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Abstract:
The abundance of  ancient worlds detected by the Kepler Mission and others brings the 
persistence of  the Fermi Paradox into stark relief. If  an existential (sterilizing) risk to 
Earth emerged before an interstellar civilization were established, it could eliminate the 
prospects for complex life across an unknowable span of  future time. In the absence of  
evidence of  interstellar life, we must cultivate life on Earth as if  the future of  life in our 
region of  the universe depended on it. Near-term, humanity must rise to its potential. 
Long-term, life must find a way. In this paper, we will propose an open project to 
collaboratively plan and build what we call Vessel Archives: Compact, focused habitats 
that foster our most sustainable methods and our most aspirational traces during our 
immediate challenges, emphasizing 100 Year Starship efforts as a milestone on our 
journey. Yet Vessel Archives would also serve as long-term cultural, biological, and 
geological archives within self-sustaining biospheres. We explore definitions and 
classifications of  existential risk; the roots of  Vessel Archives in architecture and archival;  
using the techniques of  synthetic biology to encode digital data in DNA; tension between 
curation and sampling through the lens of  Benford’s “Library of  Life” proposal; and the 
aspiration that Vessel Archives serve as galvanizing beacons for humanity.
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Introduction

As early as the January 2011 100 Year Starship Strategy Planning Workshop Synthesis & Discussions, the 
mission had identified human survival as a key factor in its work. The proceedings recommended a 
continuing discussion of  “ideas related to creating a legacy for the human species, backing up the Earth’s 
biosphere, and enabling long-term survival in the face of  catastrophic disasters on Earth.” [1]

The present paper attempts to address all three of  these goals through a flexible architecture called a 
Vessel Archive. 

These installations would be resilient, sustainable, and eventually self-contained habitats. The forms and 
functions of  Vessel Archives would be shaped by the central task of  preserving traces of  the cultural and 
biological records over the long term. Yet they would serve in the near term as cultural institutions 
welcoming a curious public to explore the advanced sciences which they bring together. 

The staff, compliment, or crew of  any given Vessel Archive would be employed by this facility in the short 
term, living off-site, and would work to introduce the public to a range of  topics based in long-term 
thinking. Examples include sustainable and biophilic design; the applied arts; data science; archival and 
preservation; applied synthetic biology; interplanetary and interstellar travel; and the long-term 
preservation of  the cultural and biological record for the benefit of  future beings on Earth (and perhaps 
beyond).

In their relation to the 100 Year Starship Mission, we could design our installations with enough 
modularity that core collections of  Vessel Archives themselves could be sampled from to create sub-
collections. These sub-collections could ultimately be indexed and physically hosted within spacefaring 
vessels. Thus, every starship we launch would have a good chance of  carrying, as cargo, a substantial 
reflection of  life on Earth as we have known it. 

To be of  maximum relevance or utility, this Vessel Archive would contain a substantial storehouse of  
genetic material and biomass, preserved so that biodiversity might endure. Both traditional and emerging 
technologies (such as the dense digital DNA storage techniques of  Church, Gao, & Kosuri [2], working 
within the field of  synthetic biology) could be brought to bear in building Vessel Archives. Various 
approaches should be tried in different settings: seasteading approaches; geologically protected sites 
around the world; orbital positions around Earth, the moon, asteroids, and other bodies; and countless 
niches in time and space that we cannot foresee. Diversity of  both the number and the design priorities of  
Vessel Archives would be one of  their primary features. An open specification, as described near the end 
of  this paper, would help to ensure their broad adaptation across different cultures and disciplines.

We must encourage an abundance of  similar-but-different strategies for building Vessel Archive 
installations, through open specifications and a range of  locales. Why? To answer this question, we must 
first address two key questions relating to the prospects for life’s endurance on Earth, and beyond its orbit.

	 Are we alone?

	 Will we endure?

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

2



Listening to the Great Silence

[Figure 1] - The ‘Pale Blue Dot’ image. Earth as  captured by Voyager I, looking back towards  home, in 
1990. (NASA / JPL 1990)

	 Are we alone? 

Is life—living matter, whether simple or complex—common, or is it rare, in the observable universe? The 
Kepler Mission tells us that there is no shortage of  worlds to be detected. Buchhave, Latham, and 
Johansen et al., in studying Kepler data, note an ever-growing abundance : 

[…] We report spectroscopic metallicities of  the host stars of  226 small exoplanet candidates 
discovered by NASA’s Kepler mission, including objects that are comparable in size to the terrestrial 
planets in the Solar System. We find that planets with radii less than four Earth radii form around 
host stars with a wide range of  metallicities (but on average a metallicity close to that of  the Sun), 
whereas large planets preferentially form around stars with higher metallicities. This observation 
suggests that terrestrial planets may be widespread in the disk of  the Galaxy, with no special 
requirement of  enhanced metallicity for their formation. [3]
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Yet with billions of  years of  evolutionary time behind them all, we have heard and seen no trace of  life 
beyond our Earth. Why? This is known as the Fermi Paradox—and the expectant quiet which exists in 
the place of  any signs of  other life has been termed the Great Silence. James Gardner, in The Intelligent 
Universe, describes the implications of  the Fermi Paradox:

If  life in general—and intelligent life in particular—is pervasive throughout the countless galaxies in 
our universe, then where is everybody? This is the famous Fermi Paradox, named after physicist 
Enrico Fermi, who posed the question during a luncheon conversation at the Los Alamos National 
Laboratory in 1950. This issue has been sharpened in recent years by scientists who point out that 
because we inhabit a very old cosmos, multitudes of  sun-like stars formed billions of  years before 
our sun. If  the emergence of  life and intelligence is truly preordained by the laws of  physics and 
chemistry, then at least some of  those stars should be surrounded by life-friendly planets hosting 
vibrant biospheres on which intelligent creatures evolved billions of  years ahead of  mankind. By 
now, civilizations composed of  such creatures should have acquired the technology to conquer and 
colonize entire galaxies, including our own Milky Way galaxy. However, we have uncovered no 
credible evidence of  their presence. [4]

The simplest explanation would be that they do not exist in any near proximity to ourselves. Many less-
simple explanations can be given, including deliberate seclusion or hidden traces, or that they are 
ubiquitous in some form that we cannot perceive. Robin Hanson, in his early work on an answering 
hypothesis called The Great Filter, questions the likelihood of  several of  these explanations.

If  [...] advanced life had substantially colonized our planet, we would know it by now. We would 
also know it if  they had restructured most of  our solar system's asteroid belt [...]. We should even 
know it if  they had aggressively colonized most of  the nearby stars, but left us as a “nature 
preserve”. Our planet and solar system, however, don't look substantially colonized by advanced 
competitive life from the stars, and neither does anything else we see. To the contrary, we have had 
great success at explaining the behavior of  our planet and solar system, nearby stars, our galaxy, and 
even other galaxies, via simple “dead” physical processes, rather than the complex purposeful 
processes of  advanced life. Given how similar our galaxy looks to nearby galaxies, it would even be 
hard to see how our whole galaxy could be a “nature preserve” among substantially-restructured 
galaxies. These considerations strongly suggest that no civilization in our past universe has reached 
such an “explosive” point, to become the source of  a light speed expansion of  thorough 
colonization. [5]

The Great Silence is conspicuous because of  the billions of  years of  gravitation, geology and chemistry 
which lies behind those worlds we have begun to detect in such abundance. But as Hanson notes, one 
explanation for The Great Silence, and our lack of  detection of  life beyond Earth, is the possibility that we 
are the first civilization to have reached the cusp of  interstellar exploration. 

This possibility confers on us a great responsibility in the here and now, regardless of  its eventual answer. 
In the absence of  evidence of  interstellar life, we must foster life on Earth as if  the future 
of  life in our region of  the universe depended on it. We must extend our very best efforts 
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to be stewards of  Earth's flora, fauna, and cultures, regardless of  our own opinions on 
our collective right or ability to do so. 

Is the story of  the universe one of  widespread life, or is life as uncommon as we seem to be, poised on the 
brink between seclusion and radiant growth? Passing beyond this precarious cusp, and into the reaches of  
interstellar space to learn the truth of  the matter through an effort such as the 100 Year Starship Mission, 
will take time. In order to achieve our goal of  interstellar travel, we must foster a supporting and surviving 
interstellar civilization. 

This leads us to our second key question.
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Mitigating Existential Risk

	 Will we endure? 

We have given ourselves 100 years to achieve our primary goal, yet any number of  scenarios could cut 
short our endeavor before that time has passed. The risk that we may not endure is termed Existential Risk. 
The Cambridge Centre for the Study of  Existential Risk, under the leadership of  Martin Rees, defines 
Existential Risk (hereafter ER / existential risk) as “extinction-level risks to our species as a whole.” [6] Nick 
Bostrom, Director of  the Future of  Humanity Institute at the University of  Oxford, defines ER more 
broadly in: Existential Risk Reduction as Global Priority.

An existential risk is one that threatens the premature extinction of  Earth-originating intelligent life or the permanent 
and drastic destruction of  its potential for desirable future development. [7]

This definition is notable for its suggestion that survival alone—the mandate of  the 2011 100 Year 
Starship Strategy Planning Workshop—is not enough. In some cases, a surviving society may be 
brutalized, stagnant, or diminished irreparably.
 
It is tempting to classify Existential Risks through a kind of  cataloging or a survey of  possible scenarios. In 
earlier work, Bostrom himself  took this very approach, laying out a range of  hazards which included: 
deliberate misuse of  nanotechnology, nuclear holocaust, naturally occurring disease, asteroid or comet 
impact, runaway global warming, repressive totalitarian global regime, and others. [8]. Ulmschneider 
offers a similar and in some ways more organized survey in Intelligent Life in the Universe [9]

All of  this is fertile ground for future work. Here, however, rather than attempt an exhaustive classification 
of  ERs, we wish to draw attention to a classification typology which lends us a more strategic perspective. 
Bostrom’s Existential Risk Reduction as Global Priority is recommended as a key resource on these matters. It 
provides a broadly applicable general taxonomy of  ER outcome scenarios, which includes several less-
considered types. Crucially, it sets aside discussion of  internal versus external, or the importance of  initial 
causes in and of  themselves, to focus strictly on the possible outcomes of  ER, which helps us envision 
possible recovery scenarios.

 These Classes of  Existential Risk are:

Human Extinction: Humanity goes extinct prematurely, i.e., before reaching technological 
maturity.

Permanent Stagnation: Humanity survives but never reaches technological maturity. 
	Subclasses: unrecovered collapse, plateauing, recurrent collapse

Flawed Realization: Humanity reaches technological maturity but in a way that is dismally and 
irremediably flawed. 
	Subclasses: unconsummated realization, ephemeral realization
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Subsequent Ruination: Humanity reaches technological maturity in a way that gives good future 
prospects, yet subsequent developments cause the permanent ruination of  those prospects.

[7]

Human Extinction is what we normally think of  as the ultimate risk, but it is actually only one of  many 
possible outcomes. Whatever the cause of  an extinction-threatening crisis, Bostrom usefully points out that 
Permanent Stagnation—a partial but ultimately incomplete recovery—poses a threat as serious as any other 
class of  ER. One of  the design requirements of  a truly interstellar civilization is that it will not only 
survive, but that it will retain the capability needed to launch an interstellar starship. 

We can, Bostrom notes, distinguish various kinds of  scenario leading to permanent stagnation: 
unrecovered collapse—much of  our current economic and technological capabilities are lost and never 
recovered; plateauing—progress flattens out at a level perhaps somewhat higher than the present level but 
far below technological maturity; and recurrent collapse—a never-ending cycle of  collapse followed by 
recovery.

Equally overlooked in typological treatments of  ER is a family of  outcomes which he calls Flawed 
Realization:

Classifying a scenario as an instance of  flawed realization requires a value judgment. […] We can 
distinguish two versions of  flawed realization: unconsummated realization and ephemeral 
realization. In unconsummated realization, humanity develops mature technology but fails to put it 
to good use, so that the amount of  value realized is but a small fraction of  what could have been 
achieved. An example of  this kind is a scenario in which machine intelligence replaces biological 
intelligence but the machines are constructed in such a way that they lack consciousness […]. The 
future might then be very wealthy and capable, yet in a relevant sense uninhabited […]. In 
ephemeral realization, humanity develops mature technology that is initially put to good use. But 
the technological maturity is attained in such a way that the initially excellent state is unsustainable 
and is doomed to degenerate. There is a flash of  value, followed by perpetual dusk or darkness. One 
way in which ephemeral realization could result is if  there are fractures in the initial state of  
technological maturity that are bound to lead to a splintering of  humanity into competing factions. 
[7]

Subsequent Ruination, finally, is included by Bostrom for completeness, as it refers to scenarios where we 
achieve the reach of  complex life beyond our solar system, but fall short of  our far-future evolutionary 
potential for some unforeseen reason. One challenge at a time, he suggests: our first priority must be 
securing fruitful outcomes to the current crisis and our limited scope.

Because the risks to civilization are so varied, there may be many possible means of  addressing them. How 
are we to choose our priorities? Two broad approaches to ER mitigation bear exploring as particularly 
worthy efforts for the 100 Year Starship Mission, and for all who are interested in fostering the longevity 
we will need to succeed at becoming an interstellar civilization. 
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The first imperative is education (for the sake of  prevention; of  overall risk mitigation).  The second 
imperative, in case of  direst need, is preservation (for the purposes of  societal recovery in the midst of  
survival).  This last is particularly key to addressing some of  the suboptimal scenarios in the Bostrom 
classifications above. 

Both Permanent stagnation and Flawed realization raise the interesting possibility that cultural value or richness 
may be crucial to our prospects for societal recovery—at least to a stage where our candidacy as 
interstellar civilization is desirable once again. (I call these Dystopian Outcomes, as they’re unfavorable 
outcomes which continue indefinitely.) These classes of  ER highlight the importance of  earning our roles 
as stewards of  our own cultural heritage as well as of  the biota of  life on Earth.

We have mentioned that human survival in and of  itself  is necessary, but is not enough to mitigate 
existential risk. The baseline fact that something which is alive is “surviving” does not denote any kind of  
sustainable state. For that, life must also be capable of  extended agency in its world. We might even 
reserve the term enduring for speaking of  this level of  resilience. Whatever we may call this state or quality, 
it is clear that survival alone is not enough to meet the demands of  the 100 Year Starship Mission, 
through a supportive interstellar civilization. Civilization would need to be able to redevelop rapidly to the 
stage of  its highest aspirations; and for our needs, would need to retain the means for the fabrication, 
shipbuilding, launch, and communications with an interstellar vehicle. 

Bostrom makes a compelling case that the addressing of  existential risk must include strategies to avoid the 
decline of  our aspirations or capabilities, and not only strategies for survival. We will return to this later as 
we discuss the importance of  stewardship and archival, in a consideration of  Gregory Benford's Library of 
Life proposal as a scenario for exploration. 

In this we develop a variation on the 2011 Strategy Planning Workshop's priority: 

Creating a legacy for the human species, backing up the Earth’s biosphere, and 
enabling long-term capability in the face of  catastrophic disasters on Earth.

We could state this as an imperative:

To achieve an interstellar civilization while addressing existential risk, we must do 
more than survive: we must preserve our aspirations, our capabilities, our cultural 
resources, and our biodiversity.

 
Given this imperative, what shall we do?
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Vessel Archives in the Future:
Habitats Fostering the Traces of  Earth’s Cultures and Biodiversity.

[Figure 2] - A Vessel Archive is  a self-contained, sustainable habitat which fosters the traces  of Earth's 
cultures  and biomes, inhabited by communities  dedicated to its  short-term goal of education and long-
term goal of preservation. (Lilypad Floating Ecopolis. Architect © Vincent Callebaut Architectures 2008. 
Visualization Used by Permission of  © Philippe Steels pixelab.be 2008.)

A Vessel Archive is envisioned as a self-contained, sustainable habitat which fosters the traces of  Earth's 
cultures and biomes, inhabited by communities dedicated to its short-term goal of  education and long-
term goal of  preservation. 

In presenting a generalized Vessel Archive, I am thankful for the enthusiasm, support, and permissions of  
Philippe Steels, who created the visualizations for the Lilypad vehicle/architecture of  Vincent Callebaut. 
For the purposes of  unfolding our proposal, we will imagine that an instance of  this vehicle has been 
constructed, and has been dedicated to hosting a particular Vessel Archive project upon the seas (though, 
as we will see below, the model can and should be tested in a diversity of  environments).

In the present day, Vincent Callebaut's Lilypad proposal may be among the most pragmatic starting-
points we have. The potential applications of  lessons learned in constructing such a vessel could readily be 
applied to interstellar scenarios.
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During near-term development, work done on Vessel Archives as a response to existential risk should be 
continuously reoriented towards their real-world benefits and positive impacts on the prospects of  life on 
Earth.  A seaborne Vessel Archive could test various technologies, methods, and practices (such as 
structural integrity, resilience, and the ability of  a community to endure limited-span isolation) without the 
immediate risks and costs of  orbital prototypes.  To further study the factors involved in testing prototype 
projects via seasteading efforts, we recommend exploring the work of  the Seasteading Institute. [10]

Vessel Archives (whatever their form) would serve as examples of  sustainability and as ambassadors for 
society's understanding in the short term, and as protective vessels for humanity's aspirations and 
knowledge in the long term. 

In this way, they would answer to the two classes of  existential risk within which we have any agency: 
Permanent stagnation and Flawed realization. Only by preserving our ability to recover our world’s cultural and 
biological diversity can we respond to these risks over the long term.

Bostrom suggests the concept of  just such a secured habitat as one strategy for confronting ER in his 
Existential Risks FAQ, where he describes it as a:

...refuge that could enable a small human population to survive a wide range of  catastrophic 
scenarios— plagues, nuclear winters, supervolcanic eruptions, asteroid impacts, complete collapses 
of  human food production systems, and various “unknown unknowns”. The refuge might be buried 
deep underground, stocked with supplies to last a decade or more, and designed to be easily 
defendable. Ideally it would be continually staffed by a quarantined population and stocked with 
tools that survivors could use in subsistence agriculture upon emerging from the shelter in the 
aftermath of  a civilization-destroying catastrophe. [11]

Bostrom’s scenario suggests the useful procedure of  rotating a secured and insulated staff, much as is done 
with the current day ISS.  We could envision a scenario where a full compliment was inhabiting a Vessel 
Archive, out of  external contact.  They might only know the full extent of  their mission (whether to rotate 
out or remain) at certain times of  staff  transition.  Either a relieving crew would arrive on time, or it 
would not.  A rotation within a Vessel Archive could have quite a clarifying effect on one’s priorities and 
views of  our global responsibilities.

In the fullness of  time, the core collections of  these installations would be built to offload sample banks to 
our 100 Year Starship vehicles, whatever final forms they take.

The term “vessel” describes our focused-purpose arcology in part through its several meanings. One 
meaning we have encountered above is the idea of  a vessel as a ship; a vehicle meant to ply the waters 
(on Earth), or the space between the stars. Another meaning is that of  a container into which is 
poured something meant to be stored or carried. Yet a third meaning is that of  a conduit or a 
medium for transmission, a lens through which something can be seen in a different way.

In our proposal, a Vessel Archive is a conduit for meaning and information which is stored and translated 
from the present into the future. It is a space for transmission of  ideas from the realm of  possibility into 
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that of  a shared reality. 

In the near-term, a Vessel Archive would be a beacon for understanding of  the priority of  education, 
including a deeper understanding of  the 100 Year Starship project, and the critical path to an enduring, 
sustainable interstellar civilization, as these intertwined goals unfold. Vessel Archives would also serve as 
sites for the imperative of  preservation.
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Vessel Archives in the Present:
Civic Centers for Advanced Arts & Sciences

What structural traits might a Vessel Archive exhibit? There should be as many variations as their are 
architects, visualizers, and builders. What collection priorities might a Vessel Archive have?  There should 
be as many variations as their are curators, data scientists, and archivists. 

Nevertheless, structural and topical priorities can and should be determined to describe the core concept. 
We propose three layers to a self-contained installation which invites the participant to explore our most 
inspiring goals, our most urgent priorities, and our most galvanizing long-term responsibilities.

An easily understood exemplar of  this kind of  environment would be the cultural complex or campus, which 
could bring these ideas into proximity. We might also envision something similar to Epcot Center, when 
aiming to engage society; but we should envision there being numerous such centers around the world, 
each tailored to its place and culture.

Yet those are all large, multi-building installations. A Vessel Archive need not be limited to particularly 
large or particularly small scales, but would be sized to fit its circumstances. We will illustrate the general 
features of  a Vessel Archive by presenting it in one particular scenario: that of  a seasteading vessel. We 
can extrapolate its general features out to fit any particular environment we can imagine.

Someone exploring what this center had to offer would—in this earliest conception—work their way 
through three levels of  understanding. Such a place should educate and inspire, on multiple levels. There 
would be cultural goals and design goals at each level of  implementation.

Cultural Goals Design Goals

100 YSS Foster an understanding and advocacy of the 100 
YSS project in the public.

Begin with exhibits and exhibitions at existing 
facilities and institutions; 

Encourage the development of an interstellar 
civilization through education and direct 
experience.

Develop the capacity to construct dedicated 
cultural centers, and build them to endure.

Biophilic Design Provide tools for sustainability and biophilic 
design, as a possible basis for interstellar 
civilization.

Construct facilities and installations using a 
diversity of design techniques, testing biophilic 
design principles.

Seed the developing interstellar civilization with a 
pattern language for biophilic design and 
sustainability.

Bring design principles tested through the 
construction of Vessel Archives forward into core 
100YSS efforts.

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

12



Vessel Archive Invite the public to encounter standing examples of 
very-long-term planning through Vessel Archives.

Facilitate a broad range of Vessel Archive efforts 
throughout the world, to encourage hybrid vigor.

Work to reduce existential risk over the long term, 
including those classes of ER involving stagnation.

Design even for the provision of the means of 
fabrication, shipbuilding, launch and 
communications.
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Precursors in Long-Term Preservation of  the Cultural and Biological Record

[Figure 3] - At the heart of any given Vessel Archive would lie its  mission-critical and central role: The 
long-term preservation of the cultural and biological record. (Lilypad Floating Ecopolis. Architecture © 
Vincent Callebaut Architectures 2008. Visualization Used by Permission of © Philippe Steels;  pixelab.be 
2008.)

While in the short term, Vessel Archives will be centers of  learning and resource-sharing, they should also 
be specified and detailed in such a way that we have made our best effort at designing an installation 
which could sustain a surviving sample of  society. If  we were to peel away the presentation layers of  a 
Vessel Archive, we would arrive at the very heart of  their forms and functions:  that of  long term archival 
and preservation.  Here we discuss some of  the precursors and inspirations for Vessel Archives, in terms of 
long term thinking, curation, archival, and preservation.

Deep Archival: Bruce Sterling’s Sketch of  Posthuman Archives.

This represents the core priority of  a Vessel Archive: Deep Archival. My own introduction to this idea came 
in 1992, through a chance encounter with a closing comment of  author and futurist Bruce Sterling, 
address a professional conference of  librarians in 1992.
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Maybe we're about to radically change the operating system of  the human condition. If  so, then this  
would be a really good time to make backups of  our civilization. That's why I want to bring up one 
last topic today. One last weird, science-fictional idea. I call it Deep Archiving. It's possibly the most 
uncommercial act possible for the institutions we call libraries. I'd like to see stuff  archived for the 
long term. The very long term. For the successors of  our civilization. Possibly for the successors of  
the human race. [12]

Sterling's directive to gather and construct Deep Archives was a brief  comment in a wide-ranging address, 
and it suggests an outcome which we hope to avoid (the eventual discovery of  our deep archives by a 
society separated from our own by the gulf  of  our extinction). 

Even so, Deep Archival actually does answer to the two hardest outcomes of  Existential Risk: Human 
Extinction and Subsequent Ruination. In those cases, the Vessel Archives would exist as sentinels which 
embodied all that we once were, for whatever comes after.  These caches of  Earth’s life and cultures could 
be discovered in many environments, limited only by the visions of  their founders.  And, given deep 
enough collections, they could even provide the raw materials needed for restoration by an advanced 
civilization.

Far beyond this small consolation, we expect that by thinking seriously about these questions, and 
planning as if  we were preserving Earth’s summation, we can provide ourselves with the very discoveries, 
inventions, and perspectives needed to forestall that scenario. 

The Long Now

There also exist current projects which are making efforts in the direction of  very long term memory, 
starting with pragmatic and spatially compact projects. The Long Now Foundation, as a prime example, 
has been at work since 1996 to direct our attention to the need to think in the very long term, and the 
preservation of  cultural domain knowledge is one of  its goals. Within this effort, a variety of  practical 
exercises are underway to illuminate different aspects of  the challenge. [13]

The Rosetta Project, under its umbrella, seeks to "build a publicly accessible digital library of  human 
languages" through creation of  a deliberately multilingual artifact—a disc, pictured here, upon which a 
core text is encoded in over 1,000 human languages. [14] 

The Long Now Foundation was originally formed to create a 10,000 Year Clock. The 10,000 Year Clock 
Project seeks to construct a working clock, bored as a vertical clockwork in a shaft of  solid mountain stone, 
which would keep time and chime on the scale of  10,000 years. [15]

These and other projects under the Long Now umbrella—including a nascent proposal for a 10,000 Year 
Library project—provide case studies for critical thinking in the area of  very-long-term thinking and 
planning.
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Cultural Goals Design Goals

Vessel ArchiveVessel Archive Invite the public to encounter standing examples of 
very-long-term planning through Vessel Archives.

Facilitate a broad range of Vessel Archive efforts 
throughout the world, to encourage hybrid vigor.

Work to reduce existential risk over the long term, 
including those classes of ER involving stagnation.

Design even for the provision of the means of 
fabrication, shipbuilding, launch and 
communications.

The Library of  Life

In addition to the seed planted in my mind by Bruce Sterling's concept of  Deep Archives, I encountered 
another such idea in 1992 which has germinated in the years since that time, ultimately becoming a 
summarizing example of  the scope and scale of  project which a Vessel Archive should consider, at least as 
a thought experiment. As a proposal, it shares the quality of  being potentially galvanizing: a wake-up call 
whose consideration could spur us into action in seeking meaningful alternatives.

The Library of  Life is a practical project proposal as well as a thought experiment, originally set forth by 
author Gregory Benford as a refereed scientific paper in 1992. In response to accelerating loss of  
biodiversity worldwide, it proposes a “broad program of  freezing species in threatened ecospheres”, in 
situ, which “could preserve biodiversity for eventual use by future generations.” [16]

This paper, originally published in the Proceedings of  the National Academy of  Sciences, was expanded 
in Benford's 2001 nonfiction work Deep Time, which explored the methods human use to communicate 
across the ages. In this version, Benford notes that "...this was and is a radical idea: to convey a new kind 
of  message, intensely information-dense, a signal of  desperation. The target lies at least a century away, 
perhaps much longer: nothing less than a future generation that needs the information lost in our coming 
dieback of  many species, and can harvest our salvaged samples with technology we cannot foresee." [17]

A variety of  methods excavating and gathering in situ samples of  biomass are explored, from earth moving 
machines to local teams of  manual laborers for more finely-tuned samples. If  a Library of  Life were 
actually undertaken and stored within a Vessel Archive, it would add one more reason to attempt the 
establishment of  such centers as widely as possible, so as to locally preserve the most endangered of  
biomes—at the least in the form of  their organic and genetic materials.

The original article discusses several of  its critical responses, as encountered during peer review.
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Preservation of  Habitat May Compete Politically with a Sampling and Freezing Program
One argument against such an effort is that resources and energy put towards such a preservation project 
might distract or detract from more progressive efforts at habitat preservation. Benford's response is that 
"we would all prefer a world that preserves everything. But the emotional appeal of  preservation should 
not be used to disguise the simple fact that we are losing the battle or to argue against a prudent 
suspension strategy." [16]

Sampling and Freezing Have Little Aesthetic Appeal
A second argument against the proposal is that its efforts will not excite the public through its appealing 
results, thus casting conservation efforts in a negative light and failing to generate needed proactive 
conservation efforts. One aspect of  this argument is answered in the criticism below. However, Benford 
concedes this point to a degree, noting that "freezing species does not offer the immediate benefits that 
preservation yields. ... More concretely, this proposal will not hasten benefits from new foods, medicines, 
or industrial goods. It will not alter the essential services an ecosphere provides to maintenance of  the 
biosphere. We should make very clear that this task is explicitly designed to benefit humanity as a whole, 
once this age of  rampant species extinction is over."

To Undertake Salvaging Operations Weakens Arguments for Biodiversity Preservation
Another criticism anticipated in the original article is that an in situ mass sampling, freezing, and 
preservation effort of  this sort would forestall more earnest preservation efforts. In Deep Time, Benford 
excerpts a personal letter from Carl Sagan expressing this concern, as well as his admission that the effort 
may demonstrate its own urgency more effectively than more traditional efforts have.

My main concern is that people will conclude that scientists have given up on preserving living 
biodiversity, or that future species extinctions are not so worrisome because we can always 
reconstitute the species and genera that we render extinct. But I agree that these potential obstacles 
can be circumvented: by stressing that only a fraction of  the disappearing species would be 'saved' 
this way and that the very fact that such steps are being taken is an indication of  how serious the 
problem is. [16]

In the original proposal, Benford concludes, along these lines, that "If  the Topeka Zoo budget is cut, the 
city does not transfer funds to Zaire to save gorillas. Indeed, one can make the opposite argument—that 
the spectacle of  the scientific community starting a sampling program will powerfully illuminate the 
calamity we face, alerting the world and stimulating other actions."

The chapter on the Library of  Life proposal in Deep Time ends with a discussion of  the possibilities that, 
"...if  scientific progress has followed the paths that many envision today, [future generations] will have the 
means to perform seeming miracles. They will have developed ethical and social mechanisms we cannot 
guess, but we can prepare now the broad outlines of  a recovery strategy, simply by banking biological 
information." He encourages widespread debate, and concludes that "these are the crucial years for us to 
act, as the Library of  Life burns furiously around us, throughout the world." [17]
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[Figure 4] - Gregory Benford’s  Library of Life proposal was  a key inspiration for Vessel Archives. Its 
serious treatment of existential risk in the form of permanent loss of biodiversity was  as  influential as  its 
treatment of the problems  of curation and sampling. (Lilypad Floating Ecopolis. Architecture © Vincent 
Callebaut Architectures 2008. Visualization Used by Permission of  © Philippe Steels pixelab.be 2008.)

Random Sampling and Curated Collections

To establish a comprehensive cultural archive would require different methods than those of  a biological 
archive, but advances in large-scale data analysis could speed such efforts greatly. In addition, new 
potential technologies and methods for extremely dense data storage are emerging day by day, and new 
realities become possible with each one. As mentioned above, a recent example in the field of  synthetic 
biology is the pioneering work of  George M. Church, Yuan Gao, and Sriram Kosuri, who have developed 
the means to store binary data—of  the sort we could use to encode and decode cultural information—in 
strands of  DNA. These would then be sequenced in order to be read. Densities achieved with the 
technique are 1,000 times greater than that of  prior DNA storage methods. [2]

Given the extremely high density of  data recording possible through methods such as these, we could 
envision situations where we captured and encoded vast amounts of  situational information, without any 
attempt to sequence, decode, analyze, or classify it as yet. 
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Human-readable archives will be needed as well. The archival or sampling of  human culture could and 
should be attempted using many media, and the techniques of  random sampling and curation each have 
their benefits.

Archival is crucial, but the ability to derive meaning from a collection is equally important. A Vessel 
Archive would prioritize the ability to see and assemble wholes from an array of  parts, and the gathering 
into wholes which collection, curation, and organization strives for. Yet it would not take a collection of  
overwhelming size to reap the basic benefits of  curation.  Particularly if  the materials curated were a 
special collection devoted to models for system understanding such as Pattern Languages, discussed below, 
part of  the curated collections’ role could be to aid rapid recovery of  important mental tools. A 
comprehensive survey of  the world's many models for looking at the world may sound circular, but it 
would also be extremely useful.

Even if  this were not attempted, there are methods for training the mind to construct wholes from 
randomly sampled parts, which could be used in any setting where it was possible to draw a handful of  
random elements from a massive pool. The author has experimented with one such technique, originally 
developed to serve the needs of  design, writing, and storytelling. Developed for use by the Austin Writer's 
Meetup Group, this technique results in what we call a Creative Codex. In this project development 
technique, team members are paired and guided in quickly generating a range of  ideas related to the 
central design problem, all onto index cards (or, ideally, into a database that could be reused in many 
ways).  The resulting body of  material is called a Codex.  This is then used in guided exercises to 
illuminate unexpected solutions.  As an example: By drawing 5 random elements, looking for the 3 most 
clearly connected elements, and discarding all but those, team members can quickly home in on new tools 
or insights suggested by the recombination of  those 3 elements. [18]

Random samples may be drawn from cultural materials, but may also be drawn from biological or other 
unforeseen collection types. However they are derived, the key exercise is to practice recognizing 
connections between parts, and assembling small wholes for use in creating larger wholes. 

This technique bears much in common with W. Brian Arthur's theory of  the origin of  technologies 
through the combination principle, as well as other theories of  creative recombination. [19]  The ability to 
see and build wholes must be one of  the key skills we cultivate, as it is crucial to making full use of  any 
diversity of  resources we pool. This would include archives pooled through still other means—for 
instance, through crowdsourcing, AI/agent-based curation, and folksonomies.  All such techniques could 
be vital to the perception, extraction, and reconstruction of  meaningful patterns when working with 
archives of  very large random samples. There is no reason to limit our imagination or our methods when 
building Vessel Archives. We should act with a diversity of  ambitions around the world.

The argument that diversity is its own resource is underscored by a seeming contradiction: Even if  one 
Vessel Archive chose as close to random sampling of  archived materials as it could, and another—halfway 
across the world, built by different hands and minds—had decided on a highly curated approach, this 
would be a reflection of  diversity as well, and we could expect similar unforeseen benefits. If  one method 
turned out to be more prescient than another, then we would hope for different methods to have been 
tried from place to place. Perhaps ideally, there is nothing to stop us from trying both curated and 
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randomized sampling techniques within a single Vessel Archive; by the logic of  hybrid vigor, there is much 
to recommend this blending of  approaches even within one installation.

Revisiting Bostrom's four Classes of  Existential Risk: How do Vessel Archives Fare?

By reexamining Bostrom’s basic classification of  ER, we can see more clearly the ways in which 
distributed and locally-adapted Vessel Archives would assist with aspects of  existential catastrophe beyond 
that of  simple survival.

Human Extinction: Humanity goes extinct prematurely, i.e., before reaching technological 
maturity.
Vessel Archives would address this fundamental design need, at least in the short term. 
Rebuilding sustainably would be the work of  society, once safeguarded through crisis and again able 
to reapply the wealth of  knowledge embedded within their particular Vessel. The possibility of  
interstellar launch from a Vessel Archive, while ambitious and difficult, also answers to this risk 
category.

Permanent Stagnation: Humanity survives but never reaches technological maturity. 
Subclasses: unrecovered collapse, plateauing, recurrent collapse
Vessel Archives would address this scenario, to the extent that its holdings and archives carried 
forwards the crucial tools, techniques, and understanding needed to regrow itself  sustainably from 
this basis outwards. The site acts a kind of  head-start for rediscovery, acting to prevent any scenario 
where spaceworthy civilization would have to be redeveloped, at great loss of  time and likelihood, 
from a catastrophic baseline.

Flawed Realization: Humanity reaches technological maturity but in a way that is dismally and 
irremediably flawed. Subclasses: unconsummated realization, ephemeral realization
Vessel Archives would address this scenario, to the extent that its holdings and archives 
represented the fruits of  our understanding. This valuation would differ substantially from region to 
region, and this fact drives our proposal that open specifications for Vessel Archives be adapted 
widely. Redundant, differing approaches to attaining societal realization would be the best way to 
assure that somewhere, somehow, such realization is attained.

Subsequent Ruination: Humanity reaches technological maturity in a way that gives good future 
prospects, yet subsequent developments cause the permanent ruination of  those prospects.
Vessel Archives would address this scenario as well, to the extent that diversity of  approach is its 
own insurance against permanent or monolithic outcomes.

[7]
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Precursors in Sustainable Architecture, Generative Structures, and Habitat Design

[Figure 5] - A Vessel Archive may exhibit design solutions  which can enhance life on Earth, even as  we 
prototype direct uses  for solutions that will ultimately be found within interstellar habitats. (Lilypad 
Floating Ecopolis. Architecture © Vincent Callebaut Architectures 2008. Visualization Used by 
Permission of  © Philippe Steels pixelab.be 2008.)

Synthetic biology is yielding some exciting new directions and research areas, such as the development of  
self-constructing habitats through the use of  protocells.  These are “very simple chemical systems that are 
capable of  behaving in ways that we would associate with life. [...] In all species of  protocell technology 
the interface, the point of  contact between the two systems, becomes the place of  dynamic interactions. 
The outcome of  this relationship can result in complex structures that take otherwise inert materials and 
distribute them in space and time. [20]

These emerging techniques hold great promise. If  humans are to work capably with dynamic media such 
as protocells, it would be helpful to understand all that we can of  the ways we’ve built in tandem with the 
natural world up to this stage.  This awareness can also keep us nimble and adaptable, when dealing with 
the largely-unmapped terrain of  technology-derived existential risk. 
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We will briefly overview three alternate approaches in generative, pattern-based, and biologically-derived 
architecture, which could inform the development of  synthetic architecture and the shaping of  Vessel 
Archives: Biophilic Design, Arcology, and Pattern Languages. 
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E.O. Wilson and Stephen Kellert: Biophilia and Biophilic Design

In 1984, E.O. Wilson’s Biophilia Hypothesis.  Roger S. Ulrich defines the Biophilia Hypothesis by saying 
that it “can be interpreted as consisting of  two broad propositions: first, that humans are characterized by 
a tendency to respond positively to nature; second, that this disposition has a partly genetic basis.” [21]

In his chapter in the same volume, Wilson discussed: “Biophilia, if  it exists, and I believe it exists, is the 
innately emotional affiliation of  human beings to other living organisms. Innate means hereditary and 
hence part of  ultimate human nature. ... The significance of  biophilia in human biology is potentially 
profound, even if  it exists solely as weak learning rules. It is relevant to our thinking about nature, about 
the landscape, the arts, and mythopoeia, and it invites us to take a new look at environmental ethics.”

Though perhaps controversial, it is worth further inquiry to test the Biophilia Hypothesis, as it suggests 
that any attunement we do have to the natural world’s forms and processes developed over a period of  
evolutionary selection and struggle with the forces of  nature.

In that testing through applied design, biophilia has positive implications for the design of  long-term 
habitats not only on Earth but also in the context of  the 100 Year Starship. 

Cultural Goals Design Goals

Biophilic Design Provide tools for sustainability and biophilic 
design, as a possible basis for interstellar 
civilization.

Construct facilities and installations using a 
diversity of design techniques, testing biophilic 
design principles.

Seed the developing interstellar civilization with a 
pattern language for biophilic design and 
sustainability.

Bring design principles tested through the 
construction of Vessel Archives forward into core 
100YSS efforts.

The application of  the principles of  biophilia to the arrangement of  space or materials is called Biophilic 
Design.

One overall plan which exhibits a particularly primordial aesthetic and primal attraction is that of  the 
radial symmetry; the large-scale settlement in-the-round. The geometrical elegance of  designs that show 
radial symmetry with slightly interrupted, broken, or perturbed details is explored in Deep Time while 
discussing the design forms suited for very-long-term communications. [17] Out of  26 designs examined, 
15 of  these derive from the natural world, and 10 of  those from the small-scale realm of  Earth's flora and 
fauna.

Yet the reasons for the radial plan's resilience may have to do with its ability to adapt to overall context, 
more so than its overall, circular form. The importance of  a context for freely adapting design solutions 
and approaches bears an interesting relation to biophilic design. In her treatment of  biomimicry in 
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biophilic design, Janine Benyus notes that we participate in a process drawn from the animal kingdom 
when we exercise mimesis and adaptations of  one-another's solutions:

Biomimicry is not a style of  building, nor is it an identifiable design product. It is, rather, a design 
process—a way of  seeking solutions—in which the designer defines a challenge functionally [...], seeks  
out a local organism or ecosystem that is the champion of  that function, and then begins a 
conversation: How are you doing what I want to do? And how might I emulate your design? [21]

As we observe the natural world, emulating and innovating in our rediscovery of  biophilic design, we can 
also offer examples and resources for testing by the public. In sharing these approaches with society, we 
apply our knowledge and arts to the human endeavor on both levels: That of  the 100 Year Starship 
Mission and its attending habitats, as well as that of  a sustainable (and mission-sustaining) interstellar 
civilization on Earth. 
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Paolo Soleri: Arcology (Architectural Ecologies)

In 1969, during a year which saw our first footsteps on the moon, Italian architect and Frank Lloyd 
Wright student Paolo Soleri published a groundbreaking work entitled Arcology: the City in the 
Image of  Man.[22] Its schematics and proposals were towards a form of  large-scale human settlement 
which placed biophilic design at the forefront of  our evolutionary prospects well before the concept had 
been articulated elsewhere. Arcology has been a central influence on the Vessel Archives proposal.

Arcology is a term devised to describe an intensive installation as sustainable habitat for populations 
numbering in the thousands or tens of  thousands. The original design goal was to envision miniaturized 
and intensified infrastructure which could rapidly and drastically reduce our ecological impact through 
concentration of  geological, cultural, and ecological density. 

At the same time, these designs sought to multiply opportunities for cultural crossover, learning, 
serendipity, connectivity, and economy of  scale for their inhabitants. These goals were aimed at living with 
a lighter impact (or footprint, in modern parlance) on the natural world. In that sense they were 
precursors of  green and sustainable design, and their design goals remain compelling and elusive goals in 
our current crises. 

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

25



[Figure 6] - Paolo Soleri’s  concept of the Arcology (architectural ecology) was a groundbreaking 
visualization of human communities  as  very compact habitats.  (Noahbabel;  plan. Arcology design for 
population of 40,000. Page 51 in “Arcology: City in the Image of Man”, 1970. Photo credit: Cosanti 
Foundation.  Used by Permission.)

The foreword to Arcology, written from a decidedly layman's perspective, manages to articulate to near 
perfection one of  the larger implications of  the Biophilia Hypothesis (explored below), 15 years before its 
formal introduction by biologist E.O. Wilson. 
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“There is an inherent logic,” Blake writes, “in the structure and nature of  organisms that have grown on 
this planet. Any architecture, any urban design, and any social order that violates that structure and 
nature is destructive of  itself  and of  us. Any architecture, urban design, or social order that is based upon 
organic principles is valid and will prove its own validity.” 

Biological approaches to design were ever-present in early arcology schematics, and Soleri suggests the 
reason why: the methods of  nature, particularly at the scales of  the microorganism and the ecosystem, are 
deeply intensifying and applicable to the scale of  a city or settlement.

The subject is the city. The aim is: 1. A historically sound concept of  the morphology of  the city as 
an evolving organism. 2. A testing of  the conception by a verification process, transferring ideas into 
the actual construction of  a micro-city. [22]

In Soleri's original proposals, the location and format of  any given arcology was extremely flexible to 
begin with, each an application of  the strategy of  intensification to the challenges of  different physical 
environments. An arcology may be uniquely suited to a particular site, but this is because it is an adaptive 
strategy already, its design language conforming to its environs like water poured from one vessel into 
another of  a different shape.

Efforts undertaken in realizing the building of  Vessel Archives on Earth may assist in our planning for 
interstellar habitats and colonies in unforeseen ways, even as we test our success at building focused-
purpose habitats on Earth. Either way, we are simply applying an adaptive technique to a particular 
environment. 

Because over 40 years have passed since the original publication of  Arcology, and fully functioning 
Arcologies outside of  the proof-of-concept installation of  Arcosanti in Arizona do not yet exist, we must 
assume that the concept as presented poses challenges which impede its unfolding. One of  those 
challenges lies in the scale proposed. A functioning, self-contained habitat for a population of  10,000 or 
more is not a trivial thing to engineer. However, this should bring us to take a closer look at Arcologies 
rather than distance ourselves from them, as our own goal of  building an interstellar civilization proposes 
similar engineering feats and habitats in even more inhospitable conditions than those we might fear 
unfolding on Earth.

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

27



Christopher Alexander: A Pattern Language

Morphology and spatial design for Vessel Archives would take a variety of  forms around the world. Much 
work would need to be done in specifying and detailing open plans for Vessel Archives (and this is 
discussed below). Several other approaches from within the field of  architecture and design can be noted 
and recommended as possible areas of  inquiry.

Christopher Alexander is an architect and Emeritus Professor of  Architecture at the University of  
California, Berkeley. Through his work as an architect and engineer, has contributed the concept of  a 
Pattern Language [23] to the practices of  design and planning.

Though developed within the realm of  architecture, it has now come to be known nearly as well for its 
impact on software development. As originally described, the core concept suggests that physical spaces 
originally unfolded in certain patterns due to the knowledge their builders had of  the ways each larger and 
smaller space helped shape those around it into a greater whole.  As a simple example, a threshold makes 
no sense without a pathway leading up to it, a door, and an area of  interior directly beyond it which 
welcomes one into the space. Each of  these can be described as a pattern. [23]

So long as a described solution to a spatial problem can be articulated as supportive of  the spaces around 
it, diverse and even vernacular solutions could be described in a Pattern Language for Vessel Archives. 
Many possible patterns could be drawn from Soleri's work, as well as from Alexander's. The methodology 
of  Biophilic Design could lend us patterns which harnessed the morphologies of  the natural world and 
the methods of  biomimicry could aid their long-term structural integrity.  All of  these approaches could 
help to inform our own work with protocell architecture and other advanced methods.
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[Figure 7] - Much work remains to be done in testing best practices for designs, and countless 
approaches are possible.  For maximum selective advantage in case of a crisis, all should be tried. (Lilypad 
Floating Ecopolis. Architecture © Vincent Callebaut Architectures 2008. Visualization Used by 
Permission of  © Philippe Steels pixelab.be 2008.)

Nikos A. Salingaros contributes the importance of  understanding what he calls interactive computation—
the step-by-step decision-making of  individual people—in the process of  shaping any architectural form, 
whether the layout of  a room, the plan of  a house, or the collective life and vitality of  a city. 

Salingaros extends the work of  Alexander particularly effectively, presenting a comprehensive typology of  
large-scale habitat design in the context of  urbanism. Here he makes a compelling case that over the long 
term, spaces which are computed through interactions (i.e. built adaptively, based on the interactions of  
people) will be more adaptive to changing and unforeseen needs. [24] 

This imperative should be borne in mind as different approaches are explored and tested. An ideal plan 
may exhibit aspects of  biomimesis as well as allowing spaces for interactive computation. 

We could imagine a plan described through non-interactive computation, using design principles seen in 
the fractal below. Developed in collaboration with mathematician Eric Baird specifically for the Vessel 
Archives proposal, The Baird-Rezabek tri-hex fractal is offered under Creative Commons licensing, as a 
tool for further adaptation, design, and development. 
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This figure reflects several key principles in Vessel design: Central spaces, complex edges, compact 
arrangement, self-similarity at all scales, and others. (Creative Commons Attribution-ShareAlike 3.0 (CC 
BY-SA 3.0) - Eric Baird and Heath Rezabek, 2012). Were we to further develop this form for use in a 
project, we would seek out places in its layout for imperfections, variations, and interactive computation.
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[Figure 8] - The Baird-Rezabek tri-hex fractal.  Developed in collaboration with mathematician Eric Baird 
specifically for the Vessel Archives  proposal, this  unique fractal is meant to serve as  an inspiration and tool 
for further adaptation, design, and development. This  figure reflects  several key principles  in Vessel design: 
Central spaces, complex edges, compact arrangement, self-similarity at all scales, and others. (Creative 
Commons Attribution-ShareAlike 3.0  (CC BY-SA 3.0) - Eric Baird and Heath Rezabek, 2012)

While developing this fractal with Eric, I could not help but be reminded of  a quotation by another 
librarian:

“The universe (which others call the Library) is composed of  an indefinite, perhaps infinite number 
of  hexagonal galleries.”

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

31



— Jorge Luis Borges; The Library of  Babel. [25]

Indeed, so long as human imagination and creativity is brought to bear on adapting basic principles to 
unique conditions, the range of  possible solutions to unique challenges will remain both indefinite and, in 
that way, unbounded: potentially infinite.

Pattern Languages from Vernacular Architecture as a form of  Embedded Cultural 
Preservation

While such models of  spatial arrangement for whole habitats may seem abstract, we should note that the 
approach of  Pattern Languages can express the very concrete and cultural as well. All of  these patterns, 
whether abstract or concrete, could be tested and refined in the real-world building of  Vessel Archives. 
Each pattern may be embraced, rejected, or altered to suit local needs and preserve vernacular tendencies. 

This suggests one more caveat in answer to the urge to over-advance the architectural design of  Vessel 
Archives: Because their central role is one of  preservation and access, the use of  actual vernacular 
solutions, adapted meaningfully as needed, becomes a pivotal form of  cultural archival in itself.

A Vessel Archive in Japan might develop a Pattern Language which integrated the design principles of  
wabi-sabi [26]; the intricate and compact storage capacity of  the Japanese chest or tansu [27]; the space-
expanding principle of  shakkei or borrowed scenery found in traditional Japanese garden design [28]; and 
the strategic use of  bamboo in traditional and modern Japanese house construction [29]. Thus important 
cultural information could be preserved through functional inclusion.

When discussing blended patterns and techniques of  construction, we touch on potentially interesting and 
controversial arguments regarding curation and collection. However, it is our belief  that we need not 
worry overmuch about purity of  preservation in any one single Vessel Archive or another; only that those who 
care the most about such things are hard at work, collaborating and building actual real-world Vessel 
Archives. We should strive to ensure that as many approaches to building real-world Vessel Archives are 
undertaken as possible. 

On its own a habitat for a community of  a few thousand will not solve our societal challenges or safeguard 
life on Earth. However, connected communities of  hundreds or thousands of  independently and 
interdependently designed Vessel Archives around the world, each freely modeling and sharing concrete 
methods for deeply sustainable design with society at large, may have better chances of  doing so.

One simple thing we could do to ensure that a diversity of  approaches to Vessel Archives is possible is to 
release open source frameworks and outlines for these efforts. We have launched a resource site to do this, 
with materials available for adaptation under Creative Commons licensing.
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Creative Commons for Open Access to Ex-Risk Responsive Specifications

Attempting to address existential risk poses a dilemma in the everyday world. As we will see shortly, no 
effort could be more important to undertake, from a strictly statistical and probabilistic point of  view.

Yet we must also eat. We must also have shelter, clothing, and the other necessities of  life, all of  which 
have long been regulated by the principles of  economics.

Why is resolving this dilemma crucial? We propose this hypothesis:

Once we are aware of  existential risk, and of  the stakes involved, it becomes 
ethically unsustainable to withhold our best efforts at reducing that risk, through Ex-
Risk Responsive designs, from the matrix of  humanity into which we are born.

A solution lies in the very form and function of  a matrix. A framework; a scaffolding; a blueprint; an 
outline; a sketch.

[Figure 9] - Open Frameworks: Once we are aware of existential risk, and of the stakes involved, it 
becomes ethically unsustainable to withhold our best efforts  at reducing that risk from the matrix of 
humanity in which we are borne. Providing open frameworks  and outlines, alongside more detailed and 
proprietary projects, are the solution. (Lilypad Floating Ecopolis  for illustration only. Architecture © 
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Vincent Callebaut Architectures  2008. Visualization Used by Permission of © Philippe Steels  pixelab.be 
2008.)

Because it can be so difficult to begin, to orient ourselves in a new field of  endeavor, we propose that our 
commons be dedicated to sharing our very best efforts at outlining these beginnings. From shared 
beginnings, countless efforts may emerge.

As described above, a Creative Codex is a set of  loose elements, each pointing the way towards 
possibilities. They can be random or arranged; they can be organized into outlines. However they are 
used, these pointers and beginnings serve as an excellent basis for sharing and adaptation through 
Creative Commons licensing.

A Vessel Codex is a resource site where the outlines and topic headings which point the way to building 
Vessel Archives (and other related solutions) can be shared and collaborated upon.

From these beginnings, any particular effort might take them in any direction. This is exactly what we 
would want to happen, if  a diversity of  methods of  reducing existential risk were our goal.

We cannot foresee all ends, and we cannot foresee which evolutionary pressures would come to bear on 
any given Vessel Archive. A wide diversity of  approaches and actual construction projects would do the 
most to ensure our imperative:

To achieve an interstellar civilization while addressing existential risk, we must do 
more than survive: we must preserve our aspirations, our capabilities, our cultural 
resources, and our biodiversity.

In order to reap the benefits of  a diversity of  approaches to founding Vessel Archives, we propose that the 
initial project design documents be hosted at several independent project sites, and be licensed for reuse 
through the Creative Commons Attribution Share-Alike License. 

This approach is well suited to a project whose aim is to become a vehicle for the spreading of  ideas, and 
the success of  TED Talks has paved the way for a broad understanding of  the benefits of  a CC license for 
scientific and cultural thinking. In "The Power of  Open", TED Talks / TED Media Executive Producer 
June Cohen notes that "CC licensing has enabled sharing in ways well beyond what we could have done 
on our own. Our unintended consequences have been explosively positive. It is not just the growth, but the 
way that our global audience has become a global team, embracing our brand and encouraging further 
innovation." [30]

Because we understand the need for this openness to be inherited through the Creative Commons license, 
as well as the need for particular approaches to be able to monetize and prosper in embellishing their own 
patterns, we propose two trunks to this (and similarly motivated) efforts:

• A basic and initiating Vessel Codex framework, available openly under Creative Commons 
licensing.
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• A developed and detailed Vessel Codex project, licensed proprietarily, so that those who work 
further from that particular trunk can do so with security of  their subsequent IP assets if  they so 
choose.

Is this a contradiction? We must remember that our overarching goal is the endurance of  life on Earth, 
and that we cannot foresee which approach will confer selective advantage under which crisis scenario. 
Because this is so, we must allow for every possible path to be taken, including those that seem at odds, 
when we can imagine a way to do so. In this case, we can do so by offering two trunks of  the Vessel 
Codex, and allowing for both to evolve.

If  plans for these centers are shared and built to amplify our aspirations and share the vision of  the 100 
Year Starship Mission, they may also play some part in determining which possible future unfolds:  

A truly interstellar civilization... 

A number of  localized Vessel Archives... 

Or—ideally—a community which links the local, the global, and the interstellar. 

Heath Rezabek - Vessel Archives: - 100YSS Symposium Proceedings 2012

35



Countless Generations to Come

Though the stakes are very high, the reward-to-risk ratio is quite high as well. For a quantification of  
future potential which manages to be both sobering and inspiring at once, we will turn one more time to 
Nick Bostrom, and his pivotal working paper, "Existential Risk Reduction as Global Priority”. [7]  The potential 
future benefits of  undertaking this work are vast, when considering the long-term potential of  our 
interstellar civilization. Even the smallest of  efforts towards envisioning a critical path through existential 
risk to the interstellar civilization we aspire to, may be a truly staggering boon for countless future 
generations, whose evolutionary potential are beyond our imagining.

To calculate the loss associated with an existential catastrophe, we must consider how much value 
would come to exist in its absence. It turns out that the ultimate potential for Earth-originating 
intelligent life is literally astronomical. One gets a large number even if  one confines one’s 
consideration to the potential for biological human beings living on Earth. If  we suppose [...] that 
our planet will remain habitable for at least another billion years, and we assume that at least one 
billion people could live on it sustainably, then the potential exists for at least 10^16 human lives. ... 
However, the relevant figure is not how many people could live on Earth but how many descendants 
we could have in total. ... Even if  we use the most conservative of  these estimates, which entirely 
ignores the possibility of  space colonization and software minds, we find that the expected loss of  an 
existential catastrophe is greater than the value of  1018 human lives. This implies that the expected 
value of  reducing existential risk by a mere one millionth of  one percentage point is at least ten 
times the value of  a billion human lives. [7]

In this paper, we have detailed one possible model—that of  the Vessel Archive—among, perhaps, many. I 
invite readers to connect with the approaches presented here in different ways, and adapt them to their 
own understandings. By doing so, my aspiration is that we will have reduced the chances of  existential 
catastrophe—and increased the chances of  humanity fulfilling its full potential in space and time—by at 
least one millionth of  one percent.

Humanity, as it exists today, embodies and carries forwards “the millions of  generations of  our ancestors 
and millions more generations of  our potential descendants, with all their hopes and dreams and 
creations,” [31] as Joel Primack and Nancy Abrams put it.

As we have taken on the charge of  achieving an interstellar civilization within 100 years, our own task is 
clear. Whatever we may personally believe, we must proceed as though life on Earth, the only living world 
we know of  to date, is our responsibility to foster as fully as we are able. And we must bring to bear all the 
interrelated tools—both mental and physical—that we have at our disposal, and create a sustainable 
context for thriving beyond this precarious cusp.

We earnestly hope that this work and others of  a similar nature unleash a flood of  collaborative efforts to 
piece together as many paths to interstellar civilization as we can imagine.
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Coda: Living Dust

“The most astounding  fact ... is the knowledge that the atoms that comprise life on Earth, the atoms that 
make up the human body, are traceable to the crucibles that cooked light elements into heavy  elements in 
their core ... under extreme temperatures and pressures. These stars ... went unstable in their later years. 
They  collapsed and then exploded, scattering  their enriched guts across the galaxy. Guts made of carbon, 
nitrogen, oxygen, and all the fundamental ingredients of life itself. These ingredients become part of gas 
clouds that condense, collapse, form the next generation of solar systems—stars with orbiting  planets—
and those planets now have the ingredients for life itself. So that when I look up  at the night sky, and I 
know that—yes—we are part of this universe, we are in this universe... But perhaps more important than 
both of those facts, is that the universe is in us. When I reflect on that fact, I look up—many people feel 
small, because they're small and the universe is big; but I feel big. Because my  atoms came from those 
stars.” 

- Neil deGrasse Tyson, TIME: 10 Questions for Neil deGrasse Tyson. [32]
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[Figure 10] - Origins, © Lucy West 2012.  Used by Permission. Encountering this  painting on the 
Kepler Project website was a direct catalyst for the coming-together of many elements  into the Vessel 
Archive proposal. “This  is  not fantasy. This  is  science: you are all this. Who you are is the sum total of 
your history. How far back you take that history—how much of your own identity you claim—is up to 
you.” [31]
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