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EncodEd JudgmEnts 
machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

on-dEmand IntEllIgEncE
analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EvolvablE HardwarE
upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

sImulatIng complEx dEcIsIons
models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

contInuous capturE and  
sEnsEmakIng
persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

Welcome
to tHE automatEd world

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.
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programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

machine learning patentssensor  patentsartificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a window into R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and city scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

updatable firmware patentsautonomous judgement patents

performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.
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Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.
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Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com
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simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com
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machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com
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accessing watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com
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autonomous driving 
added through wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com
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mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.

201 Hamilton Avenue 

Palo Alto, CA 94301
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EncodEd JudgmEnts 
machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

on-dEmand IntEllIgEncE
analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EvolvablE HardwarE
upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

sImulatIng complEx dEcIsIons
models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

contInuous capturE and  
sEnsEmakIng
persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

W e lco m e
t o  t H E  a u t o m at E d  w o r l d

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.

nytim
es.com

programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

machine learning patents sensor  patents artificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a window into R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and city scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

updatable firmware patents autonomous judgement patents

performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.

blogs.w
indriver.com

Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.

dextro.co

Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com

youtube.com
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simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com

Satoshi Kam
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machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com
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accessing watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com

elem
entalpath.com

 kickstarter.com

en.w
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autonomous driving 
added through wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com
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ser: Bruno C
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mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.

201 Hamilton Avenue 

Palo Alto, CA 94301
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EncodEd JudgmEnts 
machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

on-dEmand IntEllIgEncE
analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EvolvablE HardwarE
upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

sImulatIng complEx dEcIsIons
models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

contInuous capturE and  
sEnsEmakIng
persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

Welcome
to tHE automatEd world

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.
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programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

machine learning patentssensor  patentsartificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a window into R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and city scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

updatable firmware patentsautonomous judgement patents

performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.
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Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.
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Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com
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simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com
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machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com
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accessing watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com
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autonomous driving 
added through wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com
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mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.

201 Hamilton Avenue 

Palo Alto, CA 94301
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ENCODED JUDGMENTS 
Machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

ON-DEMAND INTELLIGENCE
Analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EVOLVABLE HARDWARE
Upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

SIMULATING COMPLEX DECISIONS
Models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

CONTINUOUS CAPTURE AND  
SENSEMAKING
Persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

W E LCO M E
T O  T H E  A U T O M AT E D  W O R L D

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

Moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

Build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

Chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

Make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.

nytim
es.com

Programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

Machine learning patents Sensor  patents Artificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a look at R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and urban scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

Updatable firmware patents Autonomous judgement patents

Performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.

blogs.w
indriver.com

Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

Computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.

dextro.co

Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

Reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com

youtube.com
/M

IT Abe Davis Research

Simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com

Satoshi Kam
bayashi

Machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com
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Accessing Watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com

elem
entalpath.com

 kickstarter.com

Tesla M
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Autonomous driving 
added through Wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

Machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com

Flickr U
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ordioli

Mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.

201 Hamilton Avenue 

Palo Alto, CA 94301
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ENCODED JUDGMENTS 
Machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

ON-DEMAND INTELLIGENCE
Analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EVOLVABLE HARDWARE
Upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

SIMULATING COMPLEX DECISIONS
Models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

CONTINUOUS CAPTURE AND  
SENSEMAKING
Persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

W E LCO M E
T O  T H E  A U T O M AT E D  W O R L D

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

Moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

Build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

Chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

Make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.

nytim
es.com

Programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

Machine learning patents Sensor  patents Artificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a look at R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and urban scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

Updatable firmware patents Autonomous judgement patents

Performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.

blogs.w
indriver.com

Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

Computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.

dextro.co

Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

Reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com

youtube.com
/M

IT Abe Davis Research

Simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com

Satoshi Kam
bayashi

Machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com

Bloom
berg/G

etty  

Accessing Watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com

elem
entalpath.com

 kickstarter.com

Tesla M
otors
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ikipedia.org/Spark_gap  

Autonomous driving 
added through Wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

Machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com

Flickr U
ser: Bruno C

ordioli

Mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.
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ENCODED JUDGMENTS 
Machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

ON-DEMAND INTELLIGENCE
Analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EVOLVABLE HARDWARE
Upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

SIMULATING COMPLEX DECISIONS
Models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

CONTINUOUS CAPTURE AND  
SENSEMAKING
Persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

W E LCO M E
T O  T H E  A U T O M AT E D  W O R L D

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

Moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

Build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

Chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

Make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.

nytim
es.com

Programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

Machine learning patents Sensor  patents Artificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a look at R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and urban scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

Updatable firmware patents Autonomous judgement patents

Performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.

blogs.w
indriver.com

Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

Computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.

dextro.co

Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

Reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com

youtube.com
/M

IT Abe Davis Research

Simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com

Satoshi Kam
bayashi

Machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com

Bloom
berg/G

etty  

Accessing Watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com

elem
entalpath.com

 kickstarter.com

Tesla M
otors
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Autonomous driving 
added through Wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

Machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com

Flickr U
ser: Bruno C

ordioli

Mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.
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Start at the center
Five Combinatorial ForeCasts make up the technological building 
blocks ushering in the automated world: Continuous Capture and 
sensemaking, simulating Complex Decisions, on-Demand intelligence, 
evolvable Hardware, and encoded Judgments. 

Together these technologies will automate and orchestrate  
our movement and interactions across different sCales of 
Human experience optimizing activities for individuals, 
organizations, and larger systems, like cities. 

Next, navigate the future with the ForeCasts  
of Human+machine symbiosis and  
the artiFaCts from the Future. They  
point the path forward illustrating how 
the technologies of the automated 
world manifest themselves and 
saturate our lives.

Finally, anticipate how 
automation will reshape 
our world by mapping 
insights and impacts 
across three Urgent 
FUtUres: identity, 
work, and 
governance. 

AdAptAble StreetS
toward connected,  

living urban systems 

As innovations from sensor 
networks to blockchain 

technologies become more 
integrated into both our person 
and city infrastructure, expect 
our built environment to move 

and react to us and vice versa. 
City structures will adapt and 
improve by connecting to the 

life of the streets, triggering 
autonomous actions, whether it 
be showing us advertisements, 

generating electricity from 
foot traffic, or adapting to a 

passersby. This will shift urban 
design from designing static 

systems that meet the needs 
of average citizens toward 

creating systems that adapt 
securely and seamlessly to 
address multiple needs and 

uses throughout the day.

perSonAlized deciSion Support
toward enterprise-level support for individuals

As sophisticated algorithms become more accessible, 
they’ll democratize access and usher in an era of 
simulations for personal decision-making. From 
anticipating income flows to calming daily rhythms, 
“enchanted” support systems will help people regain 
a sense of control and independence in an automated 
world. Blockchain protocols will help individuals 
control their data and interface with systems without 

sharing personal information. The interfaces of such 
personal algorithms won’t be the nagging notices 

of today’s apps, but much more subtle cues that 
amplify a person’s ability to navigate uncertainty. 

purchASeS thAt leArn, 
 plAy, And teAch

toward constantly evolving 
 product ecosystems 

As repurposing and upcycling devices becomes 
easy and necessary, devices will change their 

purposes and ways they interact with the 
purchaser throughout their lives via software 

and hardware add-ons. A device’s versatility to 
reinvent itself based on user needs and utilization 
will catalyze waste reduction and more sustainable 

use of natural resources. It will also shape what 
consumers want in purchases. Smart phones will 
evolve diagnostic and support abilities as diseases 
progress, gaming systems will interface with clothing 

providers and fitness coaches, and new service providers 
will create the APIs and interface smoothing to make it all 

work. As this emerges, it will shift consumption patterns 
 from transactional product purchases to models based on  

long-term, software enhanced relationships. 

SoftwAre-defined  
orgAnizAtionS 

toward programmable, remixable work flows

An ever-growing list of goods and services is becoming 
digitally accessible to more individuals and organizations. Rapidly 

multiplying and becoming accessible through APIs, digital services are 
enabling intelligent systems to be coordinated, accessed, and assembled. This 

will allow a combinatorial approach to organization-building, as each new interface 
introduced into the systems will allow individuals, as well as algorithms, to assemble new 
kinds of organizations and processes by snapping together the ever more diverse array of 

interconnected resources. As these software-defined organizations become more common, they’ll 
begin to compete with one another to create economic value in the real world in much the same way 

that trading bots compete within financial markets to capture value in the digital world. 

preciSion innovAtion
toward machine-guided discovery  
and development

As our world of big data transitions 
into an era of networked intelligence, 
generating inferences and developing 
ideas will be driven by software. 
Today’s algorithms draw on massive 
amounts of information—from 
archives of text to medical records, 
from traffic reports to live GPS data. 
Harnessing this data to develop new 
ideas, future systems will replace 
aspects of traditional research 
and development. For instance, 
early-stage drug discovery, which 
involves identifying compounds to 
test, is being driven and performed 
by algorithms that can simulate and 
test for potential targets many orders 

of magnitude faster than human 
researchers. As these tools create 

opportunities to accelerate discovery, 
they’ll demand rethinking the role of 

people in producing knowledge—while 
simultaneously accelerating the pace of 

innovation in knowledge-driven fields.

cloud-Amplified  
robotic SyStemS

toward lightweight, decentralized 
systems of production

Classic industrial manufacturing 
robotics is traditionally very centralized, 

but over the next decade, robotic 
production will become decentralized, 

cheap, and amplified by the cloud. 
Already, prototypes of an early culinary 

robot from Momentum Machines can 
cook a precisely customized hamburger 

at a lower cost and using less space 
than a traditional restaurant kitchen—at 
a rate of one burger every 10 seconds. 

Meanwhile, smaller-scale and more 
modular robotics systems are being 

developed that will shorten the supply 
chain and allow for fabrication to take 
place much closer to point of use. As 

cloud-based programming becomes 
available, these robotic systems can be 

connected in ways that allow them to 
work together and to share innovations 

in the form of software upgrades to 
further improve performance over time.

work

JuSt-in-time mediAtion
toward bots that facilitate and enhance  

interpersonal interactions

Stereotypes suggest that the coldness and impartiality of 
artificial intelligence are barriers in social settings. Yet these 

very qualities will help machines mediate human relationships—
from fights between family members or co-workers to seemingly 

intractable political divides among groups. Leveraging the power 
to record vast amounts of data and analyze patterns in people’s 

behavior, support systems based on machine intelligence will help people 
understand conflict, emotional responses, and effective communication. 

Algorithmic peacemakers will learn to be more effective with specific pairs 
of people and with general counseling and conflict resolution for 

anyone that mediates and manages even our most intimate 
relationships and interactions.

purchASeS thAt 
 reorder themSelveS

toward machines as the new consumer class

As our bodies, appliances, and packages gain sensing 
capabilities and get networked, we’ll enter a world in which 

our machines make and execute purchasing decisions on our 
behalf. Amazon has already announced plans to enable manufacturers 

to develop machines that will connect to a retailer and reorder products 
on their owner’s behalf. This shift will upend many of our current practices 

around shopping by removing personal discretion—or at least reevaluation—from 
shopping decisions while simultaneously reducing the role of the store. As the 

technology to automate shopping matures faster than our assumptions change, 
 the challenge will be to develop tools that make this shopping 

 experience feel intuitive and within our control.

beyond the end uSer
toward hosting and donating 
data, energy, and insight

Personal mobile data and media behavior data are already 
sources of insight for marketers. Personal and home data—
and capacities such as energy or storage—will become part of an 
automated, distributed infrastructure that enables everyone to produce 
value. Personal and home-based products will actively contribute to larger 
systems on their users’ behalf by feeding energy back to the grid, running 
servers in the basement, and donating passive, anonymous data for research 
purposes. Data donation, already a well-recognized form of philanthropy, will be 
integrated into civic and social systems and more appliances than the smart phone. 
The end user isn’t the end of the line but instead part of a complex 
set of automated agreements and decisions. 

mAnifeSting  
orgAnizAtionAl intelligence

toward data-driven networked management

Data aggregated across every point of our lives and analyzed through sophisticated, pervasive 
machine intelligence will enable complex, data-driven tasks to be performed in concert—and with 
greater accuracy than by highly-trained human experts. A wide variety of medical diagnoses—such as 

cancers that present with subtle visual changes—can now be identified with reasonable accuracy 
using free phone apps. This kind of application won’t simply automate complex tasks; it will 

push their performance from centralized organizations into homes, phones, offices, 
and cars, creating an always-on layer of analysis that will at first supplement, 

and in many cases replace, human judgment and analysis. As this takes 
place, traditionally centralized organizations will be challenged 

to reimagine their structures and processes as 
dynamic and decentralized.

Secure 
identity  
mAnAgement
toward digitized, engaged  
citizen government 

With the onset of digitized identity systems, citizens will 
no longer carry physical IDs—such as driver’s licenses and Social 
Security cards—but secure mobile hardware devices that can store and access multiple identities to interact  

with public administrative systems. Such identities will connect to decentralized databases with blockchain 
technologies, that enable citizens to pay traffic violations, vote in elections, report crimes, apply for 

marriage licenses, or submit visa requests. Even as these technologies create opportunities for 
seamless and personalized interactions between citizens and cities, they will open up  

questions and concerns regarding privacy, security and access.

progrAmmAble denSity
toward autonomous and adjustable routing

With advances in machine learning and its inevitable integration into the management 
of infrastructure, transit systems, and even security protocols, citizen movements will be 
engineered to support events that are planned—such as road races or street festivals—or those 

that unfold throughout the day, such as weather, security, or medical 
emergencies. Algorithms that track our movements will guide 

us in the directions of our desired or even unknown 
destinations. Individuals with certain proclivities 

will be nudged or physically moved to 
parts of the city that suit their 

interests or will be kept away 
from areas where there 

may be at risk.

embedded governAnce
toward rules and contracts that execute themselves

Public administration, currently paper-based and managed by humans, will move deeper into 
the digital world through software connected into physical systems such as parking meters. Lever-

aging location-based computation and sensor networks, governance systems—the rules, regulations, 
and enforcement mechanisms that keep society running—will be embedded 

into the physical environment and carried out by algorithms, bringing 
automated rule enforcement down to the level of the parking 

meter. Street-level officials—traffic enforcement workers and 
first responders—will become reliant on technologies of 

automation to perform their duties, whether through 
sensor-based algorithms that know when your parking 

meter is up or robots that respond to emergencies 
before fire departments do.
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get real-time feedback on conversation

A Google Hangout plug-in uses audio 
conversations to give feedback on the 
tone and effectiveness of communication, 
automuting dominating voices.  

google launches initiative 
to automate data science

Google has launched a  
project to build “automatic 
statistician” software to 
automate much  
of the work of data  
scientists.

decentralized  
voting system 

BitCongress can 
be used by groups 
such as states or 
schools to decide 
budgets, run 
elections, or vote 
for legislation.

onename digital 
identity system 

OneName is 
decentralized, 
verifiable, and 
impossible to forge, 
meaning users 
can use their ID 
securely wherever 
it’s accepted.

mobile data donation for research

OpenPaths, a geolocation data 
collection tool for smart phones, 

enables users to grant access 
 to researchers on a project- 

by-project basis.

Streetlamps that come 
to life with you

Tvilight, a streetlamp 
system that brightens in 
the presence of people and 
vehicles, could slash urban 
energy bills by 80%.

decentralized autonomous organizations

Eris allows people to build applications  
that use completely transparent  
ways of incentivizing people  
at each stage of a process.

robots guide firefighters  
toward rescue needs

UCSD’s Firebot uses an infrared 
camera and on-board software to 

tell first responders where they’ll find 
victims and problematic debris.

forecasting startup success

Growth Science models 
forecast startup success—
identifying likely winners 
66% of the time and 
likely failures 88%  
of the time.

Self-replenishing products

IBM and Samsung developed 
a network architecture to allow 
home appliances to autonomously 
contract with local vendors to 
reorder supplies.

An Api for human 
body shape

BodyXLab’s Body Kit 
blends 3D models 
and biometric data to 
enable apps and add-
ons customized to 
individual bodies.

the rise of  
robotic kitchens

Momentum 
Machines is 
producing robotic 
systems that will 
make individual 
hamburgers at the 
restaurant level.

emerging  
general-purpose 
robots

Baxter is a smart, 
collaborative robot 
designed to learn many 
different kinds of  
tasks for small-scale,  
general work. 

wearable smoking 
 cessation

Chronotherapeutics 
SmartStop wearable 
device uses machine 

intelligence to anticipate 
cravings and deliver 

nicotine before its wearer 
reaches for a cigarette.

robotic system targets 
 neglected disease research

Evebot can intelligently test 
10,000 chemical compounds 

per day versus 10 to 20 
 per year by an individual 

 human researcher. 

easing traffic flows

Researchers found that 
reducing vehicles from four 
areas by 1% cut time spent 

in Bay Area traffic 14%.

Self-organizing traffic lights

Santa Fe Institute researchers 
developed a traffic light system to 

automatically direct traffic routes and 
flow to be most efficient.

data-driven food innovation

Hampton Creek Foods uses 
data-driven processes to identify 

natural plant ingredients to 
replace eggs in an increasing 

number of foods.

energy-harvesting sidewalks

Pavegen Systems harvest energy 
from footsteps on tiles and convert 
it into electricity stored in batteries 
or fed directly to devices.

management by algorithm

Gigwalk’s algorithm assesses 
employee performance and 
capability based on variables 
such as how long it takes to 
open an email.

governance on the blockchain

Ethereum can be embedded into 
sensors in the physical environment, 

allowing public administrators to enforce 
traffic laws and taxes autonomously.

continuouS   
cApture And   
SenSemAking
Advances in sensor technologies,  
cameras, and storage enable any moment 
 to be captured, mined, and analyzed

on-demAnd  
intelligence

Amplified by the rise of  
cloud-served supercomputing, 

massive-scale intelligence  
can be accessed as needed  

at every node in the network

evolvAble 
hArdwAre

As code begins to enhance more  
of the physical objects of our  

world, machines move from  
fixed function to continuously 

upgradeable

encoded 
JudgementS

As intelligent machines move into  
increasingly broad domains of human 

experience, we will begin to build  
behavioral rules and norms guide them

How we get work done

How we govern complex systems

How we shape our identities 

SimulAting  
complex  

deciSionS
machine intelligence drives  
the creation of computing  

models that simulate  
and optimize  

complex decisions

How we get work done

How we govern complex systems

How we shape our identities 

t e c h n o l o g y  b u i l d i n g  b l o c k S

t e c h n o l o g y   b u i l d i n g  b l o c k S

A i v e n t u r e b o t  
capture value before  
your competition

g i t g r u b  
snap together  
your business

h e A d S tA r t  
personalized learning 
and teaching toys

dAtA p o o l  
s elf-managing machines

S e n t i e n t  S pAc e S 
adaptable infrastructure

h u m A n  r e r o u t e r 
optimizing flows  

of people and traffic
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EncodEd JudgmEnts 
machine-embedded preferences

Machines are increasingly augmented by on-demand 
intelligence, and as these intelligent machines move into  
broad domains of human experience, we will—by necessity 
as much as choice—begin to build behavioral rules and 
programming norms into the machines that interact with us. 
In early forms, we will use fairly unsophisticated strategies. 
For instance, a prototype breathalyzer will now automatically 
summon an Uber if its user is above the legal limit for blood 
alcohol content. Over the next decade, a growing number of 
judgments—often increasingly complex—will be automated 
and executed at the point of interaction.

on-dEmand IntEllIgEncE
analytics at every node of the network

With the steady rise of low-energy, miniature, high-powered 
processers, we are moving into a world where machine 
intelligence will permeate every layer of the technology stack. 
Amplified by the rise of cloud-served supercomputing, this 
combination of technologies means that any massive-scale 
intelligence can be connected and accessed virtually anywhere 
for almost any purpose. As we move into a world of on-demand 
machine intelligence, everything from toys and cars to industrial 
maintenance systems will be able to interact, respond, and learn 
the most effective ways to work with humans and robots.

EvolvablE HardwarE
upgradeable and adaptable objects

As more and more of the objects and infrastructures in our 
lives include both hardware and software components, we 
are moving into a world where machines no longer have 
fixed functions. In much the same way that we have become 
accustomed to upgrading phones and computers through 
over-the-air software updates, more of our physical stuff—
from cars to home appliances to heavy machinery—will be 
upgraded and optimized through updating software. As  
code begins to enhance more of the physical objects of  
our world, these objects will effectively become adaptable  
and self-improving.

sImulatIng complEx dEcIsIons
models to orchestrate planning, scheduling, and outcomes

Today we are using machine intelligence to simulate, model, 
and optimize everything from making complex decisions 
to identifying innovation opportunities. For instance, Hong 
Kong has dramatically improved the efficiency of its subway 
maintenance system by replacing input from multiple human 
experts with a machine intelligence system that simulates 
different possibilities to optimize human maintenance workers. 
Likewise, Netflix has used increasingly complex models 
of viewer behavior as a means to identify opportunities for 
developing programming. Over time, as datasets become more 
robust and simulations more sophisticated, many small and 
major decisions will be optimized with the aid of simulation.

contInuous capturE and  
sEnsEmakIng
persistent data capture and analytics

As advances in sensor technologies, cameras, and storage 
continue, we are gaining the ability to continuously capture, 
mine, and recognize virtually every situation or moment. This 
ability to capture, summarize, and make meaning of a scene 
is part of the underlying architecture for self-driving cars and 
unmanned aerial drones, as well as a wide variety of other 
systems. From transforming photos into a data source for 
medical diagnostics to the emergence of real-time video 
analytics, the ability to continuously capture and analyze data is 
transforming how we summarize, sense, and share information. 

Welcome
to tHE automatEd world

where everyday people casually use previously unimagined 

machine power, where algorithms make art and diagnose illness, 

and automation is an integrated, embedded, and ultimately 

invisible part of virtually every aspect of our lives.  

moving toward human+machine symbiosis 
Before the technologies of the automated world saturate our lives, we all have the opportunity to shape the future we  

want by balancing the promise of future possibilities with the urgent futures we cannot ignore. This map, coupled with a  
companion toolkit of foundational technologies, is your guide to navigate the coming decade. 

Immerse  
yourself in the future 

Explore the building blocks 
of the automated world and 
put yourself in the future of 
human+machine symbiosis 
enabled by technologies  
that automate and 
orchestrate the movement 
and interactions among 
individuals, organizations, 
and larger systems.

build  
your own future

Create your own forecasts 
by working with the 
Combinatorial Forecasting 
Toolkit and explore the future 
at the intersection of different 
foundational technologies. 
Build your own combinations 
as you gain insight into the 
fundamental capabilities  
and affordances of  
each technology.

chart  
your future possibilities 

Consider the disruptive 
impact and transformational 
possibilities of the future. 
As the technologies of 
automation manifest 
themselves in your world 
and optimize many aspects 
of human and organizational 
activity, ask yourself: What is 
being automated? To what 
end? And to whose benefit? 

make  
your future now 

Bring the future forward and 
start making your future now. 
You can catalyze the change 
you want in the world by 
prototyping your own vision 
for the future. Explore the 
artifacts from the future and 
reimagine life across the 
scales of human experience 
to tell your story of the 
automated world.
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programming “guilt” 
into weapons

Georgia Tech  
developed simulated 
guilt designed  
to prevent a robot 
from using what a 
human commander 
determines is  
excessive force. 

machine learning patentssensor  patentsartificial neural network patents
From labs to the  

automated world
Patents provide a window into future commercial  

activity, typically 3–10 years out, by providing  
a window into R&D activity.

IFTF analysis, using analytics software provided by             .

We created clocks to help us orchestrate and coordinate tasks and, in turn, clocks began to govern our lives.  
We created cars and then cars turned us into motorists, auto mechanics, and commuters. Over the centuries, we 
have populated our world with machines that help us do things we can’t or don’t want to do ourselves. From 
steam-powered mills to telephone switchboards to jet engines, our technologies have created new capabilities  
and conveniences and allowed us to automate and optimize many aspects of human activity. 

Over the past several decades, our world has become so saturated with machines that they have faded into  
the background. We hardly notice them. And we are reaching a new threshold—our machines are getting 
networked, connected, and in the process gaining capabilities once reserved for computers, enabling new forms  
of human+machine symbiosis. 

As cloud computing and intelligence becomes pervasive and available on-demand, machines will gain the ability 
to capture and make sense of data, effectively enabling them to see, hear, and quantify sensory information. They 
will be able to simulate outcomes to optimize planning, scheduling, and strategic decision-making. Products 
that were once considered finished upon shipping will be constantly upgraded and enhanced with software. And 
as the billions of machines that surround us become increasingly autonomous, we will be challenged to embed 
and encode our most complex ethical principles into the things that surround us. The ubiquity, connectivity, and 
intelligence of these machines will enable automation at an unprecedented scale.

Combinatorial forecasts: 
building blocks of the  

automated world 
Looking across a set of foundational technologies, 
we have identified five combinatorial forecasts of 
technological building blocks that will usher in an 
automated world across personal, organizational 
and city scales. These building blocks will transform 
how we both interact with and enlist machines to 
orchestrate and automate the world around us.

Navigating  
human+machine 

symbiosis  
at different  

scales

The power of the automated 
world is staggering, but who will 
wield it and to what end? As the 
technologies of the automated 
world saturate our lives, the ways 
these technologies manifest 
themselves will be shaped by 
urgent futures across the scales 
of human experience.

How will we shape our identities?

Technologies of automation will become much more intimate,  
dependent on the devices in and around our bodies and  
connected to our homes, cars, and offices. We will be able to  
automate aspects of everything from shopping to teaching  
children—raising new questions about how to best use these  
tools to improve efficiency and enhance our lives.  

How will we get work done?

Most of us are most familiar with automation at the organizational 
scale. We will see this process move from technologies that perform 
discrete tasks toward automating roles that require creativity and 
emotional intelligence. Even as automation technologies open up 
new tools to supercharge productivity, they raise questions about 
the fundamental nature of work, employers, and employees.

How will we govern complex systems?

Humans in cities live by complex contracts that mostly slip into 
the background. The automated world will enable these individual 
interactions to be tracked and embedded with legal enforcement, 
much like a camera capturing a motorist running a red light. 
Governance will become adaptive and embedded, challenging  
us to rethink and make explicit invisible assumptions that  
govern our lives.

updatable firmware patentsautonomous judgement patents

performing predictive 
maintenance

Wind River Systems 
blends analytics 
from discrete 
parts of systems 
to automatically 
analyze and adjust 
a system for optimal 
performance.

bl
og

s.
w

in
dr

iv
er

.c
om

Foundational technologies:

• Distributed computing
• Robotics
• Machine learning
• Industrial control systems

• Ambient computing
• Sensors
• Distributed energy

Foundational technologies:

• Machine learning
• Artificial neural networks
• Expert systems

• Distributed computing
• Genetic algorithms

Foundational technologies:

• Blockchain technologies
• Industrial control systems
• Robotics
• Distributed computing

• Natural language processing
• Sensors
• Human-machine interfaces

Foundational technologies:

• Machine learning
• Expert systems
• Robotics

• Drones
• Graph theory

Since humans first began creating machines,  
we have shaped them and they have shaped us. 

computer vision 
algorithm aims to stop 
real-time video piracy

Dextro is developing 
a computer vision 
system to scan live 
video feeds and 
identify pirated or 
illegally streamed 
video in real time.
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Foundational technologies:

• Machine learning
• Computer vision
• Artificial neural networks
• Sensors

• Natural language processing
• Auditory recognition
• Inference engines

reconstructing 
conversation through 
video feeds

Researchers from MIT, 
Microsoft, and Adobe 
reconstruct the audio 
of conversations  
using high-speed 
video cameras to 
capture vibrations 
against objects.
theverge.com
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simulation model 
given vote in venture 
capital investment 
decisions

Deep Knowledge 
Ventures appointed 
an algorithm, 
which analyzes 
future investment 
performance through 
simulations, as a voting 
member of its board. 
bbc.com
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machine-scheduled 
maintenance workers

Hong Kong’s  
subway system 
uses a sophisticated 
genetic algorithm to 
schedule more than 
10,000 maintenance 
workers weekly on 
2,600 projects.
newscientist.com
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accessing watson 
in a toy

Elemental Path 
developed a toy 
dinosaur that 
connects to IBM’s 
Watson to interact 
and age with children 
in individualized ways.
kickstarter.com
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autonomous driving 
added through wi-Fi

Tesla has announced 
that it will use  
over-the-air updates 
to bring autonomous 
features to previously 
purchased Model  
S cars.
nytimes.com

machines learn  
new instructions  
from each other

Stanford researchers 
are building ways 
for robots to share, 
access, and learn 
operating instructions 
from each other.
wired.com
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mitigating robotic 
crime

An emerging field  
of law has begun 
examining the rules 
governing potential 
liability issues  
surrounding bots  
that inadvertently 
commit crimes.
forbes.com

We are entering a new era of human+machine symbiosis  

where 50 billion machines in constant communication  

will automate and orchestrate the movement  

and interactions among individuals,  

organizations, and the  

cities we live in.
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