Exponential time

In complexity theory, exponential time is the computation time of a problem where the time to complete the computation, m(n), is bounded by an exponential function of the problem size, n. In other words, as the size of the problem increases linearly, the time to solve the problem increases exponentially.

Written mathematically, there exists k > 1 such that m(n) = Θ(kn) and there exists c such that m(n) = O(cn).

Computer scientists sometimes think of polynomial time as "fast", and anything running in greater than polynomial time as "slow" (see Cobham's thesis). By this definition, exponential time would therefore be considered slow. This notion provides a useful intuition, but is imprecise. In practice, the actual running time of any algorithm depends on the value of n and the constants (see big O notation for details). For a given value of n, a specific polynomial time algorithm may have greater running time than a specific exponential-time algorithm. However, for sufficiently-large values of n, the running time of the exponential algorithm will dominate.

There are algorithms which run in time greater than polynomial time ("super-polynomial time") but less than exponential time ("sub-exponential time"). One example is the best algorithm known for integer factorization. These algorithms are also considered "slow".

Many people erroneously refer to quadratic time as exponential. Quadratic time refers to a special case of polynomial time where the highest exponent in the polynomial is 2, for example n2. Exponential time refers to placing the variable in the exponent, for example 2n. Problems solved in quadratic or polynomial time may take a while to execute, but are usually still practical to solve (although quadratic time often takes too long for interactive applications). Problems requiring exponential time are considered impossible to solve except for small values.
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The graph illustrates how exponential growth (green) surpasses both linear (red) and cubic (blue) growth.      Exponential growth      Linear growth      Cubic growth
Exponential growth (including exponential decay) occurs when the growth rate of a mathematical function is proportional to the function's current value. In the case of a discrete domain of definition with equal intervals it is also called geometric growth or geometric decay (the function values form a geometric progression).

Exponential growth is said to follow an exponential law; the simple-exponential growth model is known as the Malthusian growth model. For any exponentially growing quantity, the larger the quantity gets, the faster it grows. An alternative saying is 'The rate of growth is directly proportional to the present size'. The relationship between the size of the dependent variable and its rate of growth is governed by a strict law of the simplest kind: direct proportion. It is proved in calculus that this law requires that the quantity is given by the exponential function, if we use the correct time scale. This explains the name.

Exponential function

The exponential function is a function in mathematics. The application of this function to a value x is written as exp(x). Equivalently, this can be written in the form ex, where e is the mathematical constant that is the base of the natural logarithm (approximately 2.718281828) and that is also known as Euler's number.





The exponential function is nearly flat (climbing slowly) for negative values of x, climbs quickly for positive values of x, and equals 1 when x is equal to 0. Its y value always equals the slope at that point.

As a function of the real variable x, the graph of y = ex is always positive (above the x axis) and increasing (viewed left-to-right). It never touches the x axis, although it gets arbitrarily close to it (thus, the x axis is a horizontal asymptote to the graph). Its inverse function, the natural logarithm, ln(x), is defined for all positive x. In older sources it is often referred as an anti-logarithm which is the inverse function of a logarithm.

Sometimes, especially in the sciences, the term exponential function is more generally used for functions of the form cbx, where b, called the base, is any positive real number, not necessarily e. See exponential growth for this usage.

In general, the variable x can be any real or complex number, or even an entirely different kind of mathematical object; see the formal definition below.
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Three geometric linear functions — the red and blue ones have the same slope (m), while the red and green ones have the same y-intercept (b).

In analytic geometry, the term linear function is sometimes used to mean a first-degree polynomial function of one variable. These functions are called "linear" because they are precisely the functions whose graph in the Cartesian coordinate plane is a straight line.

Such a function can be written as

f(x) = mx + b 

(called slope-intercept form), where m and b are real constants and x is a real variable. The constant m is often called the slope or gradient, while b is the y-intercept, which gives the point of intersection between the graph of the function and the y-axis. Changing m makes the line steeper or shallower, while changing b moves the line up or down.

Examples of functions whose graph is a line include the following:

· f1(x) = 2x + 1 

· f2(x) = x / 2 + 1 

· f3(x) = x / 2 − 1. 

In computer science, polynomial time refers to the running time of an algorithm, that is, the number of computation steps a computer or an abstract machine requires to evaluate the algorithm. An algorithm is said to be polynomial time if its running time is upper bounded by a polynomial in the size of the input for the algorithm. Problems for which a polynomial time algorithm exists belong to the complexity class PTIME, which is central in the field of computational complexity theory.

Polynomial

In mathematics, a polynomial is an expression constructed from variables (also known as indeterminates) and constants, using the operations of addition, subtraction, multiplication, and constant non-negative whole number exponents. For example, x2 − 4x + 7 is a polynomial, but x2 − 4/x + 7x3/2 is not, because its second term involves division by the variable x and also because its third term contains an exponent that is not a whole number.

Polynomials are one of the most important concepts in algebra and throughout mathematics and science. They are used to form polynomial equations, which encode a wide range of problems, from elementary word problems to complicated problems in the sciences; they are used to define polynomial functions, which appear in settings ranging from basic chemistry and physics to economics, and are used in calculus and numerical analysis to approximate other functions. Polynomials are used to construct polynomial rings, one of the most powerful concepts in algebra and algebraic geometry.

exponential 
1. A function which raises some given constant (the "base") to the power of its argument. I.e.
f x = b^x
If no base is specified, e, the base of natural logarthims, is assumed.
2. exponential-time algorithm.

Relating to a mathematical expression containing one or more exponents. ◇ Something is said to increase or decrease exponentially if its rate of change must be expressed using exponents. A graph of such a rate would appear not as a straight line, but as a curve that continually becomes steeper or shallower. 

	a function in which an independent variable appears as an exponent 


ex·po·nen·tial : expressible or approximately expressible by anexponential function exponential growth rate

Expressed in terms of a designated power of e, the base of natural logarithms.
