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ODD Protocol for Ring Around the Kula: The Influence of Ceremonial Exchange on Network Formation
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Purpose
The purpose of the model is to examine the strength of network connections in a ceremonial exchange network in a non-hierarchical society.  Of particular interest is whether or not two communities view their relationship equally and if communities consistently depend on the same neighbors more than others.

State variables and scales
The model comprises 18 communities, which serve as the agents but will continue to be referred to as communities.  These are the communities that were documented by Bronislaw Malinowski in his 1922 volume, Argonauts of the Western Pacific.  The same 18 communities and 35 links were used in the first version of our model, which was a replication of Rolf Ziegler's simulation model of the Kula Ring.  The communities are characterized by the state variables: total vaygu'a, received vaygu'a, whether it has the ability to produce armshells or necklaces, its population size (which is based on ethnographic data), and the communities included in its list of neighbors (recorded in two lists, a static neighbors list and a dynamic neighbors list).  Also, the position of each community within the model world (which is fixed at 40 x -35 with the origin in the upper left corner and patch size = 11.364) is an approximation of their relative geographic location based on the map included in Figure 1 of Ziegler (2008).   

The model has two different types of items that communities exchange.  The first is the ceremonial gift, vaygu'a, which includes three categories: armshells (mwali), necklaces (soulava), and filler gifts (basi).  The total vaygu'a of each community is the total number of armshells and necklaces that each community possesses, which is set at zero during setup.  Basi is not a specified item but rather any good that can momentarily serve as a ceremonial gift if the community does not possess any armshells or necklaces to give away.  It is assumed that each community will have an infinite supply of this type of vaygu'a.  The variable 'received vaygu'a' is a list that contains one position per neighbor that community is linked to and records a letter (A = armshell, N = necklace or B = basi) that represents the type of vaygu'a that was given to that community by each of its neighbors in the previous time step.  The order that the gifts are recorded in the 'received vaygu'a' list is the same as the order of the static list of neighbors.  This is to ensure that when a community receives a gift from a certain other community, the receiving community correctly records what community it received the gift from.  As part of the setup, each community's list of received vaygu'a is filled with B's because at that point no vaygu'a has been produced and nor has entered the system.  The letter recorded in each community's position in the list changes each time step based on the gift received from that community.  This process is dictated by the visit command which will be explained in detail in the following section.  

The second item is a generic trade good.  In reality, each community produces a variety of products that it trades with its neighbors.  This includes agricultural products, pottery, tools, etc.  For the purposes of this model, these products have been simplified into one generic trade good which was originally created to represent the ceramic inventory of a household.  Each community continues trading with its partners until its threshold for this generic good has been met.  This threshold is based upon the population size of each community and the ethnographically documented lifespan of a household's ceramic assemblage (Lightfoot 1994; Mills 1989).  Mills (1989) compiled the results of several ethnographic field studies documenting the production and use life of ceramic vessels to determine the variables that would effect the formation of archaeological ceramic assemblages.  Lightfoot (1994) expanded upon Mills' work and based upon his research, it was determined that the average use-life for ceramic vessels was three years.  Thus, it was assumed that a households ceramic inventory would be completed replaced throughout a three-year cycle.  Therefore, the threshold is defined as population size divided three, and the variable "goods received" is used to document when this threshold has been met.  The production of this generic trade good will be discussed in the section 'Process Overview and Scheduling'.  The amount of the trade good that is exchanged between communities, as well as the way the visiting agent views the strength of the relationship between those two communities, is determined by the outcome of the ceremonial exchange.  How this is all implemented into the model will be discussed in full detail in the following section.

Figure 1.  Screen shot of our model showing the relative positioning of each of the communities.
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Process overview and scheduling
The model proceeds in bi-annual time steps (i.e. two time steps are equivalent to one calendar year). Within each time step, there are only a few commands that must be executed but each is rather complex.  In order to present the model as clearly as possible, each command will be discussed separately and in the fullest detail possible.  

Produce
During each time step the four communities who have the ability to produce vaygu’a, have a probability p of producing one item. Additionally, all communities produce a certain amount of their generic trade good. The amount of trade good that they produce is based upon their population.  This model has been simplified wherever possible so when determining the number of trade goods produced by each community we assumed that an average family (six individuals) would be capable of producing one trade item each time step.  Therefore, the "goods produced" variable for each community is simply its population size divided by six.

Visit
Each community is called up in a random order and then interacts with each of its neighbors in the order that they are listed in the dynamic neighbors list.  The order is originally determined by distance from nearest to farthest.  After the first time step, the order that a community visits its neighbors is determined by both distance and the cumulative strength of a relationship.  As stated above, the ceremonial exchange that takes place between two communities has an effect on several aspects of the model; the following is a description of the logic behind this command and how it affects each variable.  When the visiting community reaches each of its neighbors, the host community gives it vaygu'a based on the following situations:
(1)  If the host community has both armshells and necklaces, then it will refer to its list of received vaygu'a to determine what gift it had previously received from the visiting community (A or N), and it will reciprocate with the opposite gift. This interaction results in the number of armshells or necklaces (depending on which type is given) of the host community decreasing by one and the number of armshells or necklaces of the visiting community increasing by one, ultimately having an effect on the total vaygu'a of both communities.  This is deemed to be the best outcome and causes the visiting community's view of the strength of this relationship to be greatly strengthened and the maximum amount of the generic trade good (15) is exchanged.

(2)  If the host community had not received a gift previously or the previous gift was basi, the filler gift, then it will randomly choose to give either an armshell or a necklace.  This interaction will result in the number of armshells or necklaces (depending on which type is given) of the host community decreasing by one and the number of armshells or necklaces of the visiting community increasing by one, ultimately having an effect on the total vaygu'a of both communities.  This is deemed to be a moderate outcome.  The host community is skeptical of the visitor's trustworthiness since the visitor was only able to give basi previously.  Also, the visiting community is less likely to want to return to this host because it is nervous about how that host community now views their relationship.  In this case, the visiting community's view of the strength of this relationship is moderately strengthened and the medium amount of the generic trade good (10) is exchanged.

(3)  If the host community only has armshells or only has necklaces, then it will give the visiting community whichever gift it has available.  Once again, this interaction will result in the same outcome as that described above, decreasing the host's amount of whichever type of vaygu'a that the host community possesses and increasing the visitor's amount of that type.  This is deemed to be a moderate outcome and causes the visiting community's view of the strength of this relationship to be moderately strengthened and the medium amount of the generic trade good (10) is exchanged.

(4)  If the host community has neither an armshell nor a necklace, then it will give the visitor basi.  This interaction has no effect on the total vaygu'a of both of the communities because no armshells or necklaces were given or received.  This situation is deemed to be the least positive outcome.  In this case, the communities will still trade the generic trade good but because the filler gift does not instill a sense of trust in the relationship, they will only exchange a small amount (5) and the visiting community's view of the relationship will only be slightly strengthened.

(5)  It is also possible that the host community will completely refuse to trade with the visiting community.  This is the worst outcome of all because the visiting community went through the effort of bringing its trade goods to the host community only to have the host community refuse them.  This situation causes the visiting community's view of the relationship to be negatively affected, while the total vaygu'a and amount of trade goods possessed by each community is unaffected.

The visiting community then updates its received vaygu'a list based on the gift it was given by each of its neighbors during its visit.  It is also possible that a situation occurs in which either or both of the communities do not have proper amount of the trade good that they are supposed to be exchanging.  In these instances we structured the model so that the community lacking in the trade good gives the remaining amount of its trade good to the community with whom it is currently interacting.

Reordering Neighbors
Each community was expected to reorder its list of neighbors so that in the next time step it would first visit the neighboring community with whom it has the strongest relationship and to whom it is geographically closest.  In order to accomplish this, a series of variables were created that relate to the strength of the relationship.  While these variables are determined during the visit command, the process is quite complicated so additional explanation is presented here.  During each interaction, the visiting community records a value for both its "strength of relationship" and "strength for ordering" variables that corresponds to the outcomes in the situations described above.  The community records a 3 for its "strength of relationship" for the best outcome, a 2 for a moderate outcome, and a 1 for the worst outcome.  This variable is then recorded into that community's "running strength list" in the position that corresponds to that host community's position in the static list of neighbors.  The "running strength list" records the cumulative strength of the relationship between the visiting community and each of its host neighbors.  The number of interactions between the visiting community and each of its host neighbors is also recorded in the "number of interactions" list which allowed us to determine the average strength of this relationship over time (this will be explained in more detail below).
The "strength for ordering" variable uses the same values (1-3) but in the reverse order as they were used for "strength of relationship" (i.e. the strongest relationships are assigned a 1 instead of a 3).  This was done to ensure that when the strength of the relationship was multiplied by distance, those relationships deemed to be strong would only be multiplied by 1.  By incorporating this extra variable we were able to make sure that the visiting community correctly reorders its list of neighbors so that those neighbors with whom it has strong relationships and is the closest will be visited first in the next time step.
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Figure 2.  The flow diagram of the model processes and scheduling as described in the text.
Design concepts
Emergence:

We had hoped that there might be a way to monitor the directionality of the products involved in the ceremonial exchange but were unable to develop a proper method.  Previous simulation models of the Kula Ring (Ziegler 2007; 2008) were able to implement a monitor of this nature and incorporate it into the stop procedure of the model.  This gives us hope that this aspect of the model may be accomplished in the future.  The emergent behavior we were focused on for this model was the strength of the relationships between the communities over time.  We implemented several ways to determine to determine the strength of the relationship between all of the communities at various stages during the model.  The first is the "strength list" which records the list of relationship strength of the community with each of its neighbors for each time step.  The next is the "running strength list" which as discussed above records the list of relationship strength of the community with each of its neighbors for that time step plus all previous time steps.  Finally, the "strength counter" records the relationship strength of the community with all of its neighbors for that time step plus all previous time steps.  As mentioned above the number of interactions between the visiting community and each of its host neighbors is also recorded in the "number of interactions" list.  By dividing the values contained in the "running strength list" by the "number of interactions" we were able to determine the average strength of each relationship over time.  Upon evaluating the results of our model we discovered that communities consistently depend more on certain other communities more than others.  It also came to our attention that communities do not view the relationship between them equally.  Often one community is more dependent on the other than the other is dependent on it.
 
Adaptation:

The communities are able to adapt based on the way they reorder their dynamic list of neighbors.  The reordering of neighbors is preferentially based on relationship strength and distance of the neighbor.  Due to this, the community is able to assume that the first host it visits will be the most likely to have the proper vaygu'a gift and a reliable source of trade goods to be exchanged.  This behavior allows the community to meet its threshold as quickly as possible.

Fitness:

The fitness of each host is determined by its ability to reciprocate the proper vaygu'a gift during each interaction.  If the host is consistently able to provide the proper gift to each of its neighbors then the community will continually increase its fitness.  On the other hand, if the host community is unable to reciprocate with the proper gift, the relationship is not strengthened as much as possible and the amount of the generic trade good that is exchanged is reduced

Prediction:

The communities assume that a previously strong relationship will continue to be strong in the future.  This is viewed as the dependability of the neighbor.  Based upon this assumption, they will visit those communities with whom their relationship is strongest first, expecting a positive outcome from the experience.

Interaction:

In this simulation of the Kula Ring, the communities interact with other communities.  In the actual Kula Ring, individuals within communities interact with individuals from other communities.  As the Kula Ring involves across sea trade, communities do move as a whole in the trading expeditions.

Sensing:

Each community directly knows the way in which it views its relationships with its trade partners.  Communities do not know how strongly their trade partners view that same relationship.  Additionally, communities have no direct knowledge of the dependability of the neighbors of their trade partners.  As the dependability of these other communities impacts the ability of the trade partner to be a reliable partner, communities do have an indirect sense of their neighbors’ neighbor's dependability.

Stochasticity:

Stochasticity is a part of this model in three ways.  The permanent addition or defection of a community adds a bit of noise into the model.  Also, there is a chance that a host community will choose not to trade.  The higher the probability of communities randomly choosing not to trade is set, the greater the instability of relationships.

Observation:

The model needs to be run 50 times in order to have a stable average.  In our analysis of the model, we completed 50 runs of 1000 time steps, exploring addition and defection of a community without taking into account the chance that a host community will choose not to trade and setting the probability that the host community will not trade at 50%.  We used BehaviorSpace to set up our experiments, recording the running-strength-list and the number-of-interactions at the end of the 1000 time steps in order to calculate the average strength of the relationship.  This allowed us to explore whether or not the strength of relationships between the agents is balanced and whether there is stability in the relationships between agents as observed over the 50 runs.

Details

Initialization

Each community initially begins with no armshells and no necklaces. Also, the communities do not have a record of having previously received an armshell nor a necklace from any of its neighbors so its list of received vaygu'a is filled with Bs.

Input

The population of each community was determined through a literature review.  This is a static variable and does not change throughout the course of the model.  As mentioned above, the population size of each community has an effect on the number of trade goods that community is able to produce per time step as well as the threshold of trade goods needed by that community.  The following equations illustrate the effect this variable has on the model:

    goods produced = remaining goods produced + (population size / 6)

    threshold = population size / 3 

Submodels

Addition: It is expected that the addition of a new community into the Kula Ring will weaken the other network connections as resources that normally would have been used toward strengthening another relationship instead, go towards the new community.  This expectation is testable by turning on the Addition? switch.  This switch activates the addition of a new community during the 500th time step.  This new community appears at patch 37, -29 and immediately creates links with the four nearest communities.  In order for this new community to operate in the Kula Ring, a variety of lists and variables have to be set.  This includes both the static and dynamic list of neighbors, the list of previously received vaygu'a (initially all B's), a variety of lists for recording the different strength variables, a list to record the number of interactions, and the initial amount of vaygu'a (none).  In addition, this new community must be added to the static and dynamic lists of its neighbors and a position must be added into the other lists belonging to the new community's neighbors to account for its addition into the system.  As the communities order their partners from the smallest to the largest reordering variable (the reordering variable being the strength of the relationship times the distance), this new community would be automatically placed at the front of each of its neighbors lists.  As we do not feel that this would accurately reflect the addition of a community to such a network, we assigned the community a reordering variable based upon the average strength of all relationships already established by its neighbor times its distance from that community.  This way of adding in the new community may need to be revisited in later revisions of the model.

Defection:  It is expected that the permanent defection of a community from the Kula Ring will strengthen the other connections in the network as resources that would have otherwise gone to other communities, can be directed to the remaining communities.  This expectation is testable by turning on the Defection? switch.  This switch deactivates Kaileula, a community that is documented to have exited the Kula Ring in the latter half of the twentieth century due to missionary influence (Montague 1978; Leach 1983:14).  The defection of a community involves the removal of this community from the neighbors list of all communities with which it was linked.  This prevents communities from attempting to visit Kaileula after it has exited the system.
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