
MODEL INDEPENDENT ECONOMICS BASED ON SWARMENGINEERINGS. KAZADIAbstract. In the classical approach to economics, conclusions about the wayin which economic systems behave are drawn from the analysis of the conse-quences of assumptions about how the system constituents (individuals, �rms,governments, etc.) will behave. Like other nonlinear dynamic systems, theanalysis of such systems is di�cult, and the detailed behaviors of the systemsare highly dependent on the systems' initial conditions and speci�c design.Small changes in parameters can have very signi�cant e�ects on the detailedfunction of the system. Careful scrutiny of the assumptions and initial con-ditions must be undertaken to ensure that the conclusions are relevant to thereal world. Such an approach represents an if-then approach to economics,and has a speci�c weakness in that it is highly dependent on the creativity ofthe group generating the assumptions.We describe an alternative, only-if, approach to economics. Adapted fromswarm engineering, this approach is a model-independent approach to eco-nomics. We demonstrate how, using a particularly simple model, the globaleconomic goal can be described mathematically and used to determine a con-dition under which the global goal can be reached. We then provide severaldi�erent types of vendor/consumer agent pairs which satisfy this goal. We alsoprovide an example of a simple system and global goal that is impossible toachieve, demonstrating how this can be determined in a model-independentway. 1. IntroductionEconomic systems are systems made up of a large number of autonomous agentsinteracting in pairs and groups. The interactions between agents is generally com-plex, nonlinear, and di�cult to analyze. In order to understand what global out-comes these interactions will generate, a great deal of e�ort must be expended usingcomplex mathematical tools. The main di�culty of such an analysis is that they arevalid only within the scope of the assumptions governing the interactions and thebehaviors of the agents. Deviations from these behaviors or assumptions requiresthat the system be analyzed again, and the results can vary widely from thoseof even closely related systems. Much of the disagreement between economists de-rives from the detailed assumptions about relatively minute aspects of the economicsystem or the interactions between agents.Recently, much work has been done on generating understanding of economicsystems using computational models of economics[5, 6, 7, 4]. The advantage of usingsuch systems is that global trends can be generated from complex local interactionsof agents that are independent, thereby freeing the user from some of the complexityof solving complex mathematical equations that are di�cult to solve, and may orKey words and phrases. swarm engineering, swarm economics.1



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 2may not pertain to the varied economic situations one might wish to examine.By making subtle changes to the behaviors of agents, researchers can explore howglobal changes are a�ected by local interactions, communication methodologies,and various technologies in use at di�erent points in economic systems.The main drawback with these systems is that the conclusions are limited to thescope of the systems that have been either envisaged by researchers theoreticallyor implemented in computational models. However, economic systems are, by theirnature, nonlinear dynamic systems, subject to wide variations in behavior due tothings like potentially small changes in the behaviors of individuals or information,however erroneous, that moves through the system. It is advantageous, then, tothink about the creation of economic theory based, not on models of human behav-ior, but on economic principles that transcend human behavior. If such a theorymight exist, conclusions about how to get to speci�c desired outcomes might bemade in the place of analysis of how behaviors result in speci�c, potentially unde-sirable, outcomes.This chapter examines a method based on swarm engineering of generating globalrequirements for economic systems that are not based on the model of the agents.We examine, in particular, how the model yields the requirements for the behaviorsof agents in order to achieve speci�c global outcomes. This is accomplished in thecase of a very simple economic system, though our results are intended to be generalenough to apply to other economic systems. We examine the limits of the system,determining methodologies for examining whether or not a particular outcome ispossible. 2. Model Free Analysis of a Simple Economic SystemWe start with an analysis of the equations that govern simple economic systems.For extremely simple economic systems, consisting of a single commodity, and aset of consumers and vendors of the commodity, we assume that there are severalquantities that consumers can measure and several quantities that vendors canmeasure.2.1. Basic de�nitions. Vendors concentrate primarily on purchasing or produc-ing commodities, and presenting them for sale. Vendors are aware of the cost ofpurchasing or producing commodities (cc), the �xed costs associated with main-taining a store front (virtual or otherwise)(cf ), the price they are charging (p), thenumber of consumers regularly entering their store (Nc), and the likelihood thatthey'll make a sale at a given price (after making a few sales)(g (p)). If the vendordoes not utilize other communication or information gathering techniques or tools,this is the complete set of things that can be directly measured.Consumers concentrate primarily on purchasing and subsequently consumingcommodities, spending resources that may be subject to a regular, irregular, ornonexistent replenishment activity. Each consumer is governed by a likelihoodto purchase the commodity (g (p)) which is a function of many di�erent thingsincluding the nature of the consumer (internal state which may include mood,perceptions of various things in the world, the amount of money one has, perceptionof necessity of the commodity, etc.). Consumers can measure the price of thecommodity (p), the inclusive cost of the commodity (for instance, by observingvendors) (cv = cc + cf), the resources in their possession (m). In physical locations,



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 3consumers can get an idea of how many other consumers are purchasing the sameproducts (Nc,vi
), which is a vague measure of the global demand (D).Other indirect quantities can be measured by vendors and/or consumers. Forinstance,(1) I =
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may be identi�ed as the in�ation rate. α and β are the relative importance of thetwo parts of the economy. α+β = 1. Note that if dC
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then the prices and �xedcosts are increasing at the same rate, so that relative pro�ts remain unchanged.Global demand for a product at a price p can be calculated by(2) D (p) =
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gj (p)where Nc,i is the number of customers per time period that enter the ith establish-ment and gj (p) is the probability that customer j will purchase a product at theprice p. If prices are not necessarily constant across vendors, the demand may bedenoted by(3) D =
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gj (pi) .Interestingly, demand is an emergent property [1], as ∂g
∂D

= 0; the individualconsumer's likelihood to purchase a product at a given price is in no way in�uencedby the overall global demand for the product. As a result, this and many otherproperties may be identi�ed as emergent properties of the group of consumers. Asa result, swarm engineering is a reasonable approach to this kind of problem in thedesign of economic systems.Economic systems are de�ned by their constituent parts and the di�erentialrelations between them. We can examine the di�erential relations between themgenerally in order to explore the way in which economic systems behave. ∂cc

∂cfdenotes the relation between the production and �xed costs of production of acommodity. The detailed value of this relation cannot be examined, though someconclusions might be in order, as detailed below.The time derivatives of the various components give information about the var-ious quantities. In Table 1, we list the various quantities identi�ed above, anddetermine their identities and some of their relationships.



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 4Quantity Time Derivative Identi�cation
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component of demandTable 1: This table lists the various quantities that vendors and consumers canmeasure, and describes their time derivatives.The quantities identi�ed in Table 1, along with their identities are important forlater work, as we begin to understand what can and cannot be said about economicsystems without including speci�c models.We look next at the relationship between the various quantities. Table 2 givesthe various partial derivatives of the quantities given in Table 1. Of interest to us,and what de�nes these economic systems, is the relationship of each variable tothe other variables in the system. As an example, consider the di�erential relation

∂cv

∂cf
. This quantity is generally a positive quantity in economic systems becausean increase in the �xed cost creates an increase in the overall vendor cost. Inparticular,(4) ∂cv

∂cf

= 1.On the other hand, suppose that we consider ∂D
∂cf

. This value is not easy to de-termine. Some consumers might have no response or a positive response to thevendor costs decreasing. On the other hand, the consumers might have a negativeresponse if they are aware of the change, as the vendors might not then pass it onto the consumers. It all depends on the consumer, which is not something that isuniform. Therefore, we conclude the(5) ∂D

∂cf

=?.We list these relations in Table 2



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 5/ cc cf cv p Nc Nc,vi
gp m in E D pr I

cc 1 0 1 ≥ 0 ? ? ? 0 0 0 ? -1 ≥ 0
cf 0 1 -1 ≥ 0 ? ? ? 0 0 0 ? -1 ≥ 0
cv 1 -1 1 ≥ 0 ? ? ? 0 0 0 ? -1 ≥ 0
p 0 0 0 1 ? ? ? 0 0 ? ? 1 ≥ 0

Nc ≤ 0 ≤ 0 ≤ 0 ? 1 ? ? 0 0 ? ? 0 0
Nc,vi

≤ 0 ≤ 0 ≤ 0 ? ≥ 0 1 ? 0 0 ? ? 0 0
gp 0 0 0 ? ? ? 1 0 0 ? ≥ 0 0 0
m 0 0 0 0 ? ? ? 1 0 ? ? 0 0
in 0 0 0 0 ? ? ? 1 1 ? ? 0 0
E 0 0 0 0 ? ? ? -1 0 1 ? 0 0
D 0 0 0 ? ? ? ≥ 0 0 0 ? 1 0 ?
pr 0 0 0 0 ? ? ? 0 0 0 ? 1 0
I 0 0 0 ? ? ? ? 0 0 ? ? 0 1Table 2: This gives the di�erential relations between the various quantities.Note in this table that there are speci�c numbers such as 1 or −1. In these cases,there are direct functional relations between the various elements of the system,and the partial derivative can be directly calculated. On the other hand, oftentimes there are ranges such as ≥ 0. In this case, the value is non-negative, but it'sexact value cannot be generally pinned down. If there is a 0 value, this indicatesno direct relation between the variables. Finally, a ? value indicates that the valueor range cannot be determined because this is a function of the behaviors of theagents which cannot be generally predicted. These indicate the areas where thesystem designer has the opportunity to exert control.We may now proceed to examine the system using these di�erential relations.2.2. Model independent stationary price. One of the measurables we mightinterest ourselves in is the average price of a commodity. In our one-commoditysystem, the average price is directly related to things such as in�ation, pro�t margin,and value. The average price of a commodity may be calculated as follows.(6) P =
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MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 6Taking average values, this means that(9)
dP

dt
=

1

Nv

Nv
∑

i=1

(

∂p

∂cv

dcv

dt

)

+
1

Nv

Nv
∑

i=1

(

∂p

∂Nc

dNc

dt

)

+
1

Nv

Nv
∑

i=1

(

∂p

∂gp

dgp

dt

)

+
1

Nv

Nv
∑

i=1

(

∂p

∂I

dI

dt

)since all other terms are zero. If we want the price to stabilize to a static price,we must have that the sequence of values { dP
dt

(t) , dP
dt

(t + ∆t1) , dP
dt

(t + ∆t2) , . . .
}forms a Cauchy sequence convergent to 0 and which has a �nite sum, where ∆tivalues represent the intervals at which price changes are made.A general solution to this problem is that whenever dP
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.This result is generally true, and does not depend on the particular model that isbeing employed. Therefore, the result is model-independent, and can be used todesign vendors and/or consumer groups whose behaviors will lead to the desiredglobal goal of limited in�ation.3. Examining Agent ModelsThe minimal condition required for the in�ation rate of a simple economic systemto settle zero is that the set of price changes forms a Cauchy sequence convergentto 0. While a general solution to this problem is given in equations (10) and (11),we focus on the weaker condition given in equations (12) and (13). Once such acondition is put into place, one may examine the requirements of a system in orderto keep it in compliance with this requirement. We examine systems whose designis governed by these equations. Note that we have not yet settled on a model, andthe conditions may therefore be considered to be model-independent design criteria.3.1. Static costs, population, and no in�ation in pricing model. Let usconsider the extremely simple case of a system in which the costs to the vendorsare constant, the in�ationary rate is not part of the consideration of the price, andthe number of consumers entering shops is constant.(14) dP
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MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 7Now, expanding the term dgpi
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according to Table 2, we have that(15) dP
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represents the rate of change of the average price P at iteration k. Tosimplify the analysis, we can assume that all agents (consumers and vendors) areidentical to others from each class. Then, equation (17) becomes(18) dp
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. The condition holds for all prices, and therefore,the prices remain stable at all prices.We can examine a second example for a more complex system.Example 3.2. Another set of equations, which represents another model of vendorsand consumers, might be p = cv + kg and g = g0
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+ k ≥ k at all prices.3.2. Applying the swarm requirement. In the previous subsection, we exam-ined the requirements of a simple one commodity system consisting of vendorsand consumers, each making independent decisions based on their own privatelydetermined criterion. According to our analysis, as long as the requirement that
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≤ 0 is maintained, the system's price is stabilized. Thisshould happen no matter the vendor model or the consumer model. This is a1This might happen if the average consumer is not incurring debt and not saving.



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 8powerful tool in determining how to construct behaviors that generate the vendorand/or consumer models that generate a desired overall economic behavior. Wetheoretically analyzed two di�erent vendor and consumer models, both of whichsatisfy these conditions. This analysis indicated that both models would stabilizeprices, but one would be selective and the other would not.This condition can be tested using a simulation of the simple one-commodityeconomy. We use a simulation consisting of repeated sales interactions between agroup of consumers and vendors. Each vendor and each consumer acts indepen-dently in each interaction, sharing no information with any other agent. Prior tothe �rst cycle, each vendor determines the price of the commodity. During eachcycle, each consumer randomly chooses a vendor to �visit�. The consumer deter-mines a �likelihood� that he will make a purchase, given the price of the vendor.This likelihood is a number between 0 and 1 and represents a probability that theinteraction will result in a sale. A random number is calculated between 0 and
1. If the value exceeds the consumer's likelihood, then the sale is made. Onceall consumers have had a chance to visit all the vendors, the vendors update theirprices. Each vendor estimates the demand using the ratio of the number of salesversus the number of visits during the last cycle. This estimate forms the basis fortheir new price.Initially, the vendors' prices are randomly scattered throughout a range of priceswhich may be deemed from low to high prices. The average price typically beginsThe program produces a running average price and demand. Since the interactionsbetween the groups of agents are stochastic in nature, the values of the individualquantities can change from iteration to iteration. However, it is the average valuesthat are of interest to us. According to our analysis, these average values shouldbe controlled by the same requirement that controls individual values. Moreover,these are the very global quantities of interest to system designers.In Figures 3.1 through 3.3, we graph the behaviors of three models of consumerand vendor behavior. The consumer and vendor models used to produce Figure3.1 have a vendor model given by p = cv + kg and a consumer model given by
g = g0 − 2.5p

2k
+ cv

2k
. The consumer and vendor models used to produce Figure 3.2are those from Example 1 above. Finally, those used to produce Figure 3.3 arethose from Example 2 above. All programs are run with 500 vendors and 100,000consumers in order to provide a large enough pool to reduce random �uctuations.Clearly, the consumer model yielding the behavior given in Figure 3.1 cannotsatisfy the requirement of (18). Despite this, the behavior of the system is quitedramatic. Initially, the average prices initially start at a mid-range price. However,the average prices rapidly begin to �uctuate. The system settles into a behavior inwhich the average prices continually �uctuate, and never settle down to an average.
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MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 9Figure 3.1 The average price and consumer demand for the vendor model p =

cv + kg and consumer model g = g0 −
2.5p

k
+

cv
2k
. The averages �uctuate wildly,with initially small �uctuations settling on relatively large �uctuations.Figure 3.2 represents the average price and demand levels of the consumer modelsgenerated by Example 1 of subsection 3.1. These are identical to the models fromFigure 3.1 with the exception that the price dependence of the demand is four timessmaller than the previous one. This makes the system satisfy equation (18). Theaverage behavior is quite di�erent from that given in Figure 3.1, with the averageprice and consumer demand rapidly settling to a mid-range value. The stabilitycontinues inde�nitely once established.

A.
Variation of Average Price (Model 2)
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Figure 3.2 The average price (A) and consumer demand (B) for the �rst Example ofSection 3.1. The average price and demand, though controlled, still exhibit limited�uctuation.Figure 3.3 represents the average price and demand levels of the consumer modelsgenerated by Example 2 of subsection 3.1. This model is quite di�erent from theother two. The consumer model consists of an adaptive scale in which excessivepro�t lowers the demand. This model therefore has a mechanism for increasing andlowering the price. Increasing the price enough pushes the model beyond the pointwhere the price is stabilized, yielding a system that is self-stabilizing. The graphsbear this out quite nicely, as they are remarkably smooth and controlled.
A.

Variation of Average Price (Model 3)
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Figure 3.3 The average price (A) and consumer demand (B) for the second Exampleof Section 3.1. The average price and demand are strictly controlled and remainvirtually static throughout the simulation.The various average behavior of the three models yields good evidence that ourprovable condition provides adequate predictive power to conclude that one or theother consumer/vendor model will yield the desired condition.It is, of course, possible for our analysis to have come from the models directly.We could have generated the vendor and consumer models and then used thesemodels to predict the behavior. However, once the behavior had yielded undesirablebehavior, we would have had no intuition about what other consumer models tochoose. We would then have had to determine what parameters might change inthese behaviors so as to produce the kind of behavior we were looking for. Despite



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 10the change from the example of Figure 3.1 to that in Figure 3.2, yielding themuch more controlled behavior of Example 1, the behavior in Figure 3.2 is stillnot optimal. It would have been di�cult to generate Example 2, given Example 1only. Once we had generated it, after much consideration, we could have analyzedits behavior quite handily. It is in the generation of the model that we lack power,and precisely that aspect of the swarm design that gives us the power.4. Generalizing ModelsThe models given in Section 3 are de�nitely simple. The natural thing to assumeis that it is one thing to handle a simple one-commodity economy made up ofvendors and consumers of only that one commodity economy without worry aboutin�ation, cost increase, money supply, etc., and quite another to handle a complexeconomy in the real world made up of all these things and more. Moreover, thepower of the swarm methodology lies not only in its ability to determine whenthings are possible, but also in its ability to discern when things are not possible.Finding such a condition allows us to sidestep much work on erroneous economicmodels trying to understand things that cannot be.In order to examine di�erent system classes with di�erent conditions, we mustbegin by generating a set of equations as we did in Section 2. Recalling equation(9), we have that(19)
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Nv
∑

i=1

(

∂p

∂cv

dcv

dt

)

+
1

Nv

Nv
∑

i=1

(

∂pi

∂gpi

∂gpi

∂pi

dpi

dt

∣

∣

∣

∣

k−1

)

.Once again, assuming a uniform set of vendors and a uniform set of consumers, wehave that(22) dp

dt

∣

∣

∣

∣

k

=

(

∂p

∂cv

dcv

dt

)

+

(

∂p

∂gp

∂gpi

∂pi

dp

dt

∣

∣

∣

∣

k−1

)

.Since the sequence of dP
dt

values is a Cauchy sequence, we can guarantee convergenceif2(23) ∣

∣

∣

∣

dp

dt

∣

∣

∣

∣

k

∣

∣

∣

∣

≤

∣

∣

∣

∣

∣

dp

dt

∣

∣

∣

∣

k−1

∣

∣

∣

∣

∣2This is the same weaker condition given above. We do not solve the stronger condition here.
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(

dp

dt

∣

∣

∣

∣

k

)

= −sgn

(

dp

dt

∣

∣

∣

∣

k−1

)

.Again, if dp
dt

∣

∣

∣

k−1

is increasing, this means that dp
dt

∣

∣

∣

k
must be decreasing. In thiscase, using the more general result from (10), we have that(25) 1

(k − l)
α

dp

dt

∣

∣

∣

∣

k−1

≥
∂p

∂cv

dcv

dt
+

∂p

∂gp

∂gp

∂p

dp

dt

∣

∣

∣

∣

k−1

.Also, we have that(26) ∂p

∂cv

dcv

dt
+

∂p

∂gp

∂gp

∂p

dp

dt

∣

∣

∣

∣

k−1

≥ −
dp

dt

∣

∣

∣

∣

k−1

.Together this means that(27) (

1

(k − l)α −
∂p

∂gp

∂gp

∂p

)

dp

dt

∣

∣

∣

∣

k−1

≥
∂p

∂cv

dcv

dt
≥ −

(

1 +
∂p

∂gp

∂gp

∂p

)

dp

dt

∣

∣

∣

∣

k−1

.This equation essentially says that the quantity ∂p
∂cv

dcv

dt
is sandwiched between twovanishing quantities. Recall that { dp

dt

∣

∣

∣

k

}∞

k=1

is a Cauchy sequence convergent tozero. This means that the limit is(28)
− lim

k→∞

(

1

(k − l)
α −

∂p

∂gp

∂gp

∂p

)

dp

dt

∣

∣

∣

∣

k−1

≥
∂p

∂cv

dcv

dt
≥ − lim

k→∞

(

1 +
∂p

∂gp

∂gp

∂p

)

dp

dt

∣

∣

∣

∣

k−1or(29) 0 ≥
∂p

∂cv

dcv

dt
≥ 0.In order for this to be possible, the rate of increase of vendor costs must be zero.However, this would contradict our assumption that dcv

dt
> 0. Therefore the twoconditions are inconsistent3. Thus, it is impossible to hold prices steady with anymeasurable positive rate of change of vendor costs using any model of consumerbehavior. Moreover, it is impossible to hold prices steady using any model of vendorbehavior unless ∂p

∂cv
= 0.This last result is a stunning result. What makes it so surprising is the way inwhich it was reached. It makes intuitive sense, yet without the de�nitive proof inhand, the sneaking suspicion that some behavior somehow de�es this conventionalwisdom exists. It is somehow satisfying to prove that the intuition is not intuitionalone, but rather a statement of rigorous proof.5. DirectionsSwarm engineering is now entering a relatively mature state with respect to itsstate since its inception more than ten years ago. At that time, the general questionrevolved around robotic systems. The original question for robotic systems waswhether or not it was possible to determine the characteristics of a swarm thatwould accomplish a given task simply from the statement of the task. This swarm3Incidentally, prior to fully understanding what equation (27) was saying, we built a simulationto test an update model for g. In each case, g converged to zero. The result stymied us until werealized that this was the only way consumers could satisfy the requirement.



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 12design would extend to the number of castes of robots and the characteristics ofeach caste. Each caste behaviors, sensors, and requisite computational capabilitywould naturally result from the design. Moreover, we wanted a system that wouldprovably design the swarm of robots so that it was not necessary to build andtest, re�ne and retest, and potentially rebuild over and over to generate the desiredswarm. A great deal of progress has been made on this approach to swarm design.The methodology that has arisen has been applied successfully to many roboticsystems (though all have been simulated)[1] and to thermodynamic systems whoseproperties were designed using swarm methodologies[2].The basic starting point for swarm engineering design is a listing of all measur-ables that are available to the various agents for inspection and potential reaction.This would include, in the present system, the prices of things, the number of con-sumers, and others. This would not include quantities such as GDP, exact numberof pieces sold in the market, total income of the consumers, or other quantities.Though estimates might be provided, the actual number is not known or availableto any of the agents and so does not form part of their decision-making process.Thus, these quantities only should be used to construct the global goal, which mightbe one of the quantities that isn't available to the agents. The reason is that theirderivatives represent actions of the agents, and they are things that the agents cancontrol. Using a property designed in this way gives access to the designers of thesystem to the very things that the agents can do, and allows one to make strictstatements about required behaviors which lead to the desired global goal.In the present work, we extend the swarm methodologies to economic systems,along the same lines as [3]. Our general assumption is that individual consumers andvendors act like autonomous agents, and in that sense, may be modeled as swarms.We have indicated the various quantities available to the individuals in our system,and also worked through their di�erential relations. The relations between thedi�erent quantities would seem to be the de�ning qualities of the systems we calleconomic systems, and many of these cannot be predicted as they are subject to thediscretion of the individual agents. Using these, however, we can begin to createexpressions for the conditions under which certain outcomes may be expected tooccur. Once these expressions have been understood, we can generate agents thatsatisfy them knowing that the desired outcome will be the natural result of thesystem. Moreover, any agent model which satis�es these conditions will provablygenerate the desired system-wide behavior.In this paper, we have applied this approach to very simple economic systemsconsisting of a single commodity. In both cases, we have attempted to determinea general condition for the vendor and consumer agents which will yield a stableset of prices. In one case, we derived a model-independent condition which, oncesatis�ed, would generate stability. In the other case, we derived an expression fora requirement for stability, and then reasoned that this condition could not ever besatis�ed. In both cases, the results were general, and not limited by assumptionsconcerning agent behavior or interactions.The methodology represents a novel approach to the design of economic systems.Rather than concentrating on working out ever more precise and relevant modelsof consumer or business behavior and using these to generate group behaviors, theapproach uses the group behaviors to generate the consumer or business behaviors.If the consumers or businesses conform to these conditions, the global outcome



MODEL INDEPENDENT ECONOMICS BASED ON SWARM ENGINEERING 13will follow. Getting the consumers and/or businesses to actually behave in thisway would seem to be a separate issue. However, the method has the ability tomake real provable statements about global outcomes that depend only on meetinga behavioral goal. It would seem that using this, it would be possible to deter-mine if particular economic systems are feasible, derive the design of the systems,and quickly test them in simulation once the system has been designed. Futureuse of this approach may allow the design of new economic systems along withrequirements for the behavioral models needed to put them into place.References[1] S. Kazadi, J. Lee, J. Lee. Arti�cial Physics, Swarm Engineering, and the Hamiltonian Method.Proceedings, World Congress on Engineering and Computer Science 2007, SanFrancisco, California, USA, October 24-26, p. 623-632, 2007.[2] S. Kazadi and M. Webb. Swarm Pumping. Working Paper 3, Jisan Research Institute, 2006.[3] S. Kazadi, P. Kim, J. Lee, J. Lee. Swarm Economics. Proceedings, World Congress onEngineering and Computer Science 2007 , San Francisco, California, USA, October24-26, p. 602-610, 2007.[4] L. Tesfatsion. Agent-Based Computational Economics. ISU Economics Working Paper No. 1,Revised July 2002.[5] S. Yu and J. Yuan. (2005) Agent-Based Computational Economics: Methodology and Its Ap-plication in Electricity Market Research. Proceedings, The 7th International PowerEngineering Conference (IPEC), Singapore, Nov. 29 2005-Dec. 2 2005.[6] J. Yuan, W. Ding, Z. Hu. A Critical Study Of Agent Based Computational Economics And ItsApplication In Research Of Electricity Market Theory. Power System Technology, 29(7),pp.37-41, 2005.[7] L. Tesfatsion. Introduction to the special issue on agent-based computational economics. Jour-nal of Economic Dynamics and Control, 25, pp.281- 293, 2001.


