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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 
presentation and discussion, 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 focus 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. This session's 
immediate goal will be an overview comprehensive enough to launch the concept into public 
collaboration, and many approaches from different fields will be integrated. We will explore 
(among other topics): the tension between curation and sampling through the lens of  Benford’s 
“Library of  Life” proposal; the urgent aspiration that Vessel Archives serve as galvanizing 
beacons for humanity; and the enduring mission of  securing the resources we would need on-site 
to engineer spaceworthy vessels from within isolated installations, even in the absence of  signals 
from a global civilization.

NOTE: This working paper is a draft meant for reference and to aid in further discussion with conference attendees 
at the 100YSS Symposium, September 13-16, 2012.  It is not submission-complete.  (Deadline October 31).

biota.cc/vessel.pdf
biota.cc/vessel-slides.pdf
biota.cc/vessel-slides-notes.pdf
biota.cc/vessel-slides-images/

slideshare.net/heathrezabek 

Heath Rezabek / Working Paper for Conference Reference / 100YSS Symposium / September 13-16, 2012

1

mailto:heath.rezabek@gmail.com
mailto:heath.rezabek@gmail.com


The vision of  becoming an interstellar civilization must speak to the public, if  it is to inspire and 
empower them in what will be a long effort and a challenging transition from our present society 
to one that can sustain both itself  and the 100 Year Starship Mission.  In this spirit, we here 
attempt a generalist's proposal for action based on a range of  connected themes.  We attempt to 
chart the intersection of  several interconnected themes, in a way we not yet seen them connected.  
In the process, we will reference and synthesize ideas from a number of  works originally aimed at 
the general reader.  Besides the possibility that this will keep the work accessible to a future 
public, our hope is that the conclusions drawn and ideas connected will be of  value to the 
specialist community as well, as we seek together a path towards our chosen future.

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." (100 Year Starship 2011)

The present paper attempts to address all three of  these goals, and recommends a means for 
doing so.

To begin with the prospects for life in the universe—on Earth and beyond—may seem a tangent 
to our work on a 100 Year Starship project, but a species-level extinction, if  it happened before 
we had become an interstellar civilization, would also end our chances of  achieving our greater 
goal. 

Because this is so, we will begin with two key questions:

	 Are we alone?

	 Will we endure?
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Listening to the Great Silence

	 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.  (Buchhave 2012)

Yet with billions of  years of  evolutionary time behind them all, we have heard and seen no trace 
of  life beyond our Earth.  Why not?  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.  (Gardner 2007, 95)

The simplest explanation would be that they do not exist.  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 (which we will explore near our conclusion), 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". 
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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.  
(Hanson 1998)

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 cultivate 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 
to be stewards of  Earth's flora, fauna, and cultures, regardless of  our own opinions on our 
collective right or ability to do so. 

Given the uniquely human imperative to foster human life itself, our responsibility grows all the 
greater.  When we discuss the Great Filter, we will explore one argument which suggests that the 
discovery of  even the simplest microbial life on another world should remind us that complex, 
multicellular life is not as widespread, and could be vanishingly rare.  

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 defines Existential 
Risk (hereafter ER / existential risk) as "extinction-level risks to our species as a whole." (Rees et al, 
2012)  Nick Bostrom, Director of  the Future of  Humanity Institute at the University of  Oxford, 
defines ER more broadly in his pivotal working paper: Existential Risk Prevention as the Most 
Important Task for Humanity. (Bostrom 2011)

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. (Bostrom 2011, 1)

This definition is notable for its suggestion that survival alone—the mandate of  the 2011 100 
Year Starship Strategy Planning Workshop—is not, in itself, sufficient.  

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.  (Bostrom 2001).  Ulmschneider offers a similar and in some ways 
more organized survey in Intelligent Life in the Universe (Ulmschneider 2006, 242-251).

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 2011 is recommended as a pivotal reading on these matters.  It 
provides a broadly applicable general taxonomy of  ER outcome scenarios, which includes several 
less-considered types. 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
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Flawed Realization: Humanity reaches technological maturity but in a way that is dismally and 
irremediably flawed.  
	Subclasses: unconsummated realization, ephemeral realization

Subsequent Ruination: Humanity reaches technological maturity in a way that gives good future 
prospects, yet subsequent developments cause the permanent ruination of  those prospects.

(Bostrom 2011, 11)

Human Extinction is what we normally think of  as the ultimate risk, but it is actually only one 
subset of  many possible outcomes.  Whatever the cause of  an extinction-threatening crisis, 
Bostrom usefully points out that Permanent Stagnation—a partial but ultimately tempered 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.  More than this, in describing the challenge facing us in 
fostering an interstellar civilization, the 2012 100 Year Starship Call for Papers notes also the 
importance of  societal efforts:  "This session invites papers across disciplines related to animating 
the necessary political, economic, social and cultural shifts that will enable our transition from a 
“near Earth” society into an interstellar civilization."  (100 Year Starship 2012)

We can 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.  (Bostrom 2011, 13-14)

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.  
(Bostrom 2011, 15-16)
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Subsequent Ruination, finally, is included 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. 

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.
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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?

We understand the urgency compelled by existential risk; still we must move steadily forwards.  
Do we wield the carrot, or the stick?  Perhaps the best way to secure future efforts is not through 
fear of  existential risk, but through a steadfast, positive aspiration.  

An interstellar civilization is, by definition, something that would exist in tandem with an 
interstellar effort—with the 100 Year Starship Mission.  We did not identify interstellar 
civilization in and of  itself  as a goal to be achieved.  Yet such a civilization might embody certain 
traits of  long-term vision which would have worth in themselves, as well as being supportive of  
an interstellar effort.  

Thus the central message, the starting point for inspiration of  the public, is the vision of  a 100 
Year Starship and all the collective and individual empowerment this effort suggests.  But to lead 
society to that goal will bring society through a transformation.  We will first look at what this 
transformation entails, and then look at what traits the resulting interstellar civilization might 
exhibit.
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Envisioning an Interstellar Civilization will Enhance Life on Earth

The 100 Year Starship Mission is in the early stages of  articulating a vision; at this stage, our 
vision is at its most inclusive.  The path we take from here will depend upon the effort we apply to 
integrating our influences, and on how we convey them.  

As an author steeped in the humanities, I will add to the dialogue by asking what might be 
possible if  we look at our exhibits for the public not only as works of  science, but also of  art, 
meant to inspire visitors, and to open their minds to new possibilities.  

In particular we will explore several approaches to the art and science of  architecture.  Like a 
starship, the type of  large-scale structure which I propose will require the arts of  visualization 
and intuitive design, as well as the more concrete processes of  structural engineering.  Given this 
effort as a work of  art, are there models of  how we proceed?

In The Mission of  Art, visionary artist Alex Grey details 6 stages to the creative process:

1. Formulation:  Discovery of  the artist's subject or problem.
2. Saturation:  A period of  intense research on the subject or problem.
3. Incubation:  Letting the unconscious sift the information and develop a response.
4. Inspiration: A flash of  one's own unique solution to the problem.
5. Translation: Bringing the internal solution to outer form.
6. Integration: Sharing the creative answer with the world and getting feedback.

(Grey 1999, 75)

If  we look at the 100 Year Starship project itself  (and the building of  an interstellar civilization) 
as an extended work of  art in many media, our obstacles become creative challenges and design 
problems.  We can envision all of  Grey’s 6 stages played out on shorter and longer timescales.

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.

Having formulated our central subject or problem in this imperative, we can address possible 
solutions.  Yet offering solutions to a problem, risk, or threat are not the same thing as 
communicating or sharing a vision.  

Society will be more fully engaged if  we begin with subjects that spark its imagination.  As a 
simple example, we would necessarily not wish their their first exposure to the 100 Year Starship 
to be through the concept of  existential risk.  Concern is not inspiration.  At the least, we might 
want their first exposures to be to projects and initiatives which pointed positive aspirations and 
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which could ultimately help address those risks.  (As an audience which is at least minimally 
familiar with our mission of  launching a 100 Year Starship, and the stakes at play, we have taken 
exception to our own rule.)

At our very best, we would strive to see that they come to an understanding and an adoption of  a 
role in this extended effort by way of  those things that interest and compel them most personally
—be they logic, design, visual arts, science, music, gaming, language, or something else.  This 
would ensure that they carry those strengths with them on the journey to—as it were—their 
place at the launch site.
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Communicating the Vision

The 2011 100 Year Starship Study Public Symposium Agenda designated a track devoted to 
Communication of  the Vision, and described the work in terms of  the story we tell about 
this collective work:  "Storytelling as a means of  inspiration, linkage between incentives, payback 
and investment, use of  movies, television and books to popularize long term research, long term 
journeys." (100 Year Starship 2011)

To many, upon first encountering it, the 100 YSS will seem like science fiction (a point on which 
our session description agrees).  Yet science fiction is one of  the tools we have historically used to 
project our aspirations into the future, and science itself  is enjoying a heightened appreciation 
through the visible success of  missions such as the Kepler Mission and the Curiosity Rover / 
Mars Science Laboratory Mission.  

Because the 100 Year Starship is a future goal, it can enjoy a hybrid attention.  We may focus on 
the technical aspects, but we should never lose sight of  the importance of  the human story.  Our 
starship can be both.  Gene Roddenberry, the creator of  Star Trek, says of  the fictional starship 
Enterprise in his introduction to the Star Trek: The Next Generation Technical Manual:

The Starship Enterprise is not a collection of  motion picture sets or a model used in visual effects.  It 
is a very real vehicle; one designed for storytelling. (Roddenberry in Sternbach and Okuda 1991, v)

As it happens, we have the means to tell a compelling story as well, simply by stepping through 
our goal itself.  It may also be that, in the process of  telling this story, we will create in society the 
means to help make it come true.  

We can use the relation between the 100 Year Starship Mission, the emergence of  an Interstellar 
Civilization, and the means we will propose to get there, as our sequential plot points:

• Our goal is to achieve interstellar travel within 100 years—This is the 100 Year Starship Mission.
• To do this, these efforts will need to be sustained by an interstellar civilization, which will grow up 
around that work.
• Institutions exist to help foster the inspiration towards the 100 Year Starship, as well as the 
methods of  sustainable design we will need to endure.
• Both the institutions and the civilization itself  must be able to endure for at least the next 100 years  
to sustain the effort—obviously, ideally, far longer.
• We can achieve societal sustainability through widespread education, applied effort, and clear 
results.
• Yet sustainability is a prerequisite—and no guarantee—of  longevity.
• Models exist for self-sustaining habitats, installations which could sustain the traces of  civilization 
in case of  catastrophe.
• Even in survival, we must avoid recurrent stagnation, the rising and falling of  wounded 
civilizations.
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• We can strive for this goal through the founding of  deep archives, a library of  life: Vessel Archives.
• We do not know which combination of  approaches will succeed, in which circumstances.
• But we can create an open project, so that a wide diversity of  approaches can be taken by any able 
to do so, to encourage hybrid vigor.
• The seed idea of  the Vessel Archive will empower us to think further ahead, and inspire us to live 
more sustainably, than we ever have before.
• We should begin now.

We have outlined a story (or at least, a sequence of  events), and we have drawn an analogy to a 
fictional starship and society which has nevertheless been developed deeply enough to have its 
own Technical Manual.  Would the collaborative development of  a 100 Year Starship 
Technical Manual aid our cause?  Would stories and films which envision that future do so 
more effectively?  Both of  these may be effective for a diversity of  people with different 
perspectives.  So, indeed, would the development of  a vast range of  interrelated materials, 
activities and resources.  

There are still other routes that a person may take in coming to an understanding of  the 100 
Year Starship effort and of  interstellar civilization as our goal.  To allow the public to encounter 
the 100 Year Starship Mission through whichever avenues most compel them, may be one of  the 
most powerful methods we could employ to promote what we have above called hybrid vigor: the 
integrity and diversity of  tools and views brought to bear on the 100YSS project.  

We have looked at Story: A narrative arc which can be read or encountered through fiction.  
Other ways of  communicating the vision—none of  them mutually exclusive—include:

Art: Invitational exhibitions and standing exhibits—is but one cultural avenue for inspiring 
society to strive for this vision.  
Timeline: A linear sequence of  critical steps, detailing past waypoints and future benchmarks.
Analytical: Moving from one logical argument to the next argument it suggests.
Gaming: An experience which immerses one in a speculative world—a scenario—to play out a 
series of  interesting decisions.
Technical: Schematics and illustrations of  the physical (and perhaps the cultural) prerequisites 
or elements of  the project.
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Immersive Learning:  Scenario Gaming, Simulations, and Role-Play

Gaming is able to combine many approaches into an immersive situation to cultivate deep 
learning.  

A wealth of  resources exist on the design of  immersive media and gaming for educational 
purposes (Latitude 2011), and on the creation of  virtual worlds (Bartle 2004) for purposes such as 
ours.  The use of  descriptive, design-centric Pattern Languages—originally developed in the field 
of  architecture, as described below—have also been applied to game design (Bjork and 
Holopainen 2004).  These methods remain to be tapped, as we communicate our vision of  an 
interstellar effort to the world at large.   

But scholarship on game design is not simply a current infatuation.  Pivotal early work, before the 
rise of  computers as a primary tool for simulation, recognized the potential of  scenario role-play 
for communicating a gestalt understanding of  complex issues, and suggested that the complex 
challenges of  the future would require increasing use of  gaming as a medium of  communication.  

In Gaming: The Future's Language (1974), Richard D. Duke proposed that those working within 
an immersive simulation or doing scenario role-play were experiencing what he called a learning 
spiral:

The early iterations establish a basis of  understanding or gestalt which serves as reference in the 
subsequent cycles.  As play continues and more complexity is introduced, the player from his own 
perspective and in his own time perceives problems, asks questions, and finds answers within the 
context of  the game.  As learning progresses the player recognizes that the game as an abstraction 
can only mimic the real world or reality being gamed, and turns his attention to the actual reality.  
At this point a critique is particularly effective because the participants of  the game event share a 
"language" or jargon derived from the game event and this can be useful to them in exploring 
reality.  (Duke 1974, 64)

This learning process was clear long before computer simulation was a tool available to us.  Our 
ability to bring the future's technologies to bear on scenario gaming could open many doors for 
direct observation and testing of  scenarios.  By simulating different scenarios—for instance, 
different outcomes of  the Fermi Paradox, such as encountering microbial life— and allowing 
participants to play through their responses, we broaden the range of  our own capacity to adapt 
to different scenarios that effect our work.

In hosting simulations as a kind of  gaming event, we could gather and document innovative 
responses to different challenges the actual 100YSS Mission might face in time.  We can imagine 
an online archive of  the proceedings of  these sessions, and making them available as educational 
entertainment.  Such a collection of  scenario-gaming sessions would be a resource that yielded 
multiple benefits: (1) Spreading the ideas behind these scenarios to a curious public; (2) Building 
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up a fan base of  participants; (3) Crowdsourcing and archiving possible outcomes for further 
study; (4) Training and orienting both our core teams and our volunteers.

Gaming is an additional form for conveying an understanding of  the 100 Year Starship effort 
and of  the stages of  a developing interstellar civilization that we have examined, of  potentially 
many more.  Just as there are many possible forms and formats for sharing the vision of  an 
interstellar civilization and the 100 Year Starship, there already exist several types of  institutions 
where exhibits and experiences of  these sort might be introduced.
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Approaching the Future: Creating a Living Legacy for Humanity

In order to best communicate an open and inclusive vision of  interstellar travel and an 
interstellar civilization, all of  these types of  experience and environment will ultimately need to 
be brought together in one location.  When a person encounters this type of  installation or 
institution, their first experiences will fall along the lines of  those experiences they are most apt to 
seek out.  As they explore more deeply, the more challenging aspects of  our work will be engaged.

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.

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 both educate and inspire, on 
multiple levels.  There will 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.
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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.

We will revisit these three levels as we go.  Given this long-term goal of  building our own facilities  
for introducing the concepts of  the 100 Year Starship Mission, and the crucial methods of  
sustainability which will be needed for an interstellar civilization to endure, we can proceed on 
the basis of  what institutions we have in society here and now.  There are many, each with its 
different focus and purpose.
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Institutions: Starting Where we Are

A core assumption of  the 100 Year Starship community is that we will have at least 100 years to 
achieve our vision of  an interstellar society.   The greatest odds of  ensuring that preventative or 
restorative measures have the impact they might need would be found by engaging the public in 
this work, and in an understanding advocacy of  the 100 Year Starship effort, and a sustainable 
interstellar civilization, at the societal level.  

The type of  institution or installation capable of  uniting the the many themes and tools needed 
to educate and inspire the public on these matters does not wholly exist at present.  Its nearest 
analogue is perhaps the Nature & Science Museum.  Certainly, exhibits relating to the 100 Year 
Starship Mission geared towards Nature & Science Museums should be one of  our near-term 
priorities.  

Different types of  experience are facilitated by different types of  institution.  For instance, we are 
prepared to encounter art in curated collections at a gallery.  We know to expect exhibits and 
dioramas based on a given subject area at a museum.  We can ponder the interdependencies of  
different biomes in an arboretum.  We come to a planetarium to see compelling representations 
of  the universe, while we hope to glimpse the stars and planets at an observatory.  In a classroom 
or auditorium, we listen to the lessons of  another.  In a workshop we create, as an artist or a 
maker; in a laboratory we experiment.  In a simulator or situation room we respond to immersive 
scenarios.  And, we can read, research, or explore special collections focused on broad topics in a 
library.  Many more such places of  immersive learning could be mentioned, and all should be 
details in future phases of  this work.

One of  the most potent places to encounter an idea—any idea, but particularly ideas related to 
the generational work of  a 100 Year Starship and the endurance of  an interstellar civilization—
would be a site which brought them all into close proximity, both topically and physically.  In 
exploring such places of  immersive learning, related material may be encountered in any order 
and assembled by the curious mind in proximity, so that anyone is free to move from the most 
familiar to the least familiar of  concepts.  

This method of  incubating a gestalt understanding of  our effort is not only practical, it is also 
highly inclusive.  We do not make a judgement that any particular approach to the effort is 
necessarily central; what matters is that the person encountering and personally making that 
effort within their mind's eye is able to do so in a way that allows them to establish the center of  
their understanding for themselves.

As is clear from the different kinds of  environment suited to exploring the themes and topics of  
the 100 Year Starship effort and a sustainable interstellar civilization, we do not need to choose 
any single form or format for the different aspects of  our story:  We can and should use them all.
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The foundations exist for a public understanding of  large-scale, multi-purpose facilities devoted 
to learning and the preservation of  knowledge (even if  the archetypal role of  those institutions 
has weakened in the eyes of  that public).  While the 100 Year Starship will eventually involve 
great efforts, it can start very practically, by placing engaging exhibits regarding the mission in 
institutions such as museums, libraries, universities, and planetariums (and so on), or through the 
enthusiastic representations of  speakers and advocates.  Yet at this stage, these are different types 
of  institution, each geared towards a different kind of  experience.  

The types of  installation mentioned above, such as the gallery, museum, arboretum, planetarium, 
observatory, university, and library, are known and accepted as places of  learning in society.  Yet 
in themselves, as exposed buildings or structures in a campus, they would only fulfill the initial 
aim of  educating a society. 

In a case of  Existential Catastrophe (EC), these alone would not serve to foster the traces of  life, 
culture, and the things that thus far seem unique to Earth.  We must look towards models of  
constructed habitat which strive to contain all the important functions of  society in one 
sustainable installation.  

Before we assume that this feat of  engineering has been accomplished, we can explore such a 
unified point of  presence as if  it were simply another cultural institution, albeit one devoted to 
the long work of  becoming an interstellar civilization.
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Envision the 100YSS:  Interactive Exhibits

We imagine the public encountering our plans for a 100 Year Starship as they enter a welcoming 
wing of  just such an institution, as yet unnamed.  We could envision exhibit designs which 
introduced a visitor to not only our goals, but also our influences—the long shadow cast by the 
giants upon whose shoulders we stand.  Consider this description of  what may start as a traveling 
exhibit, but could be built to exceed our expectations of  a permanent exhibit at any scale.

Imagine a portable museum exhibit which turned a room into a journey of  discovery centered on 
the 100YSS project.  Its main feature would be that, upon entering the room, you found yourself  
standing at a spot which marked present day progress on the project.  To your left, stretching 
away, would be the various lines of  invention and exploration which led from seafaring vessels 
and astronomical tools to the moon landers, the Hubble and Kepler missions, the Mars rovers, 
and the first 100YSS concepts.  To your right, stretching away, would be a projected timeline and 
roadmap, detailing possible construction timelines, vessel designs, scale models, and potential 
destinations (along with their astrobiological details).

Simulations and immersive games are possible, art exhibits and galleries are possible; indeed, any 
type of  encounter we can imagine in an accepted cultural institution we can imagine in this first 
hall of  our 100YSS facility.

Because the technical aspects of  the 100 Year Starship itself  are outside of  my own realm of  
expertise as a generalist in the humanities, I will leave their details to other hands, and turn to the 
subject of  an interstellar civilization before exploring our other proposed levels.  

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.

It is in these places of  open-ended exploration that one might first encounter exhibits and 
activities which introduced to our current cultures the myths, legends, cosmologies, theories, and 
models that could cultivate a transformation of  perspective from our terrestrial view to a more 
inclusive one.

Heath Rezabek / Working Paper for Conference Reference / 100YSS Symposium / September 13-16, 2012

19



Becoming an Interstellar Civilization

A truly interstellar civilization could be defined by reference to its end result: That it sustains the 
launch of  an interstellar vehicle and mission.  In the starkest terms, it could be defined simply by 
virtue of  the fact that it survives long enough for these goals to reach fruition—which, by 
definition of  the 100 Year Starship effort, means at least 100 years.  We would hope for far 
longer.  But what else would a civilization of  this sort look like, and need to accomplish?

Ulmschneider proposes the basic concept that it would, for one, have survived its stages of  
greatest irresponsibility.

It is precisely ... lack of  discipline that cannot be expected from ... extraterrestrials because if  they 
were capable of  such irresponsible acts they would have never survived thousands , millions , or 
billions of  years without falling victim to the dangers of  such behavior.  If  highly advanced 
extraterrestrial civilizations—very much older than our own—exist , it could only be because they 
have learned to act responsibly.  (Ulmschneider 2006, 226)

Nick Bostrom hints at why this might be the case, and that it may not be a matter of  intention 
alone.  "It could turn out, for example, that attaining certain technological capabilities before 
attaining sufficient insight and coordination invariably spells doom for a civilization." (Bostrom 
2011, 25)

Joel Primack, who together with Anatoly Klypin developed the original 2009 Bolshoi simulation 
of  the large-scale texture of  the universe, echoes this idea as well.

Space pioneering would be impossible for the shortsighted, egocentric kind of  people we were and 
in many cases still are today. To explore and gradually move out into the galaxy is a project that 
could be successfully undertaken only by a long-lived civilization with a shared, unifying cosmology 
that accurately reflects the universe. The civilization would have to be stable enough to welcome 
home space travelers or their descendants even generations later.  (Primack and Abrams 2011, 152)

Defining our Cosmology

Primack and Abrams attempt the rare effort of  describing comprehensively what values or 
motivations an enduring interstellar civilization might exhibit.  To do so, they work from the basis  
of  its potential cosmology—or belief-system—outwards.  

"Cosmology" means two very different things.  For anthropologists, who study human cultures, 
"cosmology" means a culture's Big Picture, its shared view of  how human life, the natural world, 
and God or the gods fit together. ... Cosmological stories establish a context for life—they create 
what we might call a "cosmic dwelling place" in which human affairs acquire meaning on a larger 
scale.  But for astronomers and physicists, the word "cosmology" means something quite different: it 
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is the branch of  astrophysics that studies the origin and nature of  the universe as a whole by 
developing theories and testing them against observational evidence to support or rule them out.  
(Primack 2007, 16)

Traditional cosmologies worked by "centering" their members around a common core of  shared 
beliefs, expectations, views of  the past—and assumptions about the natural world.  (Primack and 
Abrams 2007, 40)  Although the human species will never again consider itself  to be objectively 
central to the universe taken as a whole, Primack reminds us that we are central, at the least, to 
our own ways and means of  attaining our aspirations.  They surround us, part of  our observable 
universe.  To attain a truly enduring civilization, Primack suggests, we could use a shared 
cosmology, based on re-centering our efforts around our inherent capabilities and opportunities.

We are at the center of  our own observable universe and [...] as we look out in space we look back 
in time. [...] If  you understand [...] that we're living in the middle of  time, with a great deal of  time 
ahead of  us if  we don't waste our opportunities, and you combine that with a basic desire for 
survival, then you should be motivated to help make the changes necessary to make a graceful 
transition from exponentially increasing human impacts to a sustainable relationship with our home 
planet.  (Primack and Abrams 2011, 195-196)

Primack and Abrams do not lack for ambitious perspectives on our potential self-image in the 
universe.  They point out that, while the Copernican Revolution has been key to our 
understanding of  science, it has also left us open to the risk of  self-effacement to the point of  
oblivion or self-destruction.  They point out several ways in which, in the light of  current 
understandings of  our universe, our role is potentially pivotal.  

We will not review all of  their arguments, but we will give one example as drawn from Primack's 
work on computational models of  dark matter and dark energy.  Through those efforts, our best 
model of  large-scale cosmology now suggests to us that the far reaches of  the observable universe 
are accelerating away from us, while the Andromeda Galaxy is approaching the Milky Way in a 
likely convergence.  From the perspective of  observers during a pivotal moment, capable of  
recording and modeling reality for future examination, this leaves us the potential for a surprising 
task:

Eventually the [Milky Way and Andromeda galaxies] will be all that is visible to anyone on any 
planet inside, and it will be impossible forevermore to observe any other galaxies. The stupendously 
rich sky in the Hubble ultra deep Field, dense with galaxies, will be known to our distant 
descendants only historically through the records we leave. Those distant descendants' own deepest 
photos of  space will show almost nothing. [...] The astronomical observations and understandings 
that we pass on will be an irreplaceable part of  the human heritage.  (Primack and Abrams 2011, 
82)
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Our view of  the universe from our particular moment in time is thus part of  the human heritage
—and, potentially, the heritage of  future evolutionary descendants unforeseeable to us, as we pass 
down our records of  the observable universe.

What mythology, then—what cosmology, in the anthropological sense—might such perspectives 
suggest?  Primack and Abrams propose a cosmology which encompasses three seemingly 
contradictory scales of  reality into one.

Origin stories from cultures around the globe have fallen mainly into three categories, depending 
on their view of  time.

1. The world is cyclical (it continually changes in the short term, but in the long term the cycle itself  
repeats eternally).

2. The world is linear (it's always changing, and time goes in one direction).

3. The world is eternally unchanging (although if  created, it went through changes in a distant, 
irretrievable past).

The new cosmology reconciles these ancient, deeply conflicting ideas about time by revealing that 
all three modes of  storytelling are correct—but they apply on different scales.

(Primack and Abrams 2011, 139)

These will seem familiar to the student of  the mythologies and religions of  the world's cultures, 
and Primack and Abrams suggest that here is where their potential interpretive power lies.

Our next question might be—would understanding such a bridging cosmology change anything 
about human behavior?  What perspectives or conclusions would it illuminate?

Primack suggests a litmus test for gauging our own development as a civilization:  When asking 
ourselves Are we alone?— "Whatever it is that we require in an alien race before we'd be willing to 
say that the existence of  such aliens has dissolved our sense of  cosmic aloneness—that is the 
essence of  humanity.  [...] The qualities that we would require of  such aliens are what a long-
lived civilization on Earth should aim to cultivate in ourselves."  (Primack and Abrams 2007, 
234-235)

Our first challenge is to break through and see the new cosmos not just as a new idea in physics but 
as our shared mental homeland—a homeland where cosmological time is the only appropriate 
perspective on many issues, and global threats that may not spin out of  control for another 
generation or two are nevertheless as real as a hurricane that will hit tonight.
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Our second challenge is to use this new knowledge to develop a long-range, large-scale vision that 
can be widely understood and shared, irrespective of  religion. The vision must be grounded in 
scientific understanding of  both the universe and the idiosyncrasies of  human consciousness, since 
our reality depends, and always will, on the interplay of  both.

The third and ultimate challenge for all people is to seek to understand nature in order to 
harmonize our behavior with nature, not just to exploit nature technologically.   (Primack and 
Abrams 2011, 117)
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Biophilia and Biophilic Design:  A Pattern Language

In cases where technology genuinely outstrips our resources, is the technological exploitation of  
nature an evolutionarily deep tendency, or is it a modern adaptation to technology's mediating 
tendencies?  There exists a hypothesis which suggests that humans have developed selective 
survival bias towards an attunement to the flora, fauna, and geological features of  Earth.  In 
1984, biologist E.O.Wilson proposed what is called the Biophilia Hypothesis.  

Roger S. Ulrich defines the Biophilia Hypothesis this way:  "E. O. Wilson's biophilia hypothesis 
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."  (Ulrich in Kellert 1995, 120)

In his chapter in the same treatment, Wilson mused:  "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."  (Wilson in Kellert 1995, 31-32)

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.
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One of  the simplest ways to approach the Biophilic Design is to ask ourselves why it is that we 
choose, if  we have the means, to live or dwell in places which have sight of  water, a view of  a 
horizon, and animal life in view.  The Biophilia Hypothesis suggests that we feel pleasure at such 
sights because they are intimately connected with primal perceptions of  aspect, prospect, agency, 
and safe haven; that to be surrounded by and active within a biodiverse environment awakens 
our innate faculties to act on survival instincts with confidence in the long-term outcome.

Judith H. Heerwagen and Gordon H. Orians on the implications of  the Biophilia Hypothesis for 
aesthetics: "Aesthetic pleasure" means literally "pleasure associated with or deriving from 
perception." The sense of  aesthetic pleasure and emotional enticement associated with nature is, 
in Wilson's view, the "central issue of  biophilia."  (Heerwagen in Kellert 1995, 142)  This sense of 
pleasure at the mere perception of  nature has implications for the aesthetics we could apply when 
designing very-long-term habitats for humans, whether on Earth or for the depths of  space.

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. (Benford 1999, 101-103)  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 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?  
(Benyus in Kellert 2008, 29)

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.  In the realm of  architecture, design, and urban 
planning, many approaches have been tested over time.  We recommend as key inspirations some 
models which have been developed over decades of  work and effort:  The approaches of  
biophilic design set forth by Stephen Kellert and E.O. Wilson; the pattern language of  living 
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centers developed by Christopher Alexander; the strategies of  intensive ecosystem cultivation 
which Bill Mollison has gathered and calls permaculture; and all of  their close relatives.

While a complete introduction to those methods here would be too extensive to include, we will 
ultimately explore biophilic design and the biophilia hypothesis in more detail.  And, we will 
begin with one more architectural approach, which is central to our proposal:  The Arcology—
Architectural Ecology—of  Paolo Soleri.  

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. 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.  

The forword to Arcology (Peter Blake in Soleri 1969), written from a decidedly layman's 
perspective, manages to articulate to near perfection one of  the larger implications of  the 
Biophilia Hypothesis, 15 years before its formal introduction by Wilson.  "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."  (Blake in Soleri 1969)
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Arcology:  Architectural Ecologies

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. 

Yet the forms and functions of  an arcology also lend themselves starkly to the the functions of  a 
compact, comprehensive, and living archive.  

The foreshadowing of  biophilic design was 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.  (Soleri 1969, 121)

Thus we could indeed look at a microbial cell, or at the ecosystem of  a tidal pool, as a kind of  
living archive. Exploring this similarity, we must remind ourselves that biomimicry does not mean 
a slavish copying of  nature's solutions, but an application of  those solutions to analogous 
problems at different scales, when it is helpful to do so.  When we empower ourselves to draw 
analogies in this way, we open up possible paths to innovation that were impossible before we had 
admitted any possible relevance between seemingly distant domains.  Soleri suggests a reason 
why this approach may work particularly well when relating the microbial and ecological to the 
cosmopolitan or urban:

In a society where production is a successful and physically gigantic fact, the coordination and 
congruence of  information, communication, transportation, distribution, and transference are the 
mechanics by which that society operates.  It is not accidental that these are also dynamic aspects of  
another phenomenon, the most dynamic of  all: life.  (Soleri 1969, 13)

By its end, Arcology (1969) details no fewer than 30 typologies.  These range from the 
geologically inevitable (arcologies that are accretions upon cliffside caverns; arcologies that span a 
canyon like a massive bridge; arcologies within monolithic domes) to the ecologically restorative 
(arcologies that fill out the hollow of  a prior pit or quarry; arcologies that re-filter tainted 
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groundwater regions), to the ambitiously tempting (arcologies that are massive inhabited dams; 
arcologies built upon or within a hollowed asteroid).  In other words, to study the possible shapes 
and sizes of  arcologies, even in their most fanciful versions, is to carry out work which could only 
help efforts towards designing more ambitious interstellar habitats for settings less hospitable than 
most that can be found here on Earth.

Arcology (1969) was an ambitious work in another sense as well:  it is imposing in physical size, 
and makes an expansive impression on the reader through its large-format pages.  At 24x14 
inches, when a two-page spread is unfolded to 48 inches, the text is able to offer a view of  its 
architectural renderings which flood easily into the mind's eye.  Given the ease with which our 
eyes can see and minds can believe these structures on paper, we should wonder why it is that—
more than 40 years after the concept's inception—the only arcology standing may be the 
Arcosanti installation in Arizona (itself  but an essay in possibilities).  This topic alone is worthy of 
independent study.  Yet we can begin with one overarching barrier to their creation:  They are, 
despite an admirable focus on miniaturization, nevertheless proposed as truly massive 
installations.  Their populations in proposed forms range from 10,000 at the low end, to several 
million at their most restorative. 

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.  Arcology (1969) began with the 
specification of  an oceanfaring arcology, and given the real-world case study of  an ocean-liner, 
this is not such a stretch to begin with.  In the present day, Vincent Callebaut's Lilypad proposal 
echoes this pragmatism, and it may be the most pragmatic starting-point we have.  The potential 
applications of  lessons learned in constructing such a vessel could readily be applied to 
interstellar scenarios.

100YSS: Project Hyperion

Within the 100YSS effort and as part of  the work of  Icarus Interstellar, Project Hyperion (Icarus 
Interstellar 2012) is dedicated to discovering the underlying principles behind very-long-term 
habitat design, for purposes of  interstellar society.  Many of  the principles discovered and applied 
in the building of  Arcologies will be applicable to those efforts.  This suggests another purpose for 
an ongoing effort to help design and build arcologies on Earth:  the application of  all we learn to 
the design and building of  Hyperion-era habitats in the future.
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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.

Efforts undertaken in realizing the building of  arcologies 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.  

We here propose the application of  the concept of  the Arcology to an installation of  considerably 
more modest scope:  A sustainable and self-contained habitat for a diverse and interdisciplinary 
compliment of  a few thousand at the very most, per location.  One reason for our scaling is 
partly to do with a guess that these massive scales are one of  the major barriers to undertaking 
Arcology construction as a real-world effort. Another, and the more important, is because the 
primary function and goal of  our Arcologies is focused on the imperative of  archival, 
preservation, and continuous education.  

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. 
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The Vessel Archive:  A Living Library

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.  These installations 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.

The 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.

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 that of  a shared reality.  Aside from the temptingly pragmatic starting form of  
a Vessel Archive as an oceanfaring vessel, those accreted or anchored deeply in the landscape 
bear less in common with a starfaring vessel.   Yet we should not forget that our most challenging 
long-term design goal is that these installations be capable of  harboring, even in the most critical 
outcome scenarios, the means to fabricate, construct, and launch a 100 Year Starship in the 
absence of  signals from a surviving civilization outside of  its bounds.  

In his original work on the subject, Soleri discussed scenarios where arcologies, as compact 
centers built within or near existing urban centers, would become focal points for activity.  For all 
that, the emphasis was placed on arcologies as general habitats, serving the broad needs of  a 
diverse society.  In our proposal, we streamline the intended functions of  a Vessel Archive to focus  
on the roles of  education, role-play, simulation, archival, presentation, modeling, and fabrication 
(in the case of  100 Year Starship efforts).  

It seems clear that the concept of  the very-large-scale arcology, as originally designed, is too 
massive to be attempted without incremental efforts at smaller scales.  Were this not the case, we 
would have seen the creation of  footprint-reducing arcologies in every city around the world in 
the 40 years since 1969.  Yet for our present purposes, the model seems ideal for reconsideration.  
Soleri pointed out at the time something which remains the case to this day:  No other 
comprehensive approach has attempted such wide-ranging corrective impact on our situation.  
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"There are perhaps many people better qualified than I am to elaborate a credible or usable 
model of  reality. There is no one to my knowledge who has an awareness of  the environmental 
consequences of  the thesis here presented, much less made a serious effort at the deployment of  
any proposal." (Soleri 1969, Preface)

Cultural Goals Design Goals

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.

While Soleri's concept of  the Arcology gives us an archetype and receptacle for our efforts, the 
materials and architectural approaches that may be used in any single local instance of  a Vessel 
Archive must remain open to different interpretations.  We are aware of  several other approaches  
to ecology and architecture, and we are confident that Vessel Archives designed by others could 
adapt and encompass many others of  which we are unaware.  Any attempt to integrate—rather 
than segregate—architecture and ecology is ambitious; and each can be applicable when given a 
context (such as a particular city, a particular climate, or a biome).  With the context of  a Vessel 
Archive carved out as our niche, we create a context in which these and other pivotal approaches 
might take root.

100YSS:  Project Persephone

Beyond the pragmatic scope of  Project Hyperion, above, lies the mission of  Project 
Persephone (2012) at Icarus Interstellar.  As described, it strives towards an evolving 
architecture:  “A habitable long duration starship will need evolvable environments that not only 
use resources efficiently but can respond quickly to the needs of  populations […]”  This project, 
in particular, would benefit from insights gained through Biophilic Design, the forms of  
Arcologies, and still other adaptive approaches as developed by civilization over time.

Shaping Vessel Archives

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 
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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  the Pattern Language to design and development.

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.  (Alexander et al 1977)

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 (Kellert 2008) could lend us patterns which 
harnessed the morphologies of  the natural world and the methods of  biomimicry could aid their 
long-term structural integrity (Benyus in Kellert 2008, 28).  The approaches of  Permaculture 
might lend biophilic forms which have further functional benefits, such as the spiral garden 
(Mollison 1996, 101) or the General Core Model (73).  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.  (Salingaros 2012)  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.  

This understanding that randomness in design is an unacceptable substitute for interactive 
computation or human intent, was also suggested in Soleri's original work on arcologies:  "I have 
little doubt that life in general and human life in particular can be symbolized by a vector and 
cannot be symbolized by a random pattern. Vectoriality is the character of  living reality, and the 
care of  man is basically a willful or unconscious action with or against it."  (Soleri 1969, 1)
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We could imagine a plan described through non-interactive computation, such as Baird's Hex 
Fractal, in which the smaller spaces in the gaps were designed to be developed through human 
interaction.  Yet the radial symmetry highlighted by Benford in a previous section can be taken to 
extremes, when not leavened by imperfections in its unfolding, as when computed as a geometric 
fractal.  Here we can examine a design iterated by Eric Baird, used by permission.  

Seeing this design, we 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.”

— Jorge Luis Borges; The Library of  Babel.

There is a wide spectrum of  design 
approaches between the geometrical, the 
interactive, the random, and the 
biomimetic.  There are likely other vectors 
we can imagine.  The overall design of  a 
Vessel Archive may make a difference in 
how that site is interpreted in the far 
future.  What type of  attention would 
starkly geometrical plans, such as that of  
Baird's Hex Fractal, call upon themselves?  
Would these sites exhibit a "fearful symmetry"?  Would random markers over the site repel 
distant visitors?  Both of  these concepts are explored in Gregory Benford's examination of  the 
design process undertaken by Sandia Laboratories in designing potential markers for very-long-
term nuclear waste sites.  (Benford 1999, 66-85).

In the case of  Vessel Archives, the intent towards visitors in a cultural present may differ from the 
intent for visitors in the far future.  We want these sites to be welcoming to the broad public.  Yet 
whether any given Vessel Archive would wish its site to be welcoming, camouflaged, or forbidding 
to far-future visitors would depend on the design goals for that arcology and the state of  
civilization outside its walls.  Once again, a diversity of  approaches is likely to be preferable for 
overall endurance of  humanity.

Preservation of  Cultural Architecture and Vernacular Pattern Languages

Heath Rezabek / Working Paper for Conference Reference / 100YSS Symposium / September 13-16, 2012

33

HEX FRACTAL CARPET

© Eric Baird 2012/ Used by Permission



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.  A Vessel Archive in Japan might develop a Pattern 
Language which integrated the design principles of  wabi-sabi (Juniper 2003); the intricate and 
compact storage capacity of  the Japanese chest or tansu (Koizumi 2010); the space-expanding 
principle of  shakkei or borrowed scenery found in traditional Japanese garden design (Keane 
2007); and the strategic use of  bamboo in traditional and modern Japanese house construction 
(Black and Murata 2000).  Thus important cultural information could be preserved through 
functional inclusion.

Yet patterns which proved functional across cultures could be expressed freely between them, 
such that endangered pattern languages which might not otherwise be preserved could see reuse 
and reapplication of  their distinctive patterns even in other places.  An example would be the 
distinctively sloping outer walls found combined with vertical inner walls in Tibetan vernacular 
construction, and the benefits of  vertical compression this pattern expressed (Larson 2001, 47). In 
this way, a kind of  random sampling of  structural innovations could be done across cultures, even 
if  this activity were subtle or uncurated.  Thus any given instance of  a Vessel Archive could fulfill 
multiple purposes, by preserving vernacular patterns even as it extended or refined hybrid 
solutions drawn from other regions of  the world.

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.  Inherent diversity may be 
confounding to the specialist's eye, but it is necessary to address our goal of  actual survival value 
should selective pressures be applied by existential catastrophe, as we know they shall be, in the 
fullness of  time.

Because one of  our goals within the 100 Year Starship project is to cultivate a vision of  an 
interstellar civilization, we can look at the Vessel Archive as both a conduit and platform for 
featuring visionary art regarding our goal, and also as a work of  art in itself—particularly in the 
short term.   Yet the pressures on the forms used by any given Vessel Archive would be great, so 
style would best emerge as a response to specific needs, its design achieved through the direct 
involvement—the interactive computations, if  you will—of  its many other inhabitants and team 
members.

This is one reason for at least starting from pattern languages, the bedrock of  biophilia, and the 
observations of  both culture's and nature's solutions which lead us to the pragmatism of  biophilic 
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design.  For as Soleri noted, once again presaging the form-follows-function imperative of  
biophilic design mentioned by Benyus above:  "As nothing survives time but that which is 
essential, the aesthetic is not a worthy burden to carry on unless it is the burden of  life itself. The 
core of  life is aesthetic."  (Soleri 1969, 20) 
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Deep Archival, The Long Now, and the Library of  Life

Having explored our most public mission (that of  inspiring society with the 100 Year Starship 
and the importance of  building an interstellar civilization), and having discussed the intermediate 
mission of  impressing upon our advocates the crucial importance of  sustainable methods and 
biophilic design, we reach the core mission of  a Vessel Archive.   

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.  This represents the core priority 
of  a Vessel Archive:  Deep Archival.  The author's 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.

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.
(Sterling 1992)

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.  Even in those cases, the Vessel Archives would exist, 
standing as sentinels which embodied all that we once were for whatever comes after.

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

The Long Now

There do exist projects which are making efforts in the direction of  these goals, 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.  (Long Now 
Foundation 2012) 
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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.  (Rosetta Project 2012) 

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.  (10,000 
Year Clock Project 2012)  

These and other projects under the Long Now umbrella—including a faintly documented 
proposal for a 10,000 Year Library project—provide case studies for critical thinking in the area 
of  Deep Archival.  

Launch Capability

While the role of  archival and preservation of  the cultural record was not central to the original 
conception of  the Arcology—a comprehensive approach being more fundamental—Soleri did 
foresee drive to work with material artifacts as a crucial form of  information:  "The burden of  
matter, part of  the environmental information weighing on every man, is impressive and also 
irrational. This matter has to be transformed, manipulated, moved, serviced, stored, exchanged, 
rejected, and substituted—the warehouses of  arcology will have to be enormous."  (Soleri 1969, 
13)

Enormous as well will be the needs for physical infrastructure and material resources to fulfill one 
of  the most ambitious design goals of  a Vessel Archive.  If  we can envision a clock which is built 
to run for 10,000 years, and set about trying to design it, we may yet envision a facility which 
would hold everything we needed to build and launch a 100 Year Starship.

It is a design imperative that we must aim for retaining the capacity for starship design, 
fabrication, shipbuilding, launch, and communications—even in a worst-case scenario.  It is a 
design imperative in part because it will meet our baseline objective, but more importantly 
because it requires a level of  capability that will take tremendous forethought and follow-through 
to bring about.  By attempting this improbable feat, we may attain several others through sheer 
momentum.  

Soleri did specify an arcology design which was build on and within an orbital asteroid.  As 
discussed above, constructing an ocean-faring Vessel Archive could teach us much that we would 
need to know, to build a 100 Year Starship within a Vessel Archive (or perhaps as an early stage of 
a Vessel Archive).  Beyond these cursory remarks, we cannot attempt any deeper survey of  the 
means which would need to be secured in order to fulfill this ambitious design goal.  Yet we can 
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state the goal as an objective from the start—and a topic for long-term design discussion—and so 
we do.

As incentive, we can suggest that the Vessel Archives themselves—some subset seed or core 
collection drawn from the Earthbound Vessel Archive from which any particular 100 Year 
Starship comes—could be hosted and centrally indexed within that spacefaring vessel.  So it 
would be that 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.  How could we gather such a priceless 
cache of  living matter?

One approach to the very-long-term preservation of  the traces of  life on Earth has had as great 
an impact on the present proposal as the model of  the Arcology itself:  The Library of  Life, as 
described by Gregory Benford.
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The Library of  Life

In addition to the seed planted in the author's mind by Bruce Sterling's thought experiment, the 
author 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 situation for scenario-gaming.  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.” (Benford 1992, Article Abstract, 11100)

This paper, originally published in the Proceedings of  the National Academy of  Sciences, was 
expanded in Benford's 1999 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."  (Benford 1999, 138-139)

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. 
(Benford 1999, p.11100-11101).

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." (Benford 1992, Article 
Abstract, 11100).
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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.  (Sagan in Benford 1999, 163)

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."  (Benford 1999, 166)

We should pause to ponder this last observation, as it relates to our recurring theme of  ideas and 
approaches that call on us to act:  By seriously undertaking what may seem to some to be 
impossible, premature, misguided, or extreme, we have the potential to call attention (and 
resources) to needs that are extremely pressing.  Ours is to make sure, as well as we can, that our 
priorities and motivations are sound, and are as far-seeing and compassionate as we are able to 
be in making our very best efforts.

This also is what we have aspired to do with the proposal of  Vessel Archives.  While encountering 
a facility that introduces a visitor to the thrill of  exploration, guides them through the 
empowering means to help create a sustainable world, and ends them up at the site of  the 
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sobering reality that our very best efforts are no longer an option of  convenience but an 
evolutionary imperative—perhaps standing before the display of  a cryogenic vault in a global 
Library of  Life—we risk alienating the unprepared or the unwilling.  However, our design goal of 
slowly unfolding these themes in an inwards spiral from the most approachable and familiar 
concepts to the most challenging should help us navigate this risk.  In the end, what we stand to 
gain by preserving the prospects for life on Earth (and perhaps beyond) is so vast, that taking this 
risk must be seen as a necessary gamble.  

Because we began with an exploration of  existential risk, we already have some understanding of 
the extent to which our very best efforts might matter, and the fact that we must act as if  the 
survival of  life itself  lies with those efforts until it is proven otherwise.  We will revisit this 
understanding soon.

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." (Benford 1999, 168)

Revisiting Bostrom's four Classes of  Existential Risk, we can explain 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
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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.

(Bostrom 2011, 11)

Random Sampling and Curation

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 a recent example, we have the 
efforts 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.  (Church, Gao, 
Kosuri, 2012)

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.  In fact, this 
approach could be applied to Primack’s task of  recording the state of  the cosmos, or perhaps 
even to the recording of  biodiversity as urged by Benford.  The possibilities will not be known 
until we begin to attempt them.

Human-readable archives will be needed as well.  The author's own proposals have included the 
etching of  eye-visible or holographic data into diamond for robust storage of  information, in a 
form that may be valued (and thus preserved, even inadvertently) in and of  itself.  (Rezabek 2009)  
Although this was only a theoretical proposal and barely a sketch, Gregory Benford has been 
involved in more concrete efforts along similar lines, involving the etching of  diamond discs in his 
work on the Cassini probe.  Although sadly not launched, these designs are explored in Deep Time.  
(Benford 1999, 89-134)

Heath Rezabek / Working Paper for Conference Reference / 100YSS Symposium / September 13-16, 2012

42



All of  these are mentioned to highlight the fact that 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.

In the original paper as well as the chapter devoted to the Library of  Life, Benford recommends 
random sampling whenever possible, rather than taking the time that may be needed to perform 
full taxonomy and classification studies on biological samples of  endangered flora and fauna. 
“Our situation,” Benford writes, “resembles a browser in the ancient library at Alexandria who 
suddenly notes that the trove he had begun inspecting has caught fire. Already a wing has 
burned, and the mobs outside seem certain to block any fire-fighting crews. What to do? There is 
no time to patrol the aisles, discerningly plucking forth a treatise of  Aristotle or deciding whether 
to leave behind Alexander the Great's laundry list. Instead, a better strategy is to run through the 
remaining library, tossing texts into a basket at random, sampling each section to give broad 
coverage. Perhaps it would be wise to take smaller texts, in order to carry more, and then flee into 
an unknown future.” (Benford 1999, 139)

As a librarian, I have an innate affinity for wholes, for the importance of  individual 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 (Pattern Languages, if  you will, of  all types), and 
aimed at a 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 
Recombinant Design 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.  (Rezabek 2009)

However the randomized elements are generated or wherever they come from, 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 (Arthur 2009, 32), as well as other 
theories of  creative recombination.  Such techniques will be necessary for the perception, 
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extraction, and reconstruction of  meaningful patterns when working with archives of  very large 
random samples.  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 or folksonomies; or even 
archives that could be seen as pooled through natural selection:  At a given site, years or centuries 
later, what traces remain perceptible?  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 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.

Heath Rezabek / Working Paper for Conference Reference / 100YSS Symposium / September 13-16, 2012

44



Creative Commons for Open Access to Specifications

We propose the creation of  an open specification and resource site to explore, detail, and 
document the creation of  Vessel Archives.  Ideally, there would be multiple instances of  these 
repositories and design drafts, and as many of  them as possible would be accessible to any others 
who might wish to work on a Vessel Archive themselves.  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."  (Creative Commons, 
2011)

We propose to seek out precisely this form of  community-empowered development, in which 
local Vessel Archive projects (or simply, initially exhibits) are connected together into a larger 
global network of  Vessel Archive projects, together encompassing both a micro and a macro view 
of  our efforts.  

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 network of  localized Vessel Archives, or—ideally
—both.  
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The Great Filter

We began with a discussion of  the Great Silence.  We will close by exploring the possibility that, 
behind the Great Silence, there is a Great Filter:  A highly unlikely step, or many steps, beyond 
which life has not yet passed.  The concept of  the Great Filter was conceived by Robin Hanson, 
as described in his seminal 1998 essay, "The Great Filter - Are We Almost Past It?"  In this article,  
Hanson describes our situation:

The Great Silence implies that one or more of  these steps [from organic stellar material to 
expansive interstellar life and colonization] are very improbable; there is a "Great Filter" along the 
path between simple dead stuff  and explosive life. The vast vast majority of  stuff  that starts along 
this path never makes it.  [...]  The fact that our universe seems basically dead suggests that it is very 
very hard for advanced explosive lasting life to arise. (Hanson 1998)

Nick Bostrom (2008), many of  whose arguments are based in probability and logic, presents the 
Great Filter using similar tools.  Yet his interpretation is helpful to an understanding.

The Great Filter can be thought of  as a probability barrier. It consists of  [the argument that there] 
exist one or more highly improbable evolutionary transitions or steps whose occurrence is required 
in order for an Earth-like planet to produce an intelligent civilization of  a type that would be visible 
to us with our current observation technology. You start with billions and billions of  potential 
germination points for life, and you end up with a sum total of  zero extraterrestrial civilizations that 
we can observe. The Great Filter must therefore be powerful enough— which is to say, the critical 
steps must be improbable enough—that even with many billions rolls of  the dice, one ends up with 
nothing: no aliens, no spacecraft, no signals, at least none that we can detect in our neck of  the 
woods.  (Bostrom 2008, 2)

Bostrom goes on to discusses the implications of  finding traces of  even the simplest life forms on 
(as an example) Mars.  He suggests the startling possibility that that to discover even microbial life 
anywhere else would actually be an undesirable thing, from the point of  view of  a hope for 
human achievement beyond this historical moment on Earth.  His argument is extensive, but 
intriguing.

In order for some existential risk to constitute a plausible Great Filter, it is not sufficient that we 
judge it to have a significant subjective probability of  destroying humanity. Rather, it must be of  a 
kind that could with some plausibility be postulated to destroy virtually all sufficiently advanced 
civilizations. […] Perhaps the most likely type of  existential risks that could constitute a Great Filter 
are those that arise from technological discovery. It is not farfetched to suppose that there might be 
some possible technology which is such that (a) virtually all sufficiently advanced civilizations 
eventually discover it and (b) its discovery leads almost universally to existential disaster.  […] What 
has all this got to do with finding life on Mars? Consider the implications of  discovering that life had 
evolved independently on Mars (or some other planet in our solar system). That discovery would 
suggest that the emergence of  life is not a very improbable event. If  it happened independently 
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twice here in our own back yard, it must surely have happened millions times across the galaxy. This  
would mean that the Great Filter is less likely to occur in the early life of  planets and is therefore 
more likely still to come.  If  we discovered some very simple life forms on Mars in its soil or under 
the ice at the polar caps, it would show that the Great Filter must exist somewhere after that period 
in evolution. This would be disturbing, but we might still hope that the Great Filter was located in 
our past. If  we discovered a more advanced life-form, such as some kind of  multi-cellular 
organism, that would eliminate a much larger stretch of  potential locations where the Great Filter 
could be. The effect would be to shift the probability more strongly to the hypothesis that the Great 
Filter is ahead of  us, not behind us. And if  we discovered the fossils of  some very complex life form, 
such as of  some vertebrate-like creature, we would have to conclude that the probability is very 
great that the bulk of  the Great Filter is ahead of  us.  (Bostrom 2008, 7-8)

Such thoughts are challenging to ponder, but they should serve as motivation for applying the 
resources needed to set aside distractions and disagreements, and together grasp the opportunity 
before us.  If  these thoughts can have a clarifying effect on the personal level, then perhaps they 
can have a clarifying effect on collective will as well.  If  understanding is introduced to advocates 
slowly, mindfully, in the presence of  the tools of  aspiration and by way of  those things each 
understands best, we can achieve the future we seek.  The experience of  encountering these ideas 
should be a progressive means of  approaching our future and our legacy:

100 Year Starship / Interstellar Civilization - I want to help this vision become 
reality.

Biophilia / Biophilic Design - I want to do all I can to foster life on Earth, whatever 
else may be out there.

Vessel Archives / The Library of  Life - I want to help assure the future potential of  
Earth's life, and possibly life itself, far beyond my own lifetime.
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Countless Generations to Come

In "Alone in the Universe," John Gribbin paints a stark picture of  the meaning of  the Great Silence 
for the popular science reader.

On a planet like Earth, life may only get one shot at technology—we have exhausted the easily 
accessible supplies of  raw materials, so if  we destroy ourselves the next intelligent species, if  there is 
one, won't have the necessary raw materials to get started.  There are no second chances.  And that 
is the last piece of  evidence that completes the resolution of  the Fermi Paradox.  They are not here, 
because they do not exist.  The reasons why we are here form a chain so improbable that the chance 
of  any other technological civilization existing in the Milky Way Galaxy at the present time is 
vanishingly small.  We are alone, and we had better get used to the idea.  (Gribbin 2011, 204-205)

Yet if  we can manage to avoid self-destruction, our prospects at the hands of  natural risks are 
better, if  mainly from a statistical perspective:

Humanity has survived what we might call natural existential risks for hundreds of  thousands of  
years; thus it is prima facie unlikely that any of  them will do us in within the next hundred. This 
conclusion is buttressed when we analyze specific risks from nature, such as asteroid impacts, 
supervolcanic eruptions, earthquakes, gamma-ray bursts, and so forth: Empirical impact 
distributions and scientific models suggest that the likelihood of  extinction because of  these kinds of  
risk is extremely small on a time scale of  a century or so. In contrast, our species is introducing 
entirely new kinds of  existential risk—threats we have no track record of  surviving. Our longevity as  
a species therefore offers no strong prior grounds for confident optimism. Consideration of  specific 
existential-risk scenarios bears out the suspicion that the great bulk of  existential risk in the 
foreseeable future consists of  anthropogenic existential risks—that is, those arising from human 
activity. In particular, most of  the biggest existential risks seem to be linked to potential future 
technological breakthroughs that may radically expand our ability to manipulate the external world 
or our own biology. (Bostrom 2011, 2)

Or, as Primack succinctly puts it, "The main threats to our survival result from the almost total 
disjunction between the power of  our technologies and the wisdom required to use them over the 
long period during which their effects will last."  (Primack 2007, 4)

And so we can see a wide range of  speculations as to the odds of  the existence of  life beyond 
Earth, the prospects for our own endurance, and the potential for living matter, wherever it 
comes from.  Among the most speculative of  these is the view of  James Gardner who, through 
his syntheses in Biocosm (2003) and The Intelligent Universe (2007), suggests that "the universe is 
coming to life" (Gardner 2007, 157), and that individual living beings such as humans could 
become the nascent replicators needed for a reproductive system to emerge in the fabric of  our 
galaxy itself.  
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Whatever conflicting perspectives may suggest, our own decisions in the years ahead will shape 
our chances of  determining the truth.  

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 Prevention 
as the Most Important Task for Humanity".   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.  (Bostrom 2011, 8-9)

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."  (Primack and Abrams 2011, 100)  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

“Look in the mirror and see beyond the momentary you of  today back to the you of  years ago, to the child 
you once were, then the infant. Send your consciousness backwards through time at lightning speed; Down 
past your parents and Grandparents, past the countless generations before them, through your ancestors 
roaming from continent to continent, through your primate ancestors; Down through all the animals that 
preceded them, back through the earliest life, into a single cell; Down into the complex chemicals that 
made it possible; Down into the molten planet and the forming solar system, the birth of  your carbon and 
oxygen and iron in exploding stars far across the galaxy; Back through the universal expansion to the 
creation of  your elementary particles in the big bang. 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.”

- Joel Primack and Nancy Abrams, The New Universe and the Human Future: How a Shared Cosmology 
Could Transform the World, p.77

“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.

This proposal is submitted in a spirit of  hope that all who may encounter a Vessel Archive will 
find their place in an interstellar civilization yet to come; will feel empowered to trace their own 
histories back to the beginning of  time; and will feel themselves as vast as the universe which lent 
them living dust.
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