Beyond the PC - 30:30 Vision(s) of Computing
SPEAKER NOTES from April 1th presentation to the IEEE
I’ll take a historical look at the past 30 years of personal computing, and a futurist’s look at the next 30, bringing different perspectives and making outlandish predictions to provoke thought & controversy. 
Many of my predictions will seem impossible, but I think they are way too conservative. Like these:

· “I think there is a world market for about 5 computers.” Thomas J. Watson Jr., IBM Chairman (1943)

· "There is no reason for any individual to have a computer in their home." Kenneth Olson, founder of Digital Equipment Corporation (1977)

· "640 K [of computer memory] ought to be enough for anybody." Bill Gates (1981)

· “By 1990, 75-80 percent of IBM compatible computers will be sold with OS/2." Bill Gates (1988)

· "Almost all of the many predictions now being made hinge on the Internet's continuing exponential growth. But I predict the Internet will soon go spectacularly supernova and that in 1996 it will catastrophically collapse." Robert Metcalfe, founder of 3Com and inventor of Ethernet (1995)

Murphy’s Laws

These business leaders got caught up in day-to-day operations and Murphy’s Laws that include:
1. Nothing is as easy as it looks. Everything takes longer than you think. 

2. Anything that can go wrong will go wrong. 

3. If there is a possibility of several things going wrong, the one that will cause the most damage will be the one to go wrong. Corollary: If there is a worse time for something to go wrong, it will happen then. 

4. If anything simply cannot go wrong, it will anyway. 

5. If you perceive that there are four possible ways in which a procedure can go wrong, and circumvent these, then a fifth way, unprepared for, will promptly develop. 

6. Left to themselves, things tend to go from bad to worse. 

7. If everything seems to be going well, you have obviously overlooked something. 

8. Nature always sides with the hidden flaw. Mother Nature is a bitch. 

9. It is impossible to make anything foolproof because fools are so ingenious. 

10. Whenever you set out to do something, something else must be done first. 

11. Every solution breeds new problems.
My Perspective

· Technologist, Marketing Strategist, and Futurist (what’s possible, what’s likely, alternative outcomes)

· 30 years at IBM, starting in 1969 as punch card & computer operator, then programmer, systems engineer, marketing support, market planning & strategy. End User Computing Specialist, helped launch PC in 1981, the Residential Gateway, Home Director and HomeRF. 

· CAZITech: Digital Home consulting firm. 

· Dell layoffs cause reflection on PC (and computing) industry – its past and future.

Alternative Perspectives & Futures

A futurist considers various visions of the future – or alternative futures – based on different sets of Assumptions, Enablers, Drivers and Inhibitors. And as a market analyst and strategist, I would make forecasts and then use SWOT analysis to help companies understand how their core competencies fit in the value chain, and how they could exploit the drivers & enablers and overcome the inhibitors, through partnerships if need be.
Technology Futures is an Austin-based consulting firm that focuses on market analysis, using 5 views of the future, but I’ve added 3 more. Each perspective has its advantages and shortcomings, but better decisions and forecasts come from using several views rather than one. 

1. Extrapolators see the future as a logical extension of the past and extrapolate trends in a reasoned, logical manner to forecast the future. 

2. Pattern analysts see the future as a replication of past events and look for historical analogies that give insight into probable futures.

3. Goal Analysts study the beliefs and actions of leading individuals, organizations, and institutions and project the future by examining the stated or implied goals of various by evaluating potential long-term impacts of their actions.

4. Counter punchers study a wide range of possible trends and seemingly unpredictable or random events, and by maintaining a high degree of flexibility in the planning process.

5. Intuitors depend on personal intuition and their subconscious information processing as they monitor seemingly unrelated trends, events, and actions of key individuals and institutions.
6. Tech Innovators strive to influence the future through scientific discovery, so monitoring breakthroughs in R&D labs can point to long term trends, assuming a given time lag between tech achievement and market readiness and the fact that some technologies never reach the market. 

7. Demand Watchers see market demand as influenced partially by old fashion marketing to generate desire, fashion and fad, and partially by socioeconomic & demographic trends that determine consumer attitudes and needs, either real or perceived. 
· A good example is the high price of bottled Water vs. that of gasoline, beer, or a basic calculator at HEB. 

· A new spiritual need may actually surpass physical needs, and anything Green or (RED) are now politically correct. 
8. Politicos know (or think they know) that the future depends less on hardware and software innovation, or even market demand, and more on politics, business models and value chains. 

· Barriers to progress can include entrenched incumbents who are intent on protecting their turf, incomplete value chains, market inertia or momentum, and a consumer adoption curve that suggests that we can’t absorb technology as fast as it’s coming at us.

Hardware & Software Generations
The 8-bit Zilog Z8 processor in my Philips Sonicare toothbrush is rated at 10 million instructions per second, so it can execute program instructions faster than a million-dollar IBM mainframe 30 years ago, although much simpler instructions (i.e. no Floating Point), but that’s not the whole story. In 30 years, the computer form factor has evolved from mainframe & supercomputer to desktop & notebook PCs, handheld PDAs & phones, and the now trillions of embedded microprocessors.
1. Mainframes: In 1978, three years before the IBM Personal computer brought microprocessors and computing to individuals, multi-million dollar mainframe computers were used to support hundreds of simultaneous transactions and users.
· IBM System/370 model 158 is an example and a performance benchmark since it was the first 1-MIP processor, liquid cooled, required a large computer room (raised floor, power, A/C and water chillers), and cost about $3 million. (coffee cup spill analogy)

· Mainframes were expensive relative to the people who used them, so to optimize the investment, programmers wrote in machine language at first, and as hardware costs gradually fell and people costs rose, they started using 2nd generation program assemblers and macros, followed by 3rd generation languages like COBOL, FORTRAN and PL/1, and eventually 4th generation “application generators” that let skilled end users develop simple apps themselves.
· With each new generation of mainframe hardware, the Operating System took more memory than was in the previous machine, and the new hardware was often justified by cost savings in system maintenance and electricity alone, even without increases in capacity.
2. Minicomputers were a natural evolution as the price and size of mainframes came down so they were affordable by smaller businesses or departments of larger ones.

3. But PCs changed the computing paradigm, because they were… personal. Instead of one large computer shared by hundreds, you could now have your own. Individuals and the smallest of businesses could buy one and even compete with larger companies, especially once the Internet let them compete globally. 
· 1981 full blown IBM PC: Intel 8088, 4.77MHz, 64KB RAM, 2* 160KB single-sided diskette drives, monochrome monitor, matrix printer, 300 bps modem, PC DOS, VisiCalc, EasyWriter, employee purchase, $5,000.

· 2008 Dell XPS 720 H2C: Overclocked Intel Core 2 Extreme QX6850 Quad-core processor, 4 GB memory, 2* 1TB HDD, 24” color monitor (1920 x 1200), gigabit Ethernet, Vista Premium, hybrid liquid/Peltier-ceramic cooling system, $4,200.
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	ACGR
	1981
	2008
	2015
	2038
	30 Years (2038 vs. 2008)

	Memory 
	50.7%
	64 KB
	4 GB
	72 TB
	900 TB
	200K times more memory

	CPU
	57.1%
	0.3 MIPS
	59K MIPS
	1M Mips
	45B MIPS
	770K times faster

	Network B/W
	66.8%
	300 bps
	300 Mbps
	10 Gbps
	1 Petabits/sec
	4M times faster N/W

	Disk Drive
	77.7%
	180 KB
	1 TB
	60 TB
	30 Ectobytes
	30M times more storage


· Processor (770K *): At the rate of Moore’s Law – Cheaper, smaller, and faster, with CPU performance doubling every 18 months – we’ll see a trillion operations per second by 2015, and by 2038 the CPU in personal systems could be 45 Billion times faster than the mainframe example, thanks to Multi-core & Cell Processors, Grid & Mesh Computing, Quantum Physics, and unforseen breakthroughs. How will we use it?
· Storage (30M *): Even more interesting is storage, with 60 TB in 2015 and 30 Ectobytes in 30 years. 

· What will we do with Terabytes of storage? Or Petabytes? Or Ectobytes? 
· What will we store? How will we find it? Will we index by closed captioning, speech reco? How will be Filter it? Make sense of it? Use it? 

· Everything we see and hear (heads-up display and CMOS camera)? HD video = 18 GB/hr, 
150 TB/yr, 10 PB/lifetime. But 30 Ectobytes?

· Search & Analysis becomes king. (It was Hardware, then The OS, Software Apps, and Content) 
How will Information become Knowledge, then Understanding, Insight and Enlightenment?
Individuals & organizations with the most powerful data mining & analysis tools have advantage.
· Displays – will continue to get larger, smaller and thinner, with higher resolution and 3-D capabilities.
· 1981: 12” monochrome monitor instead of my own TV.

· Much Larger (video wall vs. 42” HDTV, wallpaper or nanotech-enabled paint-on pixels)

· Much Thinner (OLEDs, Liquid Paper, Flexible)

· Much Smaller (heads-up display on glasses or even on contact lenses), 

· Much higher resolution (7680x4320 pixels vs. 1920x1080, 22.2 channel audio, 25 Gbps)

· Much less power (electronic ink)

· Projected from portable (also project keyboard onto desktop)

· 3-D & Holographic (Imagine a holographic “companion.”)
· Virtual Worlds – don’t need 3-D hardware and can be represented in 2-D space, as seen in 

· Games – massively multi-player
· Second Life and the Wall Street Journal virtual job fair I attended last week.

· Telepresence – Cisco’s high-def video conferencing is so real it’s like being there.

· Google Street View – realtors, GPS, phones, e-commerce, m-commerce

· Static Avatars were used in the job fair to depict each participant, and in my case, I avoided the cartoon characters and instead upload a tightly cropped photo of myself.

· Active Avatars, like those included with the new Dell consumer displays that have built-in webcams and mics, can represent your child in a video conference or online game as a character that moves just as you do when you talk, smile or gesture. 

· Audio – Dolby’s spatial signal processing simulates surround sound without surround speakers, using just two stereo speakers. This is great for ear-buds and portable devices as well as TV speaker bars that measure the acoustics of the room and bounce sound off of surfaces to eliminate surround sound wiring.

· Network (4M *): BIG Broadband becomes pervasive as a National Broadband Policy encourages using a mix of technologies including fiber, copper, satellite and wireless, and deployed as competing private networks, public infrastructure, or in public/private partnerships. I expect that government to do this without selecting winners and losers.

· Outrage from businesses and citizens forces Congress to respond to a broadband crisis where U.S. household deployment of high-speed Internet access (the last mile) continues to fall, already ranked 20th in the world and causing our nation to lose its 60-year tech leadership.
· Policy challenge: Encourage bandwidth investment and determine who should fund, own, manage, and protect infrastructure that benefits all of society and has profound benefits for education (distance learning), commerce (e-commerce & banking), healthcare (telemedicine), lifestyle (photo & video sharing, High-definition & ultra-high def TV, hyper-realistic gaming,), energy & traffic (telework & telepresence), the arts (collaborative music performance across distances), the disabled (remote signing & lip reading), governance (e-government), scientific discovery (supercomputing and the worldwide grid), and national security.
· Policy challenge: Network Management vs. Net Neutrality protections against anti-competitive behavior of a network operator who also offers content & apps.

· Policy challenge: Continuity of Service is an issue that includes disaster planning and the liability if smart systems and critical infrastructure fail. Today’s examples of redundancy include the Internet, a network of networks, and wireless mesh topologies that are self-forming and self-healing. 
· Policy challenge: Media. Will politicians allow continued consolidation of Media and telecom into the hands of fewer large corporations?

· Policy challenge: Where do we need bandwidth? In the last mile! 10 years ago I wrote a white paper describing the multiplying effect of adding more optical fibers, PLUS using dense WDM for more colors per fiber, AND faster processors that enable better compression and lasers that pulse faster. It was called, “LIGHTning Strikes Cause Bandwidth Glut.”
Each fiber can already carry 160 different wavelengths, and each wavelength can handle 10 Gbps, for a total of 1600 Gbps per fiber strand. Now imagine that broadband pipe running down every street and connecting every home. That would be 60% faster than my 2038 prediction.
· Similar Wireless Multipliers: more spectrum, higher frequencies, frequency division, modulation techniques, and spatial division (multi-radio near-field mesh). 
Entire cities: public safety, hospitals, utilities, businesses, homes, parking meters (pay by credit card, find empty space)
Imagine solar powered road stripes acting as wireless access points for communications and cars that drive themselves.
· Apps move from PCs to the Internet – with increased sophistication and demand for bandwidth and mobility. 

· All we need is a good browser when, “The network is the computer,” as Sun’s Scott McNealy put it over 10 years ago. In the case of grid computing or mesh networks of embedded processors working together on a single task, that’s surely true. 
· PCs become commodities as manufacturing and design are outsourced and vendors differentiate by Performance, Features, Personalization, and Price. (example: $100 PC for emerging markets)
4. Handheld Computers: With continued miniaturization and falling prices, desktop PC functionality has moved to the portable, notebook, handheld, and phone. And Mobile Internet Devices like iPhone now pose a significant threat to both desktop and notebook PCs. 
· Instant on
· Always connected all the time (email, IM, social network, Internet, entertainment, mapping, camera & webcam, and (of course) phone (and video conference)

· Multi-mode smart radios supporting WAN (Cellular, WiMAX, 700 MHZ), LAN (Wi-Fi) and PAN (Bluetooth, UWB, wireless USB/1394, 60GHZ?)

· Seamless handoff of voice & video calls between WAN & LAN. Arrive home, and the wireless carrier reroutes the call over your broadband connection. Turn on the TV, and the video call appears in high-def. The very same application and user interface follows you from home to work and spaces in between 

· Biometric security (facial, fingerprint, voiceprint, retinal scan).
Surveillance: Great Brittan photos citizens >300 times a day and will next add facial recognition and networked cameras that follow the path of a suspect and predict the course.
· The next question is, “What form will personal computing take in the future?” 
· Wearable with heads-up display & CMOS webcam? (Boeing 747 manuals, terabytes, wireless)

· Pen PC with wireless keyboard/mouse and projected display?

· Computer in shoe; body as wires? 
Tom Zimmerman: Walking generates electricity. Touching transmits data. Open door w/o key.
· How will technology be used to simplify use, discovery, and understanding? And will technology become more complicated and intrusive or become transparent and disappear.

· Focus on the Experience & Ecosystem and Use Technology to Simplify – Some new technology emerges with entirely new capabilities, but as competitors emerge features are added for differentiation. Those features too often add complexity and make the products difficult to use.

· VCR emerges to record TV but adds jog dial, scheduled recording, etc. Result: VCR flashes 12:00.

· George Eastman’s film camera (“You push the button. We do the rest.”) 
· The simplicity of the Apple iPod came from an ecosystem that used iTunes on the PC to define play lists, and iTunes Store for content.
· What can we learn from this? 
People care about People, not computing. We want to have fun, love, communicate and influence, so the PC is just a tool for Microsoft Word & PowerPoint, integrated voice/data/video, email & IM, blogs & YouTube, and social networking; and any form factor that can do that can replace the PC.
· Possible new user interfaces:

· Speech – Reco, Text-to-Speech, Language Translation (real-time, portable), Natural Language 
· Multi-touch – Microsoft Surface has cameras underneath. Place a camera on Surface to upload photos. Place a credit card there to pay your bar tab and add a tip. Objects on the surface interact with each other. (Applications: restaurant/bar table, TV coffee table, kitchen counter)

· Gestures in the air – IBM Research (TV remote), MIT Media Lab (instruments)
· PC-Brain Interaction – Necklace transmits non-spoken words, thoughts.

· Middleware – Bring order to chaos of different standards, formats and form factors by handling things like discovery, protocol bridging, media transcoding, authentication, rights management, & compression.

· Dell XPS 420 has Xcelerator feature, a hardware A/V transcoder for converting media to different formats, but needs to become automatic and transparent.

5. Embedded Computers: The paradigm changes again with computer and networking functions built into everything with a digital heartbeat – and with an integrated power source (or, in the case of RFID, no power needed), computing technology is becoming “transparent,” disappearing into everyday objects: light switches, smoke detectors, doorknobs, jewelry, clothing, furniture, DVD cases, medical sensor patches, etc. 
You can add up all of the supercomputers, mainframes, minis, and PCs in the world today, and they would make up less than 1% of the embedded systems already deployed, enabling a vision of a million online businesses, a billion wired users, and a few trillion connected devices. How could we possibly manage so many devices? Well, system-on-a-chip designs, “smart dust” and motes – which include processor, networking and power – enable Machine-to-Machine communication, because it’s important that they manage themselves.

· Your Home: Count the number of embedded microprocessors, if you can. 
Let’s see, there are clock radios, stereos, TVs, VCRs, DVD players, DVRs, game consoles, remote controls, washers, dryers, dishwashers, microwave ovens, refrigerators, coffee makers, thermostats, lawn sprinkler controls, garage door openers, cameras, wired & cellular phones, answering machines, fax machines, pagers, PDAs, MP3 players, watches, and even tooth brushes. The average per US home in 1999 was 50.

· Adaptive Home & Building Automation – With increased emphasis on energy management and the need for family time, Smart Home applications will move down-market from the high-end custom homes niche that uses proprietary technologies and need specialized skills. 

· Affordable, self-installable products based on self-forming and self-healing mesh technologies like ZigBee will be able to scale up- and down-market from the retrofit of small homes to the largest commercial office buildings, thus driving demand for these products. 

· “Smart” Homes, using Artificial Intelligence (learning agents, fuzzy logic, natural language, and similar technologies), will work with sensors and actuators to gain an awareness of surroundings, learn your habits, preferences and lifestyles, and respond to stimuli and human activity. They’ll listen (far-field mics), see (image arrays), feel (temperature, touch & vibration), and smell (smoke & dangerous gases).

· Imagine the competitive barrier to entry when the home system becomes smarter over time and a competing system would have to start learning from scratch. 

· Your Car: The average new car has 15-20 microprocessors for fuel injection systems, anti-lock braking systems, air bag controls, environmental controls, GPS mapping, seats & seat belts, radio, etc. The Mercedes S-class has more than 60 – one in each headlight, in the rear view mirror, in wheels for tire pressure, in doors, and in seats. CMOS Cameras for backup up or watching the driver for signs of fatigue. Sensors in the shift knob or steering wheel can measure alcohol level in the sweat and prevent operating the car. 

· IPv6: To evolve from a hierarchical network topology to a grid containing peer-to-peer nodes, the embedded world will help evolve the addressing scheme of today’s IPv4 to IPv6. 
· IPV4 will run out of addresses. With 32-bit addressing and over 6 billion people on the planet, if everyone gets an IP address, we'll run out and leave 1/3rd of the world without an IP address. Because the trend is towards hundreds or thousands of embedded processors per person, so we obviously need more addresses. 
· IPV6 features 128-bit addressing, so we can assign an IP address to every atom on the surface of the earth, and still have enough addresses left to do another 100 earths.
Other Factors
· We can’t continue wasting energy. Already, the two A/C outlets per wall, as required by building codes, aren’t enough, and some of us have power strips plugged into power strips. 

· Clean energy sources – Photocells, fuel cells and wind turbines will charge improved batteries and power efficient products, possibly inserting excess power pack onto the electric grid.

· Jim Clardy in Dell’s Office of the CTO does a lot of prototyping at home and could not install two XPS 720 systems in his home office. These high-end gaming systems use an exotic liquid cooling system to protect the over-clocked processor, and since that heat is pumped into the room, he can’t keep it cool enough. Worse, since each PC has a 1,000 watt power supply, the room’s A/C circuit can’t handle them both.

· Jim added extra power and air conditioning to his home office, but I really don’t think most consumers would do that.

· Globalization – Coordinating the work of specialized teams across time zones causes long working hours and late night (or early morning) video calls, as well as 24x7 shift work for support people.

· E-Currency – Better scanning and printing technology that makes counterfeiting easier creates a need for eliminating paper money, and improvements in encryption and ID technology (fingerprint, facial, speech, RFID, etc) make it possible.

· New Convergence – The convergence of Technology, Telecom and Content gives way to a new convergence of Nano-Science, Information Science and Political Science. Anywhere access to all human knowledge depends on pushing the technology drivers and removing the inhibitors, including complexity, security, social, economic, and political barriers.

· Nano-Science – With individual components self-assembled from molecules, and with nanometer connections, the circuits will be much smaller and more powerful than anything made from silicon; and they may also be so inexpensive to make that they’re essentially free, and with this scenario, the value comes from the network.

· Information Science – Believe me, your financial transactions, written opinions, love notes, inquiries and disclosures are already online somewhere and there to stay. How will you find them when you want them, and secure them so others can’t? 
As we collect more information, we must learn more about the nature of information itself so we can use machines to search and parse the data and deliver useful knowledge and insight.

· Political Science – The most difficult problems (universal broadband access, copyright, free expression, social networking, due process) have technical issues but aren't really technical problems. They depend more on politics, business models, policy, changes in laws, and other factors. So who will be the new political and business leaders? What companies, industries and nations will dominate? Given the increasing pace of change, business leaders must innovate more and rely on gut instinct, and policy makers must have the courage to avoid political pressures from powerful lobbyists, focusing instead on public good.

· Increasing Pace – Improved development tools (programming, web design, etc.) in the hands of more people, along with the ability for anyone to become a publisher, is making it easier to create even better tools, thus increasing the pace of change with a spiraling effect. 

· Exponential Growth: Noted futurist Ray Kurzweil describes the pace of innovation as growing exponentially, saying that when people examine short sections of exponential growth, they only see straight lines.

· Obsolescence: Today’s rapid technology pace makes products obsolete quickly, and replacements are expensive.  This obsolescence fills our landfills and causes us to constantly relearn.  It’s one of the reasons that the information appliance business model, where new functions are provided by remote services, is gaining popularity over to the PC model, where functions must be installed locally.
· Coping: The ability to cope with change will become a critical factor as consumers already find it difficult to adopt new technologies at the pace they are arriving, and as students struggle to keep up with evolving science that becomes obsolete even before they graduate.
· Shorter Development Cycles: Today’s competitive environment requires quick customer feedback and fast-to-market development to meet individual wants and needs. This is attracting developers to rapid prototyping and soft user interfaces, and as a result, consumer electronics and home appliances are starting to use touch displays instead of a complex array of knobs, buttons and switches. This adds design flexibility and the ability to add refinements and new functions later.
Closing

The future isn't what it used to be and is coming faster than ever. We can’t just study the past, extrapolate trends, and learn about what’s possible. The greater challenge is in knowing the right things to do, so we must also study changes in consumer behavior, lifestyles and attitudes, and social, political, demographic and economic trends.
This talk was just a start, and you may now want to check out my speaker notes and its list of references at www.CAZITech.com.  
Resources

· Twenty-Twenty Vision: 20 Years of Technology, by Wayne Caswell (http://www.cazitech.com/2020-Vision.pdf) 

· Twenty Technology Trends that Effect Home Networking, by Wayne Caswell (http://www.hometoys.com/mentors/caswell/sep00/trends01.htm) 
· Social & Demographic Trends that Effect Home Networking, by Wayne Caswell http://www.hometoys.com/mentors/caswell/jan01/trends03.htm) 

· Market & Economic Trends that Effect Home Networking, by Wayne Caswell (http://www.hometoys.com/mentors/caswell/dec00/trends02.htm)  
· “Did you know?” video presentation by Karl Fisch to fellow Arapahoe High School teachers under the title did you know? (http://www.youtube.com/watch?v=lk0bGKrbg) 
· Best Future Technology of 2007 (http://www.youtube.com/watch?v=pFsJY00yNOQ&feature=related) 

· Central Texas Chapter of World Futurist Society (www.centexwfs.org) 
· “IPV6: How Many IP Addresses Can Dance on the Head of a Pin?” (www.edn.com/index.asp?layout=blog&blog_id=980000298&blog_post_id=820024082)
· YouTube – Query “Future of Computing,” and you’ll find several interesting videos.

· Intelligent Infrastructure Futures, a project of the UK Office or Science & Technology, where sociologists looked toward 2025. (http://www.foresight.gov.uk/previous_projects/intelligent_infrastructure_systems/Reports_and_Publications/Intelligent_Infrastructure_Futures/the_scenarios_2055.pdf)
1. Perpetual Motion – Always connected, global, and on-the-go demand for information, entertainment, social networks. Competition for jobs and advancement increases work hours and stress and drives a selfish focus on “me,” with emphasis on productivity tools that give competitive advantage, lots of private vehicular traffic, and a general disregard for the wellbeing of others. Widening divide between information haves & have-nots. As more workers consider ways to downsize their lifestyle, questions are raised over the long-term viability of continued economic growth.

2. Tribal Trading – And Energy Crisis (or other event) causes global recession, leaves millions unemployed, promotes a bartering economy, and prompts armed conflicts over scarce resources, both globally and locally, with civil unrest and increased gang violence. With myopic focus on immediate problems, long term opportunities and challenges aren’t noticed and acted upon until too late. What tech innovation does occur is driven by the needs of military, police and public safety. 

3. Urban Colonies – Tech investment is focused on minimizing environmental impact and transport is only allowed if clean & green. Therefore, public transport dominates, and populations converge into large cities, with rural areas becoming more isolated and acting as food and bio-fuel sources for cities.
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