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                    Abstract
This article takes as a starting point the current popular anti realist position, Fictionalism, with the intent to compare it with actual mathematical practice. Fictionalism claims that mathematical statements do purport to be about mathematical objects, and that mathematical statements are not true. Considering these claims in the light of mathematical practice leads to questions about how mathematical objects are handled, and how we prove that certain statements hold. Based on a case study on Riemann’s work on complex functions, I propose that mathematicians deal with systems of representations and that truth—or what we can prove—depends on available representations in some context where the problem can be solved.
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                    Notes
	It has even been argued that the matter is inconclusive, which is the aim of Balaguer (1998). Burgess and Rosen (1997) hints that this might be the case.


	Field’s (1980) Science without Numbers is the standard example of rewriting science. The second option of rewriting mathematics is undertaken by Kitcher, introducing ideal agents performing actions on physical objects (modified by Hoffman (2004)), and in Chihara’s (2004) structuralist, constructibility theory.


	See the recent book by Leng (2010) for an updated discussion on these arguments.


	Riemann characterises a function in the following way “Denote by \(z\) a variable that can take successively all possible real values. When there is a unique value of the variable \(w\) corresponding to each \(z\), we say that \(w\) is a function of \(z\)”. (p. 1) (In original: Denkt man sich unter \(z\) eine veränderliche Grösse, welche nach und nach alle möglichen reellen Werthe annehmen kann, so wird, wenn jedem ihrer Werthe ein einziger Werth der unbestimmten Grösse \(w\) entspricht, \(w\) eine Function von \(z\) gennant (p. 1).


	Functions that are holomorphic except for isolated points, where they have singularities, are still possible to represent by power series. In such cases these series have (possibly an infinite number of) terms with negative powers. Such functions are called meromorphic functions.


	Die Auffassung einer solchen Veränderlichkeit, welche sich auf ein zusammenhängendes Gebiet von zwei Dimensionen erstreckt, wird wesentlich erleichtert durch einer Anknüpfung an räumliche Anschauung (p. 3).


	Conformal mappings play an important role for solving problems in physics. (See http://en.wikipedia.org/wiki/Conformal_map) Conformal maps preserve harmonic functions, i.e., functions that fulfil differential equations like \(\frac{\partial ^2f}{\partial x_1^2} +\frac{\partial ^2f}{\partial x_2^2}=0\). Examples include electromagnetic and gravitational fields that are defined by such equations. It may be that the solution of such an equation is difficult to handle, but that the problem can become tractable by transforming it with a conformal map to a different space.


	A more formal definition of a branch point is the following. Denote by \(\Vert w(z)\Vert \) a multivalued function, indicating that for each value of \(z\) there may be more than one value of \(w(z)\). Take as an example the argument function, \(\Vert arg(z) \Vert \). The argument of a complex number \(z=x+iy\) denotes the angle that the line from the origin to the point \(z (x,y)\) forms with the positive real axis (measured anti-clockwise). Note that the choice of angle is not unique, the argument of \(z\) will be \(\Vert arg(z)\Vert = \{\theta + 2k\pi , k\in \mathbb Z \}\), for some choice of angle \(\theta \). \(a\) is a branch point for \(\Vert w(z)\Vert \) if, for all (sufficiently small) \(r>0\), it is not possible to choose a single valued function \(f(z)\in \Vert w(z)\Vert \) so that \(f\) is a continuous function on the circle with centre in \(a\) and radius \(r\).


	Es soll kurz angedeutet werden, was durch unsere Untersuchung für die Theories solcher Functionen gewonnen ist. Die bisheringen Methoden, diese Functionen zu behandeln, legten stets als Definition einen Ausdruck der Function zu Grunde, wodurch ihr Werth für jeden Werth ihres Argumentes gegeben wurde; durch unsere Untersuchung ist gezeigt, dass, in Folge des allgemeinen Charakters einer Funktion einer veränderlichen complexen Grösse, in einer Definition dieser Art ein Theil der Bestimmungsstücke eine Folge der Übrigen ist, und zwar ist der Umfang der Bestimmungsstücke auf die zur Bestimmung nothwendigen zurückgefärt worden. Dies vereinfacht die Behandlung derselben wesentlich (Werke pp. 35–36, italics in original).


	Talking about mathematical practice in terms of representations is by no means new. Ken Manders has for many years stressed the importance of artifact-use in mathematics. More recently Grosholz (2007) has pointed to the ambiguous use of representations in mathematical reasoning.


	Another example is given in (Carter 2010).


	Laugwitz (2008), pp. 133–139, gives a nice presentation of this work.


	
                    \(\epsilon \cdot e^{\phi i}\) is defined as \(\epsilon \cdot (\cos (\phi ) + i \sin (\phi )).\)
                  


	I will not discuss the status of concepts, although I will point to work by Marcus Giaquinto that to me indicates we are able to generate certain geometrical concepts via perceptual evidence. See for example, Giaquinto (2008).


	Ferreirós (2007) comments that this went against the trend of the nineteenth century, where analysis was gradually being freed from its geometrical foundation.
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