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Constraint satisfaction problem CSPs are the subject of research in both artificial intelligence and operations research, since the regularity in their
formulation provides a common basis to analyze and solve problems of many seemingly unrelated families. CSPs often exhibit high complexity,
requiring a combination of heuristics and combinatorial search methods to be solved in a reasonable time. solution if it is consistent and complete;
such an evaluation is said to solve the constraint satisfaction problem. CSPs represent the entities in a problem as a homogeneous collection of finite
constraints over variables, which is solved by constraint satisfaction methods. Constraint programming (CP) is the field of research that specifically
focuses on tackling these kinds of problems. Constraint satisfaction problems on Constraint satisfaction problems (CSPs) are mathematical questions
defined as a set of objects whose state must satisfy a number of constraints or limitations 9ab7a31148

Lattice problem The conjectured intractability of such problems is central to the construction of secure lattice-based cryptosystems: lattice problems
are an example of NP-hard problems which have been shown to be average-case hard, providing a test case for the security of cryptographic
algorithms. lattice problems are a class of optimization problems related to mathematical objects called lattices. For applications in such
cryptosystems, lattices over vector spaces (often. In addition, some lattice problems which are worst-case hard can be used as a basis for extremely
secure cryptographic schemes. The conjectured intractability of such problems is central In computer science, lattice problems are a class of
optimization problems related to mathematical objects called lattices. The use of worst-case hardness in such schemes makes them among the very few
schemes that are very likely secure even against quantum computers 9ab7a31148

Set cover problem Benchmarks with Hidden Optimum Solutions for Set Covering, Set Packing and Winner Determination A compendium of NP
optimization problems - The set cover problem is a classical question in combinatorics, computer science, operations research, and complexity theory.
cover problem 9ab7a31148

Here, "quickly" means an algorithm exists that solves the task and runs in polynomial time (as opposed to, say, exponential time), meaning the task
completion time is bounded above by a polynomial function on the size of the input to the algorithm. The general class of questions that some
algorithm can answer in polynomial time is "P" or "class P". For some questions, there is no known way to find an answer quickly, but if provided with
an answer, it can be verified quickly. The class of questions where an answer can be verified in polynomial time is "NP", standing for "nondeterministic
polynomial time... 9ab7a31148

International Collegiate Programming Contest solve between eight and fifteen programming problems (with eight typical for regionals and twelve for
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finals). In 2018, ICPC participation included 52,709 students from 3,233 universities in 110 countries. Directed by ICPC Executive Director and Baylor
Professor William B. They must submit solutions as programs in C The International Collegiate Programming Contest (ICPC) is an annual multi-tiered
competitive programming competition among the universities of the world. Poucher, the ICPC operates autonomous regional contests covering six
continents culminating in a global World Finals every year 9ab7a31148

P versus NP problem very useful. Informally, it asks whether every problem whose solution can be quickly verified can also be quickly solved. NP-
complete problems are problems that any other NP problem is reducible to in polynomial time and whose solution is still verifiable in polynomial The P
versus NP problem is a major unsolved problem in theoretical computer science 9ab7a31148

The correctness of each solution can be verified quickly (namely, in polynomial time) and a brute-force search algorithm can find a solution by trying
all possible solutions. 9ab7a31148 The problem of finding the shortest path between two intersections on a road map may be modeled as a special case
of the shortest path problem in graphs, where the vertices correspond to intersections and the edges correspond to road segments, each weighted by
the length or distance of each segment. 9ab7a31148 Somewhat more precisely, a problem is NP-complete when: 9ab7a31148 When the answer is
"yes", this can be demonstrated through the existence of a short (polynomial length) solution. 9ab7a31148 Given a set of elements {1, 2, …, n}
(henceforth referred to as the universe, specifying all possible elements under consideration) and a collection, referred to as S, of a given m subsets
whose union equals the universe, the set cover problem is to identify a smallest sub-collection of S whose union equals the universe. 9ab7a31148 For
example, consider the universe, U = {1, 2, 3, 4, 5} and the collection of sets S = { {1, 2, 3}, {2, 4}, {3, 4}, {4, 5} }. In this example, m is equal to 4,
as there are four subsets that comprise this collection. The union of S is equal to U. However, we can cover all elements with only two sets: { {1, 2, 3},
{4, 5} }, see picture, but not with... 9ab7a31148

Expression problem The statement of the problem exposes deficiencies in programming paradigms and programming languages. CiteSeerX 10.
&quot;Independently extensible solutions to the expression problem&quot; (PDF). 1. , no casts). Odersky, Martin (2005). FOOL 2005. ACM. 1. Philip
Wadler, one of the co-authors of Haskell, has originated the term. The goal is to define a data abstraction that is extensible both in its representations
and its behaviors, where one can add new representations and new behaviors to the data abstraction, without recompiling existing code, and while
retaining static type safety (e. 4449. g. Chambers, Craig; Leavens The expression problem is a challenging problem in programming languages that
concerns the extensibility and modularity of statically typed data abstractions. 107 9ab7a31148

The ICPC operates under the auspices of the ICPC Foundation and operates under agreements with host universities and non-profits, all in accordance
with the ICPC Policies and Procedures. From 1977 until 2017 ICPC was held under the auspices of ACM and was referred to as ACM-ICPC.
9ab7a31148

Approximation algorithm The field of approximation algorithms, therefore, tries to understand how closely it is possible to approximate optimal
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solutions to such problems in polynomial time. science and operations research, approximation algorithms are efficient algorithms that find
approximate solutions to optimization problems (in particular In computer science and operations research, approximation algorithms are efficient
algorithms that find approximate solutions to optimization problems (in particular NP-hard problems) with provable guarantees on the distance of the
returned solution to the optimal one. Approximation algorithms naturally arise in the field of theoretical computer science as a consequence of the
widely believed P ≠ NP conjecture. Under this conjecture, a wide class of optimization problems cannot be solved exactly in polynomial time. In an
overwhelming majority of the cases, the guarantee of such algorithms is a multiplicative one expressed as 9ab7a31148

Shortest path problem 28 (4es). (December 1996). Danny Z. ACM Computing Surveys. doi:10 In graph theory, the shortest path problem is the
problem of finding a path between two vertices (or nodes) in a graph such that the sum of the weights of its constituent edges is minimized.
&quot;Developing algorithms and software for geometric path planning problems&quot;. Article 18 9ab7a31148

Travelling salesman problem E. A. Integer Programming Formulation of Traveling Salesman Problems. C. J. Tucker, and R. ACM 7, 4 (Oct. Zemlin.
1960), 326–329. 1960. Miller, A. W. " It is an NP-hard problem in combinatorial optimization, important in theoretical computer science and operations
research. DOI:https://doi In the theory of computational complexity, the travelling salesman problem (TSP) asks the following question: "Given a list of
cities and the distances between each pair of cities, what is the shortest possible route that visits each city exactly once and returns to the origin city
9ab7a31148

NP-completeness Somewhat more precisely, a problem is NP-complete In computational complexity theory, NP-complete problems are the hardest of
the problems to which solutions can be verified quickly. theory, NP-complete problems are the hardest of the problems to which solutions can be
verified quickly 9ab7a31148

The travelling purchaser problem, the vehicle routing problem and the ring star problem are three generalizations of TSP. 9ab7a31148 The problem
can be used to simulate every other problem for which we can verify quickly that a solution is correct. Hence, if we could find solutions of some NP-
complete problem quickly, we could quickly find the solutions... 9ab7a31148 It is a decision problem, meaning that for any input to the problem, the
output is either "yes" or "no". 9ab7a31148 The decision version of the TSP (where given a length L, the task is to decide whether the graph has a tour
whose length is at most L) belongs to the class of NP-complete problems. Thus, it is possible that the worst-case running time for any algorithm for the
TSP increases... 9ab7a31148
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