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Abstract

A major problem in the computer industry, as with many other industries, is ensuring that the products ordered by a
customer are viable products and that they can be delivered at the quoted price. The inability of companies to solvethis
problem results in an enormous expense for a company.In this paper we present an approachto solving this problem in the
computer industry through constraint-based modeling and interactive constraint satisfaction. PC/CON, a Personal Computer
Configuration System, has been built within a computer-based environment called Saturn. The development of pc/con and
related work is discussed. Saturn’s architecture is presented and an example session with pc/CON is demonstrated. We show
how Saturn and pc/con have the features and capabilities necessary to support the extremely large variety of products and
to support the maintenance of a configuration system for a rapidly and continuously changing product line. This approach
would also appear to be applicable to other industries where there is a wide product variety.

Keywords: Computer configuration; Interactive constraint modeling; Constraint-based reasoning; Concurrent engineering

1. Introduction though a seemingly structured problem, the variety
of options available for a computer system allows for

A major problem in the computer industry, as billions of feasible product configurations making
with many other industries, is ensuring that the this problem difficult to solve consistently.
products ordered by a customer are viable products Trilogy [1] estimates that in the personal computer
and that they can be delivered at the quoted price. (PC) industry, between 30 and 85 percent of all
The computers must be configured so that they can orders are incorrectly configured. The result is an
be readily manufactured and that they can support enormous expense for a company, especially’ when
the desired software. The software must be config- realizing that infeasible product configurations made
ured for compatibility between hardware and other at the point of sale may only be discovered much
software so as to achieve good performance. Al- later in manufacturing, or, worse yet, after delivery

to the customer. The consequences of late discovery
include having to change a customer’s order (thereby

* Corresponding author. delaying manufacturing and increasing the lead-time),
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forcing a customer to retum a shipment of faulty
orders, and the loss of sales. Furthermore, products
that are incorrectly configured are most likely incor-
rectly quoted. As a result, a manufacturer may be
required to give away free components which were
omitted from the sales quote yet are needed to
supply the customer with the promised functionality.
The costs involved, both monetary and the loss of
customer good will, can be very high.

In order to reduce the impact from the sale of
infeasible products, companies have attempted to
incinde product configuration checks both at the
point of sale and between the point of sale and start
of mannfacture, Configuration checking is performed
either manually or automatically by computer pro-
prams. Programs like xsEL [2] and Trilogy [1] check
orders at the point of sale while xcon [3] and Proof-
Plan [4] check orders after a sale and before manu-

facture. The effectiveness of point-of-sale checking
is dependent on the experience of the sales represen-
tatives and on the variety of the customers. An
inexperienced sales representative dealing with a
large number of different concerns from a diverse
clientele may not be able to answer all questions
immediately. This results in postponing sales until
more information can be gathered to address the
needs of a client. With post-sale checking, any de-
tected configuration conflicts are resolved by calling
customers and essentially cycling back to the point
of sale before a valid work order is released to

mannfacturing. This cyclic approach can have a neg-
ative affect on a customer who is forced to endnre

long lead times, frustrating product configuration
changes, and the prospect of returning products that
do not meet customer expectations.

The computer product configuration problem can
therefore be summarized as follows:

+ 30% to 85% of all orders are incorrectly config-
ured, :

+ Late discovery of configuration errors increases
mannfacturing lead times and produces incorrect
orders.

* Configuration errors can result im a loss of confi-
dence by customers and can result in a loss of
sales.

- Incomectly configured products can be quoted
inaccurately. -

> The confignration problem can be very large,

taking it beyond the bounds of human ability to
solve.

A. system that solves the computer configuration
problem must address these issues.

We present an approach that addresses the issues
and solves the computer product configuration prob-
lem in the computer industry through constraint-based
modeling and interactive constraint satisfaction,
**Computer Product Configuration’’ is defined as the
generation of a computer hardware and software
configuration that meets the price and performance
constraints imposed by a customer, and the compat-
bility constraints between hardware and software.
This approach aims at avoiding the cycling between
a manufacturer and its customers and focuses on

interactively assisting order taking from a diverse
clientele. It furthermore is capable of supporting a
diverse number of personnel in fields snch as mann-
facturing and marketing all of whom have an interest
in computer prodnct confignration. Ta accommodate
this approach, we also introdnce a Constraint Model-
ing System called Saturn, which is an interactive
constraint satisfaction system that can be used to
implement a computer configuration system. Saturn
implements a logic-based, ATMS-supported, interac-
tive constraint satisfaction system tightly coupled
with a relational database [5]. It has a spreadsheet-like
development interface that, in conjunction with a
database manager, facilitates the construction of a
constraint-based model representing a productline of
feasible computer hardware configurations, sup-
ported software configurations, and pricing informa-
tion.

In this paper, the development of a computer
product configuration system is discussed, beginning
with the salient featnres and capabilities that a com-
puter-snpport environment for computer configura-
tion should have. Next the related work on configu-
ration systems that have addressed similar problems
are presented and compared to our constraint model-
ing approach. Thisis followed by a discussion on the
nature of the computer prodnct configuration prob-
lem and a brief description of Saturn’s architecture.
In this context, the implementation of pc/con, which
is a personal computer configuration system built
within Saturn, as a constraint-based model is shown.
An example session with pc/con is then described
to show how Satnm’s interactive constraint satisfac-
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tion capabilities are harnessed by PC/CON to perform
PC configuration. Finally, it is shown how Saturn
and pC/ CON have the features and capabilities neces-
sary to support computer product configuration and
to support the maintenance of a configuration system
for a rapidly and continuously changing productline.

2. Embracing the task of computer product cou-
figuration

Product configuration is a critical yet a complex
task in most industries. This is particularly true for
the computer industry. To deliver a viable product,
the computers not only need to meet the customers’
functional reqnirements, they also must be config-
ured so that they can be readily manufactured and
they possess compatibility between hardware compo-
nents and between hardware and the desired soft-

ware. Althongh a seemingly structured problem, the
variety of options available for a computer system
allows for billions of feasible product configurations,
making this problem difficult to consistently solve.
As an illustration, we explore the computer product
configuration problem in the personal computer (PC)
industry. Compared to a supercomputer or a mini-
computer, a PC typically has a simpler operating
system, a smaller amount of memory and primary
storage space, limited input and output devices, and
is a single user system. However, as we will show,
the prodnet configuration problem for a PCis still a
complex and challenging task.

In earlier years, manual PC prodnct configuration
was Viable. This is readily seen by examining the
number of feasible hardware configurations possible
for the IBM model 25, with an 8086 8 MHz proces-

sor and an 8bit PC bus architecture. This machine
had only 240 feasible configurations and could run
all software products. Today, consistently configur-
ing PC orders manually is nearly impossible. The
IBM model 95, with an 80486 33 MHz processor and
a 32 bit MCA bus architecture has 467 billion feasi-

ble hardware configurations without considering any
of the 115 cards that could plug into any of the 8
slots in its backplane. Table 1 contains the number of
feasible product configurations for the PS/2 product
line for 1991/1992 and for 1993. The numbers are
compnted from [6] and[7].

Table 1

The numberof feasible configurations for the PS/2 product line 

Model Numberof configurations

1991/1992 1993
25-086 240 240
25-286 768 768
30 21,760 11,520
35 145,317,888 238,132,224
55 835,584 2,151,552
56 235,929,600 2,615,328,768
57 115,605,504 308,625,408
70 258,048 1,347,840
80 23,181,312 131,843,712
90 5,138,022,400 2,082,103,296
95 31,085,035,520 467,362,415,520

Total 36,744,208,624 472,741,960,848

 
From the table, we can see that the number of

configurations increased by more than 400 billion im
just one year. The explosion of software products
and their inherent incompatibility problems and plat-
form-specific requirements has added to the com-
plexity of computer product configuration. Com-
pounding the problem is the weekly release of new
products and changes to existing products. Major
product introductions that require significant restruc-
turing of the entire PC model line are now occurring
in a Jmonth cycle. In the PC imdustry it is not only
essential to support the task of PC product configura-
tion but also to support the development and mainte-
nance of the information upon which that support is
based. This calls for a configuration environment
that can accommodate growing product complexity
stemming from technological progress and from con-
sumer demand.

To meet this challenge we consider computer
product configuration to be a highly interactive,
non-monotonic, step-wise process. A user can spec-
ify any permutation of product/price attribute val-
ues. The output is made up of consistent values for
locally related attributes whose values were previ-
ously unspecified or of feedback information for
resolving inconsistent partial configurations. Onceall
of the attributes have values and there are no incon-

sistencies among them, the computer product config-
uration is a valid working product that can be readily
manufactured.
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