees that player a piece he or she considers to be at least tied for largest or most valuable.

· Many procedures that are __________________ fail to be __________________
· Thus proportional procedures are fairly _____________ to come by, but envy-free procedures are fairly __________________ to come by

Lone Divider

· AKA: ​​​​​​​​​​​​​________________________________________________________________________
· We have three players – Bob, Carol, and Ted

· Bob cuts the cake into 3 pieces – X, Y, and Z
· Carol is going to approve a piece of she believes to be at least _____________ in size or value

· Ted will do the same

· If there are distinct pieces, say X and Y, with Carol approving of X and Ted approving of Y, then we give the third piece, Z, to Bob.

· In this situation, we would be done

· This time, let’s assume Carol and Ted only approve of one piece, ​​​__________
· Hence (which is more important to us), both disapprove of __________
· Let XY denote the result of putting piece X and Y back together to form a ________________
· Thus, we can give Z to Bob and let Carol and Ted use divide-and-choose on XY. 

· Because half of 2/3 is __________, both Carol and Ted are guaranteed a proportional share (as is Bob, who approved all three pieces)

Last Diminisher

· AKA: ________________________________________________________________________
· Bob cuts from the cake a piece that he thinks is of size _____________ and hands it to Carol

· If Carol thinks the piece is larger than ¼ she trims it and adds the trimmings back to the cake
· If Carol thinks the pieces handed to her is of size at most ¼, she passes it unaltered to Ted

· Ted proceeds as Carol did and then passes to Alice

· Alice proceeds the same as well, but waits a moment before passing it on

· If no one has altered the piece, it will go back to ​​​_____________.  If someone has altered the piece, it will go to the _________________________ who altered it.
Cake-Division Procedures: The Problem with Envy

· Divide and choose has a property that neither one of the last procedures possesses:  It can ensure each player receives a piece that he or she considers _________________________ ​​​​​​​______________________________________ This makes divide and choose envy-free.

· Nevertheless, there exist cake-division procedures that are _____________________.  
Selfridge-Conway Envy-Free Procedure

· We start with a cake and three people

· We want to arrive at an ___________________________________ of the entire cake among three people in a ______________________ number of steps.
· Steps

1. Player 1 cuts the cake into three pieces he considers to be the _______________________________________.  He hands the three pieces to player 2.

2. Player 2 trims _____________________ one of the three pieces to create at least a two-way tie for largest.  Setting the trimmings aside, player 2 hands the three pieces (one of which may have been trimmed) to player 3.
3. Player 3 now chooses, from among the pieces, one that he considers to be ___________________________________________________________.

4. Player 2 next chooses, from the two remaining pieces, one that she considers to be at least tied for largest, with the proviso that if she trimmed a piece in step 2, and player 3 did not choose this piece, then ____________________________________________________.
5. ____________________ receives the remaining piece.[image: image1.png]



