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Suitability of general-purpose scripting languages 

compared with domain-specific scripting languages for 

programming objects in virtual worlds 

ABSTRACT 
This paper explores the option of using a general-purpose embeddable scripting language such as Lua 

and Python to provide an enriching programming environment for players who wish to build upon and 

extend a modern 3D virtual world such as Second Life. Second Life and other popular virtual world 

game servers have traditionally used custom-made domain-specific languages for internal scripting. 

There is an overarching benefit to using existing embeddable scripting languages, namely that it saves 

a lot of potentially duplicated effort by the game developers.  

Such scripting languages will therefore be analysed based on a selection of requirements expected by 

virtual worlds for which the domain-specific paradigm has traditionally been called for. 

1. INTRODUCTION 
Virtual worlds began with text-based Multi-User Dungeons (MUD) in the late 70s (Fetscherin, 

Lattemann and Lang 2008, 1). This concept, in which many players connect to a shared realm on a 

game server, has since expanded into modern 3D games which are known as Massively-Multiplayer 

Online Games (MMOG) and allow the participants to socialise, collaborate, and engage in education 

as well as business (Shaheed, et al. 2008, 1-2). MUDs were traditionally focused on strict gaming 

rules in which a player would fight monsters and other players’ characters and attain greater levels. 

More socially-oriented MUDs became known as MUSHes, which is often said to stand for Multi-User 

Shared Hallucination, and had more of a focus on creative roleplaying and building than slaying 

monsters (Bartle 1996). Despite this, MUSHes and modern socially-oriented virtual worlds are still 

known as ‘games’ and that convention will be followed by this paper. 

World of Warcraft can be seen as the modern 3D variant of MUDs, while Second Life can be seen as 

the modern 3D variant of MUSHes (Shaheed, et al. 2008, 2). Because MUSHes can be seen as the 

starting point for social and buildable virtual worlds, this paper will continue to use its naming 

conventions: the “player” refers to regular participants of the game with no administrative roles 

(Schwartz 2002). An “object” refers to any entity in a virtual world which can be given autonomy and 

react to objects around them: from walls and lightswitches to NPCs, and even the player’s avatar 

(Mistree, et al. 2011, 1). 

MUSH servers allow regular players, who are not expected to be professional programmers, to control 

the behaviour of objects using a scripting language in order to make the world lively and extensible 

(Mistree, et al. 2011, 1). A scripting language is defined as being a high-level language designed for 

rapid development cycles, readability and the ability to be embedded in an underlying application for 

data manipulation (Watt 2004, 413-415). 

Two approaches to implementing a scripting language in a virtual world game server are possible: a 

third-party general-purpose scripting language, such as Lua and Python, or a custom domain-specific 

scripting language created by the developers of the game server (Cox and Crowther 2009, 32-33). The 

overarching interest a game developer has in using a third-party scripting language is that they do not 
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have to create a new language and risk duplicating functionality which already exists in pre-existing 

and time-tested solutions (Kalogirou 2005). 

This paper will describe the requirements a scripting language should have for players who wish to 

build within a virtual world, as well its maintainability by the game developers. The suitability of 

general-purpose scripting languages versus domain-specific scripting languages will be critically 

compared in order to evaluate whether or not using a third-party solution is a viable option. 

2. DISCUSSION 

2.1. INTEGRATION WITH THE GAME SERVER 
It is typical of existing game servers to use a custom domain-specific scripting language which is 

interpreted directly by the game server, such as the Linden Scripting Language (LSL) as part of 

Second Life (Cox and Crowther 2009, 31-32). It is pointed out that domain-specific languages can 

simplify development and can be tied directly to underlying game functions, unlike third-party 

scripting languages (Chafi, et al. 2010, 2). It is worth considering, however, the benefits of abstraction 

and virtualisation when it comes to implementing an interpreter running atop the game system 

software. An API and database system can be developed as part of the game server which the 

interpreter can call to do perform underlying system functions (Kalogirou 2005). The advantage of 

this abstraction layer is that the underlying game functionality can be changed without having to 

rewrite the interpreter. 

Whether a custom-built domain-specific language is used, or a general-purpose scripting language, 

providing an API is a useful approach. The benefit of integration a custom implementation may have 

had over a third-party scripting language is therefore diminished.  

2.2. SUPPORT FOR MULTI-USER ENVIRONMENTS 
Concurrent multithreading on a game server is problematic when connected players expect a 

consistent state in the virtual world. Preemptive scheduling causes threads to suspend to prevent 

stalling, but this results in synchronisation problems such as race conditions when many objects try to 

change the same data attribute at the same time (Watt 2004, 362). It is therefore a convention for 

multi-user game servers to use non-preemptive scheduling, and simply queue each script before 

running them with atomicity (Kalogirou 2005). 

Non-preemptive multithreading is not typically a feature of general-purpose scripting languages, so 

one would assume a domain-specific language is the best option. However, the alternate threading 

method has had success in the games industry (Cox and Crowther 2009, 38-39) and both Lua and a 

variant of Python: Stackless Python support the creation of software-based threads (“coroutines” in 

Lua (R. Ierusalimschy 2004), or “tasklets” in Stackless Python). Software-based threads can be 

serialised, effectively suspending the state of a running process (an object running a script can be seen 

as a process) (R. Ierusalimschy 2004), which is important in being able to transfer an object’s state to 

another server where it can be resumed. This is desirable functionality for MMOGs running on 

distributed systems which have to transfer objects and players from one server to another (Cox and 

Crowther 2009, 35). 

An object’s behaviour can be based around an event, which in Second Life is commonly a “listener” 

event applied to player avatars which responds to certain chat messages. If only eight players in one 

room have four scripts each, this results in a total of thirty-two script events in the queue for every 
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message. The non-preemptive scheduling method has propensity to lag in these situations (Cox and 

Crowther 2009, 38-39). 

A domain-specific language can be designed to pass certain operations off to be processed on the 

player’s computer in order to minimise this lag, such as chat message parsing (Cox and Crowther 

2009, 39-40). Because it is developed as part of the game package, the developer can ensure every 

player has the right version to perform offloaded operations. However, previous versions of Lua and 

Python will still run, so there is nothing stopping the developer from packaging a set version of the 

third-party scripting language with the game client (Ierusalimschy, de Figueiredo and Celes 2007, 24-

25). 

2.3. FUNCTIONALITY AND LIMITATIONS OF A DOMAIN-SPECIFIC DESIGN 
A variety of domain-specific features can exist to make programming an object within a 3D virtual 

world a more integrated experience. For example, objects are typically scripted with agency in mind: 

an object has a position in the world and can interact with other objects. Functions concerning 3D 

rotation and collision-detection are a desirable feature for players (Cox and Crowther 2009, 34). 

Persistent data is another key feature of the virtual world domain, because objects running scripts 

must maintain the same state amongst all users. Temporal variables must largely be discarded in 

favour of attributes stored in a database. A domain-specific language can implement this functionality 

natively, and can be designed with objects as a basic data structure in mind (Mistree, et al. 2011, 5). 

Strict adherence to this paradigm can be limiting, however. In the case of the PennMUSH server, 

functions can only be executed by an object. This creates a secure world for players who perceive the 

world as consisting of enacting entities, but it does limit the ability of game developers who may wish 

to use the scripting language to extend the game world in more general ways (Schwartz 2002). If the 

game developers are restricted to the paradigm of scripting for objects with persistent data, more 

complex and dynamic scripted applications such as bulletin boards are difficult to maintain and test. 

The general-purpose scripting language Lua is designed to integrate well into another application’s 

data storage method and would therefore be suitable for working with a persistent database 

(Ierusalimschy, de Figueiredo and Celes 2007, 24-25). It is a concern that such scripting languages 

would offer too much general functionality for a player trying to build in a world, but Lua is designed 

to be very minimalistic and extensible (Ierusalimschy, de Figueiredo and Celes 2007, 2). It would 

therefore allow players to use a subset of functions created by the game developers in order to control 

objects, while the game developers would have the necessary permissions to create more complex 

applications. 

2.4. CHOICE OF ALTERNATE LANGUAGE PARADIGMS 
Existing general-purpose declarative languages such as Haskell and Prolog (Watt 2004, 370) (Watt 

2004, 396) are not typically embedded in games, but they do exist as custom domain-specific 

implementations in games, for example MUSHcode in PennMUSH which is functional and similar to 

Lisp (King n.d.). 

Languages of the logical and functional paradigm define the relations between objects in the virtual 

world, and let the interpreter handle the underlying processing (Combs and Ardoint 2004, 4). This is 

in contrast to the imperative paradigm which lets the user define the process. The imperative 

paradigm explicitly invokes variable allocation, closely modelling the memory processes of the 

underlying compiler or interpreter, and as such has a lower number of instructions per line of code 

than a declarative language (Watt 2004, 265). The smaller size of source code makes declarative code 
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more portable for the purposes of copying and pasting to the objects for testing. It may be assumed 

that many players are not professional developers and will have the most experience with existing 

widespread imperative scripting languages such as JavaScript for web development (Mistree, et al. 

2011, 9), and therefore it would be wise to implement a mainstream imperative scripting language 

such as Lua or Python. It may also be assumed that players have no prior experience with 

programming and are therefore more apt to take on a functional or logical language designed for the 

mechanics of a virtual world. Whether or not such paradigms are more intuitive for players of virtual 

worlds is an area in need of research. 

3. CONCLUSION 
Under the demands for a scripting language suitable for use by players in a virtual world, a third-party 

general-purpose scripting language is a viable option as long as it adheres to a distinct set of traits. It 

must be lightweight and portable, in case the game developers wish to package it in the client 

software for offline processing. It must be highly extensible, so that game developers can add domain-

specific functions for players to exploit and as well as the ability to work with a persistent data model 

and object script states. 

More specifically the scripting languages Lua and Stackless Python have proven to contain 

functionality especially useful for multi-user game servers, such as the support for software-based 

multithreading.  

An exception to this option exists if the game developers wish to exploit an alternative language 

paradigm not currently available as a general-purpose embeddable scripting language, and so must 

create their own. Whether or not functional and logical declarative languages are beneficial for 

players programming objects in a virtual world is an area which needs further research. 
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