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Systems are everywhere. 

Columbia 
Broadcasting 
System (CBS)

Immune system

Federal Reserve 
System

Linux operating 
system

Herman-Miller 
Action Office 
System

Mojave desert 
ecosystem

Honor system

Schiphol airport 
signage system
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Given the variation in form, 
function, and domain—
what do systems have  
in common?  
what makes them systems?
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A system is a set of elements 
linked by processes.
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Systems fall into  
three broad categories:

–  Formal systems:  
rules for combining elements

–  Production systems: 
resource flows

–  Control systems: 
information flows
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Pa rt  One

Formal 
systems
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Designers have an intuitive feel  
for formal systems,
and employ them often.
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Grid systems.
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Signage systems.
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Identity systems.

Brooklyn Museum identity system by 2×4
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Product families.
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Typeface.
Jenson
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Typeface family.
Univers grid



ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijk lmnopqrstuvwxyz
ΑΒΓΔΕΖΗΘΙΚΛΜΝΞΟΠΡΣΤΥΦΧΨΩ
αβγδεζηθικλμνξοπρστυφχψω
ϢϣϤϥϦϧϨϩϪϫϬϭϮϯ
АБВГДЕЖЅЗИІКЛМНОПҀРСТѸ
ФХѠЦЧШЩЪЬѢѤЮѦѪѨѬѮѰѲѴ
ىوهنملكقفغعظطضصشسزرذدخحجثتبا
ᄀᄁᄂᄃᄄᄅᄆᄇᄈᄉᄊᄋᄌᄍᄎᄏᄐᄑᄒ
ᅡᅢᅣᅤᅥᅦᅧᅨᅩᅪᅫᅬᅭᅮᅯᅰᅱᅲᅳᅴᅵ
あいうえおかきくけこさしすせそたちつてとなにぬねのはひふへ
ほまみむめもやゆよらりるれろわゐゑをん
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Multiple language script typefaces.
Arial family
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The elements  
that comprise these systems 
are related by shared form.

The shared form  
results from a set of rules 
defined by the craftsmen  
or designers  
who produce the system.
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Often,  
the rules are not written down;
they are simply  
embodied in the artifacts.



Helvetica 0123456789

Helvetica 0123456789
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You can infer the rules  
from the artifacts.
You can understand the spirit of Helvetica 
and add old-style figures.
or create additional weights 
or create a Chinese version.
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The idea of theme and variations—
a set of formal rules, in which others can create—
is quite old.

Tangram
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Formal systems  
of theme and variations
are common in architecture.
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Basel’s Munster Cathedral Cloisters.
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The Alhambra.The Alhambra.
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Tatami mats in Japanese architecture.
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Systems of rules  
for theme and variations
are branches of mathematics.
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Tiling patterns. Tiling patterns. 
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Fractals. 
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Cellular Automata. 



The 892 unique 
ways to partition 
a 3 × 4 grid

This poster illustrates a change in design practice. Compu-
tation-based design—that is, the use of algorithms to 
compute options—is becoming more practical and more 
common. Design tools are becoming more computation-
based; designers are working more closely with program-
mers; and designers are taking up programming. 

Above, you see the 892 unique ways to partition a 3 × 4 grid 
into unit rectangles. For many years, designers have used 
grids to unify diverse sets of content in books, magazines, 
screens, and other environments. The 3 × 4 grid is a com-
mon example. Yet even in this simple case, generating all 
the options has—until now—been almost impossible. 

Patch Kessler designed algorithms to generate all the 
possible variations, identify unique ones, and sort them—
not only for 3 × 4 grids but also for any n × m grid. He 
instantiated the algorithms in a MATLAB program, which 
output PDFs, which Thomas Gaskin imported into Adobe 
Illustrator to design the poster. 

Rules for generating variations
The rule system that generated the variations in the poster 
was suggested by Bill Drenttel and Jessica Helfand who 
noted its relationship to the tatami mat system used in 
Japanese buildings for 1300 years or more. In 2006, 
Drenttel and Helfand obtained U.S. Patent 7124360 on this 
grid system—“Method and system for computer screen lay-
out based on recombinant geometric modular structure”. 

The tatami system uses 1 × 2 rectangles. Within a 3 × 4 grid, 
1 × 2 rectangles can be arranged in 5 ways. They appear at 
the end of section 6. 

Unit rectangles (1 × 1, 1 × 2, 1 × 3, 1 × 4; 2 × 2, 2 × 3, 2 × 4; 
3 × 3, 3 × 4) can be arranged in a 3 × 4 grid in 3,164 ways. 
Many are almost the same—mirrored or rotated versions 
of the same configuration. The poster includes only unique 
variations—one version from each mirror or rotation 
group. Colors indicate the type and number of related 
non-unique variations. The variations shown in black have 
3 related versions; blue, green, and orange have 1 related 
version; and magenta variations are unique, because 
mirroring and rotating yields the original, thus no other 
versions. (See the table to the right for examples.) 

Rules for sorting
The poster groups variations according to the number of 
non-overlapping rectangles. The large figures indicate the 
beginning of each group. The sequence begins in the upper 
left and proceeds from left to right and top to bottom. Each 
group is further divided into sub-groups sharing the same 
set of elements. The sub-groups are arranged according to 
the size of their largest element from largest to smallest. 
Squares precede rectangles of the same area; horizontals 
precede verticals of the same dimensions. Within sub-
groups, variations are arranged according to the position 
of the largest element, preceding from left to right and top 
to bottom. Variations themselves are oriented so that the 
largest rectangle is in the top left. Black dots separate 
groups by size. Gray dots separate groups by orientation.

Where to learn more
Grids have been described in design literature for at least 
50 years. French architect Le Corbusier describes grid 
systems in his 1946 book, Le Modulor. Swiss graphic 
designer Karl Gerstner describes a number of grid systems 
or “programmes” in his 1964 book, Designing Programmes. 
The classic work on grids for graphic designers is Josef 
Muller-Brockman’s 1981 book, Grid Systems.

Patch Kessler explores the mathematical underpinnings 
of grid generation in his paper “Arranging Rectangles”. 
www.mechanicaldust.com/Documents/Partitions_05.pdf

Thomas Gaskin has created an interactive tool for viewing 
variations and generating HTML. www.3x4grid.com

Design:  Thomas Gaskin
Creative Direction: Hugh Dubberly
Algorithms: Patrick Kessler
Patent: William Drenttel + Jessica Helfand

Copyright © 2011 
Dubberly Design Office
2501 Harrison Street, #7
San Francisco, CA 94110
415 648 9799

26 × Magenta
All three symmetries combined
Unchanged by horizontal reflection, 
vertical reflection, or
180º rotation.

26 × Green
Rotational symmetry
Changed by horizontal and 
vertical reflection.

61 × Blue
Top-bottom symmetry
Changed by horizontal reflection 
and 180º rotation.

76 × Orange
Left-right symmetry
Changed by vertical reflection and 
180º rotation.

703 × Black
Asymmetric
Changed by horizontal reflection, 
vertical reflection, and 
180º rotation.
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Permutations. 
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Not all formal systems are visual.

– Musical forms, e.g., fugue
– Poetic forms, e.g., sonnet, haiku, limerick
– Rhetorical forms, e.g., syllogism, essay
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Underlying these formal systems  
are deeper structures:

– Regional cuisines
– Musical scales
– Natural languages
– Computer languages
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Designing systems of rules,
which others use to design,
is a growing area of practice.

– Standards, e.g., A-system of paper sizes
–  Fastfood frameworks, e.g., Starbucks lattes,  

Chipotle’s burritos
– Construction set, e.g., Legos
– Software tools and games
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Pa rt  t wO

Production 
systems
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Productions systems focus on resources— 
on stocks and flows.
Consider a reservoir or tub of water— 
a stock—it has a finite capacity.
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Water flows in from a source.
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Water may also flow out to a sink.
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Many sources may flow into one stock,
e.g., if the tub is outside, rain may also fall into it.
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And one stock may flow out to many sinks,
e.g., water in the tub will also evaporate into the air.
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The main source may be a tank,
which itself has a prior source,  
perhaps a water filtering plant.
There is no ultimate source;  
each source has a prior source.
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The main sink may be a sewer system,
which itself has a subsequent sink,  
perhaps a sewer water filtering plant.
There is no ultimate sink;  
each sink has a subsequent sink.
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One person’s source may 
be another person’s sink.

People in Amsterdam  
get much of their water 
from the Rhine;
people upstream  
in Basel,  
discharge their treated 
sewer water  
into the Rhine.

Along the way,  
a drop of water may 
travel through the cycle 
several times.



Ocean

Ground

Lake

PrecipitationCloud Formation

Rain Clouds

Snow

Evaporation + Condensation
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Water travels continuously through a cycle.
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Carbon also travels through a cycle.
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Sometimes large quantities can be tied up—
sequestered—
so that they are not traveling through the cycle.
Changing stock levels—
sequestering or releasing water or carbon—
affects the climate as ice or carbon dioxide
interacts with the planet’s weather system.

Water  
Cycle

Weather  
Cycles

Carbon  
Cycle



Cradle to Cradle 
Re-conceiving of products as a stage in a continuous cycle
Taking responsibility for the whole cycle 

Distribution
Minimize shipping distance
Manufacture close to point of use

Materials
Processing
Avoid adding hazardous
chemicals so that materials
can be re-used

Disposal
Incent customers
not to throw “away”

Disassembly and
Reprocessing
Breakdown old products
Extract usable materials

Raw Materials
Sourcing
Minimize new materials
Maximize recycled materials

Consumption
and Use
Enable repair 
and upgrade

Replenishment
Ensure sources
are maintained
and continually
renewed

Collection
Take-back products
and packages
Re-sell used products
or reprocess

Manufacture 
and Packaging
Minimize packaging
Encourage its re-use
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The phrase cradle-to-cradle  
suggests we build products so that they
can be disassembled and recycled.
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For a given stock,  
the rate of inflow and the rate of outflow may change;
we can open or close a valve.
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If ‘the rate of inflow’ < ‘the rate of outflow’,  
the tub will drain.
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If ‘the rate of inflow’ > ‘the rate of outflow’,  
the tub will reach capacity and overflow.
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Most bathroom tubs include an overflow drain,  
which automatically prevents spills.
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Man-made dams  
often include spillways  
to protect the dam  
from any overflow  
that might weaken it.
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When ‘the rate of inflow’ = ‘the rate of outflow’,  
the system is in dynamic equilibrium;
that is, the water level in the tub remains constant  
even though water is flowing in and out.



Float Valve  
Open

Float Valve  
Closed
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For almost 2,000 years, people have used float valves  
to automatically reduce or shut off in-flow.
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Float valves are part 
of modern toilets,  
automatically 
controlling the 
water flowing into the 
storage tank.
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Stocks-and-flows diagrams can be used  
to model many kinds of systems:

– Populations
– Production and sales of goods
– Shipping
– Finances
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Minard’s model of Napolean’s march to Moscow.
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Flight density between international airports.
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Stocks and flows can be represented  
in a number of visual forms.
From: Donella Meadows, Thinking in Systems
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Stocks and flows can also be represented 
mathematically and in computer simulations.
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The MONIAC or 
Phillips Hydraulic 
Computer  
represents the  
UK economy with 
stocks and flows  
of water.



Adults Children
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Living systems also form growth loops  
or virtuous cycles;
adults beget children who may become adults.
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Without constraints,  
such as predators, disease, or food shortages,
growth loops will cause populations to explode.
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Mature ecosystems  
reach points of dynamic equilibrium;
populations remain stable— 
the number of births = the number of deaths.
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Disturbances from outside the system  
may throw it out of balance
and result in a new, much different point of equilibrium,
often with drastic consequences  
for existing population stocks.

Decreasing Erosion

Increasing Erosion
Wolves

Elk

Willows

Beaver

Dams

Ponds

Erosion

Wolves

Elk

Willows

Beaver

Dams

Ponds

Erosion



Capital Capital
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Interest paid on stocks of money  
also forms a growth loop;
capital leads to more capital.



Debt Debt
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Likewise debt can lead to more debt,
forming a collapse loop or vicious cycle.
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Speculative bubbles inflate in a similar way;
a price rise leads to expectations of further rises,
which lead to buying, which leads to price rises.



Price decline

Ex
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ct
at
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n

Selling
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Bubbles crash  
as expectations of price declines lead to selling,
which leads to price declines,  
reinforcing expectations.



Weak economy
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Reduced governm
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A recession reduces tax revenue,  
which may reduce government spending,
which further weakens the economy,  
creating a collapse loop, e.g., the Great Depression.
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Keynes showed that increasing government spending during  
a recession (by taking on debt) can improve the economy,
which avoids a collapse and puts the system back into balance.
As the economy improves, tax revenues increase,  
and government debt can be paid down.

Economic 
Activity

Economic 
Activity

Tax 
Revenue

Tax 
Revenue

Government
Debt

Government
Spending

Government
Spending

Conventional Wisdom

Keynesian Theory
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Key ideas from systems dynamics
–  Source, flow rate, stock,  

flow rate, sink
–  no original sources  

or ultimate stocks
– dynamic equilibrium
– virtuous and vicious cycles
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Pa rt  t h r ee

Control 
systems
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Measuring the effect of an action, comparing it with a goal 
(maintaining the level of water in the reservoir)
and acting to correct differences

Float Valve  
Open

Float Valve  
Closed

Dynamic equilibrium is maintained by feedback
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Fluctuation
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A thermostat maintains a constant temperature.



50 | | | | | 60 | | | | | 70 | | | | | 80 | | | | | 90

50 | | | | | 60 | | | | | 70 | | | | | 80 | | | | | 90

50 | | | | | 60 | | | | | 70 | | | | | 80 | | | | | 90

Moving the temperature 
control lever moves the 
bi-metal coil

The bi-metal coil bends 
towards the contact 
screw as it cools

The bi-metal coil bends 
away from the contact 
screw as it warms
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As the room cools,  
a bi-metal coil contracts closing a circuit;
as the room heats,  
the coil expands breaking the circuit.



Chimney for
coal smoke

Steam cylinder

Throttle valve

Boiler
fleed-water 
pump

Water reservoir

Condenser Air pump

Condenser
water pump

Beam

Flyball Governor

Flywheel

Sun gear

Planet gear

Coal furnace

Water Boiler

Steam line

Coal is  stoked here

Input from 
water source

73Tools for Understanding Context and Taming Complexity

A flyball governor maintains constant pressure  
in a steam engine.



close

2.1

2.2

1.2

1.1

0

3.2

3.1

open

Through a system of gears and pulleys the speed of the steam 
engine is transferred to the gear at the base of the flyball 
governor—causing it to rotate. 
At low speed, the flyweights remain close to the spinning 
central axis
As speed increases, the flyweights swing outward,  
and upward.
At low speed, the scissor mechanism pushes the lever arm up
At high speed the scissor mechanism pulls the lever arm down
At low speed, the lever arm pushes the throttle valve open; 
 increasing the flow of steam
At high speed, the lever arm pulls the throttle valve closed; 
reducing the flow of steam

0

1.1

1.2

2.1
2.2
3.1

3.2
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Increasing speed closes a valve;  
decreasing speed opens the valve.
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The creative process is startlingly similar to the quality 
cycle (Shewart, 1939), popularized in business circles by 
the quality management movement (Deming, 1982). 

Like a self-regulating system, the creative process is 
a classic feedback loop. Measure an essential variable;
compare it to a goal; and act to eliminate any difference.

Forming a hypothesis is a special type of creative act. 
Framing the creative process as “experimenting” shows
the close tie it has with the domain of science.

observation

experim
ent

hypothesis

check do

plan

measure act

com
pare

quality cycle self-regulating system scientific method
The creative process is startlingly similar to the quality 
cycle (Shewart, 1939), popularized in business circles by 
the quality management movement (Deming, 1982). 

Like a self-regulating system, the creative process is 
a classic feedback loop. Measure an essential variable;
compare it to a goal; and act to eliminate any difference.

Forming a hypothesis is a special type of creative act. 
Framing the creative process as “experimenting” shows
the close tie it has with the domain of science.

observation

experim
ent

hypothesis

check do

plan

measure act

com
pare

quality cycle self-regulating system scientific method

This feedback loop is a structure common to  
all control mechanisms: act, measure, compare  
to goal, act to correct differences
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the quality management movement (Deming, 1982). 

Like a self-regulating system, the creative process is 
a classic feedback loop. Measure an essential variable;
compare it to a goal; and act to eliminate any difference.

Forming a hypothesis is a special type of creative act. 
Framing the creative process as “experimenting” shows
the close tie it has with the domain of science.
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The creative process is startlingly similar to the quality 
cycle (Shewart, 1939), popularized in business circles by 
the quality management movement (Deming, 1982). 

Like a self-regulating system, the creative process is 
a classic feedback loop. Measure an essential variable;
compare it to a goal; and act to eliminate any difference.

Forming a hypothesis is a special type of creative act. 
Framing the creative process as “experimenting” shows
the close tie it has with the domain of science.

observation

experim
ent

hypothesis

check do

plan

measure act

com
pare

quality cycle self-regulating system scientific method

This process is similar to the Shewart-Deming 
PDCA (plan-do-check-act) process.
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the quality management movement (Deming, 1982). 
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compare it to a goal; and act to eliminate any difference.
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The creative process is startlingly similar to the quality 
cycle (Shewart, 1939), popularized in business circles by 
the quality management movement (Deming, 1982). 

Like a self-regulating system, the creative process is 
a classic feedback loop. Measure an essential variable;
compare it to a goal; and act to eliminate any difference.

Forming a hypothesis is a special type of creative act. 
Framing the creative process as “experimenting” shows
the close tie it has with the domain of science.

observation

experim
ent

hypothesis

check do

plan

measure act

com
pare

quality cycle self-regulating system scientific method

It’s also an analog to the design process  
and the scientific method.
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Tracking  measuring + recording, perhaps correlating measurements  
Open loop system, no feedback

Tracking by itself is only useful  
if you can make correlations.
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Managing  measuring, comparing to goal, + acting to correct differences  
Closed loop system, feedback enables dynamic equilibrium (homeostasis) 
—first order

Tracking  measuring + recording, perhaps correlating measurements  
Open loop system, no feedback

Tracking + acting = managing
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Learning  anticipating disturbances + affects of actions 
Studying the system, developing a model of the feedback loop 
—second order

Managing  measuring, comparing to goal, + acting to correct differences  
Closed loop system, feedback enables dynamic equilibrium (homeostasis) 
—first order

Tracking  measuring + recording, perhaps correlating measurements  
Open loop system, no feedback

Managing may lead to learning
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Innovating  recognizing patterns, proposing causes, + testing hypotheses 
Studying the environment, experimenting to see how the system  
connects to other systems

Learning  anticipating disturbances + affects of actions 
Studying the system, developing a model of the feedback loop 
—second order

Managing  measuring, comparing to goal, + acting to correct differences  
Closed loop system, feedback enables dynamic equilibrium (homeostasis) 
—first order

Tracking  measuring + recording, perhaps correlating measurements  
Open loop system, no feedback

Learning may lead to experimenting
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Living systems must maintain  
dynamic equilibrium (homeostasis)  
to survive
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Goals

Measures

A patient’s vital signs measure  
important elements of homeostasis

Variable

Body temperature

Heart rate

Blood pressure

Respiratory rate

Goal range

97.25°F – 99.5°F

60 – 80 bpm

< 120 / < 80 mm Hg

10 – 14 bpm
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Maintaining homeostasis requires ‘closing the loop’  
on many variables simultaneously

Goals

Measures

Actions
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Pa rt  fO u r

Resources
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Karl Gerstner
Designing Programmes
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Donella Meadows
Thinking in Systems
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Ross Ashby
An Introduction to 
Cybernetics
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D’Arcy Thompson
On Growth and Form
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William McDonough  
& Michael Braungart
Cradle to Cradle 



Tools for Understanding Context and Taming Complexity 91

Pa rt  f iv e

Assignments
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Assignment:

Consider a restaurant  
as a set of systems.

Represent them  
in a map or diagram.
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A Model of a Restaurant: Basic Meal Cycle
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October 4, 2004   |   Developed by Paul Pangaro and Dubberly Design Office
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A Model of a Restaurant: Basic Meal Cycle



Dubberly Design Office

Profit Streams | Online Meal Ordering (OMO) | Service Model

Diner View Merchant View

Version 0.10
February 8, 2007
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Online Meal Ordering: Service Model



Tall Mocha
Decaf. Iced Venti Soy Hazelnut Latte
Triple Grande Non-fat Peppermint Mocha with Whip
Iced Quad Half-caf. Venti Breve Caramel Macchiato

Warm  Iced    

Regular  Decaf.  Half-caf.   

One shot  Two shots  Three shots Four shots

Short   Tall   Grande  Venti  

Non-fat  Two percent Whole  Breve  Soy

Chocolate   Peppermint  Caramel  Vanilla  Hazelnut 

W/ whip  W/o whip    

Drink style

Caffeination 
of espresso

Amount of espresso

Drink size

Milk type

Syrup

Whipped cream
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Starbuck’s latte framework



Counter

Production

Drive-Thru

Management
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320+ transactions per hour
21 crew, 1 manager
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3 crew, 1 manager
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Crew

Transactions

Order Taker/Cashier
Greet customer. Enter orders on POS.
State total. Receive payment.
Issue change and receipt.

Grilled Product Cook
Load grilled product. Cook, season,
and remove. Load holding tray. Clean grill.

Front Counter Runner
Check video monitors. Assemble order.
Present order. Thank customer.

Fry Cook
Load and store fries. Basket and cook fries.
Season and bag fries.

Drive-Thru Runner
Check video monitors. Assemble order
with condiments. Transport to assembly table.
Notify presenter.

Order Taker
Greet customer. Enter orders on POS.
State total. Direct to cash booth.

Order Taker/Cashier 2

Fried Product Cook
Load fried product. Cook fried product.
Load holding tray. Transfer to holding device.

Initiator
Monitor KVS. Initiate cook request.
Toast buns. Attach special instructions.
Initiate packaging.

Assembler
Place bun in box or wrap. Add condiments.

Finisher
Add protein from trays/UHC. Box or wrap.
Send to heated landing zone.

Drink Drawer
Draw cold and hot drinks. Place in drink carrier
(more than 2 drinks). Transport to presenter.

Presenter
Add napkins and straws. Greet customer again.
Present food and drink (together).
Thank customer. Bump the order.

Cashier
Greet customer again. State total.
Receive payment. Issue change and receipt.
Direct to present booth.

Shift Manager
Check food and equipment quality.
Check service target times.
People and cleanliness travel path.

Order Taker/Cashier
Greet customer. Enter orders on POS.
State total. Receive payment.
Issue change and receipt.

Grilled Product Cook
Load grilled product. Cook, season,
and remove. Load holding tray. Clean grill.

Order Taker
Greet customer. Enter orders on POS.
State total. Direct to cash booth.

Shift Manager
Check food and equipment quality.
Check service target times.
People and cleanliness travel path.
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Crew

McDonald’s
Process for Increasing Crew Size
to Handle Increasing Customer Demand

Version 1.1
February 26, 2009

Dubberly Design Office
2501 Harrison Street, No. 7
San Francisco, CA 94110

The diagram at right
shows transaction capacity
as a function of crew size.

It displays a range from
3 crew : 25 transactions (low volume)
to
21 crew : 320 transactions (high volume).

The diagram below
provides more detail.

It shows which crew members are added,
their responsibilities,
to which station area they’re added,
and in which order.
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McDonald’s: Staffing Levels. 



McDonald’s / Existing Service / Intersecting Journeys
Version 0.2
November 20, 2008
Dubberly Design Office
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McDonald’s: Intersecting Journeys.
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Assignment:

Create a concept map  
explaining how to play baseball.

Create a process flow diagram  
for a game of baseball.

Integrate the concept map  
and the process flow diagram.
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Baseball diagram 1.
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Baseball diagram 2.
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Assignment:
Select a story  
from the front page of the New York Times.

Identify a system in one of the stories.

Make a list of components of the system.

Pick the most important components, not more than 12.

Represent the components and their relationships.

Label both the components and the relationships.
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Assignment:

Find a system; 
represent it.



Presentation posted at
www.dubberly.com/presentations/aigasystemsworkshop.pdf

hugh@dubberly.com

Special thanks to 
Michael Gallagher
Paul Pangaro
Louise Sandhaus


