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Abstract

Spreadsheets are a widespread tool for a variety of tasks, particularly in business settings.
Spreadsheet users employ a form of programming that, although popular, is highly error-prone and
has limited expressiveness. A promising approach to overcome these shortcomings is to augment
spreadsheets with logic-based knowledge representation and reasoning (KR&R) functionality.
In this paper, we present Logic Embedded in SpreadSheets (LESS), a system which integrates
PowerLoom, a highly expressive logic-based KR&R system, with Microsoft (MS) Excel. The
design of LESS provides different tiers of functionality that explore trade-offs between direct
access to the underlying logic engine and user-friendly support for spreadsheets users. A proto-
type of LESS was implemented as an MS Excel add-in.

1 Introduction

An estimated 55 million people used spreadsheets in 2005, evidence that spreadsheets are a wide-
spread tool, particularly in the business environment, with more users than that of most current
programming languages. Spreadsheets embed what is, in practice, a programming paradigm,
based on the model of cells and cell variables.

Despite their popularity and their image as easy-to-use, spreadsheets are highly error-prone.
For example, despite current spreadsheet implementations containing a variety of features to
find and correct mistakes, Erwig and Burnett (2002) estimate that up to 90% of spreadsheets
contain errors. This makes clear the need for tools to improve on the spreadsheet paradigm.

Another problem with spreadsheets is their limitations in terms of the expressive power of their
programming paradigm. Even some simple models can be difficult to implement if they do not
closely fit the spreadsheet paradigm. A result of these limitations is that many complex models
implemented in systems like MS Excel rely on features that extend the spreadsheet paradigm,
such as procedural scripts (e.g. in Visual Basic).

Our contention is that logic spreadsheets can be a way to extend the spreadsheet paradigm to
both reduce errors and improve expressiveness. To prove this point we implemented a prototype
system called LESS (for Logic Embedded in Spread Sheets). The LESS system combines the power
of logic-based knowledge representation and reasoning with the familiar and easily mastered user
interface paradigm of a spreadsheet.

In this paper, we present our work in designing and implementing LESS. We start by present-
ing the overall design of LESS. Then, we show through several detailed examples how LESS can
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Figure 6 Classification rules version 2: parameterized business rules

Figure 7 Classification rules version 3: defining rules using templates

(E27 to E34) where it automatically picks up the appropriate values from the grade definition
table.

A final advantage of this approach is that it makes it easier to perform tasks that require itera-
tive modification of rules, such as a simple manual form of ‘curving’ the grades. This involves
changing the letter grade ranges to ensure that a certain number or percentage of students get a
certain grade (e.g. only 10% of the class can get an A)>. These requirements are common in
college departments, and can be seen as external rules (indeed, meta-rules). We can even represent
these meta-rules explicitly (not shown) to calculate whether or not they are being obeyed by the
actual grades given.

A third formulation that can provide an even more elegant solution is to use templates (which
will be implemented in Phase II of the project). This is shown in Figure 7. Here, the rule template
is defined based on abstract (non-cell) variables, and a separate formula indicates how to bind
those logic variables to cells. As a result, we can formulate the rules with only two cells, achieving
a maximum of flexibility and maintainability.

4.4 Template-based knowledge acquisition

A common problem in knowledge acquisition is that knowledge is modeled in very different ways
by a subject-matter expert and by a knowledge engineer. Because of the precision requirements
imposed by reasoning engines, each ‘link” between two pieces of information has to be modeled
in detail, usually depending on the type of reasoning needed. In contrast, subject-matter experts
are able to provide concise information that is imprecise with respect to the relationships between
the different pieces of information entered.

In a real-life example, Valente et al. (1999) developed an ontology of military aircraft as part of
their work in the the Defense Advanced Research Projects Agency (DARPA) ARPI and JFACC
Programs. As part of the knowledge acquisition process, the knowledge engineers would fre-
quently receive textual or semi-structured information that would be expressed in tabular form.

> More complex forms of curving require statistical analysis.
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A C D F G H
1 |Aircraft |Maker # Engines |Primary Fuel |Alternate Fuels
2 |E-15 IicD ormel Douglas 2{JP-4 JP-5JP8Jet Alet Al JetB
3 [F-16 G eneral Dynamics 1|IP-4 JP-5JP-8Jet Alet-&-1JetB

Figure 8 Information about aircraft specified by subject-matter experts

For example, subject-matter experts would produce a spreadsheet with properties of different
aircraft that would look like the following:

Information provided this way would be translated into complex Loom definitions (the logic
formalism used at the time—similar definitions can be done using PowerLoom), for example
(somewhat simplified):

(defconcept F-15:
is-primitive Fighter-Aircraft:
implies (:and (:filled-by made-by McDonnell-Douglas)
(:all gun M61A1)
(:filled-by primary-fuel JP-4)
(:filled-by alternate-fuel JP-5 JP-8 Jet-A Jet-A-1 Jet-B))
:defaults (:and (:filled-by ceiling 65000ft)
(:filled-by crew-size 1))
)

Due to the complexity of the definition language, we created simpler definition templates, imple-
mented as Lisp macros, which made it easier and simpler to enter the desired information. The
advantage of these templates was that they abstracted the way information was used in the logic
formalism. Instead, the code interpreting the template decided whether information was to be
used as a slot filler, a type restriction, a default value, etc. A template would look like the following:

(def-aircraft-c F-15

:types Fighter-Aircraft

:made-by McDonnell-Douglas

:default-ceiling 65000ft

:default-crew-size 1

:gun-type M61A1

:primary-fuel JP-4

:alternate-fuel (JP-5 JP-8 Jet-A Jet-A-1 Jet-B)
)

Unfortunately, these templates were still hard for subject-matter experts to manipulate directly
due to the use of parentheses, etc. With LESS we have an opportunity to further bridge this gap
by allowing the use of spreadsheet tables as the vehicle for information input, which is the natural
way in which domain experts expressed their knowledge. The provided information can then be
lifted into a formal knowledge base by knowledge engineers directly in the spreadsheet. For
instance, we can represent the template above based on the spreadsheet tables in Figure 8 using
LESS templates as follows:

P2 = (defconcept ?v1 ((?x Fighter-Aircraft))
:=> (AND (made-by ?v2)
(= number-of-engines ?v3)
(primary-fuel ?v4)
(alternate-fuel ?v95)))
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A C D = G H
1 [Aircraft [Maker # Engines |Primary Fuel |Altemate Fuels

2 |F-15 McDonnel Douglas 2|7p-4 JE-5

3 JP-5

4 Jet-A

S Jat-A-1

] Jet-B

7 |F-16 General Dynamics 1|74 JP-3

9

Figure 9 Modified table with multiple values split into separate rows

This template can then be directly applied to the table in Figure 8 with a single formula (the
first argument is the cell where the template is written and the second the range of cells where it
is to be applied; here, notionally, the whole table with several aircraft):

P3=APPLY-TEMPLATE(P2,A2:035)

An interesting issue in that kind of application in practice is that users tend to combine several
values into a single cell (e.g. the several alternate fuel types in the table in Figure 8). This makes
things a bit harder to parse, since spaces do not necessarily delineate value boundaries. One solu-
tion would be to adopt a special notational convention for such values, another is to use a sparse
table where values without a new ‘head’ entry are interpreted as additional values for a slot. For
example, the table shown earlier can be modified using the method described, resulting in the table
shown in Figure 9.

4.5  Powerful information querying

Spreadsheets have several limitations on how to summarize information, particularly if the infor-
mation is symbolic. The basic problem is that it is hard to select information from other parts of
the spreadsheet. The problem becomes worse if information is in multiple tables and/or has more
than three dimensions. Special wizards such as Excel pivot tables help overcome some of these
deficiencies, but they still have restricted expressivity.

In this section, we present a very detailed example centered around an Air National Guard
unit’s need for tracking the training and certifications of its pilots. The example will show how
we provide information synthesis and querying. It will also show how LESS can use logic reasoning
to represent hierarchical (subsumption) relationships, and reiterate capabilities for using logic rules.

We will first examine information assertion and retrieval in LESS. In Figure 10, we show the
Roster worksheet which is used for entering information about pilots into the knowledge base.
The user may add pilots by name and callsign, and LESS asserts the appropriate facts into the
knowledge base. Daily information about each pilot may be asserted on the Daily Template,
which is copied for each day (not shown). The user can enter numbers in the body of the table,
and these are interpreted and asserted as facts in the knowledge base. The information entered
on each day’s daily sheet can be retrieved and accumulated, such as on the Pilot Report By Skill
sheet (also in Figure 10). The dates across the top are retrieved from the knowledge base, as well
as the missions and codes, and the contents of the table.

Next (Figure 11), we will consider logic rules, and how they can be used. The Skills sheet is
similar to the Roster sheet, in that it allows the user to enter a list of items, which then get asserted
in the knowledge base—in this case, the mission skills that the pilots receive certifications for.
In one column of this sheet, the user may enter a PowerLoom rule representing the conditions
under which a pilot is considered certified for that skill on that date (in the case shown, if he
has more than 10 sorties of that type within the last 90 days). On the Pilot Planner sheet, the user
may plan out sorties for individual pilots by seeing which skills have expiring certifications. This
uses the LESS ASK() macro to simply check certification for the given skill (row) on the given
date (column). This is nested in the Excel IF macro, and Excel is used to set the background color.

The last phase of the example (Figure 12) illustrates hierarchical representation in PowerLoom
and LESS. The Categories sheet is another information entry sheet like Roster and Skills—in this



