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Faster and cheaper – those two words have driven the computer industry for decades, and the rest 
of the economy has been along for the ride.  Today it's tough to imagine a single industry not 
impacted by more powerful, less expensive computing.  Faster and cheaper puts mobile phones 
in the hands of peasant farmers, puts a free video game in your Happy Meal, and drives the drug 
discovery that may very well extend your life.  
 
Some Definitions 
 
This phenomenon of 'faster, cheaper' computing is often referred to as Moore's Law, after Intel 
co-founder, Gordon Moore.  Moore didn't show up one day, stance wide, hands on hips, and 
declare "behold my law", but he did write a four page paper for Electronics Magazine in which 
he described how the process of chip making enabled faster chips to be made at cheaper prices.  
Moore's friend, legendary chip entrepreneur and CalTech professor, Carver Mead, later coined 
the "Moore's Law" moniker.  It was snappy, plus as one of the founders of Intel, Moore had 
enough geek cred for the name to stick. Moore's original paper offered language only a chip geek 
would love, so we'll rely on the more popular definition: chip performance per dollar doubles 
every 18 months (Moore's original paper assumed two years, but many sources today refer to the 
18 month figure, so we'll stick with that). 
 
Moore's law applies to chips – broadly speaking, to processors and RAM chips, or the electronics 
stuff that's made out of silicon1. The microprocessor is the brain of a computing device.  It's the 
part of the computer that executes the instructions of a computer program; creating, say, a web 
browser, word processor, video game, or virus.  For processors, Moore's Law means that next 
generation chips should be twice as fast in 18 months, but cost the same as today's models (or, 
chips that are same speed should cost half as much as they do today).  RAM chips are chip-based 
memory (RAM stands for Random Access Memory).  The RAM inside your personal computer 
is volatile memory, meaning that when the power goes out, all is lost that wasn't saved to non-
volatile device (e.g. a hard disk or other more permanent storage media).  Cameras, MP3 players, 
USB drives, and mobile phones use flash memory (sometimes called flash RAM).  It's not as fast 
as the RAM in your PC, but holds data even when the power is off (so flash memory is also non-
volatile memory).  With RAM chips, Moore's law means that in 18 months you'll pay the same 
price as today for twice as much storage. Computer chips are sometimes also referred to as 
semiconductors, so if someone refers to the semiconductor industry, they're talking about the 
chip business. 
 
Moore's Law does not, strictly speaking, apply to other technology components. Chips are solid-
state devices with no moving parts (that's why it's better to jog with a iPod nano, with songs 
stored on chips, instead of with a hard drive player that can skip if the whirring drive is jostled).  
But other computing components are also seeing their price/performance curves skyrocket 

                                                 
1 Although other materials besides silicon are increasingly being used. 
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exponentially.  Data storage doubles every 12 months.  Networking speed is on a tear, too.  With 
an equipment change at the ends of the cables, the amount of data that can be squirt over a fiber-
optic line can double every 9 months. 
 
Get out your Crystal Ball 
 
Faster and cheaper makes possible the once impossible.  That means that as a manager, your job 
will be about predicting the future.  First, consider how the economics of Moore's Law open new 
markets.  When technology gets cheap, price elasticity kicks in.  Tech products are highly price 
elastic, meaning consumers buy more products as they become cheaper2.  And it's not just that 
existing customers load up on more tech, entire new markets open up as firms find new uses for 
these new chips.  Just look at the five waves of computing we've seen over the previous five 
decades.  In the first wave in the 1960s, computing was limited to large, room-sized mainframe 
computers that only governments and big corporations could afford.  Moore's Law kicked in 
during the 1970s for the second wave, and minicomputers were a hit.  These were refrigerator-
sized computers that were as speedy or speedier than the prior generation of mainframes, yet 
were affordable by work groups, factories, and smaller organizations.  The 1980s brought wave 
three in the form of PCs, and by the end of the decade nearly every white-collar worker in 
America had a fast/cheap computer on their desk.  In the 1990s wave four came in the form of 
Internet computing – cheap servers and networks made it possible to scatter data around the 
world, and with more power, personal computers displayed graphical interfaces that replaced 
complex commands with easy-to-understand menus accessible by a mouse click.  At the close of 
the last century, the majority of the population in many developed countries had home PCs, as 
did most libraries and schools.  Now we're in wave five, where computers are so fast and so 
inexpensive that they become ubiquitous – woven into products in ways few imagined years 
before.  Silicon is everywhere!  It's in the throw-away RFID tags that track your luggage at the 
airport.  It provides the smarts in the world's billion+ mobile phones.  It's the brains inside robot 
vacuum cleaners, next generation Legos, and the table lamps that change color when the stock 
market moves up or down. 
 
One of the most agile surfers of this fifth wave is Apple, Inc. – a firm with a product line that is 
now so broad that in January 2007, it dropped the 'Computer' from it's name.  The Apple iPod 
was launched in Oct. 2001, originally sporting a 5GB hard drive that Steve Jobs declared would 
"put 1,000 songs in your pocket".  Cost? $399.  Less than six years later, Apple's highest 
capacity iPod goes for $50 less than the original, but holds 40 times the songs. Apple had sold 
over 100 million iPods and over 3 billion songs in its online iTunes music store.  That's an 
adoption rate faster than the original Sony Walkman, and enough songs to make iTunes the 
number three music retailer in the US behind only Wal-Mart and BestBuy. iPods now go for as 
little as $79 a piece, and high-end models have morphed into Internet browsing devices capable 
of showing maps, playing videos, and gulping down songs from Starbucks while you enjoy your 
latte.  Surfing the fifth wave has increased the value of Apple stock sixteen fold since the iPod's 
launch.  Ride these waves to riches, but miss the power and promise of Moore's Law and you're 
risk getting swept away in its riptide.  Apple's rise occurred while Sony, a firm once synonymous 

                                                 
2 As opposed to goods and services that are price inelastic that consumers will try their best to 
buy even if prices go up, like healthcare and housing. 
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with portable music, sat on the sidelines unwilling to get on the surfboard.  Sony's stock 
stagnated, barely moving in six years.  The firm has laid off thousands of workers and has ceded 
leadership in digital music (and video) to Apple. 
 
While the change in hard drive prices isn't directly part of Moore's Law (hard drives are 
magnetic storage, not silicon chips), the faster/cheaper phenomenon applies here, too.  Look to 
Amazon as another example of jumping on once-impossible opportunity as the 
price/performance curve falls. When Amazon.com was founded in 1995, the largest corporate 
database was one terabyte in size3. In 2003, the firm offered its "Search Inside the Book" feature, 
digitizing the images and text from thousands of books in its catalog.  "Search Inside the Book" 
lets customers peer into a book's contents in a way that's both faster and more accurate than 
browsing a physical bookstore.  Most importantly for Amazon and its suppliers, titles featured in 
"Search Inside the Book" enjoyed a seven percent sales increase over non-searchable books.  
When "Search Inside the Book" launched, the database to support this effort was 20 TB in size  
This means that in just eight years, the firm found that it made good business sense to launch an 
effort that was a full 20 times larger than anything used by any firm less than a decade earlier.  
For Amazon, the impossible had not just become possible, it became good business. 
 
Here's another key implication – if you are producing products with a significant chip-based 
component, the chips inside that product rapidly fall in value.  That's great when it makes your 
product cheaper and opens up new markets for your firm, but it can be deadly if you overproduce 
and have excess inventory sitting on shelves for long periods of time.  Dell claims its inventory 
would depreciate as much as a single percentage point in value each week.  That's a big incentive 
to carry as little inventory as possible, and to unload it, fast! 
 
While the strategic side of tech may be the most glamorous, Moore's Law impacts mundane 
management tasks, as well.  From an accounting & budgeting perspective, as a manager you'll 
need to consider questions like, how long will your computing equipment remain useful?  If you 
keep upgrading computing and software, what does this mean for your capital expense budget?  
Your training budget?  Your ability to make well reasoned predictions regarding tech's direction 
will be key to answering these questions. 
 
The Death of Moore's Law? 
 
Moore's Law is possible because the distance between the pathways inside silicon chips is 
getting smaller.  Moore simply observed that we're getting better over time at squeezing more 
stuff into tinier spaces.  While chip plants (or fabs) are incredibly expensive to build, each new 
generation of fabs can crank out more chips per silicon wafer  And since the pathways are closer 
together, electrons travel shorter distances.  If electronics now travel half the distance to make a 
calculation, that means the chip is twice as fast. 
 
But the shrinking can't go on forever, and we're already starting to see three interrelated forces – 
size, heat, and power – threatening to slow down the Moore's Law gravy train.  When you make 

                                                 
3 A terabyte refers to a trillion bytes, or a trillion characters.  Kilobyte = 1 thousand, Megabyte = 
1 million, Gigabyte = 1 billion, Petabyte = 1 quadrillion, an exobyte = one quintillion bytes. 
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processors smaller, the more tightly packed electrons will heat up a chip – so much so that unless 
today's most powerful chips are cooled down, they will melt inside their packaging. To keep the 
fastest computers cool, most need fans, and most corporate data centers have elaborate and 
expensive air conditioning and venting systems to prevent a melt-down. A trip through the 
Facebook data center during its recent rise would show that the firm was a "hot" startup in more 
ways than one - the Plexiglass sides of the firm's server racks were warped, having begun to melt 
from the heat!  The need to cool modern data centers draws a lot of power and that costs a lot of 
money.  The Chief Eco Officer of Sun has claimed that computers draw 4 to 5 percent of the 
world's power, and Google's Chief Technology Offer has said that the firm spends more to power 
the firm's servers than the cost of the servers themselves. Microsoft, Yahoo, and Google have all 
built massive data centers in the Pacific Northwest, away from their corporate headquarters, 
specifically choosing these locations for access to cheap hydroelectric power.  Google's location 
in The Dalles, OR, is charged a cost per kilowatt hour of 2 cents by the local power provider, less 
than a fifth the 11 cent rate the firm pays in Silicon Valley.  That's big savings for a firm that 
runs more than a million servers. 
 
And while things get hot and costly to cool, it's also important to realize that things can't get 
smaller forever.  At some point Moore's Law will run into the unyielding hand of God.  While 
we're not certain where these limits are, chip pathways certainly can't be shorter than a single 
molecule, and the actual physical limit is likely larger than that.  Get too small and a 
phenomenon known as quantum tunneling kicks in, and electrons start to slide off their paths.  
Yikes! 
 
Buying Time 
 
One way to overcome the problem is with multi-core technology.  This involves putting two or 
more lower power chips on the same piece of silicon.  As Philip Emma, IBM's Manager of 
Systems Technology and Microarchitecture puts it, "A 300-pound lineman can generate a lot of 
power, but two 160- pound guys can do the same work with less overall effort." 4 For many 
applications, the multicore chips will out perform a single speedy chip, while running cooler and 
drawing less power.  Multicore processors are now mainstream.  By 2007, most PCs and laptops 
sold had at least a two core (dual core) processor.  The Microsoft XBox 360 has three cores.  The 
Playstation 3 includes the so-called cell processor developed by Sony, IBM, and Toshiba, that 
runs nine cores. 
 
Multicore processors can run older software written for single-brain chips.  But they usually do 
this by using only one core at a time.  To reuse the metaphor above, this is like having one 
lineman work, while the other one stands around watching. Multicore operating systems can help 
achieve some performance gains.  Versions of Windows or the Mac OS that are aware of multi-
core processors can assign one program to run on one core, while a second app is assigned to the 
next core.  But, in order to take full advantage of multicore chips, applications needs to be 
rewritten to split up tasks so that smaller portions of a problem are executed simultaneously 
inside each core.  Writing code for this 'divide and conquer' approach is not trivial  In fact, 
developing software for multi-core systems is described by Shahrokh Daijavad, software lead for 

                                                 
4 Ashton, Adam, "More Life for Moore's Law," BusinessWeek, June 20, 2005. 
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next-generation computing systems at IBM, as "one of the hardest things you learn in computer 
science."5 Despite this challenge, some of the most aggressive adaptors of multicore chips have 
been video game console manufacturers.  Video game applications are particularly well suited 
for multiple cores since, for example, one core might be used to render the background, another 
to draw objects, another for the 'physics engine' that moves the objects around, and yet another to 
handle Internet communications for multi-player games. 
 
Another approach to breath more life into Moore's Law is referred to as stacked or three-
dimensional semiconductors.  In this approach, engineers slice a flat chip into pieces, then 
reconnect the pieces vertically, making a sort of 'silicon sandwich'.  The chips are both faster and 
cooler since electrons travel fewer distances.  What was once an end-to-end trip on a 
conventional chip might just be a tiny movement up or down on a stacked chip.  But stacking 
chips present their own challenges.  In the same way that a skyscraper is more difficult and 
costly to design and build than a ranch house, 3D semiconductors are tougher to design and 
manufacture.  In Spring 2007, IBM announced that it had perfected 3D chipsets and would begin 
offering commercial versions of the technology in 2008. First use is likely to be in mobile 
phones, where IBM believes the technique will improve power efficiency by up to 40%. 
 
Bringing Brains Together – Supercomputing and Grid Computing 
 
As Moore's Law makes possible the once impossible, businesses have begun to demand access to 
the world's most powerful computing technology.  The term supercomputer is used to refer to 
computers that are among the fastest of any in the world at the time of their introduction6.  
Supercomputing used to be the domain of governments and high-end research labs, performing 
tasks such as simulating the explosion of nuclear devices, or analyzing large-scale weather and 
climate phenomena.  But it turns out with a bit of tweaking, the algorithms used in this work are 
profoundly useful to business.  Consider perhaps the world's most well-known supercomputer, 
IBM's Deep Blue.  In May 1997, the computer rather controversially beat chess champion Gary 
Kasparov.  While there is not a burning need for chess-playing computers in the world's 
corporations, it turns out that the computing algorithms to choose the best among multiple chess 
moves are similar to the math behind choosing the best combination of airline flights.  In fact, 
one of the first customers of Deep Blue technologies was United Airlines, which gained an 
ability to examine 350,000 flight path combinations for its scheduling systems – a figure well 
ahead of the previous limit of three thousand.  Estimated savings through better yield 
management?  Over $50 million!  Finance found uses, too.  An early adopter was CIBC (the 
Canadian Imperial Bank of Commerce), one of the largest banks in North America.  Each 
morning CIBC uses a supercomputer to run its portfolio through Monte Carlo simulations that 
aren't all that different from the math used to simulate nuclear explosions.  An early adopter of 
the technology, at the time of deployment, CIBC was the only bank that international regulators 
allowed to calculate its own capital needs rather than use boilerplate ratios.  That cut capital-on-
hand by hundreds of millions of dollars, a substantial percentage of the bank’s capital, saving 
millions a year in funding costs.   
 

                                                 
5 Ashton, Adam, "More Life for Moore's Law," BusinessWeek, June 20, 2005. 
6 A list of the current supercomputer performance champs can be found at Top500.org. 
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Modern supercomputing is typically done via a technique called massively parallel processing.  
The fastest of these supercomputers are built using hundreds of microprocessors, all programmed 
to work in unison as one big brain.  While supercomputers use special electronics and software 
to handle the massive load, the processors themselves are often of the off-the-shelf variety that 
you'd find in a typical PC. Virginia Tech created what at the time was the world's third-fastest 
supercomputer by using chips from 1,100 Macintosh computers lashed together with off-the-
shelf networking components. The total cost of the system was just $5.2 million, far less than the 
typical cost for such burly hardware.  A similar effort by the University Illinois using Playstation 
2s once ranked among the worlds 500 fastest machines. 
 
A new development known as grid computing is further transforming the economics of 
supercomputing.  With grid computing, firms place special software on its existing PCs or 
servers that enables these computers to work together on a common problem.  Large 
organizations may have thousands of PCs, but they're not necessarily being used all the time, or 
at full capacity.  This radically changes the economics of high performance computing.  
BusinessWeek reports that while a middle-of-the-road supercomputer could run as much as $30 
million, grid computing software and services to perform comparable tasks can cost as little as 
$25,000, assuming an organization already has PCs and servers in place. 
 
An early pioneer in grid computing is the biotech firm Monsanto.  Monsanto enlists computers to 
explore ways to manipulate genes to create crop strains that are resistant to cold, drought, bugs, 
pesticides, or that are more nutritious.  Previously with even the largest computer Monsanto had 
in-house, gene analysis was taking 6 weeks and the firm was able to analyze only 10 to 50 genes 
a year.  But by leveraging grid computing, Monsanto has reduced gene analysis to less than a 
day.  The 50 fold time savings now lets the firm consider thousands of genetic combinations in a 
year.  Lower R&D time means faster time to market - critical to both the firm and its customers. 
 
Grids are now everywhere.  Movie studios use them to create special effects and animated films.  
Proctor & Gamble has used grids to redesign the manufacturing process for Pringles potato 
chips.  GM and Ford use grids to simulate crash tests, saving millions in junked cars and 
speeding time-to-market.  Pratt and Whitney test aircraft engine designs on a grid.  And biotech 
firms including Aventis, GlaxoSmithKlein, and Pfizer push their research through a quicker 
pipeline by harnessing grid power.  JP Morgan Chase even launched a grid effort that mimics 
CIBC's supercomputer, but at a fraction of the latter's cost.  By the second year of operation, the 
JP Morgan Chase grid was saving the firm $5 million a year. 
 
You can join a grid, too.  SETI@Home turns your computer screen saver into a method to help 
"search for extra terrestrial intelligence", analyzing data from the Arecibo radio telescope system 
in Puerto Rico (no E.T. spotted yet).  FightAids@Home will enlist your PC to explore AIDS 
treatments.  Folding@Home is an effort by Stanford researchers to understanding the science of 
protein folding within diseases such as Alzheimer's, cancer, and cystic fibrosis.  A version of 
Folding@Home software for the PS3 had enlisted over half a million consoles by mid 2007.  
Having access to these free resources is an enormous advantage for researchers. Says the director 
of Folding@Home "Even if we were given all of the NSF supercomputing centers combined for 
a couple of months, that is still fewer resources than we have now." 
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Multi-core, massively parallel, and grid computing are all related in that each attempts to lash 
together multiple computing devices so that they can work together to solve problems.  Think of 
multicore chips as having several processors in a single chip.  Think of massively parallel 
supercomputers as having several chips in one computer, and think of grid computing as using 
existing computers to work together on a single task.  While these technologies offer great 
promise, they're all subject to the same limitation – software must written to divide existing 
problems into smaller bites that can be handled by each core, processor, or computer, 
respectively.  Some problems, such as simulations, are easy to split up, but for problems that are 
linear (where, say, step 2 can't be completed until the results from step 1 are known), the 
multiple brains approach doesn't offer much help. 
 
Moore's Law will likely hit its physical limit in your lifetime, but no one really knows if this 
"Moore's Wall" is a decade away or more.  What lies ahead is anyone's guess.  Some 
technologies, such as still-experimental quantum computing, could make computers that are 
more powerful than all the world's conventional computers combined.  Think strategically - new 
waves of innovation might soon be shouting "surf's up!" 
 

•     •     • 
 
About the Author: 
 
John Gallaugher is a member of the Dept. of Information Systems in Boston College's Carroll 
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This reading was specifically designed for faculty to use in their classes.  Enjoy!  If you do use it, 
please send an e-mail to john.gallaugher@bc.edu.  More chapters and cases will follow.  Thanks! 
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