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A nyone who has purchased
a PC in the last 10 years
knows the two basic

results: the day after you buy a
computer the price will drop,
and as soon as you choose a
computer a faster model will be
released. While these factors may
seem painful at the time, we are
consoled by noting
we will be able to
buy faster, cheaper
machines next year.
But the real crux of
the problem is how
often should a you
buy a new computer
and what level of
machine should
you purchase?

Technological
change and invest-
ment requirements
driven by Moore’s Law create
the patterns we observe. Several
writers [2, 3, 4, 6] have examined
and attempted to measure these
trends. As managers recognize, we
all face the consequence of these
trends when we purchase a com-
puter [1]. Should we wait? Should
we buy a faster PC? Should we buy
the cheapest computer available? 

The problem with answering
these questions is that it is exceed-
ingly difficult to estimate the need
or demand for computers. Even
on a broader scale, researchers

have found it challenging to iden-
tify the business impact of com-
puters and IT spending. The
productivity debate illustrates
these problems [5].

A fundamental result of the
performance and price changes is
that organizations have to buy
new PCs every few years. A conse-

quence of these trends is
that organizations must adopt
some purchasing strategy that
specifies the level of machine and
timeframe they will be held.
Hence, the primary objective of
this study is to identify which
strategies are superior to others.
The goal of this study is to reduce
the need issue in purchasing PCs.
Of course, it is not possible to
eliminate it completely. However,
it is possible to narrow the
choices, this making the decision
process much simpler.

Buying Strategies
Even a casual knowledge of the
computer industry reveals the
basic patterns shown in Figure 1.
The data represent prices from
one company (Gateway 2000)
from December 1990 through
October 1998. Notice that at
any point in time, there is a
choice of levels of machines. At
the low-end of the price scale,

consumers can find a
base machine with an
older processor and
base amounts of
RAM and disk capac-
ity. High-end
machines generally
boast the latest
processors, substan-
tial memory, and
larger monitors.

Most vendors also
offer an intermediate-level
machine historically priced
around $2,500. By tracing the
lifecycle of a particular computer,
Figure 1 shows how a computer
begins life at the high end, and
moves down the ladder as new
technologies are introduced. 

This pattern of changing con-
figurations and declining prices
leads to an important characteristic
of the PC market: the computers
must be replaced at regular inter-
vals. Which leads to the two ulti-
mate questions: How often should
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computers be replaced? What level
of computers should be purchased?

The answers to these questions
create a purchasing strategy. The
key is to evaluate the cost of each
strategy and the average perfor-
mance of the machine. For exam-
ple, a strategy of buying high-end
machines every year will be expen-
sive. However, a strategy of buying
low-end machines every three
years will result in employees hav-
ing machines with substantially
lower average performance.

Twelve basic strategies are cre-
ated from hypothetical purchases
of high, intermediate, and base
machines and holding them for
12, 24, 36, or 48 months. When
the ownership time period is com-
pleted, a new machine is pur-
chased at the same level (but
different configuration as technol-
ogy changes). The objective is to

evaluate these twelve strategies to
see if the options can be reduced.
The technique used is to simulate
purchases with the 12 strategies
using the historical data.

Comparing strategies over time
requires that costs be discounted to
a common point in time. Hence,
the purchase prices were expressed
as amortized monthly costs at a
5% discount rate. For each strat-
egy, a resale value was estimated
based on the life of the processor
and advertised prices from com-
puter brokerage sites. In general,
the resale values were unimpor-
tant, particularly when expressed at
an amortized monthly rate. 

To compensate for possible sea-
sonal changes and random fluctu-
ations, the strategies were started
at each of the 12 months for the
first year of data. The results were
then averaged using the median.

The average approach also mimics
firms that purchase several
machines over the course of a year.

It is well known in computer
science that it is difficult to com-
pare performance characteristics of
various computers. It is slightly
easier in this study because all the
systems use Intel processors. Con-
sequently, the Intel iComp-2 rat-
ing is used to measure the
performance of the processors. It
also turns out that the iComp-2
rating is a good proxy measure for
the other attributes (RAM, drive
capacity, video system, and so on).
A simple regression test shows that
the iComp-2 rating over this data
has a high correlation (0.94 R2)
with these other features.

Comparing Strategies
Consider strategy A with a cost
of $100 and a performance level

Figure 1. Note the stability of the pricing on the high-end and base systems. Over time, the configuration of the machines
changes. For example, examine the falling prices portrayed by the three specific types of computers.
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of 50, versus strategy B that costs
$120 and has a performance level
of 40. No one would choose
strategy B.

Now consider strategy C that
costs $101 and has a perfor-
mance level all of 75. Compared
to strategy A, C is substantially
faster, but costs more money.
Would people choose strategy C
over A? This answer is somewhat
subjective since it depends on
comparing performance to price.
However, it is possible to make
some general comparisons along
these lines by examining the
cost/performance ratio.

Ultimately, when comparing the
cost/performance ratio, some sub-
jective decisions must be reached
in terms of the tradeoff. However,
at some levels most would agree
that one strategy is preferable to
another. In the A vs. C example,
strategy C results in a machine that
is 50% faster than A yet costs only
1% ($1 per month) more. Most
managers would prefer strategy C.
This relationship could be called
“relative dominance” to indicate
there is some subjectivity involved
in the decision.

The question that remains is
what cost/performance tradeoff
levels would be acceptable to most
buyers? One way to approach this
issue is to identify the ratio
involved with purchasing any type
of system. That is, compare each
strategy to the choice of no com-
puter (PB = CB = 0) and compute
the resulting cost/performance
ratios. The results range from 1.15
(strategy I36) to 2.53 (strategy
High-12). It is also instructive to
note the least-cost approach-buy-
ing a low-end computer every 48
months-yields a ratio of 2.20.

By using data expressed in orig-
inal (not percentage) terms, these
ratios have a direct interpretation:
To obtain a one-unit level of per-
formance, buyers had to spend
from $1.15 to $2.53 per month.
And the purchase of the barest
minimum computer required an
average of $2.20 per month for
each unit of processing power.

This range of values identifies
limits for the cost/performance
tradeoff. Specifically, if strategy A
results in a decrease in performance
(PA < PB) then most buyers should
agree that A is preferred to B if the
ratio is greater than 3 (rounding up
the 2.53). That is, many buyers
would accept a decline in perfor-
mance if it saved them at least $3

Net Slower/Cheaper Faster/Pricier
Option Cost Ratio Prefer Perform Cost Ratio Prefer Perform Cost Better

ance ance

Table 1. Several options have better choices in terms of either saving money, or
offering substantially better performance. Net cost is amortized monthly cost less the
amortized salvage value.

Figure 2. Each of the values (cost, RAM, drive, processor) is expressed as a 
percentage of the corresponding value in the most expensive strategy (H12).
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for each one-unit drop.
Conversely, if performance and

price are higher, the more expen-
sive strategy should be acceptable
to most people if the cost ratio is
less than 1 (rounding down 1.15).
Since any computer costs at least
$1 per month for each unit of
performance, and since people
choose to buy computers, then
they should be willing to accept
an increased cost as long as the
performance gain is higher. There
are limits to extending these state-
ments, but they will hold for com-
parisons of relatively similar
choices (for example, small
changes).

One important caveat exists:
The relative comparisons do not
directly include a budget con-
straint or a performance con-
straint. Some organizations may
only be able to afford the absolute

lowest price machine, regardless of
the performance. Similarly, some
organizations could make the
argument they need the absolute
highest performance regardless of
price. However, these two
extremes are probably rare in prac-
tice. If an organization has trouble
paying $30–$50 per month for a
low-end computer, it has more
serious issues to resolve. On the
other end, if a company needs
massive processing power, users
might be better off with worksta-
tions or parallel processing
machines.

Results
The basic results of the 12 strate-
gies are shown in Figure 2, which
compares the cost and perfor-
mance results. Note that the
median performance for High-24
is relatively high (equal to that

for High-12). The mean values
(not shown) are slightly lower. In
general, the H24 values should
be lower than those of the H12
strategy. The current results arise
because of slightly different tim-
ing in the starting purchase for
the two strategies.

Both the chart and the numeric
results indicate that three strategies
are dominated by other options.
The Low-12 option (buy base
machines every 12 months) would
clearly never be chosen. Compar-
ing the L12 to the Inter-36 option
generates a cost performance ratio
of -3.30. That is, a $36 decrease
in costs for I36 provides an
increase in performance of 11
points. In percentages, strategy
I36 represents a 6% drop in costs
and a 75% increase in perfor-
mance. Similarly, the I12 option is
dominated by the H24 strategy,
with a ratio of -3.14.

Figure 3 presents the results of
the dominance tests. The horizon-
tal axis shows the strategy being
examined. Strategies that domi-
nate by providing substantially
faster machines at slightly higher
costs are shown in the top of the
chart. For ease of comparison,
these ratio values have been
inverted so that a value greater
than 1.0 signifies relative domi-
nance. Strategies that are domi-
nated absolutely are indicated with
the letter “D” indicating the strat-
egy on the x-axis would not be
chosen because another strategy
offers faster performance at a
lower price.

Strategies that dominate by
being substantially cheaper with a
small decline in performance are
shown in the bottom of the chart.
These values are positive, and
magnitudes greater than 3.0 indi-
cate the x-axis strategy is less pre-

20 May 1999/Vol. 42, No. 5 COMMUNICATIONS OF THE ACM

Dominant Buying Strategies
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Figure 3. An x-axis strategy is dominated (less desirable) if (1) there is a D in the 
column (absolute dominance), (2) the bar in the top of the chart exceeds 1 (faster
machine at slightly higher price), or (3) the bar in the bottom of the chart exceeds 3
(substantially cheaper option with slight decline in performance). The preferred option
is displayed above or below the dominated bar. The four bars exceeding the bounds
are truncated and have substantially larger values than indicated by the graph.



ferred. In all cases of dominance,
the dominating strategy is listed at
the top or bottom of the chart.

The numerical results are also
summarized in Table 1. Note that
some of the bars were truncated in
the Figure 3 chart to highlight the
important details around the criti-
cal values. The actual values are
listed in Table 1 which shows the
strategies that would typically be
preferred to the base option. For
example, an organization thinking
about buying high-end machines
every 48 months would be better
off buying intermediate-level
machines every 36 months, which
is substantially cheaper (22%)
with only a slight decline in per-
formance (1%). Another choice is
to purchase high-end machines
every 36 months, which is slightly
more expensive (13%), but results
in a substantial increase in perfor-
mance (41%).

Notice that all of the 12-month
options are dominated by better
strategies. In general, they are
absolutely dominated. The low-
end also presents an interesting sit-
uation. Clearly, there are no
cheaper solutions. However, a rela-
tively small increase in costs results
in substantial performance gains.
For example, it would not make
sense to pursue the L48 strategy
because a 12% ($4) increase in
monthly costs provides an 84%
increase in median performance.
The next step up is not as dra-
matic, but it still provides substan-
tial gains. In general, the I36
option is better than any of the
low-end machine strategies.
Although it costs twice as much as
the L48 strategy ($67 v. $34 per
month), it provides almost four
times the level of performance.
The I36 strategy is a substantially
better alternative, unless the orga-

nization faces severe budget con-
straints.

Interpretation and 
Conclusions
Final results indicate two strate-
gies tend to dominate all the oth-
ers: H36 and I36. Additionally,
the L36 option is a viable option
for organizations with extreme
budget pressures, but not gener-
ally recommended. Likewise, the
H12 option may be necessary for
organizations requiring the
absolutely highest performance
levels, but it would normally be
better to accept the exchange of a
slight performance drop for a
substantial cost savings and
replace the high-end machines
every 24–36 months.

The most important practical
conclusion is that if companies are
going to buy PCs on a regular
basis, then two strategies dominate
the rest: buy high-end machines
every 36 months, or buy interme-
diate-level computers every 36
months. For organizations with
severe budget constraints, buying
low-end computers every 36
months is also a viable alternative.
For individuals who require
extreme high-end machines, pur-
chasing these high-end machines
more frequently can increase per-
formance, albeit the costs are sub-
stantially higher.

The practical decision holds
almost independently of the needs

of the organization. That is, the
dominance holds because of pric-
ing trends, and because the two
alternatives represent considerably
better price/performance relation-
ships. The issue of demand does
play a final role in determining
which of the two strategies should
be adopted. Only the needs of the
organization and user can make
the final determination. The high-
end (H36) option costs 45% more
($97 versus $67 per month) and
yields a 42% improvement in per-
formance and feature attributes
compared to the intermediate-level
(I36) strategy.
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Changing configurations and 
declining prices lead to an 
important characteristic of the 
PC market: the computers must be
replaced at regular intervals.


