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Reaction to Systems Diagrams:
I have blogged several times during the semester about visual representations of systems
dynamics, particularly Donella Meadows' systems diagrams. In Thinking in Systems, Meadows
describes a complex world of systems and flows and invents a diagrammatic method of
representing systems.1 However, her simple, two-dimensional diagrams often lack the visual
depth required of complex systems, interconnections, and loops.2 Additionally, her diagrams
deny systems from their context, which inhibits the discovery of primary flows, delays, and
loops in the system.
Meadows’ method of organizing systems into stocks, flows, and interconnections
translates directly to Grasshopper’s mode of processing data flows as nodes, inputs, and outputs.
Additionally, Grasshopper’s user interface shares an uncanny likeness to many of Meadows’
diagrams of complex systems in the Systems Zoo. However, while Meadows’ representation of
systems-thinking (through diagrams) is often overwhelming and abstract, Grasshopper’s
interface with Rhino lends systems-thinking a visual/spatial feedback and a way to represent
dynamic flows.

1

Donella H. Meadows, Thinking in Systems: A Primer (White River Junction, Vermont: Chelsea Green
Publishing Company, 2008), 11.
2

Meadows, 181-182.
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Abstract:
I would like to explore visual/spatial ways of representing dynamic systems. For my
research project, I hope to create parametric ways of visualizing complex systems in a way that
makes systems diagrams accessible, interactive, and dynamic.
Ultimately, I’d like to explore connections between Grasshopper, Excel, and GIS to
create a dynamic map of a city that reveals systems interactions (between weather, urban form,
circulation, etc.). These maps might suggest the form of future developments as well as reveal
potential secondary and tertiary flows at play.

A Background on Mapping:
At the turn of the 20th century, urban designers envisioned the future city from the
vantage of the aerial.3 This objective way of seeing oversimplified spatial flows and led to
modernist transgressions in urban form.4 Instead of enforcing the male dominant technological
vision of the aerial, I will explore ways of mapping the city that engenders flows and
relativisms.5

3

Adnan Morshed, "The Aesthetics of Ascension in Norman Bel Geddes's Futurama," The Journal of the
Society of Architectural Historians 63, no.1 (March 2004): 74-99. The Futurama exhibit at the 1939-40
New York World's Fair, designed by Norman Bel Geddes, gave fairgoers a glimpse of a city 20 years into
the future. Morshed describes our nostalgia for utopian urban visions and suggests that the way fairgoers
viewed the miniature "visions of the future" (on a conveyor from above) established the aerial
technological view as the way we envision and design future metropolises.
4

Lewis Mumford, The City in History: Its Origins, Its Transformations, and Its Prospects (New York:
Harcourt, [1961] 1989), 456. Mumford describes the deteriorating nature of modern cities in a critique of
their slums, focusing on economic blight.
5

Donna Haraway, "The Persistence of Vision," in The Visual Culture Reader, ed. Nicholas Mirzoeff
(London: Routeledge, 2002), 677-684. Haraway suggests that the "god trick" of masculine technological
vision promises "infinite mobility and interchangeability," yet engenders militarism, capitalism,
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A Background on the Haptics of Flows:
The contemporary metropolis resists forms of objective mapping. To track changes in the
city, dynamic - parametric - operations must be deployed. Instead of tracking the statics of the
city, tracking its environmental and human flows will better anticipate the future of the city.
Dynamic mapping aligns with several urbanist writings. In The Production of Space,
Lefebvre argues that social space includes more than just physical space.6 In Lefebvre's terms,
spatial practices, or haptic space comprise the flows of a city. For my project, this means that an
attempt to map lived space is paramount to mapping the dynamic flows of the city.
This work also responds to the work of Manuel DeLanda in A Thousand Years of
Nonlinear History, where he describes modern urbanism as a moment in the history of Earth's
geologic strata.7 He describes urban flows in terms of the material processes of the sciences. By
likening urban form to existing flows and systems, he calls for a mapping of urban flows.
Sean Lally responds to many of these theorist's prompts. In his Vatnsmyril Urban
Planning Competition in 2007,8 he mapped urban flows to drive form and places building and
landscape interventions according to the dynamics of geology, thermal flows, and wind. His
colonialism, and male supremacy. She ultimately argues for a feminist way of seeing that privileges
contestation, relativisms, and local knowledges.
6

Henri Lefebvre, The Production of Space, trans. Donald Nicholson-Smith (Malden, Massachusetts:
Blackwell Publishing, 1991), 38-39. Lefebvre lends a theoretical framework to understand social space.
Lefebvre proposes a spatial triad of “conceived space” (the symbolic, ideal space of a map or plan),
“perceived space” (optical, physical, architectural space), and “lived space” (haptic space)—a space must
fulfill the triad to endure. This framework asks the question: can one appropriate a conceived or perceived
space without generating an identical lived space? Or would an entirely new social space be produced?
7
8

Manuel DeLanda, A Thousand Years of Nonlinear History (New York: Zone Books, 1997).

Sean Lally, Weathers: Architectural and Environmental Design, Vatnsmyril Urban Planning
Competition, Reykjavik, 2007. available from http://www.w-e-a-t-h-e-r-s.com/proj-reyk.swf; internet,
accessed November 2010.
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forms, too, are derived from those flows. It is a compelling exercise in mapping that transcends
design intervention.

Method:
Earlier in the semester, I scripted a bridge from Microsoft Excel to Grasshopper that can
update data in real time (with a running instance of Excel). The script enables Grasshopper to
read and write data spreadsheets that are editable by users outside of the Grasshopper interface.
Since GIS can export data in the Excel file format, these scripts will enable Grasshopper to
process and manipulate GIS data to create parametric forms and visualizations.
The following exercises are studies in how to simulate flows and parametricize
coordinate data in Rhino and Grasshopper.
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1. Donella Meadows' Bathtub in Grasshopper: Reading/Writing Data in Excel
My first exploration into bridging Rhino, Grasshopper, and Excel implements a timer to
simulate the dynamic system of Donella Meadows' Bathtub. In Thinking in Systems, Meadows
describes a bathtub as a simple, one-stock, two-flow system: a stock of water is regulated by an
input (faucet) and output (drain).9
To simulate the system, Grasshopper simultaneously reads (input) and writes (output) to
Excel for each second of the simulation. The script requires open instances of Rhino,
Grasshopper, and Excel (Fig. 1).

Figure 1: Instances of Rhino, Grasshopper, and Excel

Donella Meadows' basic diagram of the bathtub system is still legible in the Grasshopper
interface. Yet, the Grasshopper script requires a more rigorous, numerical understanding of the
system, its components, and its interaction with its "stock" (Fig. 2). The time, flows, and stock
9

Meadows, 11.
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are recorded into excel after each step (Fig. 3). The script then reads the Excel file and computes
the next "stock" based on the "input" and "output" (determined each step by the user) for the next
step and records those new values.

Figure 2: Grasshopper Script

Figure 3: Excel Record of System

Grasshopper simultaneously visualizes the Excel data by generating a timeline in the
Rhino window. Grasshopper reads the Excel data and generates circles of varying size and color
to represent stock and flow (Fig. 4). The circles' size represent the stock of the system and the
color represents the rate of flow (red is high input, blue is high output).

Figure 4: Systems Dynamics Timeline in Rhino
This method of systems diagramming requires a more rigorous understanding of systems
dynamics and interaction, affords users' interactive control of the stock by the manipulation of
flows (Grasshopper sliders), and offers a spatial ways of representing those systems.
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This method of systems diagramming can be applied to multi-flow and multi-stock
systems by adding more components to the Grasshopper script and more rows to the Excel
input/output. Additionally, the notion that Grasshopper can read/write data spreadsheets means
that Grasshopper could possibly produce generative/evolutionary form-finding experiments
where forms are evaluated upon a list of criteria and compared to each other in an excel
spreadsheet and optimized by the manipulation of criteria.

2. Circle Mapping: The Possibilities of GIS mapping
My next experiment uses a list of point coordinates in Excel to locate circles in Rhino.
Grasshopper visualizes the circles' relationship by analyzing their radii and proximity (Fig. 5).

Figure 5: Instances of Rhino, Grasshopper, and Excel
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This script also requires an open instance of Rhino, Grasshopper, and Excel. However,
this time Grasshopper is only reading from Excel.
Grasshopper places the circles at the correct coordinates and radius. It then analyzes each
circles' proximity to the other circles in the list (by a Voronoi pattern) and shades them
depending on their relationship with the other circles (red represents a circle located farther from
others and blue represents closeness).

Figure 6: Real-time Iterations
Since Grasshopper is reading Excel in real-time, the user can easily manipulate the
location and radius of each circle and the visualization will update (Fig. 6).
Unlike the previous experiment, this script bears no similarity to a simple systems diagram. This
may be because the majority of the script is reading the Excel file into workable GIS data (Fig.
7). The most important realization of this experiment is that it is able to convert simple data into
a compelling diagram of the relationships latent in that data. Ultimately, Grasshopper visualizes
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the data in Rhino in a very compelling way that illustrates the objects' relationships (Fig. 9).
Additionally, since the computation is done in Grasshopper, the data can be changed rapidly and
the analysis completed parametrically.

Figure 7: Grasshopper Script

Figure 8: Two Structures of Data
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My hope is that this kind of data computation and visualization can be applied to
similarly-structured GIS data. Using this experiment as a "proof-of-concept," imagine if the
circles are locations of parks in a city and their relative proximities. The diagram produced in
Grasshopper then offers a spatial way to begin to intervene in that system of relations.

3. Aggregating the Two: Dynamic flows and GIS
My final experiment combines the first to exercises. By combining a notion of time and
dynamic flows from the first exercise with coordinate computation and analysis from the second
excursive, I will demonstrate how one might map dynamic flows of spatial systems.
In this exercise, I have essentially linked the stock of Meadows' bathtub system to an
algorithm that creates a cellular pattern. As the stock increases, more cells are produced, and
cells die when the stock decreases. The user can determine the rates of cell birth and death with
the use of the flow sliders. Below, I have included frames from the dynamic animation.

Figure 9: Stock at 0
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Figure 10: Stock at 6

Figure 11: Stock at 16

Sparkman 12

Figure 12: Stock at 54

Figure 13: Stock at 18
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Figure 14: Stock at 2

The simulation demonstrates how dynamic flows may be applied to GIS data analysis. In
this instance, the simulation might describe an urban or cellular growth/development that is
determined by a spatial flow. By visualizing the data in Rhino, the system appears complex, but
Grasshopper is also able to parametrically analyze the data at each step. After analyzing the data
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in Grasshopper, a simple pattern of similarly-sized cells emerges (Fig. 15).

Figure 15: Patterns in Complexity
This diagram presents a compelling way to analyzeo GIS data, which often appears too
complex for analysis. By parametricizing GIS information in Grasshopper, simple rules latent in
the data can be discovered.

