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T here are many ways to think about the 
future of computing, but to do so success-
fully requires looking at previous expe-

rience and predictions. My focus here is on 
computing rather than computers, though the 
increasing power of the latter facilitates the for-
mer. For example, I have nothing to say about 
the future of multicore or parallel computing, 
except that beyond the Internet, the predictions 
for this technology have been rather optimis-
tic for the past 30 years. Multicore, and other 
near-term developments such as the Internet of 
Things, a smarter planet, and cloud computing, 
are well-described elsewhere. Rather I’m going 
to argue for a future not often addressed.

Envisioning Computing Applications
When considering computing’s future, it’s impor-
tant to keep in mind that its basic functions are 
numerical calculation and bookkeeping. Looking 
back at how people have envisioned computing 
in the past, it’s instructive to note that it helps to 
have some historical knowledge but also that it’s 
important to see how basic functions could prove 
useful beyond current applications.

It’s widely alleged, but without support, that 
the founder of IBM said in 1943 that the world 
only needed five computers. As Gordon Bell 
has pointed out, in a 1997 ACM anniversary 
talk,1 were that quote actually made then, it 
would have been a good prediction for a decade 
(Bell was technically wrong that no computers 
existed in 1943, but the only general-purpose 
programmable digital computer in existence 
was the binary electromechanical Z-series built 
by Konrad Zuse in Berlin). More telling, Brit-
ish computer scientist Douglas R. Hartree said 
in 1951 that the world would only need three 
computers.2

Doug Engelbart had already invented modern 

computing when commercial computers were still 
primitive: he started working in 1962 on the sys-
tem that his team demonstrated in 1968 (http://
sloan.stanford.edu/MouseSite/1968Demo.html). 
He didn’t just envision what more computer 
power might enable, he and his team demon-
strated a prototype. Some of his ideas are still 
waiting to be implemented, such as computing 
with concepts. It took until the early ’90’s to get 
graphics with hypertext links, which he had 
demonstrated almost three decades earlier.

Engelbart had the benefit of 10 years of 
seeing fast computer growth, which let him 
abstract away the still primitive state and 
expense of computers and foresee the potential 
of computers that were many times more pow-
erful and cheap.

More importantly, Engelbart was much bet-
ter at imagining applications. Hartree limited 
his vision to applications that involved differ-
ential equations. Engelbart envisioned an office 
work prosthesis, mostly based upon book-
keeping of types of things and links between 
them, with some graphics thrown in for ease of 
human interaction.

Even today, computers are still good at per-
forming numerical calculations, which are as 
useful for graphics as they were for ballistics 
in the early days of computing. Throw in some 
maps, and you can compute paths from one place 
to another. Perhaps more importantly in the 
long run, computers are good at bookkeeping, 
which is, in essence, sorting and tracking things 
and making decisions based on the results. It’s a 
very powerful idea. So, the first success of com-
puting, after ballistics, was in counting, sorting, 
and then financial systems.

Bookkeeping turned out to work for more 
than just accounting. If you network some com-
puters together, you get modern airline reser-
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vation and credit-card systems. If 
you’re really clever, you can use a 
kind of bookkeeping to prove math 
theorems. Lots of people have come 
up with all sorts of clever ideas, some 
with good business models, for using 
computers to calculate and keep 
books for all kinds of crazy things 
that were difficult to foresee.

So, we must imagine new uses 
for numerical calculation and book-
keeping. We know from past expe-
rience that we shouldn’t limit our 
imagination to current applications, 
and we especially shouldn’t under-
estimate the potential to sort and 
track: bookkeeping.

The Fall of the  
Computing Politburo
There’s something else going on 
that combines sociology and eco-
nomics with both computer and 
human networking, and even has a 
political analogy.

Before I talk about network com-
puting, let me be the first to admit that 
I never thought personal computers 
would catch on. When Apple came 
out with those, I was very familiar 
with mainframe operating systems. I 
knew that, for the foreseeable future, 
personal computer users would spend 
an unreasonable amount of their 
waking time managing the software 
on these little machines. Why would 
reasonable people do this when they 
could just let the mainframe folks do 
it for them?

I failed to understand how much 
people didn’t want to be controlled by 
a central authority, how much they’d 
enjoy personalizing their own sys-
tem, and how much more function-
ality would develop once systems 
were freed from the control of a few 
people, much the way that the break-
up of the phone company allowed 
new functionality to flourish (cloud 
computing might be a better answer 
than personal computers when cus-
tomized for personal computing).

This is analogous to the failed 

communist models of planned eco-
nomies. The plans benefited the 
implementers, not the customers. 
Mainframe systems were often built 
to suit the guys who programmed 
them. When people are empowered 
to some extent to become program-
mers, making their own choices, the 
central planning model gets left in 
the dust. That lesson gets extended 
to networked computers.

Few people foresaw how the 
open Web would change the world. 
Engelbart demonstrated sophisti-
cated hypertext in 1968. It became 
openly available in 1992 along with 
the public Internet and email. It took 
only a few more years for advanced 
software companies to abandon their 
investment in interactive TV as the 
wave of the future. Still, some engi-
neers thought TCP/IP was too flaky 
and that everything would be based 
on the seemingly more reliable ATM 
protocol. That notion died an early 
death. In the middle of 1995, Bill 
Gates was forced to adapt Internet 
standards for Microsoft systems.3 
That’s a relatively short time to 
change conventional thinking and 
business models, once the Internet 
went public.

Tim Berners-Lee saw not only 
how useful an open Web would be 
(unlike his co-inventor, Robert Cail-
liau),4 he also saw how it wasn’t just 
a medium for broadcasting but also 
for mass information sharing, which 
didn’t become a reality until this 
century with the so-called Web 2.0. 
But then it exploded as fast as the 
original Web did. Nowadays, only 
old-fashioned publications, such as 
this one, don’t publish blogs that 
make it easy for users to give imme-
diate feedback.

This insight about the value of 
open networks can be further char-
acterized. An informal theory I 
published in 2005 is that emergent 
collectives (ECs) are a kind of network 
technology that can explode and dis-
rupt existing business models.5 

Emergent Collectives
ECs are comprised of a network of 
interlinked valued nodes and are an 
easy way to add nodes by distributed 
actors so that the network will scale. 
Both node content and links are 
governed by a set of standards and 
protocols that provides these proper-
ties. You don’t have to ask someone 
to provide novel value, you just fol-
low the specifications and link a new 
node according to the protocols.

There might be a central platform 
supporting the network, but it’s the 
protocols that govern the system, per-
haps with some central censorship, 
preferably following node addition.

Second, such networks should be 
very error-tolerant if not homeostatic 
so that people can be both sloppy 
and inventive about what nodes they 
add. Local errors will have minimal 
network effects. Third, and most 
important, people should want to 
contribute nodes.

In the history of Internet tech-
nologies — not just the Web but also 
various types of servers and the 
Web’s predecessors such as Gopher — 
people have added nodes more often 
than not for absolutely no economic 
benefit. In fact, at least one study 
shows that economic incentives have 
a disincentive effect.6 Rather, people 
have other motivations, perhaps to 
be famous for a minute, or to be part 
of something bigger. Certainly there 
must be some noneconomic incentive 
for people to do so much in building 
a Web of information that’s so useful 
and on which so much else has now 
been built.

The World Wide Web is an obvi-
ous example of an EC, as are most 
Internet technologies. I know a good 
nonexample as well.

I was the original editor of the 
World Wide Web Virtual Library 
(WWW VL; http://vlib.org) for 
Mechanical Engineering (which seems 
now sadly defunct). I did this work 
because I wanted to contribute to 
something larger. I lost interest when 
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it seemed that too much focus on 
human governance made it unlikely 
to catch on. Contributors would sub-
mit sites to a human editor who had 
to manually edit the site, which he 
or she owned. This alone prevented 
the WWW VL from being an EC. And 
the internal politics of the WWW VL 
detracted from the feeling of being 
part of something larger.

Years later, Wikipedia became an 
EC built on the Wiki protocols that 
achieved better functionality with 
less editorial oversight but much 
more openness. Even though it’s easy 
to critique the content, Wikipedia has 
in fact been successful because it’s 
an error-tolerant network to which 
people find it easy to add nodes.

The original Napster network was 
another example of an EC. It was 
pushed underground by the old busi-
ness model it disrupted, but the old 
business model never fully recov-
ered, and there are lots of peer-to-
peer (P2P) networks still running 
out there, also obviously ECs. If you 
think of APIs as standards and links 
to internal functions as protocols, 
then smart phone apps can also be 
seen as an EC. In any case, the lesson 
is that the easier it is to add nodes, 
the bigger the network will be.

MySpace is a good example of an 
EC that lets nontechnical teenagers 
customize their home pages by pro-
viding good ways for them to cut 
and paste functionality that would 
have otherwise required sophisti-
cated user interface programming. 
MySpace makes it easy for people 
to add highly customized nodes and 
links to the network.

This tells us what’s going to hap-
pen in the next 10–20 years. Clearly 
there will be a trend of networked 
applications that let people essen-
tially program the systems in ways 
that they care about. Customization 
will be king, on top of standards and 
protocols that allow customization 
by people who aren’t deep program-
mers. Actual code-based program-

ming will be driven deeper into the 
computing layers.

Now, I can speculate about what 
kinds of systems these might be. 
Notice what I’m not speculating about. 
Massive attempts to program paral-
lel computing have failed in the past 
30 years. Semantics and logic pro-
gramming have never caught on, but 
there are existence proofs that they 
could, and many of us have described 
in detail what might happen in this 
space. The Internet of Things will 
probably create massive new oppor-
tunities. But I decline to speculate 
more on these developments. Rather 
I want to say something very specific 
about what might develop based on 
the notions of the fundamental book-
keeping capabilities and ECs if raw 
computer power, inferential power, 
and semantic standards continue to 
develop as expected.

Everyone is a Service
I’ve made many predictions in this 
space about how we might end up 
with a lot of networked services. 
Marty Tenenbaum predicted a “sea 
of services” back in the late ’80s, 
which still has yet to arrive but is 
now obviously possible. But now I 
want to be more specific.

I do so by revisiting a prediction 
I made in the late ’80s. I said that 
along about now, most companies 
would have fewer employees, and 
most people would be self-employed. 
I wish some copy of this internal 
memo had survived somewhere. It 
was roundly denounced at the time 
as “just more expert systems.” Obvi-
ously, I wasn’t sufficiently clear. But 
never mind, I will make an even 
more specific prediction now.

I had a technical rather than an 
economic reason for thinking that 
the world would outsource. I was sure 
that by, say 2010, we’d have made a 
variety of tasks into commodities that 
would have standardized descrip-
tions, subject to machine inference, 
so that we could match our skills and 

current capacity to outstanding tasks 
and bid for them: like a CraigsList 
of job descriptions as a super temp 
agency, with bidding on eBay. That 
hasn’t quite happened yet, but it’s 
clear that there’s a strong economic 
motivation for distribution of work, 
just as there was for the failure of 
planned economies and mainframes.

The task and skill descriptions 
I had in mind bore a strong resem-
blance to the kind of Semantic Web 
services we seem so close to achiev-
ing (but yet remain so far away.) If 
we look at human services today, we 
can see different types that require 
different descriptions.

If the skill set required or offered 
is artistic or creative, such as a rock 
and roll drummer, personal assis-
tant, or semantic researcher, then 
the standardized description is a 
filter for a set of candidates that 
require a human interview. Temp 
agencies offer commodity skills, 
such as bookkeepers or reception-
ists, that can have a standardized 
description sufficient for hiring. In 
this case, the task and skill set tend 
to converge: be a receptionist for 10 
days or prepare the income taxes 
for a typical small business. These 
begin to look more like services 
capable of being described in such 
a way that the demand and capa-
bilities could be matched with little 
human intervention.

More interesting are commod-
ity tasks that can be done remotely 
but which imply some ongoing ser-
vice. For instance, setting up a call 
center at home also can be standard-
ized at the outset, but monitoring 
the service provision might require 
a human to review the tapes. Insur-
ance requirements have become very 
standardized, to the point of being 
an automated service with good 
semantics, at least for the bid and 
acceptance. The semantics are less 
clear for the ongoing service, when 
there’s a claim, for instance. Then the 
definition of wind versus water dam-
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age might require a political inter-
pretation, until we agree on formal 
semantics for the fine print.

Some services have very much 
become commodities, where even if 
there’s a process, monitoring it can 
also be a standardized service, such 
as shipping, airline travel, book buy-
ing, and car rental. Computers might 
perform some services entirely, such 
as stock trades and bank transfers. 
Such services can be fully auto-
mated in both demand and capabil-
ity matching and provision. In many 
cases, we’re just waiting on the right 
kinds of security and quality of ser-
vice mechanisms for these to become 
standard Semantic Web services, 
possibly supplied by third-party ser-
vices, for which the business model 
hasn’t been developed yet.

In all cases, whether the service 
is done by a computer or a computer 
program, the more of a standardized 
description of both requirements and 
functionality, and the more seman-
tics, and the more sophisticated the 
matching algorithms for matching 
demand to supply, the less “friction” 
and the more automation. Then, a 
computer program can put these 
services together to achieve a larger 
goal as well as track and coordinate 
them. Fortunately, most tasks and 
services tend to become commod-
itized, even as new cycles of innova-
tion begin.

Coordinating Services
I predict, in the next 10 years, people 
will assemble their collective skills 
and current tasks to form “flash 
companies” for nonroutine work 
composed of commoditized tasks 
and skill sets that’s currently done 
by large, permanent companies, and 
also work that isn’t yet possible. 
Auctions will be the basic pricing 
model. Contracts among individuals 
will be simple, comparable to tearing 
the wrapper off purchased software 
today. There will be no HR. Large 
firms won’t have the efficiency to 

compete with on-demand assemblies 
of service providers.

Affinity groups and social net-
works will be important. If you’ve 
ever worked in a large company, you 
know there’s the official process for 
getting something done, and you 
know that the best way to get things 
done is to go out-of-channel and ask 
your buddies for a favor. The new 
formal coordination support would 
take this into account and become 
the new best practice as people route 
work to their friends.

This will dramatically decrease 
the time and cost of complex proj-
ects, especially ad hoc ones. Let me 
trot out my old example of build-
ing construction. Right now, in the 
office of every contractor on a large 
project is a bulletin board of 200 
Post-its, the largest number the con-
tractor can handle, of changes and 
notices that the contractor must con-
vey to other people along with what 
it means to them. The contractor has 
no computer support for this kind of 
change notification.

And the contractor’s workflow is a 
project plan, based on the critical path 
method, which is irrelevant in about 
two weeks because of all the changes. 
Thus, large projects take a lot of time 
and are expensive. A lot of mistakes 
are made, and there are surely com-
plex projects we just can’t do today by 
muddling through somehow.

Providing flexible distributed work-
flows and coordination for distrib-
uted tasks will revolutionize not only 
construction but all of the large non-
routine endeavors of mankind. We’ll 
be able to do things we can’t imagine 
now because we’re too constrained 
by the technology we use today to 
manage complexity. Much less are 
we able to perform adequate knowl-
edge archiving because so much of 
the knowledge is informal process-
based information that isn’t captured, 
which is why we always have to start 
from scratch, instead of, for example, 
just restarting the Saturn V program.

For this vision, we need computer- 
mediated coordination of the kind 
I’ve described previously.7 In essence, 
this is just various kinds of book-
keeping happening over a network 
where individuals customize indi-
vidual task nodes that comprise the 
collective work. A proactive network 
will support individuals by tracking 
changes in the work and the condi-
tions that affect it, and this support 
will empower them to change the 
process as desired. It’s just book-
keeping, and it can be done with an 
EC that will let people know how 
their individual task completions 
affect each other, and coordinate the 
changes, enforcing Pareto optimality 
and preventing cycles of distributed 
change, for instance. This vision will 
happen because there’s a strong eco-
nomic basis for it.

There may be various motiva-
tions to belong to a large company, 
such as a feeling of security or, in 
the US, the bizarre situation that 
having health insurance depends 
upon employment by a large com-
pany. But there are powerful market 
forces for distributing work: cutting 
costs while improving productivity 
and even capabilities.

There will always be a need for 
some large companies to perform 
routine large jobs, such as coal min-
ing. But for many of the enterprises 
active today, having large companies 
perform them simply implies a lack 
of coordination technology, to be 
developed in the near future.

Plenty of Room for Research
Some coordination ECs will develop 
naturally in an ad hoc manner on the 
Web. We can see nascent coordina-
tion ECs happen as we build travel 
Webs to let us know when our col-
leagues will visit the same city and as 
smart phone apps let us know when 
our friends are nearby. CraigsList will 
develop a folksonomy of skill sets and 
someone will develop a phone app 
with a standard way of matching task 
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and skill requirements. Some version 
of this vision is inevitable.

However, for large project coordi-
nation, we need a more disciplined set 
of standards and protocols. Provid-
ing this technology is a challenge to 
the computer science community. Let 
me sketch out one near-term imple-
mentation: the “world wide work-
fl ow.” This would be a semiprescribed 
workfl ow that consists of packets of 
task descriptions shipped to qualifi ed 
providers who have won the bid to do 
the work. These tasks would essen-
tially be semantic services.

Each packet would let the pro-
vider not only perform the work 
in the most fl exible manner, but 
also modify the control part of the 
packet, and thus the workfl ow, as 
needed. There might be some work-
fl ow monitors and some way of han-
dling confl icts between preferred 
constraints and what the individual 
providers want to change. But it will 
be dynamic and conformable by 
individual task performers. Packets 
and status notices will be distributed 
by the communications channels of 
choice at the time. Competing pro-
viders will provide the overall plat-
form as a metaservice. 

This is but one way this could 
happen to provide the fundamen-

tal service of automatic coordina-
tion of an active network that will 
let people know how they’re affected 
by other people’s work decisions, as 
well as exogenous contingencies. 
Coordination can be augmented by 
process synthesis on demand, as 
well as some projection of effects 
of changes, perhaps with simula-
tion, so that individuals, as well as 
the collective, can see what kind of 
processes could result from various 
task and workfl ow modifi cations. 
We don’t yet know the best way to 
do this: it’s going to take research in 
coordination engineering.

I mentioned more requirements 
and issues about this kind of coordi-
nation previously.7 Some of the issues 
are important and have no clear 
answer. Most have to do with under-
standing the dependencies among 
tasks, in the abstract, the best data 
structures and algorithms for man-
aging them in a distributed envi-
ronment, and the best methods for 
providing navigation notices to the 
distributed task performers in order 
to design, confi gure, and build com-
plex systems. Is ensuring only Pareto 
optimality the best we can do? What 
is the most elegant representation of 
dependencies that can be extended in 
task-specifi c ways? There are many 
open questions in process synthesis, 
simulation, and look-ahead as well. I 
invite the computer science commu-
nity to investigate the fundamental 
issues of coordination engineering.

N ot only will distributed ECs take 
over work that large fi rms are 

doing today, they’ll also do work 
that’s not even possible today. There’s 
plenty of room for self-employment 
outside the fi rm, out in a new space 
of ECs with coordination links, sup-
ported by a new kind of bookkeep-
ing. And there’s plenty of room in 
the research space for enabling this 
coordination space.

We’re already building some 

of the pieces of this vision today. 
Achieving some version is inevita-
ble, and doing it well could be neces-
sary for our survival. 
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