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The Cognitive Computer
The ongoing evolution of making computers behave like humans has taken yet 
another step forward.

“The computers we have today are more like calculators” said Dharmendra Modha, the project 
leader for IBM Research. “We want to make something like the brain. It is a sharp departure from 
the past.”

For the past half-century, most computers run on what’s known as Von Neumann architecture. The 
processing of information and the storage of information are kept separate. Data travels to and from the 
processor and memory, but the computer can’t process and store at the same time. By the nature of the 
architecture, it’s a linear process. That’s why software is written as a set of instructions for a computer 
to follow - it’s a linear sequence of events, built for a linear process.

Dr. Modha’s team isn’t the first group trying to bypass Von Neumann architecture. But what makes 
their approach unique is that they’re taking their inspiration from the way human neural architecture 
works. Computers, like, humans, can learn. The challenge in training a computer to behave like a 
human brain is technological and physiological, testing the limits of computer and brain science.

But researchers from IBM say they have made a key step toward combining the two worlds. A recent 
press release stated that “to do this, IBM is combining principles from nano science, neuroscience 

and supercomputing as part of a multi-year cognitive 
computing initiative.

Last month we talked about how an intelligent 
computer system, WATSON, competed against two 
former record-holders, Ken Jennings and Brad Rutter 
in a human versus machine match up on Jeopardy. 
David McQueeney, vice president of IBM Research 

said that “Watson’s real applications are far more practical. The computer is actually intended to help 
users get a handle on unstructured data such as text, e-mails and in-company mail messages.”

To take it one step further, IBM is working on a new class of computer chips that are designed 
to imitate the human’s abilities for perception, action and cognition. IBM announced on August 18, 
2011 that it has build two prototype chips it says will process data more like the way humans digest 
information than the chips that now power PCs and super computer.

The chip is designed to imitate the human brain’s ability to understand its surroundings, act on things 
that happen around it and make sense of complex data. Instead of requiring the type of programming 
that computers have needed in the past half-century, the experimental chip will let a new generation of 
computers, called “cognitive computers”, learn through their experiences and form their own theories 
about what those experiences mean.

IBM’s interest in the chips lies in their ability to potentially help process real-world signals such 
as temperature or sound or motion and make sense of them for computers. The chips may eventually 
power devices that respond more fluidly to data and stimuli, allowing them to act outside of their 
currently narrow, per-programmed functions. The possibilities of a more robust chip that enables them 
to gather data, make sense of it and learn from their experiences are powerful and almost limitless.

It may be a decade or longer before the chips make their way out of the lab and into actual prod-
ucts. What’s important is the chips ability to adapt to types of information that it wasn’t specifically  

IBM’s Dr. Modha points out that: “Our 
achievements are humble but our 
aspirations are lofty.”
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programmed to expect is a key feature. The techniques explored 
by IBM and other companies and university research labs around 
“cognitive computing” could lead to chips that are better able to 
adapt to unexpected information. 

The chips represent a significant milestone in a six-year proj-
ect that has involved some 100 researchers and some $41 million 
in funding from the government’s Defense Advanced Research 
Projects Agency. That’s the Pentagon arm that focuses on long-
term research and also brought the world the Internet. IBM has 
also committed an undisclosed amount of money.

The company and its university collaborators also announced 
they have been awarded approximately $21 million in new fund-
ing from the Defense Advanced Research Projects Agency for 
Phase 2 of the Systems of Neuromorphic Adaptive Plastic Scal-
able Electronics (SyNAPSE) project.

“The goal of SyNAPSE is to cre-
ate a system that not only analyzes 
complex information from multiple 
sensory modalities at once, but also 
dynamically retires itself as it inter-
acts with its environment - all while 
rivaling the brain’s compact size and 
low power usage. The IBM team has 
already successfully completed Phas-
es 0 and 1.” 

But the techniques explored by 
IBM and other companies and uni-
versity research labs around “cogni-
tive computing” could lead to chips that are better able to adapt 
to unexpected information. The quest for building a computer 
system that can do open-domain Question Answering (QA) is 
untimely driven by a broader vision that sees computers oper-
ating more naturally in human terms rather than strictly com-
puter terms.

Classic knowledge-based AI approaches to QA try to logi-
cally prove an answer is correct from a logical encoding of the 
question and all the domain knowledge required answering it. 
Such approaches are stymied by two problems: the prohibitive 
time and manual effort required to acquire massive volumes of 
knowledge and formally encode it as logical formulas accessi-
ble to computer algorithms; and the difficulty of understanding 
natural language questions well enough to exploit such formal 
encodings if available. 

Consequently, they tend to falter in terms of breadth, but 
when they succeed they are very precise. Techniques for dealing 
with huge amounts of natural language text, such as Information 
Retrieval, suffer from nearly the opposite problem is that they 
can always find documents or passages containing some key-
words in common with the query but lack the precision, depth, 
and understanding necessary to deliver correct answers with ac-
curate confidences.

QA technology takes a question expressed in natural language, 
seeks to understand it in much greater detail, and returns a list 
of top answers along with supporting evidence, allowing the end 
user to assist in the final step of selecting the best answer. 

IBM’s DeepQA technology extends this paradigm further 
by introducing confidence as a key feature. By calculating a 

meaningful confidence in its an-
swers, IBM helps provide the end 
user with a significant, and often 
missing, element of the result, giv-
ing the user a more complete picture 
about the information they are using 
for their decision making. 

DeepQA technology provides hu-
mans with a powerful tool for their 
information gathering and decision 
support. A typical scenario is for 
the end user to enter their question 
in natural language form, much as 
if they were asking another person, 

and for the system to sift through vast amounts of potential 
evidence to return a ranked list of the most compelling, precise 
answers. These answers include summaries of their justifying 
or supporting evidence, allowing the user to quickly assess the 
evidence and select the correct answer.

The applications for the mortgage industry include: origina-
tion pipelines, regulatory compliance, underwriting, call centers 
and portfolio management. 

In his book On Intelligence, Jeff Hawkins said “The true 
benefit and excitement of a new technology is in finding uses 
for it that were inconceivable before.” The book, published 
in 2004, develops a powerful theory on how the human brain 
works and explains why computers are not intelligent. Next 
month, I will explore why I think this book was a precursor to 
the work at IBM. ❖
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