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1. Introduction

RE‘ 33 a .mIe—based system that has much in czmnmcm with other d0m3in~s;pet:.ifi::
systems that hzwe heen develop;-(3 (user the past :»3r:vt:ra! years [1, '13]. 3t differs
fmm ilzezsz-3 systems primarily in its use of Match rather ihan {3:;.ne1‘s31e-ami-test
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émiii an acceptabic one is fnund. it expioits its knowledge of its task domain IQ
generate a single acceplablrs. soiutican. RPS pzmicuiar area cf expertise is {ha
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Advanccd Research Projects Agency‘ my $36: US. Ci0\’ernmc:.n!. \~’.¢«.X., I’D}"‘§I. LE¥\3§3'_3'LiS, and
MASSBIJS are tradma;-ks of Digital Eiquipmcni Curpurarims.
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40 J. MCDERMOTT .

configuring of Digital Equipment Corporations VAX—11/780 systems. Its input 3
is a customers Order and its output is a set of diagrams displaying the spatial -
relationships among the components on the order; these diagrams are used by
the technician who physically assembles the system.’ Two interdependent ‘
activities must be performed in configuring a VAX system.
6 The customer’s order must be determined to be complete; if it is not, whatever

components are missing must be added to the order. V

Q The spatial relationships among all of the components (including those that are ,
added) must be determined.

The criterion of success for whether a configuration is complete does not reside
in any simple test, but involves instead particular knowledge about all the
individual components and their relationships. The criterion of successful it
spatial arrangement is more compact (reflecting the uniform character of '
geometric structure), but it too involves particular knowledge on a component i
by component basis. Thus, task accomplishment is defined by a large set of
Constraints embodying a large amount of knowledge.

Rl’s approach to the configuration task is to start with the set of components
on the order and construct an acceptable configuration using its knowledge of
the constraints on component relationships. Since it’s strategy is wholehartedly
bottom-up, it may seem surprising that R1 is able to generate an acceptable
configuration without doing backtracking. R1 is able to avoid search because its
task domain permits the use of the Match method [9]. Match will be discussed
at length in Section 2.3 below. Basically, the method is applicable if it is
possible to order a set of decisions in such a way that no decision has to be
made until the information sufficient for making that decision is available. This

applicability condition is trivially satisfied if the set of decisions required by a
task is fixed and can be ordered a priori. But in the VAX—1l/780 configuratio
task. the set of decisions required varies widely from configuration to configura _
tion. The Match method is a procedure for dynamically ordering a set of decisions. ,_.
When Match is used, each decision brings one closer to the successful completion _of the task.

Although a significant portion of this paper is devoted to a description of
precisely how R1 goes about doing the configuration task, I have tried to avoid

letting the details of RI ‘s inner workings overshadow the domain independent
lessons that have emerged from this research. There are two important lessons
6 An expert system can perform a task simply by recognizing what to do,

provided that‘it'is possible to determine locally (i.e., at each step) whether
taking some particular action is consistent with acceptable performance on thetask.

oWhcn an expert system is implemented as a production system, the job of
refining and extending the system‘s knowledge is quite easy.

3R1’s output for a sample order is shown in Appendix B.
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:' A RULEBASED CONFIGURER OF COMPUTER SYSTEMS

most limited capabilities to what might fairly be called an expert. The third

section describes Rl’s current level of expertise and isolates the design
decisions that made the building of R1 straightforward.

1. The Task

. The VAX-11/780 is the first implementation of Digital Equipment Cor-
poration’s VAX-ll architecture. It is similar in many respects to the PDP-11,
hough its virtual address space is Znrather than 2"‘. The VAX~l1/780 uses a

high speed synchronous bus, called the sbi (synchronous backplane inter-
lonnect), as its primary interconnect. The central processor, one or two
memory control units, one to four massbus interfaces, and one to four unibus

nterfaces can be connected to the sbi. The massbuses and particularly the
nibuses can support a wide variety of peripheral devices. Because the number

fsystem variations is so large, the VAX configuration task is nontrivial.

1.1. The size of the task

A configurer must have two sorts of knowledge. First, he must have

nformation about each of the components that a customer might order. For
Z each component, the configurer must know the properties that are relevant to

. system c0nfiguration—e.g., its voltage, its frequency, how many devices it can

_ support (if it is a controller), how many ports it has; I will call this knowledge
component information. Second, he must have rules that enable him to associate

jcomponents to form partial configurations and to associate partial configura- _
tions to form a functionally acceptable system configuration. These rules must i
ndicate what components can (or. must} be associated -and: what constraints '

must be satisfied in order for these associations to be acceptable; I will call this
nowledge constraint knowledge.

The difficulty of the VAX configuration task is a function of the amount of

omponent information and the amount of constraint knowledge required to
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over 3300 pieces of component information that a VAX configurer must have
'_ access to.

Before R1 was developed, it would have been difiicult to estimate accurately

30f the 420 components, about 180 are actually bundles composed of various subsets of the ,
remaining 240 Components. ”
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the amount of constraint knowledge required for the configuration task. Muché
of the required knowledge was not written down anywhere and thus the onlyg
source of estimates would have been individual human experts. But the experts

find the task of quantifying their constraint knowledge foreign. As I extracte /I"
this knowledge from them, it became clear that their knowledge takes to forms

(1) The experts have a sparse but highly reliable picture of their task domain
When asked to describe the configuration task, they do so in terms of th

subtasks involved and the various temporal relationships among these subtasks

(2) They also have a considerable amount of very detailed knowledge tha
indicates the features that particular partial configurations and uncontigure

components must have in order for the partial configurations to be extended i

particular ways.Both sorts of knowledge are easily expressable as rules.
extracted 480 rules. Of these, 96 define situations in which some subtask shoul

be initiated. The other 384 rules define situations in which some partials;

configuration should-be extended in-some way. ‘i

1|
  

 
1.2. The constraints

To understand a program, such as R], that is driven almost entirely by,
:4

task-specific knowledge, it is necessary to understand the nature of the conli
straints imposed by the task. This subsection provides an example of a specifi
subtask that can arise within the configuration task and indicates (1) this

constraint knowledge involved, (2) the informational demands imposed by thaé
constraint knowledge, and (3) the extent to which the subtask presuppose
other subtasks. The subtask is that of placing unibus modules in backplanes. As

is the case with the configuration task in general, many of the constraints in th

subtask have a strongly ad hoc flavor; they are not easily derivable from mot,‘
general knowledge because they are the result of design decisions whose?
justifications are hidden in a shadowy past. Moreover, the applicability of
particular constraint is ordinarily dependent on a variety of factors; man

 
 

 
 

account.

Whenever more than one unibus optiop is ordered for a VAX, it is necessar
to place the modules on the unibus in an acceptable sequence. Ignoring spati
constraints, it is straightforward to determine the theoretically optim

sequence. for..the...modules; the modules aresorted on the basis of the -
interrupt priority and within that on the basis of their transfer rate. Before
module can be placed on the unibus, it is necessary to select a backplan
Several constraints come into play. Backplanes come in two sizes (4—sl0t and

9—slot) and can have any of several pinning types. The backplane selected mu
be of the pinning type required by the unibus module. To determine the size of
the backplane to be selected, it is necessary, first, to determine whether the size
is constrained by the box that the backplane will be placed in. A box c’
accommodate five 4—slot backplanes; the exception is that a 9—slot backplane"
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may not occupy the space reserved for the second and third 4—slot backplanesf’
Assuming that either a 4»-slot or a 9-slot backplane would be acceptable, the

next constraint to come into play is that a 9-slot backplane should not be

selected unless the next N modules in the optimal sequence all require a

backplane of the same type and will not all fit in a 4-slot backplane. Once a
backplane is selected, the board or boards comprising the next module in the

optimal sequence can be placed in the backplane. However, the first and last
slots of a backplane cannot accomodate a full width board; thus the configurer

must make sure that the boards will physically fit into the backplane. There are

several other constraints. For example, the total amount of power that can be

drawn from a regulator is limited; also, if the length of the unibus exceeds a
certain limit or if the load on the unibus exceeds a certain limit, a backplane

containing a unibus repeater must be placed in the box.
. After a module has been placed in a backplane, there is frequently room for

additional modules, but the next module in the optimal sequence may require a
backplane of a different type or more space than is available in the backplane.

At that point the configurer must decide whether to deviate from the optimal

sequence or to leave some of the backplane slots empty; the decision is based

on the total amount of box space available and the seriousness of the deviation.
If there is suflicient box space to accommodate the modules when they are in

the optimal sequence, the optimal sequence should be preserved (even if this

entails adding additional backplanes to the order). If there is not sufficient

space, the seriousness of the deviation must be determined; there are some less

than optimal sequences that are acceptable. If the decision is that the deviation
from the optimal would impair the functionality of the system, then the

configurer must add another box (and possibly a cabinet as well) to the order; if
the decision is that an acceptable suboptimal sequence can be found, then some

module other than the next one in the optimal sequence is placed in the
backplane. In general, it is acceptable to add a module that is not next in the

-optimal sequence if it meets allof ‘the con’strai‘nt‘s mentioned above and has a
transfer rate that is lower than that of any other module with the same

interrupt priority that it will precede.
There are reasons, other than lack of slot space or power, Why the configurer

. A must consider deviating from the optimal sequence. If the module that is to be
added is a multiplexer, for example, then in addition to the space and power

constraints, there is the added constraint that suflicient panel space must be

available in the cabinet containing the box that will contain the multiplexer. If

there is not enough panel space in that cabinet, the configurer must decide
whether to deviate from the optimal ordering or to put all of the remaining
modules in the remaining cabinets. Again, the decision must be made on the

 

 

‘The box that contains unibus modules has two +5 volt regulators. One of these regulators supplies

power to the first two slot backplanes (or to the first 9—slot backplane); the second supplies power to the
other backplanes. All of the modules in a backplane must draw power from the same regulator.
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