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Introduction 

 Information is powerful; it is a retention of knowledge, an instructional guide, and a key 

to learning. Therefore, databases that hold information are crucial. However, what happens when 

pieces of data go missing? How would these pieces be recovered? Typically, if one missing piece 

of information is lost, it’s not too hard to fill in. We would simply go through all the records, and 

based on what we have, we can fill in the missing “blanks.” However, what happens when there 

are two missing pieces of information? At this point, the problem is that the missing pieces of 

information can be a combination of different things.  

 The question is, how do we determine what the missing pieces are? How do we use what 

we know to find what we don’t know? To explore this problem, we looked at the card game 

SET. Specifically, we looked at situations when one or two cards went missing from the deck 

and how we could determine what those cards were without having to go through the whole 

deck. 

 

Materials and Methods: 

To explore this problem, we created a computer simulation using the software NetLogo. 

The three general steps involved in solving this problem were: 

1. Finding a way to create a program that plays the game 

2. Finding a way to find what one missing card is 

3. Finding a way to find what two missing cards are 

We conducted our experiment by using NetLogo’s build in “BehaviorSpace” function for our 

trials.  
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Regular Game Play 

There are 81 cards, each with 4 attributes (number, color, shading, and shape) that each have 

3 variations (3 different numbers, 3 different colors, 3 different shadings, and 3 different shapes). 

The variation for each attribute is as follows: 

Attributes Number Color Shading Shape 
Variation 

1 
1 Green Open Diamond 

Variation 
2 

2 Purple Hashed Oval 

Variation 
3 

3 Red Solid Squiggle 

 

The game starts by placing 12 cards face up on the table. From there, players try to find a 

“SET,” which is comprised of 3 cards in which the attributes have either all the same variation or 

all different variations. For example, take the layout below:  

 

Figure 1: The SET graphics are taken from (“Harris Spiral”). The arrows, circles and explanations are the competitors’ 
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Essentially, there are 4 different variation combinations for each attribute. Using “D” as an 

abbreviation for “Different” and “S” as an abbreviation for “Same,” the 4 combinations are:  

• 4D 

• 3D, 1S 

• 2D, 2S 

• 1D, 3S 

*Note: The SET shown in Figure 1 was combination 1D, 3S. All the variations for one attribute 

(number) was different while the rest were all the same. 

*Hint/side note for newer players: The most common way most people find SETs is by pairing 2 

cards together and looking for the third card that will complete the SET. This is known as the 

Fundamental Theorem of SET: “Given any pair of cards, there is a unique card that completes a 

SET with the pair” (Gordon, 13). 

Once a player spots a SET, the player yells “SET” and proceeds to collect his or her 

cards. From there, the dealer deals 3 more cards. If there are no sets, the dealer deals out groups 

of 3 cards until there is a SET, going only up to a maximum of 21 cards on the table — research 

guarantees a SET at 20 cards (Klarreich). The players go through the whole deck and whoever 

has the most sets wins. 

The Mathematics of a SET 

A SET’s validity (whether it is a SET or not) can not only be visually checked, but also 

mathematically checked. For example, say the following cards were grouped as a SET: 

• Card 1: 1 purple solid diamond 
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• Card 2: 3 red solid diamonds 

• Card 3: 2 green hashed diamonds 

Typically, a visual checklist is conducted for all the attributes: Are all the number 

variations either all the same or all different? Are all the color variations either all the same or 

all different? Etc. In this case, the three cards are not a SET because the shading is not all the 

same or all different. Visually, this would be easy enough to see.  

However, a mathematical check can also be conducted. To do this, each attribute 

variation must be assigned a value of 0, 1, or 2. For this project, the following assignment 

variation was used: 

Attributes Number Color Shading Shape 
Value 0 3 Green Open Diamond 
Value 1 1 Purple Hashed Oval 
Value 2 2 Red Solid Squiggle 

 

*Note: It does not matter how the values are assigned. For example, whether red is 2 instead of 

0 is of no consequence. 

After an assignment is made, the sum of each attribute’s variation must be totaled. If the 

modulo 3 (the remainder after dividing by 3) of each attribute’s sum equals 0, then it is a valid 

SET. Looking at the previous card example (which was not a SET), if each card’s attribute 

variation is added, the following result is obtained: 

• Number sum: 3 

• Color sum: 3 

• Shading sum: 5 
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• Shape sum: 0 

The modulo 3 of each sum with respect to the order above is: 0, 0, 2, and 0. Because the 

shading’s modulo 3 is not equal to zero, it is not a valid SET. However, if Card 3 was replaced 

with 2 green solid diamonds, it would become a valid SET because the shading sum would 

change to 6, making the modulo 3 equal 0.  

*Note: Every valid SET follows this mathematical rule. 

Code 

Using the mathematics of a SET, we created a program that played the game. The 

following is a screenshot of the first working version we created: 

 

Graphically, it is slightly different than the original game. Instead of the shapes being 

oval, diamond, or squiggle, it is now circle, triangle, and square respectively. Furthermore, 

instead of having multiple shapes (1, 2, or 3) there is a label signifying the quantity. 
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The following is a screenshot of the set-finding code: 

 

*Quick background — In this code, there were 3 distinct variables we used to classify the 

cards: table, stock, and claimed. “Table” refers to the cards that have been dealt, “stock” refers to 

the deck, and “claimed” refers to the cards that have been grouped into SETs.  

To find SETs, we used anonymous procedures. The 12 cards on the table are first placed 

into all the possible 3-card combinations. The variation of each attribute is then summed, and if 

the modulo 3 of each of the sums is 0, then it is considered a SET and placed into the list “sets-

found.”  

Once all the possible SETs are found, the program removes the first SET in the list and 

places them in the claimed category. More cards are then dealt to replace the cards claimed and 
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the process repeats, looping until there are no more possible SETs and no more cards left in the 

stock. If there is not a SET when 12 cards are on the table and there are still cards in the stock, it 

will deal more cards until there is a SET, going only up to 21 cards since there is guaranteed a 

SET at 20 cards (Klarreich). 

The following is a screenshot of the program after it has been played: 

 

*Note: When the game is played, there are typically cards left over that did not get grouped into 

a SET and cannot be grouped into a SET with one another; rarely are there no leftover cards. 
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One Missing Card 

Aside from the regular game play, there is a version called “End Game SET,” where the 

only difference is that a random card is taken out at the beginning of the game. After the card is 

taken out, the game is played normally. At the end, using the cards left over, an algorithm can be 

used to find the missing card.  

To do this, a modified process of checking a SET’s validity is used. The value of each 

attribute’s variation must still be assigned, and the sum of each card’s attributes must also still be 

added. However, because we want to find the missing card, we must find the value (when added 

to the current sum) that causes the modulo 3 of each attribute’s total sum to equal 0, meaning 

that the total sum must equal a multiple of three to have a modulo 3 equal to zero. Once we know 

the values, we can use the assignment variation to find the corresponding attributes of the 

missing card.  

*Note: The algorithm and method for finding one missing card has already been previously 

discovered. 

An example:  

Say the following 5 cards are left:  

• 3 red open squiggles 

• 1 green solid oval   

• 3 green solid diamonds 

• 3 green open ovals 

• 3 red solid ovals 



12 
 

The sum of all the cards’ attribute is: 

Number: 0 + 1 + 0 + 0 + 0 = 1 

Color: 2 + 0 + 0 + 0 + 2 = 4 

Shading: 0 + 2 + 2 + 0 + 2 = 6 

Shape: 2 + 0 + 1 + 0 + 0 = 5 

In order of the above attributes, the value that will cause the modulo 3 of each of the above sums 

to equal zero are: 2, 2, 0, 1. Looking at the assignment variation, the missing card is 2 red open 

ovals. 

Code 

We added the algorithm for finding a missing card into our program. The following 

screenshot is of the updated version: 
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A random card is taken out at the beginning of the game. The game is then played 

normally. Using the cards left over, the variation value of each card’s attribute is summed. In the 

screenshot above, the program tests all the values (0, 1, 2) to see what value, when added to the 

total value for number, gives back a modulo 3 equal to 0. This same algorithm is used to find the 

color, shading, and shape of the missing card.  
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Two Missing Cards 

*Note: As mentioned before, the method for finding one missing card has already been 

discovered. However, a method for finding two missing cards has not been previously 

discovered. 

Problem Analysis 

Finding one missing card is fairly easy. However, the problem is when we try to look at two 

missing cards. The possible combination choices are too ambiguous; there are too many ways to 

make the sum of the variations equal a modulo 3 of zero. For example, in a hypothetical 

situation, say two cards at the beginning of the game are taken out. After playing, one card is left, 

meaning there are two possible combinations that will return a modulo 3 equal to zero. In this 

case, assume the leftover card is 1 green hashed oval. The variation assignment would be (with 

the same order of number, color, shading, and shape): 0, 1, 1, 0. 

For each attribute variation there can be two possibilities that give a modulo 3 equal to zero: 

Number: 0 and 0 / 1 and 2  

Color: 0 and 2 / 1 and 1 

Shading: 1 and 1 / 0 and 2 

Shape: 0 and 0 / 1 and 2 

It would be difficult to narrow down the choices, and even it was narrowed down (say it’s 

0 and 0 instead of 1 and 2 for number), it is still unclear which card has which variations. For 

example, say the first possibility for each attribute is right. It is unclear if Missing Card 1 is (0, 0, 

1, 0) or if it’s (0, 2, 1, 0).  
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Problem Exploration and Solution 

To tackle this problem, we tried simplifying it and broke it down to a group of 9 cards 

with the same shape and color. If lain out correctly, a hyperplane that shows the 12 different sets 

that can be made with the 9 cards is created (see Figure 2 below).  

 

Figure 2: The SET graphics are taken from (“Game of Set”). The arrows and explanations are the competitors’ 

 

 

 

 

 

Using the cards shown in Figure 2, if we only had 9 cards and 2 are missing, we would 

figure out what the missing cards are by grouping the cards that could form a SET together, as if 

playing a regular game. Then, we would look at all the possible set combinations and start 

drawing cards from the claimed pile. Using the cards that were drawn, we would begin 

        
       
       

       
        

         
       

         
        

     
    

A list of the 12 possible SETs: 

[1 2 3]  [1 5 9] 

[4 5 6]  [3 5 9] 

[7 8 9]  [2 6 7] 

[1 4 7]  [3 4 8] 

[2 5 8]  [1 6 8] 

[3 6 9]  [2 4 9] 
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eliminating some of the 12 set possibilities. In our case (see Figure 3 below), we decided to make 

cards 2 and 5 the missing cards. In the best-case scenario, cards [1, 4, 7] would make a set and 

[9, 6, 3] would also make a set, leaving card 8 behind.  

 

Figure 3: The SET graphics are taken from (“Game of Set”). The arrows and explanations are the competitors’ 

 

Now, when we look at the 12 possible sets that can be made, we must look for sets 

containing an 8 because the missing cards must form a SET with card 8 (we know this based on 

our hyperplane). Those sets are:  

 

 

The 4 possible SETs:  

[7 8 9]  [2 5 8] 

[3 4 8]  [1 6 8] 
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We then go through the claimed cards to start eliminating the answer choices. For 

example, if card 7 was the first card that was revealed, then we can eliminate [7, 8, 9] as an 

answer choice. If card 3 was revealed next then we can eliminate [3, 4, 8]. If after that card 6 was 

revealed, then we can eliminate [1, 6, 8] and be left with [2, 5, 8]. That means the missing cards 

would have to be 2 and 5. However, this again is the best-case scenario in that no card in a set 

already eliminated appeared. For example, if card 4 was revealed after card 3 was revealed, it 

would not help because we had already eliminated set [3, 4, 8]. In other words, this all depends 

on how lucky we are when we draw the cards.  

Overall, while this method did provide us with some valuable insight, it was difficult to 

apply it to a real game. To begin with, only having 9 cards that form a hyperplane is too 

convenient. In a real game, there are 81 cards — which makes 1080 total possible sets — and 

when we play the game, we are most likely not going to be left with only one card. Therefore, we 

would have great difficulty trying to narrow down which of the 1080 set possibilities holds the 

two missing cards. Furthermore, there is no guarantee that one of the cards left over will form a 

set with the two missing cards (like card 8 did in the previous example); the card that would 

complete the two missing cards’ SET could have been grouped into another SET. In the previous 

example, we could have easily taken out SET [7, 8, 9] and had cards 1, 3, 4, and 6 leftover 

instead.  

As a result, we were simply left to ponder for a while. However, we managed to realize 

something. Using the Fundamental Theorem of Set, we knew that for any pair of cards, there is 

only one card that makes the pair a SET. Therefore, we know that for the two missing cards, 

there is only one unique card that forms its SET. As we were looking at the mathematics of the 
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game, we saw that we could determine what this unique card was simply by “reversing” the 

formula used to find one missing card.  

To determine the attribute of one missing card, we essentially look for the higher multiple 

of 3. However, in the case of two missing cards, to find the unique third card, we must look at 

the lower multiple of 3 instead. For example, for one missing card, if the sum of the color 

attribute was 10, then we would say the missing card’s color is red because the next multiple of 3 

is 12, and we must add 2 to 10 get there; 2 corresponds to red. However, in the case of two 

missing cards, we would say that the unique third card’s color is purple because we look at the 

lower multiple of 3, which is 9. We must subtract 1 from 10 to get there, and 1 corresponds to 

purple. 

The significance of this find is that if we know what that third card is, then instead of 

having to look through all 1080 set possibilities, we would only have to go through 40 set 

possibilities because each card can make 40 different sets (Gordon, 31). Furthermore, after 

narrowing it down to the 40 sets, we can then use the same method of drawing cards from the 

claimed pile to start narrowing down the 40 possible sets. 
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Code 

The following is a screenshot of the updated version, version 1.0, we created that finds 

the 2 missing cards: 

 

Before the two missing cards are determined, the unique third card is determined first. As 

mentioned previously, this is done by “reversing” the algorithm originally used to find one 

missing card.  
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Then, we created an algorithm that generated all the set possibilities for that one card 

(done by modifying the original set finding code as show below).  

 

From there, the program starts eliminating the sets the leftover cards make. Once all the 

leftover cards’ SET have been checked for, the program then draws cards from the claimed pile 

to start eliminating possibilities. 
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Below is a screenshot of the interface at the end of the program’s run: 

 

Below is a screenshot of the “final version” (3.0) of our program. It’s been cleaned up and 

organized to make it more user-friendly: 
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Results 

 The program was able to accurately determine what the two missing cards were. 

However, we wanted to determine how many claimed cards the program had to go through 

before it was able to determine what the two missing cards were. To do this, we ran the program 

100 times through NetLogo’s built-in BehviorSpace feature. This allowed us to record the 

average number of claimed cards left after each trial. On average, the number of claimed cards 

left was approximately 11. The number of cards on the table that did not make a SET was 

approximately 8. Therefore, it had to go through approximately 85% of the claimed cards before 

it was able to figure out which cards the missing cards were.  

 

Discussion 

 By finding out which card the two missing cards group with to make a SET, we could 

determine the possible set combinations the two missing cards have to be in. From there, using 

the claimed cards, we could slowly start narrowing down the possibilities. Through this method, 

we only had to go through approximately 85% of the claimed cards. Questions about how helpful 

this is can vary.  

Depending on how large the claimed cards (the equivalent of records/what we know in 

the real world) are, it can be fairly helpful or not helpful at all. For example, if our claimed cards 

stack was 10000 cards, then saving 15% would help quite a bit. We would only have to go 

through 8,500 cards, saving ourselves from looking through 1,500 of them. However, if our 

claimed cards stack was 10, then saving 15% would not be helpful, saving ourselves from having 

to go through about 2 cards. 
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Optimization 

 We were dissatisfied that there were 11 cards left in the claimed pile; it seemed like too 

low of a number. Therefore, we tried looking at alternate ways to narrow down which cards 

could be the missing cards.  

We had two ideas in mind when we were looking at how we could optimize this process 

so we would have to go through less cards. One idea was to examine a cube so we could 

determine if the connections a SET can make can eliminate other SETs. A cube is three 

hyperplanes stacked on top of one another. When that happens, SETs can not only be made on 

one plane, but across planes as well. Figure 4 demonstrates a few different SETs the middle card 

on Plane 1 can make across all three planes. 

 

Figure 4: The SET graphics are cards that have been scanned from the original card game. The arrows, circles, and 
explanations are the competitors’  
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Figure 4 only outlines a few SETs one card can make. However, if all the SETs were 

“connected” in the figure above, there would be many lines. If one of those lines were to 

intersect with another line, could we eliminate the other SET connected to that line? That was 

one idea we had. However, as we were trying to test it, we came across incidents where we 

would have eliminated a SET that contained one of the missing cards. Therefore, we had to move 

on to our second idea.  

The second idea was to look at probabilities. Instead of having a 100% accuracy rate 

where we can confirm which two cards are missing, we thought we could have a 70 – 90% 

accuracy rate instead. This way, we could say something similar to “Cards 1, 4, 7, 8” have an 

80% chance of being the missing cards. This would likely increase the number of cards we 

wouldn’t have to go through.  

Doing some more research, we found the following table: 

 
Figure 5: Table taken from page 38 of The Joy of SET book listed in the bibliography 

With reference to the explanation on page 6 of this report explaining the types of SETs 

that can be made (such as “4D,” “3D,” etc.), Figure 5 shows the probability for each type of 

SET, which we incorporated into our model.  
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Code 

The following are screenshots of the optimized version of the program and part of its code: 

 

 

The interface shows the probability of the missing cards being in each category. This is 

done by separating the 40 possible SETs into their respective categories then dividing the amount 

of SETs in each category by the total number of SETs. For example, when dividing the 40 SETs 

into their categories, the number of SETs initially in each category is as follows: 

 

 

                

SET Category Number of SETs Explanation 
4D 8 20% of 40 = 8 
3D 16 40% of 40 = 16 
2D 12 30% of 40 = 12 
1D 4 10% of 40 = 4 
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When we divide the number of initial SETs in 4D by the total number of SETs, we would 

get 20% (corresponding to its initial percentage). Therefore, there is a beginning 20% chance the 

missing cards will be in the 4D category. To narrow down which category the missing cards are 

in, we follow the same algorithm of drawing a card from the claimed pile to eliminate SETs. As 

SETs are eliminated, the number of SETs in each category will decrease, therefore also 

decreasing or increasing the chances the missing cards are in each category. For example, let’s 

say the first card we draw from the claimed pile is in category 4D. That would mean there are 

now 7 SETs in 4D and 39 total SETs. Therefore, if we divide 7 by 39, we would get a percentage 

of approximately 17.95; its chances have decreased. However, the chances of the missing cards 

being in the other categories will increase because their SET number stayed the same while the 

total number of SETs decreased.  

 

Trial, Results, and Discussion 

We ran the model in BehaviorSpace 1000 times. This yielded a significant amount of 

data. However, due to our limited time constraint, we were not able to conduct an in-depth 

analysis of our data. Nevertheless, skimming through some of the data, we did not see any 

obvious patterns that stood out to us. However, before looking through our data, we hoped that 

the 1D column could provide us with some useful information. Because the chances of the 

missing cards being in that category was so low, we expected that after we drew a certain 

number of cards and 1D had not been completely eliminated yet, then it had a high likelihood of 

being the missing card. We did not have the chance to truly try to prove this theory, but we did 

see some trends to suggest this. Overall, we have the intention of seeking mathematicians who 

would be willing to help us analyze our data. 
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Applications and Final Conclusions 

Because finding missing pieces of information is crucial, there are many potential 

applications for this project. For fields such as accounting or logistics, missing pieces of data can 

be a hassle to deal with. Take accounting for example. What happens if money, receipts, or 

invoices are missing? Could we use the method for finding a missing card in this field to find the 

missing pieces of information on those receipts or invoices? If we managed to find a way to scale 

it up, perhaps we can.  

Additionally, this might be applied to cybersecurity as well. Missing pieces of data can be 

vital in dealing with threats. Often times, there are known variables and unknown variables that 

must be taken into account of. There are the knowns (what we know), the unknowns (what we 

don’t know), the known unknowns (what we know we don’t know), and the unknown unknowns 

(what we don’t know we don’t know). In the case of the card game SET, when we had one or 

two missing cards, we realized that we had a known unknown (we knew that we were missing 

‘x’ number of cards but didn’t know which card(s) it was). However, we managed to use our 

knowns (cards left over or the cards we had) to find our unknown (the missing card(s)).  

To conclude, we were able to accurately determine what the two missing cards were by 

generating the possibilities they could be then using the information we had to narrow down 

those possibilities. We were not able to analyze our optimization method. However, our overall 

objective of this project was to look at a way to create a systemized method for finding missing 

pieces of data. 
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