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Ant Forage Simulations in StarLogo and GPL

1.Swarm Computing Models

The developments in micro-fabrication and naotechnology will enable the inexpensive manufacturing of massive numbers of tiny computational elements with sensors and actuators. It will become possible to build large-scale cooperative systems comprised of myriad small computational elements. For example, with the emergence of the ubiquitous computing, we can embedded millions or trillions of sensors and actuators into our environment to build intelligent and responsive environment such as the smart room which can adapt the temperature, humidity and light level, or the smart road surface which can detect the traffic load and make navigation decision accordingly. Other examples include groups of cooperative robots, multi-agent software system, and amorphous computing media. We call this kind of systems --- computational swarms. This paper is trying to compare two programming languages and models for swarm programming.  I will begin with the analysis of the common characteristics of swarm computing models and the their challenges to the traditional programming models.

1.1.Common features and the Challenges

As biology swarms, a computational swarm consists of myriad of small and simple elements, which collaborate together to achieve complex system goals or sophisticated global behaviors. Although the models of computational swarm can be various, they all share the same essential features, which makes them significantly different from all previous complex systems.  Those features are listed as follows.

1) Myriad members

A computational swarm usually consists of numerous numbers of members. The number of which are significant larger than any former complex system. For example, the millions or even trillions smart particles contained in the smart paint on an intelligent wall.  

2) Limited and unreliable members

Because of their tiny sizes and cheap cost, the members of a computational swarm are very limited in their computational capabilities and resources. They have very limited memory, power. They can only do very simple computation tasks and can only communicate within a neighborhood that is very small compared with the range of the whole system. 

What's more, because of their limited resources and the usually hostile environments they are supposed to run, those members are very unreliable. They can fail at any time either because of lack of power or any hardware failures. 

3) Irregular deployment and interconnection

With their large numbers, it is natural that, those swarm members are usually irregular deployed and connected.  

4) Complex system goals

While composed with such simple, locally interacting, limited, unreliable and irregularly connected members, the intended global system services or behaviors of a swarm are usually very complex and sophisticated. 

5) Self-organized and adaptive  

Members are irregularly deployed and connected. What's more, unreliable members can very easily fail and new members should be able to be deployed into the system very easily.  So the system must be self-organized and adaptive.   

1.2.The Challenge: Simple and Autonomous Members via Sophisticated Global behaviors

 With so many members, the bottleneck and overhead of a centralized control mechanism will become intolerable in the swarm computing model. What's more, the numerous numbers of members make it very hard or nearly impossible to identify and program each member respectively. So the system has to employ decentralized control mechanism. Each member must be autonomous. In addition, because of their limited power and resources, members are very simple and can only interact locally. 

So the challenge is how to achieve these complicated global behaviors from these simple and locally interacting members without a centralized control? How to derive the local specifications with the given global specification? How to verify that given the local specification the required global specification will be satisfied?

1.3.Related Work

There are several languages and models trying to take this challenge. Swarm Simulation System [1] of Sate Fe Institute is a swarm simulation environment trying to facilitate the simulations of swarm systems in various disciplines. Current Swarm simulation is implemented in Java. StarLogo is a programming language and environment for multi-agent system, which consists of turtles and patches. GPL is a programming language to program amorphous medium to generate sophisticated global patterns.  In my paper, I will focus on the discussion of StarLogo and GPL because they are two languages instead of library support as the Swarm Simulation System. 

2.Ant Forage Model

In the first part of the paper, we have discussed in details about the features and challenges of the swarm computing models. Actually, there are lots of good examples of swarm systems in the biological world. It is well known that the social insects are very smart in their group behaviors. Some famous examples include nest building, and food forage.  Ant forage model is just an example of this biological swarm model.   

2.1. What's Ant Forage Model

Ant forage model is the way in which ant colony forages for their food. Initially, ants just go out the nest in random direction to search for food. When they find food they go back to nest and lay out some kind of pheromone on the way back to home. The way of find path back to home can either depend on pheromone, memory or sense some nest scent. Then the subsequent ants come out from the nest will always follow the pheromone to find the food. Ants can find the food source closest to the nest more easily, and ant carrying food from the closet food source will come back to nest more quickly and recruit more ants to follow this way. Thus the shortest path will always be chose and reinforced. Pheromone will evaporate and diffuse. So after food has been exhausted and ants couldn’t find food then stop laying pheromone on this way. Then the pheromone will disappear eventually. So ants will not be stuck in one empty source. 

2.2. Why choose this model

Ant forage model is a good example of swarm computing model. There is no leader to coordinate their behaviors. But those small ants are able to search for food far away from their nest without losing directions. And as a cooperative group behavior, the food forage procedures are carrying out in such a smart and order way: ants will always exploit the closest food sources first; when foods are exploited, they will go to search for other ways. We notice that, even ants might communicate directly when they pass by each other, but the most effective interaction among this whole group is the indirect interaction via their common environment—that is, to modify the environment thus new members responds to the new environment at later time.  For example, ants attract subsequent ants to follow the same path by laying pheromone on the path.  This kind of indirectly interaction called stigmergy, which is an important mechanism in cooperative swarm.  Ant forage model has been studied and applied in many fields, like optimization problems and networking routing problems. 

Since ant forage model is a good and useful swarm computing model that contains all essential swarm features, I choose this model to explore the expressiveness of StarLogo and GPL. I will compare their similarities and difference, pres and cons in implementing this concrete and specific swarm application. Based on this, I will analysis and compare these two languages in more generalized swarm context.   

3.Ant Forage Simulation in StarLogo

3.1.What's StarLogo

StarLogo[2][3] is a programmable modeling environment for exploring the workings of decentralized multi-agent systems. StarLogo provides the ability to program a system that is composed of thousands of graphic patches and turtles. Turtles are the agents that run in the environment composed by patches. 

Both turtles and patches can execute commands and procedures. Turtles and patches can interact with each other, for example a turtle can move and execute some commands or procedures to change the states of the patches it has visited. StarLogo provides a very simple language to describe the behaviors of turtles and patches. It also provides a run-time environment to run thousands of turtles and patches in parallel. 

In addition, StarLogo also provide an observer command center to setup and influence the system. All these functionalities are provide with a user-friendly graphic interface. So StarLogo is well suited for the simulation of artificial life.

3.2. Language Features of  StarLogo

3.2.1.Data Type

StarLogo supports only a few data types:  Boolean (true, false), Lists, Numbers, and Strings.

3.2.2. Variables

Both turtles and patches in StarLogo are objects. They have three kinds of variables: built in state variables, global variables and local variables. Built in state variables and global variables are associated with all turtles or patches. Turtles can access and modified the state and global variables of the patches it passes by, just like changing the common environment. These three kinds of variables are explained as follows: 

Built in state variables

Built in state variables are used to describe the built in characteristics and states of turtles and patches. Turtles have 7 state variables: xcor, ycor, color, heading, breed, shown? 
pendown? . Patches have 3 state variables: xcor, ycor, patch-color (pc). The observer has no state variables. 

Global Variables:

User can also declare global variables for turtles and patches with following commands

turtles own [variables]

patches own [variables]

Local Variables 

Local variables are not associated with any specific turtles or patches, they only exist and valid within a procedure. 

3.2.3. Control Flows

StarLogo supports condition and loop control flows: if, ifelse,case, loop, every, repeat, and so on.  

3.2.4.Procedures

StarLogo has procedure, which can also be used as function optionally. The procedures are in the following format:

to procedure-name

List of commands   ;; no separator needed

output Something  ;; optional, exists and returns something

end

3.2.5. Primitives

There are three kinds of primitives for turtles, patches and observers respectively. 

turtle commands : forward, bk, die

patch commands : diffuse, diffuse4, nsum, nsum4. 

Observer commands :   ca, crt, setc, setpc  ;; system setups. 

ask-patches[]   

ask-turtles[]

NOTE: There is no patches center in current implementation of StarLogo. All patches commands must be executed by observer within the ask-patches[] statement. 

3.3.Ant Forage Simulation in StarLogo

Because of the similarity of their models, it is easy to model ant forage model in StarLogo. The ants are just turtles living in a StarLogo environment composed of patches. 

The ant forage simulation of StarLogo are described as follows:

1) Initially, some patches are setup as nest and food. These nest and food patches will have different colors from other patches. 

2) Every patches has a state variable described the pheromone level in that patch, which is initialized to be 0 at the first beginning.

3) Turtles will be created and send out from nest to search for food. When they found food, they will pick up a certain amount of food and carry it back to nest. Turtles with foods will increase the pheromone levels of the patches it passes by decreasing amount, thus form an uphill of pheromone leading to the food source. 

4) When search for food, turtles will always try to go with the uphill of the pheromone level. But when there is not enough pheromone level, they just go randomly. 

Thanks to the very simple StarLogo language, the source code of the ant forage simulation in StarLogo are very short, simple and easy to read. Logically, the StarLogo ant simulation should be separated into three parts: Observer procedures, turtle procedures and patches procedures.  Their functionalities are:

Observer procedures: set up the nest and food; generate turtles(ants);

Turtle procedures: four forever running demons (implemented by for-ever running buttons): Look-for-food, find-food, return-to-nest, find-nest. 

Patches procedures: diffuse and evaporate its pheromone.  

In current implementation of StarLogo , there is only turtle center and observer center. So my program just separated into two parts. The source code has been attached in appendix A. 

3.4.Analysis the simulations

Because of the similarity of StarLogo models with the ant forage models, the ant forage model can be very easily simulated in StarLogo. That demonstrates the advantage of StarLogo in building decentralized system with moving agents. Such model including social insect colonies, traffic jam, and economic market models.   

But there are also some limitations about StarLogo. 

1. The data type supported are so limit

2. Parameters can only passed to the procedures by value. 

3. There is no patches command center. Patch commands must be executed by observer or turtles. This make the StarLogo program might suffer from bad modularity. That just the case when I tried to implement the ant forage model which was firstly designed as three parts and easily 

4. Patches have limited computational capabilities. Except diffuse and nsum commands, patches can ‘t have more direct impact to its neighbors. 

5. Patches are regularly coordinated spatial system. If the environment consists of irregular patches, it might become hard to be simulated under GPL domain.  

4.Ant Forage Simulation in GPL

4.1. What’s GPL

GPL(Growing Point Language)[4] was developed in the “amorphous computing” project in MIT. Amorphous computing medium is a collection of myriad irregularly placed, locally interacting computational particles, which have local states and are programmed identically at the beginning. Good examples of the amorphous computing model are the smart materials embedded with myriad smart particles integrated with sensors and actuators. This smart materials like smart paint or dust can be used in the responsive environments.  GPL is a language to program amorphous computing medium to generate complex system patterns, for example CMOS circuit layout.

Particles in amorphous medium are static, their interconnection remain the same during all the time. A growing point actually is a locus of activities, which can be propagated to it neighbor locations in the medium. The growth direction of a growing point is guided by its tropism, which is expressed in the different pheromone levels in the domain. When a growing point passes a particle, it can deposit material, secrete pheromones thus changing the local states of the particles. The path of a growing point is the collection of particles it has visited. The path is detectable only if the growing point has been specified to deposited materials. Colors can be associated with materials to highlight the path of a growing point. A global system pattern is comprised of the paths of growing points. 

4.2. Ant Forage Simulation with GPL

4.2.1. Problems

1) Limitations in Tropisms

GPL puts many limitations on the tropisms expression: there are only 5 tropism expressions; and there is no variable tropism. It is reasonable for GPL’s originally design goal: generate complex system patterns from amorphous mediums. Under the reasonable assumption that these small particles are very limited in computational powers, GPL models try to achieve the minimal requirements. Another reason for these limitations is try to reduce the complexity of characterization of tropisms in order to facilitate the analysis and reasoning of the programs. So actually, GPL has been proved to be able to generate any planar interconnect topology. Easy to prove and reasoning is one desirable feature of GPL. 

But limited tropism might cause some difficulty in modeling ant forage model. We can easily think that growing points in the GPL domain will just act as the ants in the forage model. But ants need to make different direction decisions on different situations: when it comes out from nest, it must sense the path pheromone; when it reaches the food source, it might want to sense the nest scent instead. With fix tropism expression, we can’t let a growing point to change its tropism. Fortunately, a growing point can start new growing point at any direction. So it turns out that these limitations are not a limitation of the expressiveness of GPL. Technically, given the mechanisms of generating new growing points, one can define as many as different GPs as the numbers of desirable tropisms and terminate the old GP and generate new GP when needed. One can also use the connect command to sequence these GPs in the same order these tropisms want to be sequenced.  

2) Stalling Tropism

In the current GPL model, a tropism must wait for all required pheromones to be present, or it will be stalled till the pheromone appears. This really cause problem in our ant forage model and can’t have other complementary solution. Since if we design an ant to sense the path pheromone, we must make sure that this pheromone must be present or the ant will just be stalled and waiting. But in our ant forage model, path pheromone is not present at the every beginning. We want ants to go randomly if it doesn’t feel the pheromone. So the only solution is to modify our ant forage model to make two different ants: one is explorer ants, which just go randomly to search for food; other is recruited ants, which will also sense the food pheromone laid by the explorer ants. Actually, this is also the case in some ant forage model. So the revised ant forage model is also interesting. 

3) Fixed materials and Pheromones

Because GPL are aiming at generating system patterns, which are expressed by the materials deposited in certain locations. And actually, all the growing points’ specifications are derived directly form the global specification. The author has even proven that given these specifications and given the current GPL computational limitation, it can assure the global patterns. So it is no surprising that the designer make the decision of fixed materials and pheromones. But these limitations are really intolerable for ant forage model because eventually all the particles will be messed up by the explorer ants, we can’t see any other ants’ activity. If there is only the problem in display the result, the fixed pheromone will really cause problem because it will always exists and influence future ants. 

 Actually, this is a weak point of GPL for general swarm computing models. One significant feature of swarm computing is the emergency. Some system behaviors are not able to predicate because it depends on the history of the system’s evolvement. So the materials should be able to reduce and remove, and pheromone should be able to evaporate and diffuse continuously. Of course, this will scarify the desirable feature of easy reasoning of GPL to gain more power. That’s the usual case and tradeoff in design. 

But currently, all the materials are actually record but the color of the particle is the combinations of all the colors associated with these tags. We can add one implement change to always display the latest deposited materials without hurt the easy reasoning feature of GPL.  

4.2.2. Simple Experiments with GPL

Based on the former analysis, I found that it is not so easy to model ant forage in GPL. First, as a requirement of an explorer ant, we need a growing point that can run forever and go randomly until it reach the food. How can we achieve this when GP will be stalled in missing pheromone and with fix pheromone expressions?  The only solution of stalling tropism is let the growing point grow under the expelling of its own tropism. And about the solution of second problem is somewhat interesting, I just OR all these possible tropisms. Combining this two, a desirable growing point generated. The source codes of this growing point are list as follows. So I use this as the growing point for explorer ant.

;;; -*- Scheme -*-

;;; random-go growing point

(define-growing-point (random-go)

(material random-go-material)

(size 0)

(tropism (or (ortho- self-pheromone)

             (or (plagio- self-pheromone)



     (or (dia  self-pheromone)

                     (or (plagio+ self-pheromone)

                         (ortho+ self-pheromone))))))

(actions

 (secrete+ 3 self-pheromone)

 (propagate)))

(color

 ((random-go-material) "blue"))

(with-locations

 (a)

 (at a (start-growing-point random-go)))
But I haven’t been very successful in doing an experiment to let the recruited ants to follow the explorer ants’ back home pheromone. The recruited ants will always run into local loop soon: jumping back and forth between two locations. It seems the problem is an uphill of pheromone level leading to the food source hasn’t been correctly established. So I modify the ant forage model to let the explorer ant secrete a kind of food pheromone once at the point it finds the food. A monotonic uphill can form by this mechanism. The preference of closest food source can also be achieved. But that’s not an ideal ant forage model and I just make up the desirable feature instead of actually achieve that based on the local rules. Hope in the future, I will find a way to revise it.   

4.2.3. Ant Forage Simulation with GPL

After the analysis above, now finally I can implement an ant forage model in GPL. The model works as following:

1) First, nest and foods are established by some nest and food forming growing points. The nest growing point will secrete a kind of nest pheromone, which are strong enough to cover the GPL domain, thus make sure each ant can sense it and back home. ( This is also not an ideal mechanism. Hope I can design better local mechanism for ant to find their way back home.) 

2) Then, an explorer-ant growing point will be activated in the nest. This explorer-ant just go randomly until it finds the food;

3) Once the explore-ant finds the food, it will terminate and do the following two task: first, secrete a lots of amount of pheromone that is enough to cover the distance from food source to nest; then it will start an new growing point called backhome-ant.

4) The backhome-ant will follow the uphill of the nest pheromone to go back home. It will lay out some backhome pheromone along the path. But now, this backhome pheromone only just acts the motivation of backhome ant’s self-motivation instead of the attracting factor to the following recruited ants because of the local loop problem I met. 

5) When the backhome-ant backs to home, it will terminate and start a new growing point named recruited ant. This recruited ant growing point just grows towards the increasing of food pheromone. Backhome-ant can also start new explorer ants if it wants to do so. 

4.3.Analysis the Model

There can be very various improvements to the ant routing model. For example, more than one explorer ants or recruited ants can be started. Since the self-pheromone of explorer ants might influence each other, we can define more than one kind of explorer ants to be able to search food more randomly. 

From the experience of GPL, we can found that, it is need more adjustments to implement to ant forage model in GPL. That’s because the initial design goal of GPL is not intended to work for this dynamical and adaptive model as ant routing. GPL just intend to generate specified sophisticated system pattern. The local specification can be derived directly from this global specification and can assure to generate the required global pattern. GPL has done an excellent job in this aspect. What more, with this clear design goal, GPL wisely limited its computational powers for the sake of easy reasoning and provability. It is really a nice language designing practice. 

5.Comparision of StarLogo and GPL

Based on the experience in building ant forage model in StarLogo and GPL, I will compare these two languages.  

5.1.Similarities

Both aiming at the direction of swarm programming model, we can found that StarLogo and GPL share many common features. 

1) Object Oriented

Both StarLogo and GPL is object oriented. It is a natural decision in order to gain the l
locality and identically programmable members. 

2) Massive Parallel

Both of these two language supports massive parallel. That’s an essential requirement of the swarm computing model. But GPL’s parallel model is not good enough, because it required that pheromone must be distributed and established before tropism can be evaluated. That’s a reasonable design decision for it original design goal but will not be acceptable for general swarm computing model.

3) Pheromone Concept

Both of StarLogo and GPL support a concept of pheromone. StarLogo has pheromone diffuse primitive while GPL has built in pheromone type. That’s kind of feedback mechanism in order to leading the system always go to the right direction. But GPL’s fix pheromone will also cause problem in general swarm computing models.  

5.2.Difference

Because of their different initial design goals, StarLogo and GPL are also significant different. 

1) Computational Powers

Although the moving turtles and growing points, patches and particles are similar, they are significant different in there computational power. We can informal argue that a turtles or patch itself can be a single Turing machine. But the growing point definitely has much less computational power. From the designing document of a particle, we can see that it is actually a kind of finite automata.  So actually, StarLogo is a universal language while GPL is not. It is because StarLogo is a multi-agent system aiming at more general applications, while GPL has its specific goals.   

2) Regular spatial lattice via irregular medium

The patches in StarLogo are placed in a regular coordinated spatial lattice while the GPL domain is comprised by irregularly deployed and interconnected particles. Both of these models have pres and cons. As to StarLogo, although it is technical possible, but it will become very difficult to build the amorphous models that GPL is good at, such as computing medium, smart materials. Although the GPL can generate a logic coordinate system based on this irregular deployed and connected particles, but it will also become difficult to draw strictly order pattern. All GPL’s patterns are acceptable only based on the assumption that the error of several particles is completely insignificant to the whole system pattern. So StarLogo is good at building in orderly models while GPL excel in irregular models.    

3) Strict Locality

StarLogo doesn’t enforce the strict locality. Centralized controls are available when needed, such as the turtles can be identified by ID numbers, patches can be identified by their x y coordinates. Also the observer in StarLogo just acts as a centralized control in the system. 

On the contrary, GPL has enforced strict locality. Particles can’t be identified; all the particles are running the same programs with different entry points. Note that, construct a coordinate system on this irregular system and provides a user interface to specify the starting point of growing points is just a mechanism to simulate the system. The system itself is strictly local. 

4) Dynamical via Static Model

StarLogo are much more a dynamical and adaptive model. User can interact with the system even at run time, such as adding more turtles. But GPL is actually a more static and close system. The only place for user to interfere the system is the initial setup. After that, the system just running at it own. Maybe this is one of the reasons that the behaviors of GPL programs can be easily analyzed and proved. Again, StarLogo is much suitable for general open and real time models while GPL is not.  

5.3.Summary and Open issues

First, we predicate a future of swarm computing models. This motives us to find new programming languages and models to describe and program these computational swarms effectively and efficiently. Several languages are working on this direction. I pick up one swarm model – ant forage and two languages StarLogo and GPL. By implementing the ant forage model in these two languages, I gained lots of valuable experiences of in swarm programming. Their unique and new language models also present enlightening ideas to the future of swarm computing model. Swarm is a new research area. There are still many open issues on this field, including the security, survivability, operating system support, programming, communication protocols and useful applications.
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