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Abstract 

Downtown revitalization has become an important policy issue, especially in ad-

vanced countries. In more than 50 years since Jane Jacobs’s discourse, the mecha-

nism of the formation and decline of downtowns has been the subject of much con-

troversy. It has been argued that the agglomeration and attractiveness of downtown 

are supported by its internal diversity. However, very little research including model 
analysis with an awareness of quantification has been presented.In order to examine 

the generation and sustainability of “downtown,” the paper outlines the Downtown 

Dynamics Model DDy using an artificial society approach. The paper mainly re-

ported the formalization of externalities as the basic concept of the integration and 

specialization of shops, and oligo-centric market system and additional implemen-

tation applied to both the customer and shop agents in order to give a dynamic to 

the existing simulator ASSA. A prototype DDyn has been created on an experi-

mental basis. 
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1. Considering “Downtown” from Model Analysis: 
Background and Objectives of the Paper 

Regeneration of ‘downtown’ in Central Business District has become a im-

portant policy, especially common in advanced countries. Even in the online 

shopping era of the 21st century, downtown should work as the ‘place’ 
where citizen visit and examine their preferred goods really in touch, try to 

experience novel services or look for discover something new beyond their 

daily life. Thus, downtown is needed in each metropolitan area.  
The mechanism controlling the prosperity and decline of downtown has been 

discussed for more than half a century since Jane Jacobs presented her initial 

work; however, very little research including model analysis with an aware-ness 

of quantification has been presented. 

It has long been known the origin of the prosperity and decline of downtown 

lies in maintaining diversity, as mentioned in the 1950s by Jane Jacobs in her 

hypotheses for city diversity generation. From among her works, the author fo-

cuses on the numerous positive and negative external effects (externalities) that 

are found or could be found among diversified economic entities (e.g. shops, 

customers) that are active in urban spaces. 

The Osu district in Nagoya City has maintained itself as a busy and thriving 

downtown area by the ever-changing and constant accumulation and integration 

of many small-scale shops (Oiwa, Yamada, Misaka, Kaneda, 2005, Takeuchi, 

Yoshida, Kaneda, 2011, Kobayashi, Harazaki, Kaneda, 2015); based on in-

depth knowledge of the actual conditions of both the district’s customers and 

shops over 15 years, and by taking a bottom-up approach where diverse deci-

sion-making entities dynamically interact, the author de-signed an artificial so-

ciety system for “downtown” and through simulations, examines its implica-

tions. Although this artificial society approach deviates from the KISS 

principle, it is the core of this challenging research project.  

With an aim at creating “downtown” and exploring knowledge concerning 

its sustainability, the research newly proposes a Downtown Dynamics Model 

(hereinafter, DDy) that represents interaction between a wide variety of cus-

tomer agents and shop agents as an artificial society system. Among these 

agents, positive and negative externalities are generated in response to market 

transactions (purchases). The artificial society approach creates a model to han-

dle agent models designed with a focus on the compounding of the above-men-

tioned externalities, and to study their interaction system. Moreover, by a con-

structive approach with simulations, this approach explores the implications of 

the formation, sustainability, and decline of downtown. 
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2. Research Questions: The Objectives of the Downtown 
Dynamics Research Program 

In the research the “externality” mentioned in the context of commercial 

activity is limited as follows: the secondary effects arising from any market 

transactions reach to third parties other than the transaction parties, but not 
by way of the market. So long as an externality is a consequence of market 

transactions, it would be sufficient to establish the foundation from the scale 

of meso micro or higher, where an aggregate is possible. 
In DDy, particular attention is given to externalities between shop types 

within a district. The research also discusses not only static externalities that 

are not stipulated by a temporal axis, but also dynamic externalities taking 

into account temporal development. 
The four conditions for city diversity presented by Jacobs, their sources, 

and how they are handled by the research model are classified and shown in 

Table 1. 
The commercial district on which the research places a focus is charac-

terized as a complex district consisting of small-size shops, in which (1) all 

shops of the same type have the same size (small-scale identity); and (2) 
each shop type deals with only one type of errand (non-complexity). These 

parameters characterize the downtown conditions under Jane Jacobs’ hy-

potheses (Jacobs, 1961). 

By describing the research questions more operatively, is it possible to 
reasonably demonstrate in a downtown model the four conditions for city 

diversity presented by Jacobs? In addition, within such a system, with what 

characteristics is this possible? If possible, the paper would like to present a 
research program to explore key elements and factors. 
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Table 1. Texts on City Diversity Hypotheses (Jacobs, 1961) and Their Tentative 

Interpretation on Modeling 

CUPUM 2015

Kaneda & Chang 
 

266-4



3. Formalization of Externalities: Establishing the 
Foundation for a Commercial District Integration and 

Specialization from Agent Interaction 

3.1 Formalization of Externalities in a Commercial District 

A commercial district model mentioned in the research assumes a complex 
district consisting of small-size shops as described above, and two hypoth-

eses are set: (Hypothesis 1) All shops of the same type are equal in size and 

the size remains constant; and (Hypothesis 2) A shop (shop type) only deals 
with single errands and therefore, does not comprise any other different shop 

type (complexity is not handled). 

When a customer a has made a purchase at shop x of shop type X in a 
district i at a point of time t, if an external effect to shop y of shop type Y is 

given by a real-valued utility function shown below, an externality element 

utility function is defined as described within the box at the upper right of 

this page. Here, if this utility can be added up, the externalities between shop 
X and Y at a point of time t in district i can be totalized. If variable values 

comprising the intermediate formula change in terms of time, it is possible 

to represent dynamic externalities. 

3.2 Commercial Integration and Specialization Resulting 

from Externalities between Shop Types: Classification 
According to Case Scenarios  

On the assumption that externalities between shop types are fixed for a 

short time, and based on a thought experiment, the integration of a shop type 
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composition in a commercial district was classified according to case sce-

narios, as shown in Table 2. Firstly, the following three cases are considered: 

(a) the externalities between shop types in the district are all positive; (b) 
positive and negative externalities between shop types coexist; and (c) the 

externalities between shop types are all negative. Moreover, scenarios are 

considered where each of the three cases is superior to a rival district in 
terms of attracting customers. In this regard, it could be thought that the 

capability to attract customers depends on the integration of the same shop 

type and diversity. When the district is inferior to a rival district, it tends to 

decline. 

Table 2. Typical Agglomerations Affected by Externalities between Shop Types 

inside a District 

 

In Case (a), on the whole, diverse integration could be formed with no 
internal differentiation of shop types. In Case (b), on the whole, diverse in-

tegration is formed with internal differentiation of shop types. In Case (c), 

the whole integration specialized in any one of the shop types is formed; in 
this case, no diversity is found.  

In Case (b), positive and negative externalities coexist, it is not difficult 

to imagine that the case takes on a complicated aspect in a so-called ecosys-
tem of its components. In addition, the capability to attract customers, which 

determines a district’s ranking, is not just simply a matter of size, but could 

include diversity as a primary factor; therefore, to pursue such characteris-

tics in detail, a modeling is required that captures the characteristics of the 
target district. 
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Thus, from the formalization of externalities, to some extent the formali-

zation of integration and diversification of a commercial district can be clas-

sified according to the case scenario. However, to discuss actual “down-
town” regeneration, a new operative model is required. 

3.3 Condition Setting for Externalities and Indirect Externalities 

As described above, to introduce externalities, a market as an aggregate con-

cept is essential. In an agent approach, however, the foundation for exter-

nalities can be established through economic (monetary) transactions be-

tween individuals, which should be called micro decomposition of the 
market.  

Here, to design a DDy basic model, it is assumed that this system consists 

of a great number of customer agents and shop agents, and in the district, 
monetary transactions between each customer and shop is carried out. 

Hereby followings 6 items of  the third group in externalities which to 

relate to “downtown”, will be explained. 
(a) group is the direct eternality to have effect on each agent. The first is 

the drop-in induction effect to another shops in the same district (a-1). 
“Drop-in induction effect” gives eternality to both customers and 
shops. 

For the shop side, “bandwagon effect” (a-2) is considered, namely to gain 
more customers to the popular shops.  As described above, (a-1) is mostly 

referred as the first factor of  the micro factors about the integration of many 

shops in central business district.  
(a-2) has been studied as an object in the field of the socio-psychology, 

the marketing science and recently the complex system science, too. 
(b) group is not monetary transactions between agent itself, but the indi-

rect externality from the transactions of communication. 
For the customer side,  “word and mouth effect”(b-1) has been  studied 
as an object since long ago. And for the shop side, the imitation of stores 

each other and innovation (b-2) can be pointed out. Especially the effect 

of innovation is regarded as a subtype of eternality by Jane Jacobs.(This 

commercial model is consisted of only 2 types agents, small shops and 
customers. Therefore it is thought that manufacturers and wholesalers 

should be omitted.) In the DDY’s current version it will be not taken, 

but the interaction system can be planned to enable a simulation exper-
iment. 

(c) group is the actualized externality by the count in the district 
of the delicate externality and the count for a long term. For 
the customer side, the attractive improvement effect of cen-
tral business district (c-1)will be considered. It can be 
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thought that the count depends on “stop-by-incidentally’ ef-
fect” and “mouth word’s effect”. The attractive improvement 
effect of the district by “stop –by- incidentally” effect  has 
been implemented as the update- algorithm of the prior dis-
trict effect in the DDy. 
For the shop side, The observation of  the district-visitor’s 
layer has effect to enable that the slump store should be 
changed into the other shop type(c-2). In the DDY the shop 
agent will convert the shop type by calculating of the maxi-
mum expected profit based on the number of customers, who 
pass a street of the front. It can be called as a shortsighted 
rationality model. 

The above-mentioned form expression will be also presented 
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4. Artificial Society System Model for Selection of 
Commercial Districts 

4.1 Features of the Artificial Society System in DDy 

The Downtown Dynamics Model (hereinafter, DDy) handled in the research 

has been developed from an ASSA model focusing on a downtown district 

as a relatively superior commercial district in an urban area (Yoshida, 
Kaneda, 2007, 2009, 2011, 2013a,2013b, Kaneda, Yoshida, 2012). The 

ASSA is characterized by (1) garbage can model, and (2) customer behavior 

model with intelligent agents, and the details are described in a previous 

report. The following sections explain an “oligo-centric market system,” 
which form the entire structure of DDy; a district prior utility function, 

which was introduced as a commercial district selection model; and cus-

tomer behavior in the downtown district. 

4.2 Oligo-Centric Market System 

An oligo-centric market system is different from the mono-centric market 

system of the downtown district in the previously-presented ASSA. A vari-
ety of errands arrive every hour, and from among them, each customer agent 

finds errands corresponding to or exceeding the preset number (threshold) 

of types; they then make a decision on whether to visit a commercial district. 
When decision-making, as candidate districts in the initial stages, a down-

town district with its large number of shop types is the most attractive; how-

ever, there are multiple commercial districts with sole or multiple shop types 

(Fig. 1). 
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Fig. 1. Oligo-Centric Structure of Commerce Distributions in Downtown Dynamics 

Model 
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When selecting a district, for the downtown district, a utility value V0 is 

calculated using a district prior utility function, and for other districts, to 

simplify, a logit model that can be interpreted as a rational model in an ap-
proximate sense is used to select in a probabilistic manner. The logit model 

has a utility value calculated from the number of shop types #{X∩Di} (pos-

itive factor) and the distance from the agent residence to the relevant district 
Ci (negative factor). 

In the downtown district prior utility function, as a positive factor, the 

number of shop types (including unplanned purchase) τ⋅#{X∩D0} is used, 

and as negative factors the distance from the agent residence to the relevant 
district C0 and a prior predicted value for the walking distance S0 in the 

downtown district are used to calculate a utility value (refer to the upper part 

of this page). In addition, in the downtown district, when a planned errand 
fails, a negative value Penalty is added to the utility value of the next time.  

4.3 Customer Agent Behavior in the Downtown District 

The essential parts of Customer Agent has been designed and implemented 
as a simplified ASSAver2 version. Table.3 shows the difference of the de-

cision mechanisms between DDy and ASSA such as Selection of planned 

shops, Plan/re-plan, Errand success or not, Trigger to re-plan, Select alter-
native shops, Impulse visit of shops and Impulse detour. 
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Table 3. Difference of Decision Mechanisms between Downtown Dynamics and 

ASSA  
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5. Implementation of Dynamics Mechanism in the 
Downtown Dynamics Model  

5.1 Reinforcement Learning Model of Shop Utility in Customer 
Agents  

In ASSA as well, when each customer visited a shop, depending on the suc-

cess or failure of an errand, the shop utility value was simply added or sub-

tracted. The increased or decreased portion was calculated and used accord-
ing to a normal distribution where the majority would be a positive value. 

This method, however, is dependent on an errand success probability p, 

which made it difficult to adjust reinforce learning; this is a weak point. To 

improve this, the following p‐neutral reinforcement learning rule has been 

developed and used for DDy. 

In addition, f(∙) is a derived function of a variety seeking function men-
tioned in marketing science, and vt is the number of successive errand suc-

cesses. Bowa, who introduced a variety seeking function, treated this just as 

a quadratic function and represented inertia tendency (example, positive lin-
ear function), variety seeking (boredom) (example, negative quadratic func-

tion), and neutral (constant), which is a function constructing a baseline lo-

cus. 

5.2 Update of the Downtown District Prior Utility Function 

When an agent has finished their visit to the downtown district, the follow-

ing formula is used to add a change to the τ value. This rule enables the 
asymptotic representation of a district utility value in the downtown district, 

where the structure changes. 
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5.3 Entry and Leaving of Shop Agents 

Fig. 2 shows the algorithm of a shop agent. Each shop agent assesses 

monthly profit and loss based on the parameters (gross sales profit, fixed 
costs, and rent for the shop) given for each shop type at the end of every 

month. If a shop has a deficit for 2 consecutive months, the shop is closed. 

In the month following the two-month deficit, the number of customers who 

passed through the node of the closed shop is recorded, and an expected 
sales figure is calculated for each shop type. When the shop type with the 

highest figure is in the black, that shop type will open a new shop at the 

beginning of the following month. If no shop is in the black, the shop node 
will be empty and registered as a vacant shop. 

Since an expected sales figure is calculated from the customer stratum 

passing the front of a shop, this can be interpreted as a myopic rational 
model. 

 

Fig. 2. Entry/Withdraw of Shop Agents 
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6. Concluding Remarks: The goals of the Artificial Society 
Approach 

As described above, to examine the generation and sustainability of “down-

town,” the paper outlined the Downtown Dynamics Model DDy using an 

artificial society approach. The paper mainly reported the formalization of 
externalities as the basic concept of the integration and specialization of 

shops, and oligo-centric market system and additional implementation ap-

plied to both the customer and shop agents in order to give a dynamic to the 
existing simulator ASSA. A prototype DDyn has been created on an exper-

imental basis (Shohmitsu, Chang, Kaneda, Jin, 2015). 

DDy is, so called, an Artificial Society Type Retail Model in geographical 

information science. DDy does not deal with diversity as the whole city’s 
functions, for example, including housing and a wide variety of industries 

mentioned in the original text, but deals with diversity of shop-type in down-

town. Therefore, note that we newly introduce a variety of errands that cor-
respond to the variety of shop-type. 

The artificial society approach includes a constructive approach. In the 

author’s view, through comparative examination of the simulation results 
under different structures, it is possible to clarify characteristics unique to a 

system. For example, the interaction between customers shown in the lower 

part of Fig. 3 might suggest the need to introduce the word of mouth effect, 

which is a relaxation of Condition 3 mentioned in this paper; and the effect 
of “power of place” on different shops might suggest the need to reinterpret 

“old buildings,” the third city diversity condition presented by Jane Jacobs. 
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Fig. 3. Constructions of DDy as Artificial Societies 
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