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Abstract: This research investigates the use of multi-agent systems to simulate the dispersal of modular 
agent types along culturally explicit criteria in the production of a Māori, pan-tribal, high-density 
residential project or urban papakainga (a traditional New Zealand Māori settlement). Underlying this 
research is a particular interest in the transition from rurally based and tribally specific papakainga, to 
the possibility of establishing a new urban papakainga typology that identifies the complexities of tribal 
diversity within the Māori culture. We look closely into the optimisation of spatial parameters within 
culturally based territories that regularly face potentially significant fluctuations in user numbers, and 
how culturally defined building envelops and social spaces can best be manipulated to reflect the 
demands of the diverse programmes that arise due to unique aspects of cultural specificity. The paper 
ends with a discussion into how multi-agent systems have the potential to provide a rich framework for 
the understanding of an architecture that strongly reflects and enables harmonious living within 
collective tribal identities. 

Keywords: Indigenous housing typologies, multi-agent systems, urban integration, social and spatial 
integration 

1. Introduction 
This research looks into the appropriation of digital architectural systems to the housing demands of 
indigenous cultures. The increasingly intelligent world of digital design has exposed the ability to mimic 
human behavioural systems, and this investigation focuses on how these intelligent behavioural systems 
can be adapted to explore the spatial behaviours of a particular indigenous group, and the implications 
which may arise while using these tools to create culturally informed designed architectural solutions. 

The following research is both engrained in real life scenarios, and participating in a discussion of a 
hypothetical nature, where in the improvement of indigenous architectural understanding is of a 
priority, and multi-agent systems provide a vehicle for furthering this understanding. The project, by 
which this research is informed and tested, is the design of a residential apartment block (urban 
papakainga), for a collective of indigenous, pan-tribal, New Zealand Māori families in the urban setting 
of Wellington, New Zealand. 
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2. Multi-Agent Systems 
In order to understand the complex relationships between multi-agent systems and the communities 
they serve, the intricacies of the system itself must first be established, both in terms of a general 
understanding, as well as a deeper insight into project specific aspects of the system. 

2.1. Background 

Distributed Artificial Intelligence (DAI) is a concept from the mid 1970’s that spawned the study into 
intelligent systems that have evolved into what we now know as multi-agent systems. Weiss defines DAI 
as (1999, pp. 1): 

The study, construction, and application of multi-agent systems, that is, systems in which 
several interacting, intelligent agents pursue some set of goals or perform some set of 
tasks. 

An agent is an intelligent entity with scripted behaviours and traits that is contained within an 
environment to which it responds, simulating scenarios of varying degrees based on programmable 
functions. Multi-agent systems emerged as a way to simulate scenarios on larger scales, with multiple 
agents operating as individuals within the same field, rather than working with many isolated agents. 

The behaviours and traits from which agent intelligence is derived can be categorised into a series of 
relationships. Agents operate on a local network, interacting with surrounding masses, the connections 
that form between the agent and environment, and the agent and other agents could instigate any 
number of a series of dictated responses. These reactions are based on the rules and goals that each 
agent may have, whether it is a common goal or unique to the specific agent. By logical reasoning, 
deemed ‘agent intelligence’; agents prioritise and adjust reactions to find the most appropriate 
response to the situation at hand. This is what provides the technical foundations for multi-agent 
systems. 

2.2. Principles of Flocking 

In his 1987 paper, Reynolds introduced the revolutionary concept of flocking within multi-agent 
systems, that is the notion of creating system behaviours that act on a collective of agents to influence a 
larger scheme, rather than treating all agents within a system as individuals. This type of system is most 
often compared to that of a flock of birds, from which Reynolds took its name, and his inspiration. The 
flock acts as a collective, behaving in a synchronised manner with an overarching behavioural structure. 
Within this collective however, are individuals, all interacting with each and every other surrounding 
agent within certain proximity in the group, and responding accordingly. While group behaviours had 
been tested previously, the degree of independence afforded by the instinctual behaviours of a flock is 
unique to Reynolds interpretation. The key aspects of his model are the principles on which the agent 
behaviours are based, those of collision avoidance, velocity matching, and flock centring, or as they will 
be referred to from here on; separation, alignment, and cohesion. Put simply, these are as follows: 

 Separation operates on the grounds of impact avoidance; as a bird does not want to fly into 
another, an agent with or without mass will not occupy the same space as another. 

 Alignment concerns the uniformity of movement within the group, matching velocity as a vector, 
therefore both speed and direction, ensuring group movement behaviours are synchronised. 
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 Cohesion is the degree to which the group is drawn together, a stronger level of cohesion makes 
for a tighter group with less of a chance of deviation, and a lesser level makes for a looser group 
structure with more independent individual behaviours. 

These rules can all operate within a hierarchal system, the varying degrees of influence make for a 
highly adaptable and encompassing system that provides a base for the use of flocking systems in the 
simulation of any behavioural structure. 

2.3. Contemporary Uses of Flocking Systems 

Reynolds concept of flocking has had implications on a global level, finding implementation across many 
disciplines in the contemporary world. With cameos in movies, providing simulation of bats flocking in 
“Batman Returns”, and wildebeest stampeding in “Lion King”, to multichannel radio programming, 
defence systems and data visualisation, multi-agent systems have their place in modern technology. A 
widely recognised application of multi-agent systems is within traffic control, managing issues of 
congestion using flock traffic navigation (Resnick, 1994). The implementation of flocking systems in 
traffic management allows for the control of vehicles at a collective level, making intersection control 
and traffic flow far more accurate, generating safer systems with greater collective intelligence. 

In the architectural world, multi-agent flocking systems have been explored most notably within the 
work of Roland Snooks and Robert Stuart-Smith with “Kokkugia”, and Francois Roche with “New 
Territories”. “Kokkugia” is an ‘experimental architectural research collaborative’ with a highly 
speculative nature, focusing on the ‘development of a behavioural design process’ (Kokkugia.com, 
2016), and “New Territories” has a similar mantra of ‘Research as Speculation’ (Roche, 2016). Both 
practices make very clear the explorative nature of this type of architecture, and because of this both 
produce very expressive and organic creations. In terms of real applications, this needs to be a little 
more grounded for the practicality of accessible architecture. 

2.4. Context within Research Application 

The unique portrayal of collective behaviours within flocking simulation is why multi-agent systems have 
been so appropriate within the aforementioned projects, and why it can lend itself to so many scenarios 
that concern human interaction. 

In terms of this particular project, the flocking behaviours that are afforded by multi-agent 
simulations can be used to explore hypothetical social and spatial interactions of a particular cultural 
group, offering insight into instinctual narratives based upon the values and behaviours common 
amongst this group in real world scenarios. This entails programming agents with common social 
behaviours and spatial traits that are specific to people of the Māori culture, and using this information 
to simulate how Māori family groups would navigate among themselves to create a living matrix, from 
which, for this specific project, the spacial planning of an urban papakainga can be derived. 

3. Cultural Overlay 
The group with which we are working is a group formed by culturally based relationships. The New 
Zealand Māori culture is one with very strong tribal ties, and a very distinctive way of living, and the 
understanding of these qualities will help provide the parameters for the social behaviours and spatial 
traits that are key to our investigation of the use of multi-agent systems in culturally informed designs. 
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3.1. Cultural Values 

The traditional Māori way of living is a highly community based, tribally orientated system. There are 
certain values which stand out as being unique to this indigenous culture, values which are apparent in 
traditional rural papakainga settlements, but as of yet have had no place in the sprawling urban context, 
a condition that severely limits cultural growth and retention within the younger generations in these 
environments. The knowledge of these values is based upon previous experience, and reinforced within 
the work of Cropp (2015) and Burhardt and Swallow (2014, pp. 11-15). 

These values include: 

 A predisposition to live in small tribal or sub-tribal groups in rural regions 
 A territorial affiliation between tribal groups and land, based on cultural heritage 
 Sprawling spatial arrangements, as the shift to high rise has not yet been approached 
 A strong community atmosphere; shared spaces, open layout, and indistinct boundaries 
 Multi Generational Households (MGH), sometimes approaching three or even four generations 
 Fluctuating populations due to changes in extended and immediate family situations 
These values help form the social behaviours and spatial traits of the people within this community, 

and in a scenario with such a strong focus on maintaining collective identity and desired tribal 
interactions, it becomes apparent how appropriate the application of a flocking system is, in which 
collective intelligence is the driving force of agent behaviour. Throughout this process we are treating 
each family unit as an individual agent with its own variables, therefore cultural values are applicable to 
the family unit, rather than the individual person. This ensures familial relationships are maintained in 
close proximity despite any logical agent reasoning which may recommend otherwise. 

3.2. Social Collective Behaviours 

Many of the values identified above are concerned with the social collective behaviours that emerge 
within the Māori community, and these will have considerable influence over the living environment 
that is best suited to a group that is formed under this common behavioural model. 

A great deal of emphasis is placed upon the relationships that form between family groups in these 
community environments, both internally and externally. The interfamilial relationship structures are 
more pertinent to the spatial traits of each unit, while the external relationships that form between the 
family units, and those that form between the family units and the surrounding environment is what 
predominantly makes up the social behaviours within the group, and spatial planning stems from this. 

Using Reynolds principles of flocking, external behavioural relationships can be translated into rules 
by which the agents can abide. With separation, alignment and cohesion, we can begin to dictate the 
behaviours that will occur between units of certain criteria, the variables assigned to each unit will be 
instrumental in the building of a network of relationships to act as a locality model. An example of the 
implementation of these principles for the purpose of translating Māori cultural values into a digital 
system is the enactment of the first value; dealing with tribal relationships. The desire for exclusivity 
within tribal living is founded in rural papakainga living, however in the urban context we have to accept 
that pan-tribal living is the most appropriate option to deal with the shift to city centers, as there are not 
enough numbers from any individual tribe to make this move alone. Therefore, in order to maintain 
identity within a pan-tribal scenario, while avoiding tribal isolation, we need to ensure that in terms of 
location within the papakainga, units with corresponding tribal affiliations cohere to a certain extent, in 
order to create the possibility of small tribal groupings within the settlement. 
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Each one of the values identified above have a similar influence over the social behavioural 
relationships that form within this community. The state of the relationship (whether it is a connection 
that desires strong proximity, no proximity, or is ineffectual) will contribute to where the unit navigates 
amongst the other units within the papakainga, and the layering of these relationships will add 
incremental levels of complexity as the units logically reason the best location to keep all relationships 
as healthy as possible. 

3.3. Inter-Unit Spatial Traits 

Some of the cultural values above extend to having implications beyond that of social behaviours, they 
also influence the core components of the unit themselves. Up until this point we have been discussing 
the investigation in terms of cultural relationships that determine spatial occupation on a collective 
level, however at this point we must acknowledge that when working with an agent representative of a 
family unit, the unit itself is also under consideration. 

Values that have particular influence over the spatial properties of each unit are the tendency for 
Multi Generational Households (MGH), and the unpredictability of fluctuating populations. The fact that 
MGH is such a common occurrence indicates that there are different family values within the Māori 
community, with different family compositions to design for, and households with different priorities 
and requirements to what may usually be considered. The inconsistencies of household populations also 
indicate a priority within the Māori value system, by which the understanding of a family and a home 
are flexible, and this flexibility needs to be catered to with a flexibility of design. 

An investigation into the composition of agent units in terms of family types, and their influence on 
housing types is essential to addressing the question of spatial traits, so that typical unit sizes can be 
established for a spatial simulation of the relationships formed by typical Māori social behaviours. 

4. Agent Composition 
System behaviours are informed by profiles of agents that address variables such as typical family types, 
house types, and variables that influence social behaviours such as iwi affiliation/s, desired community 
interaction, and desired relationships with the external environment, etc. These profiles inform both the 
spatial traits of the unit, and provide the information that dictates social behaviours. Most variables are 
specific to the individual, for example Iwi type depends on the Iwi, singular or multiple, that the unit 
may be affiliated to, community involvement works on a scale of high – low, and desired external 
relationships vary per case, for example families with elderly occupants will want more accessible, lower 
level units, families with children will have a particular desire for a connection with outdoor spaces etc. 
Other variables are so broad that a typology system has been devised in order to categorize units, the 
two variables of concern being the family types and house types with which we are working with. 

4.1. Family Types 

Using independent research based upon the work of Fitzgerald et al. (2006, pp. 51-56, 120), a selection 
of family typologies have been created for this system. Fitzgerald et al. established a set of typologies 
themselves, however due to the high percentage of Māori households that are made up of ‘complex 
families’ (Fabian and Goodyear, 2014, pp. 66-67), where a family has additional person(s), or multiple 
families under one roof, we have adjusted their typologies to consist of one smaller set of family types, 
with additional outlying factors that can account for the situations where additional person(s) or families 
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need to be catered for. This allows for an added level of detail for the unit make up, and decreases the 
likelihood of creating typologies that are not overly common, like the household typology made up of 
three or more families, which may be three times as common within Māori communities as it is in 
general, however still equates to only 0.3% of the Māori household population. 

We have also expanded the most common basic typologies in order to add a further level of detail. 
For example, where Fitzgerald et al. worked with one typology concerning a couple without children, we 
work with three in order to add likely details relating to age, economic stability, and accessibility. 

The standard family types with which we consider are as follows: 

 Single Person     - Single, young adult or adult 
 Single Parent Primary Caregiver  - Single, with child/ren as constant or usual residents 
 Single Parent Secondary Caregiver - Single, with child/ren as occasional residents 
 Young Couple    - Young couple, low income, no children 
 Couple without Children   - Couple, same or opp. sex, no children 
 Couple with Child/ren    - Couple, same or opp. sex, child/ren 
 Elderly Couple    - Elderly couple 
 Elderly Single     - Single elderly person 
 Flatting Household    - Group of young adults or adults 

The outlying factors which deal with the issues of ‘complex families’ that stem from the cultural 
behaviours common within the Māori communities are as follows, and again, they have been split into 
different scenarios for an added level of detail that is pertinent to creating an accurate family profile for 
the analysis of likely social behaviours and spatial traits. 

4.1.1. Children – (Whāngai) 

The fostering of children belonging to friends or extended family for social, economic, or geographic 
reasons is common within the Māori culture. Grandparents’ raise grandchildren, young adults take in 
siblings, a variety of reasons create situations where children live with a family other than their own. 

4.1.2. Elderly – (Kaumātua) 

It is also rather common for the elderly to live with younger family members, whether it is necessary or 
not. This is a mutually beneficial relationship that speaks to the close-knit Māori way of life in terms of 
family and community living. 

4.1.3. Dependant Persons – (Hauā) 

Physically or mentally dependant persons can also be outliers in any family type. While this is not an 
outlier in the same manner as the previous two, architectural implications require special consideration 
due to the additional dynamic within the household, and as such, should be designed for. 

4.1.4. Short Term Addition(s) – (Tangata Tīpao) 

The repetitive analysis of the importance of extended family within the Māori culture leads to the 
necessity for an outlier to cater to families that frequently undergo rapid expansion and contraction due 
to the responsibility of housing extended family during times of fluctuation due to temporary 
gatherings. In cases where this is a frequent pressing issue, architectural considerations must be made. 
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4.1.5. Long Term Addition(s) – (Tangata Karioi) 

Long term addition(s) allow for cases wherein a grown adult choses to live with extended family rather 
than alone, which is not uncommon in a culture that thrives off closely formed relationships and support 
systems. These types of additions highlight the necessity for understanding the importance of 
relationships formed by Māori social behaviours when analyzing spatial occupation.  

4.1.6. Additional Families – (Honoa he Whanau) 

This outlier acts as an indication that this family should be paired with another family with this outlier in 
a multi unit dwelling, that of a duplex type, or similar housing composition. The families shall be treated 
as two separate entities, however will be linked inexplicably with such a level of cohesion that they are 
located side by side for the creation of a multi family unit. 

4.2. Housing Types 

In order to accommodate the family typologies above, certain housing model typologies have been 
analysed and selected based on what we deem appropriate to provide the most variety towards 
meeting the needs of the groups we are working with. Fabian and Goodyear (2014, pp. 80) identify that 
a major issue within Māori housing is that 1 in 4 houses are deemed by the Canadian National 
Occupancy Standard (which they identify as best fit within the New Zealand social context) to be over 
crowded, in that the capacity of the unit is exceeded. However, the perception of and the reality of 
overcrowding are not necessarily aligned within the Māori community (Joynt et al. 2016, pp. 16), as 
extended family living and communal spaces are traditionally embraced, therefore overcrowding 
guidelines shall be considered but not strictly adhered to. In order to partially accommodate this issue, 
all rooms shall be designed larger than standard requirements, and an emphasis shall be place on 
ensuring adequate household amenities such as bathrooms and kitchen facilities (Dupuis and Lysnar, 
2014, pp. 60-61). 

The unit compositions are as follows: 

4.2.1. One Bedroom Unit 

One bedroom unit maintains a small degree of relevancy for the single person, and single elderly family 
types living in close proximity to larger family types. Appropriate for those want their own space without 
needing extra space to deal with short-term fluctuations. (1 Bed, Living, Kitchen, Dining, Bath). 

4.2.2. Two Bedroom Unit 

The two-bedroom unit would be an option for those who could be catered to by the one bedroom unit, 
but have more demand for the extra space due to a lesser support system surrounding them, and have 
the financial stability to have a permanent spare room. (2 Bed, Living, Kitchen, Dining, Bath). 

4.2.3. Three Bedroom Unit 

The three-bedroom unit is expected to be popular with families that do not have any of the outlying 
factors that are common within the Māori culture. It offers a small amount of flexibility in housing that 
can cater to fluctuations and small expansions, however within a particular volatile family composition it 
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may not be adequate to accommodate sufficiently without leading to crowding. (3 Bed, Living, Kitchen, 
Dining, 1-2 Bath). 

4.2.4. Four Bedroom Unit 

Dupuis and Lysnar (2014, pp. 47-57) identify four-bedroom houses as the most appropriate solution to 
meeting the needs of Multi Generational Households, and with the larger family types that have 
resulted in crowding issues mentioned earlier, four-bedroom units are expected to be the most 
common unit type within this model. (4 Bed, Living, Kitchen, Dining, 2 Bath). 

4.2.5. Duplex Unit 

The duplex unit provides a great option for those with less income, or less stable family typologies. As 
long as the paired households are suitably matched in order to establish a healthy relationship, the 
shared unit structure offers a huge amount of flexibility that caters to fluctuations, outliers, and larger 
family types. (3-4 Bed, Living, Kitchen, Dining, 2 Bath, Shared Outdoor Space). 

4.2.6. Penthouse Unit 

A more luxurious option is offered for those who desire or need it, and in the case of Māori housing, 
luxury is closely associated with space to accommodate families without forced crowding, therefore, in 
this case a larger unit is the result. (5 Bed, 2 Living, Kitchen, Dining, 3 Bath, Outdoors). 

4.2.7. Communal Spaces 

Additional units acting as communal spaces have been factored into the system to account for the 
traditional cultural needs of meeting houses (Marae/Wharenui), and kitchens/dining halls (Wharekai). 
These spaces are essential for maintaining cultural identity (Fitzgerald, pp. 23); they are used for 
weddings, funerals, religious purposes, childcare, and activities such as sports/performing arts/etc. 

5. System Application 
With the parameters of the system in place, and the variables with which agents are constructed have 
been identified, the system has entered its iterative testing phase. This is the current stage of research, 
increasingly adding the layers of complexity into the system, beginning with basic behaviours and spatial 
traits, and getting more complex as each step is accurately included within the system. 

5.1. 2D Social Behaviour Simulations (Mapping) 

The first level of testing was working with simple behaviours to establish a foundation to work with, and 
in this case the testing could provide valuable information in the form of urban mapping. The territorial 
affiliation between tribal groups and their land (identified earlier as a key cultural value) is the basic 
social behaviour we investigated first. When working with multiple tribes in an area with which other 
tribal groups operate, it is very important that we do not develop in a territory where one or more of 
the tribes we are working with are deemed to be encroaching on others tribal territories. To eliminate 
the risk of this, the first testing phase of the system was to use a database of existing and past locations 
of Māori significance to trial agent responses to locations where certain tribes are welcome, and others 
are likely to avoid. This proved to be very successful as a mapping exercise, the uninterrupted agent 
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paths identifying areas free for development according to the cultural criteria we are following (Figure 
1). This testing phase opens up a realm of possibilities in which to establish our project, however it will 
not been further investigated until testing is complete. 

 

 

Figure 1: The three testing simulations, Mapping, Spatial Planning, and Occupation Planning. 

5.2. 2D Social and Spatial Simulations (Spatial Planning) 

The secondary testing phase introduced the concept of the spatial traits of a family unit, in conjunction 
with social behaviours including tribal affiliation and the grouping of complimentary household types. 
This phase gives more of an idea of how units would fit together on a single level floor plan, while 
adhering to the cultural tendencies they have been assigned. While we are working to explore verticality 
within papakainga living, this initial step was key to understanding how to read the system that has been 
created, and culminated in the idea of representing units at a scaled up size in order to witness the 
relationships that are forming most strongly, as well as using identifying features to monitor the way 
units rationalize their movements (Figure 1). 

5.3. 3D Social and Spatial Simulations (Occupation Planning) 

The third testing phase has moved into three-dimensions, and this testing phase shall be the last, 
however through an iterative process it is expected to progress far beyond the complexity it has now, to 
result in a less speculative design that begins to convey architectural intention. At this point the notion 
of physical space has been introduced, however it has not yet been contained to realities beyond that of 
a bubble conveying mass, as of now we are still introducing behavioural traits, the most recent being the 
prioritizing of certain units to optimal locations within the confines of the envelop with which we are 
working. Penthouse suites are navigating to the upper most levels, and units with elderly are navigating 
to more accessible areas within the system (Figure 1). This phase will have added complexities; 
communal units shall be explored, more behaviours and relationships added, and a greater level of 
detail, at which point we shall be able to investigate the use of this model in real scenarios. 

6. Conclusion 
A reflective analysis of this research to date demonstrates how multi-agent systems are potentially the 
future of design within cultural communities. These systems lend themselves to collective intelligence, 
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and cultures that have maintained their identity have done so through maintaining the collective 
behaviours that make them unique, the degree of symbiosis evident between the system and the reality 
of the cultural behavioural scenarios indicates the applicability of multi-agent modelling to this design 
process. This has the potential to provide a rich resource for the improvement of urban papakainga for 
the Māori community, not only is it intended to help frame designs in a more culturally appropriate 
manner, by acknowledging cultural behaviours and customs, but it also begins a discussion concerning 
the use of multi-agent systems to explore non western philosophies, and if the inception of this idea is 
within the design of Māori urban papakainga, it brings a focus to this otherwise under developed area of 
study. While this analysis undertaken is specific to a certain cultural group, it is clear to see how the 
framework could be calibrated to respond to other cultural contexts that share similarly intertwined 
community environments, with similar subtleties that can be accounted for on an individual level. The 
success of this particular investigation is, as of yet, undeterminable, however the potential it holds in 
finding the relatability between multi-agent systems and collective groups with a common living factor is 
of particular interest to the improvement of a more personalised form of urban apartment living, 
cultural or otherwise. Lastly, this investigation provides an example of the extents to which digital 
architectural methods are expanding, rather than being confined to the world of digital visualisation and 
simulation, we are now expanding architectural design into the worlds of coding and digital 
manipulation, creating designs informed by the digital interpretation of real living considerations. This 
investigation is still in the testing phases as of now, but we are very excited to see where this may lead 
as complexities increase and the system can begin to be implemented in simulations that are reflective 
of the physical world. 
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