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NYT Digits - Rules of the Game

Can we devise an algorithm to 
solve this problem?

And what can the algorithm tell us about the nature 
of the solutions to this problem and this problem’s 
computational complexity?

1. You are given six numbers and a target number.

3. In combining numbers, divisions cannot have 
remainders and subtractions cannot result in negative 
numbers.

2. The goal is to reproduce the target number from any 
combination from the set of six numbers using the 
operations addition, subtraction, division, and 
multiplication.
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Main Question 

Supplementary Questions 



Presentation Outline

Algorithms
How can we generate all 
possible solutions to the 

NYT digits problem? 

Part I 

Can we devise an algorithm to 
solve this problem?

Main Question 

Can Chat GPT solve this problem, 
or generate an algorithm to solve 

this problem?  

ChatGPT

Part IV
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Mathematics
How can we count the 
number of solutions to 

the puzzle? 

F(x) =
N

∑
k=0

xkFk

Part II 

What is the computational 
complexity class of this 

problem? 

Complexity Class

P ⊆ NP ⊆ EXP-TIME

Part III 



Part I: Algorithms
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PartI: Incremental Programming

Algorithms
How can we generate all 
possible solutions to the 

NYT digits problem? 

Part I 

We will use the principle of 
incremental development

Refined Question: How can we find all valid 
computational combinations of six numbers 
that yield a target number? 

Rather than solving the full “six number” puzzle, 
we try to solve the “two-number” puzzle, “three-
number” puzzle, “four number” puzzle and so on.

“The goal of incremental development is to avoid 
long debugging sessions by adding and testing only a 
small amount of code at a time.”
- How to Think Like a Computer Scientist

Incremental Question: How can we find all 
valid computational combinations of two 
numbers that yield a target number? 
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Part I: Two-Number Combinations

Incremental Question: How can we find all 
valid computational combinations of two 
numbers that yield a target number? 

Refined Incremental Question #1: How can 
we generate all valid computational 
combinations of two numbers? 

Example: 
We have the numbers  and 1 2

Possible Combinations: 
2 + 1, 2 − 1, 2 × 1, 2/1

But we want to keep track of both the “names” of 
the combinations and their “results” and so we want 
a function that does both tasks

If we already have the combinations, we can easily find the ones 
that match a given number. The difficult part is generating these 
combinations

Example: 
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Part I: Two-Number Combinations

Refined Incremental Question #1: How can 
we generate all valid computational 
combinations of two numbers? 

Example: 
We have the numbers  and 1 2

Possible Combinations: 
2 + 1, 2 − 1, 2 × 1, 2/1

We want to keep track of both the 
“names” of the combinations and their 
“results” and so we want a function that 
does both tasks. 

results

names
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- Also want to prevent “bad” 
operations from leading to valid values 

prevention



Part I: Three-Number Combinations

Refined Incremental Question #2: How can 
we generate all valid computational 
combinations of three numbers? 

We can use the two number solutions for 
the three number solutions.
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…solved the two number problem…

…next we have… Say we have three numbers 1, 2, and 3. What are the various ways we 
can combine these numbers using our four operations?  

- If we select two numbers 1 and 2 and multiply them, then we would 
have the number 2 in addition to the original unselected 3.  

- We would now have two numbers. We can then combine this 
new 2 and the old 3 in all the ways that two numbers can be 
combined. 

- We know there are four ways to combine two numbers, so to find 
the various ways to combine three numbers, we can first ask how can 
we form two numbers from three numbers. 

the ways to select two 
numbers from three

the ways to combine those 
two selected numbers⊗

the ways to combine the result of the 
two-number combinations with the 
third unselected number

⊗

Answer: The various ways to combine 
three numbers consists of…

=

A Worked Example

(3
2) (  ways)4 (  ways)4

(n
k) ≡

n!
k!(n − k)!

Binomial coefficient*



Part I: Three-Number Combinations

Refined Incremental Question #2: How can 
we generate all valid computational 
combinations of three numbers? 

We can use the two number solutions for 
the three number solutions.
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Answer: The various ways to combine 
three numbers consists of…

the ways to select two 
numbers from three

the ways to combine those 
two selected numbers

the ways to combine the result of the 
two-number combinations with the 
third unselected number.

⊗

⊗

=

#1)

#1)

#2)

#2)

#3)

#3)
Example: 



Part I: Four-Number Combinations

Refined Incremental Question #3: How can 
we generate all valid computational 
combinations of four numbers? 

We use the same logic as that for the three 
number and two number combinations…
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#1. Choose subsets of numbers
#2. Build up the solution up from the lower-
order solutions

#1)

#1)

#2)

#2)

This procedure is reminiscent of something 
that is common in combination and 
programming problems…

Recursive programming: Build up a solution 
by referring to solutions to sub-problems

This helps us formulate the general solution



Part I: General Combinations
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Refined Incremental Question #4: How can we find all 
valid computational combinations of any list of numbers*? 

Recursion

*We are generalizing the problem to any list of numbers



Part I: NYT Digits Solver (Easy Part)
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Original Refined Question: How can we find all 
valid computational combinations of any list of 
numbers that yield a target number? 

“If we already have the combinations, we can easily find the ones that 
match a given number.  The difficult part is generating these 
combinations”

Example: 

“1 min"

“past 10 slides” 

DEMO
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Part I: Hints at Something Deeper Solutions

When we count the number of 
generated combinations for various lists 
of numbers we find…
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Is there a way that we can show why 
this is the case? And also use this to 
determine the complexity of this 

algorithm?



Part II: Mathematics
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Part II: Counting Combinations
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Mathematics
How can we count the 
number of solutions* to 

the puzzle? 

F(x) =
N

∑
k=0

xkFk

Part II 

*We are actually counting the number of 
“generated combinations” and not exact 
solutions

Refined Question: 
How can we explain 

the following 
sequence?

(Definition)  is the number of combinations created by this algorithm 
when there are  numbers (i.e., , , , etc.)

QN
N Q1 = 1 Q2 = 4 Q3 = 48

Further Refined Question: What is the closed-form* expression for ?QN

Let’s formulate this more abstractly

*“closed-form” means we can compute values 
directly as a function



Part II: Counting Combinations
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Further Refined Question: What is the closed-form expression for ?QN

We will proceed as before (i.e., incrementally)

Two-Number Combinations:

d2 + d1, d2 − d1, d2 × d1, d2/d1

Three-Number Combinations:

Q3 = Q2 (3
2) Q2 = 48

Four-Number Combinations:

Q4 = Q2 (4
3) Q3 +

1
2

Q2 (4
2) Q2Q2 = 960

number of ways to combine the 
results of sub-combinations

number of ways to choose 
two numbers from three

number of ways to 
combine those two 
numbers

correction for double counting

Q2 = 4

Q1 ≡ 1Or with 

number of ways to combine the 
results of sub-combinations

number of ways to 
combine those two 
chosen numbers

number of ways to combine 
the two unchosen numbers

number of ways to choose two 
numbers from four

Q4 =
1
2

Q2 [(4
3) Q3Q1 + (4

2) Q2Q2 + (4
1) Q1Q3]



Part II: Counting Combinations
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Further Refined Question: What is the closed-
form expression for ?QN

Q1 ≡ 1Four-Number Combinations:

Q4 =
1
2

Q2 [(4
3) Q3Q1 + (4

2) Q2Q2 + (4
1) Q1Q3]

-Number Combinations:N

QN =
1
2

Q2

N−1

∑
k=1

(N
k ) QN−kQk

…however this expression is not in closed-
form. We still need to solve for .QN

We can use dynamic programming to generate 
solutions to this equation

These solutions match the previous counting of results…



Part II: Closed form solution
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Further Refined Question: What is the closed-
form expression for ?QN

Q(x) ≡
∞

∑
ℓ=1

xℓ

ℓ!
Qℓ

Q(x) − x =
Q2

2
Q(x)2Q(x) =

1
Q2

(1 − 1 − 2Q2x)

See "NYT Digits Puzzle - 
Mathematics" for derivation details

Q(x) =
∞

∑
k=1

Ck−1 ( Q2

2 )
k−1

xk

Generating functions approach: Convert a recursive 
equation into an algebraic equation by summing over 
combinatorial coefficients 

QN = N!( Q2

2 )
N−1

CN−1,

#2

Quadratic 
formula

QN =
1
2

Q2

N−1

∑
k=1

(N
k ) QN−kQk

…This expression is not in closed form. We still 
need to solve for .QN

Which (with #2) gives us

Taylor series 
expansion Cn ≡

1
n + 1 (2n

n )
Catalan Numbers

https://oeis.org/A052714 

“Generating Function” 

This reproduces the series we found

#1

and #1

https://mobowill.com/nyt-digits-puzzle-mathamtics/
https://mobowill.com/nyt-digits-puzzle-mathamtics/
https://mobowill.com/nyt-digits-puzzle-mathamtics/
https://oeis.org/A052714


Part III: Complexity
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Part III: Complexity Class
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QN = N!( Q2

2 )
N−1

CN−1,

What is the computational 
complexity class of this 

problem? 

Complexity Class

P ⊆ NP ⊆ EXP-TIME

Part III 

Cn ≡
1

n + 1 (2n
n )

Catalan Numbers

QN = ( Q2

2 )
N−1 (2N − 2)!

(N − 1)!

QN ∼ O(23N)

Exponential Time 
Computation 

NYT Digits Puzzle ⊆ EXP-TIMEQN ∼ O ((2Q2)N)

“As  increases it 
eventually becomes 

impossible to list 
every solution”

N

With Stirling’s approximation 
N! ∼ (N/e)N

Q2 = 4



Presentation Outline

Algorithms
How can we generate all 
possible solutions to the 

NYT digits problem? 

Part I 

Can we devise an algorithm to 
solve this problem?

Main Question 

Can Chat GPT solve this problem, 
or generate an algorithm to solve 

this problem?  

ChatGPT

Part IV
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Mathematics
How can we count the 
number of solutions to 

the puzzle? 

Part II 

QN = N!( Q2

2 )
N−1

CN−1,
NYT Digits Puzzle ⊆ EXP-TIME

What is the computational 
complexity class of this 

problem? 

Complexity Class

Part III 



Part IV: ChatGPT
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General Algorithm
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1. You are given six numbers and a target number.

3. In combining numbers, divisions cannot have 
remainders and subtractions cannot result in negative 
numbers.

2. The goal is to reproduce the target number from any 
combination from the set of six numbers using the 
operations addition, subtraction, division, and 
multiplication.

Can Chat GPT solve this problem, 
or generate an algorithm to solve 

this problem?  

ChatGPT

Part IV 

DEMO
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Requisite XKCD comic

https://xkcd.com/2731/ 

Thanks for listening!
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https://mobowill.com/nyt-digits-puzzle-solution-algorithm/ 

https://mobowill.com/nyt-digits-puzzle-mathamtics/ 
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