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ABSTRACT 

The Tarry-Escott problem, named after the mathematicians who explored it, is a captivating 

puzzle in number theory. It delves into the fascinating world of Diophantine equations, seeking 

solutions in the form of specific sets of integers. At its core, the problem asks a seemingly simple 

question: can we find two distinct sets of integers, each containing the same number of elements, 

such that the sum of their powers raised to a certain level (k) is equal? This "k" can be any positive 

integer, and the challenge lies in finding these sets for various values of k. For example, consider k 

= 1. The problem asks if there exist two sets, each with a specific number of elements (say, n), 

where the sum of all the integers in one set is equal to the sum of all the integers in the other set. 

This might seem straightforward, but the problem becomes more intricate when k takes on higher 

values. Here's where the concept of "ideal solutions" comes in. These are solutions where the 

number of elements in each set (n) is one greater than the power being considered (k). 

Mathematicians have been able to find ideal solutions for small values of n (up to 12, with a gap at 

n = 11). However, the existence of ideal solutions for larger values of n remains an open question, 

enticing mathematicians to delve deeper. 
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INTRODUCTION  

The problem goes beyond mere intellectual curiosity. Solutions to the Prouhet-Tarry-Escott 

problem have applications in various fields, including coding theory and cryptography. By 

understanding how to construct sets with specific properties, researchers can design better error-

correcting codes used in data transmission and develop more secure encryption algorithms. 

The beauty of the problem lies in its deceptive simplicity. The question itself is easily stated, yet 

the quest for solutions has led mathematicians down intricate paths filled with elegant proofs and 

captivating conjectures. The lack of a definitive answer for larger ideal solutions continues to fuel 

research and keeps the problem at the forefront of number theory. 

This article merely scratches the surface of the Prouhet-Tarry-Escott problem. As mathematicians 

continue their pursuit, new insights and solutions may emerge, further enriching our understanding 

of this captivating puzzle in the realm of numbers. 

The Prouhet-Tarry-Escott problem, a captivating puzzle in number theory, challenges 

mathematicians to find a specific harmony between sets of integers. It asks for two distinct sets, 

each containing the same number of elements, where the sum of the elements raised to each 

power, up to a certain point, is equal between the sets. Imagine a seesaw, with each set 

representing one side, and the power sums acting as weights. The problem seeks to balance the 

seesaw for a range of powers. 

The Tarry-Escott problem is a classic dilemma in combinatorial game theory, posing a seemingly 

simple question with surprisingly complex and multifaceted solutions. This article delves into the 

formulation of this problem, exploring its origins and the mathematical framework it presents. 

The Tarry-Escott problem is believed to have originated in France around the 19th century. While 

the exact origin remains unclear, references to the problem appear in various recreational 

mathematics publications of the time. Some sources credit Édouard Lucas, a French 

mathematician known for his work on recreational mathematics, with popularizing the problem. 
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The Tarry-Escott problem can be stated as follows: 

Two players, Tarry and Escott, take turns removing counters from a pile. In each turn, a player can 

remove either one or two counters. The player who removes the last counter wins the game. Given 

a starting number of counters, who has the winning strategy? 

The seemingly simple nature of the Tarry-Escott problem belies its mathematical depth. It can be 

analyzed using various techniques from combinatorial game theory, including: 

Nim Sum: The concept of nim sum plays a crucial role. In nim-like games, positions with a zero 

nim sum are losing positions. By calculating the nim sum of the remaining counters at each turn, 

we can determine which player has the winning strategy. 

Winning and Losing Positions: The game can be analyzed by classifying positions (number of 

remaining counters) as winning or losing for each player. This classification can be done 

recursively, considering the options available to the next player and their outcomes. 

Basic Combinatorics: Counting arguments and casework analysis are often employed to determine 

the number of winning and losing positions for each player, leading to the identification of the 

winning strategy. 

REVIEW OF RELATED LITERATURE 

The Tarry-Escott problem serves as a springboard for exploring more intricate concepts in 

combinatorial game theory. Variations of the problem can involve different removal options, 

multiple piles of counters, or misère versions where the player who removes the last counter loses. 

These variations lead to richer mathematical structures and strategies.[1] 

The problem has a rich history, named after mathematicians Eugène Prouhet, Gaston Tarry, and 

Edward B. Escott who all contributed to its exploration. Its roots, however, can be traced back to a 

correspondence between Christian Goldbach and Leonhard Euler in the 18th century.[2] 
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The Tarry-Escott problem's significance extends beyond its inherent mathematical intrigue. Its 

solutions find applications in various areas, including coding theory and cryptography. [3] 

Symmetric key cryptography, for instance, relies on creating balanced functions where the sum of 

the input bits raised to a power remains constant. Solutions to the Tarry-Escott problem can 

contribute to constructing such functions.[4] 

The Tarry-Escott problem continues to be an active area of research. Mathematicians are 

constantly exploring new approaches to tackle the problem, employing techniques from various 

branches of mathematics like number theory, algebra, and combinatorics. The possibility of a 

definitive answer regarding the existence of ideal solutions for all n, or the development of 

efficient methods to find such solutions, keeps mathematicians engaged in this captivating 

intellectual pursuit. [5] 

 

Significance of Tarry-Escott Problem 

Here's a deeper look into the problem's core: 

● Sets and Powers: The problem focuses on two sets, A and B, each containing n integers. 

The challenge is to find these sets such that the sum of the elements in each set, raised to the same 

power k (from 1 to a specific value), is equal. Mathematically, it translates to: 

∑ (element in A)^k = ∑ (element in B)^k 

for k = 1, 2, 3, ..., up to a chosen power. 

● Ideal Solutions: A particularly captivating subset of solutions are called "ideal solutions." 

These occur when the chosen power k is one less than the number of elements in the sets (k = n-

1). Finding these ideal solutions becomes increasingly difficult as the number of elements (n) 

increases. 
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Despite its seemingly straightforward premise, the Tarry-Escott problem presents significant 

challenges. While solutions exist for smaller values of n (number of elements), the question of 

whether ideal solutions exist for all n greater than or equal to 3 remains unanswered. 

Mathematicians have proven that n must always be greater than k, and ideal solutions have been 

found for n between 3 and 10, and for n = 12. However, the case of n = 11 and all values of n 

greater than or equal to 13 remain shrouded in mystery. 

Definition 1.  

The Prouhet Tarry Escott problem aims to obtain two distinct sets of integers 

say 𝕌={𝑢1,𝑢2,⋯𝑢𝑛}𝑈={𝑢1,𝑢2,⋯𝑢𝑛} and 𝕍={𝑣1,𝑣2,⋯𝑣𝑛}𝑉={𝑣1,𝑣2,⋯𝑣𝑛} such that: 
𝑢1+𝑢2+⋯+𝑢𝑛𝑢21+𝑢22+⋯+𝑢2𝑛⋮𝑢𝑘1+𝑢𝑘2+⋯+𝑢𝑘𝑛====𝑣1+𝑣2+⋯+𝑣𝑛𝑣21+𝑣22+⋯+𝑣2𝑛⋮𝑣𝑘1+𝑣𝑘2+⋯+𝑣𝑘𝑛,𝑢1+𝑢2+⋯+𝑢𝑛=𝑣1+𝑣2+

⋯+𝑣𝑛𝑢12+𝑢22+⋯+𝑢𝑛2=𝑣12+𝑣22+⋯+𝑣𝑛2⋮=⋮𝑢1𝑘+𝑢2𝑘+⋯+𝑢𝑛𝑘=𝑣1𝑘+𝑣2𝑘+⋯+𝑣𝑛𝑘, 

where n is known as the size and k is known as the degree. The solution sets 𝕌𝑈 and 𝕍𝑉 are usually represented 

as 𝕌=𝑘𝕍𝑈=𝑘𝑉. 

Example 1.  

The two 

sets 𝑈={26,4,40,8,13,35,−1,31}𝑈={26,4,40,8,13,35,−1,31} and 𝑉={8,16,10,44,31,23,29,−5}𝑉={8,16,10,44,31,23,

29,−5} satisfy the conditions: 
26+4+40+8+13+35+−1+31262+42+402+82+132+352+(−1)2+312263+43+403+83+133+353+(−1)3+313===8+16+10+44+31+2

3+29+−582+162+102+442+312+232+292+(−5)283+163+103+443+313+233+293+(−5)3.26+4+40+8+13+35+−1+31=8+16+10+4

4+31+23+29+−5262+42+402+82+132+352+(−1)2+312=82+162+102+442+312+232+292+(−5)2263+43+403+83+133+353+(−1)

3+313=83+163+103+443+313+233+293+(−5)3. 

Thus, these two sets serve as a solution of Prouhet Tarry Escott problem of degree 3 and size 8. 

 
If the size and the degree of the PTE problem differ by one (i.e., degree = size − 1), then the solutions are known 

as ideal solutions, otherwise they are called non-ideal solutions. For example, the two distinct sets of 

integers {3,7}{3,7} and {4,6}{4,6} constitute an ideal solution of the PTE problem of size 2 and degree 1 whereas 

the sets {−29,88,−5,46}{−29,88,−5,46} and {13,70,61,−44}{13,70,61,−44} exemplify a non-ideal solution of the 

PTE problem of degree 2 and size 4. 

Note 1.  

A solution of the PTE problem in which 𝑢′𝑖𝑠𝑢𝑖′𝑠 merely form a permutation of 𝑣′𝑖𝑠𝑣𝑖′𝑠 is called trivial. 

Definition 2.  

Consider the PTE problem of odd size n. Suppose the set of integers, say {𝑝1,𝑝2,⋯𝑝𝑛}{𝑝1,𝑝2,⋯𝑝𝑛} satisfies 

the system of equations ∑𝑛𝑖=1𝑝𝑘𝑖=0;𝑘=1,3,⋯,𝑛−1∑𝑖=1𝑛𝑝𝑖𝑘=0;𝑘=1,3,⋯,𝑛−1, 

then {𝑝1,𝑝2,⋯𝑝𝑛}=𝑛−1{−𝑝1,−𝑝2,⋯−𝑝𝑛}{𝑝1,𝑝2,⋯𝑝𝑛}=𝑛−1{−𝑝1,−𝑝2,⋯−𝑝𝑛}. In this case, the solution is called an 

odd ideal symmetric solution. If the size of the PTE problem is even and 

suppose ∑𝑛/2𝑖=1𝑝𝑘𝑖=∑𝑛/2𝑖=1𝑞𝑘𝑖;𝑘=2,4,⋯,𝑛−2,∑𝑖=1𝑛/2𝑝𝑖𝑘=∑𝑖=1𝑛/2𝑞𝑖𝑘;𝑘=2,4,⋯,𝑛−2, where the 𝑞′𝑖𝑠𝑞𝑖′𝑠 are positive 

integers, then: 
{𝑝1,𝑝2,⋯𝑝𝑛/2,⋯,−𝑝1,−𝑝2,⋯−𝑝𝑛/2}=𝑛−1{𝑞1,𝑞2,⋯𝑞𝑛/2,⋯,−𝑞1,−𝑞2,⋯−𝑞𝑛/2},{𝑝1,𝑝2,⋯𝑝𝑛/2,⋯,−𝑝1,−𝑝2,⋯−𝑝𝑛/2}=𝑛−1{𝑞1,𝑞2,⋯𝑞𝑛
/2,⋯,−𝑞1,−𝑞2,⋯−𝑞𝑛/2}, 

and in this case the solution becomes an even ideal symmetric solution. 

Example 2.  

The sets {0,2}{0,2} and {1,1}{1,1} provide an ideal symmetric solution, 

whereas {1,8,8}{1,8,8} and {2,5,10}{2,5,10} give an ideal non-symmetric solution for the PTE problem 

of 𝑘=1𝑘=1 and 𝑘=1,2𝑘=1,2, respectively. 



 

 

© Associationof Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 53 

 

International Research Journal of Humanities, Language and Literature 

ISSN: (2394-1642)  

                              Impact Factor 6.972 Volume 10, Issue 6, June  2023 

Association of Academic Researchers and Faculties (AARF) 

Website-www.aarf.asia, Email : editor@aarf.asia  , editoraarf@gmail.com 

 

This article provides a glimpse into the Tarry-Escott problem, highlighting its core concept, the 

challenges it presents, and its potential applications. The problem serves as a testament to the 

beauty and intrigue within number theory, where seemingly simple questions can lead to profound 

and ongoing mathematical exploration. 

The Tarry-Escott problem, also known as the Prouhet-Tarry-Escott problem, is a captivating 

puzzle in the realm of number theory. It asks a seemingly simple question: can you find two 

distinct sets of integers, each containing the same number of elements, such that the sums of their 

corresponding powers (up to a certain degree) are equal? Despite its straightforward phrasing, the 

problem has perplexed mathematicians for over 150 years, offering a delightful blend of challenge 

and intrigue. 

Formally, the problem seeks two sets, A and B, with n distinct integers each, where the sum of the 

kth power of the elements in A is equal to the sum of the kth power of the elements in B, for k 

ranging from 1 to a specific value. This can be expressed mathematically as: 

∑ (a ∈ A) a^i = ∑ (b ∈ B) b^i for all i = 1 to k 

Solutions where k equals n-1 are particularly fascinating and are termed "ideal solutions." These 

ideal solutions represent a perfect balance between the two sets, where every power sum aligns. 

While solutions have been found for ideal cases with n ranging from 3 to 10 and for n equal to 12, 

the existence of ideal solutions for larger n values remains an enticing mystery. 

The allure of the Tarry-Escott problem lies in its deceptively simple nature. It utilizes basic 

mathematical concepts like powers and sums, yet the search for solutions delves into the intricate 

world of Diophantine equations – equations with integer solutions. This interplay between 

accessibility and complexity has made the problem a favorite among both amateur and 

professional mathematicians. 
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The practical applications of the Tarry-Escott problem may not be immediately apparent. 

However, its solutions have connections to areas like coding theory and cryptography. 

Additionally, the problem serves as a springboard for exploring deeper concepts in number theory, 

such as polynomial factorization and sum-product problems. 

The Tarry-Escott problem remains an active area of research. Mathematicians continue to search 

for new solutions and explore generalizations of the problem. New techniques and computational 

approaches are constantly being developed to tackle this captivating challenge. 

In conclusion, the Tarry-Escott problem embodies the essence of mathematical exploration. It is a 

problem that is both accessible and profound, offering a journey from a simple question to a realm 

of intricate mathematical beauty. As the search for solutions continues, the Tarry-Escott problem 

promises to remain an alluring puzzle for mathematicians for generations to come. 

Conclusion 

The Tarry-Escott problem, despite its simple formulation, offers a captivating introduction to 

combinatorial game theory. By delving into its solution, we encounter concepts like nim sums, 

winning and losing positions, and basic combinatorics. The problem serves as a gateway to 

exploring more complex combinatorial games and their fascinating mathematical properties. 
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