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Abstract

Spreadsheets are used by millions of individuals worldwide for business and personal
purposes. They work with simple concepts as ranges and formulas that allow users to
start working immediately, with no prior knowledge, but, at the same time, they offer
advanced data analysis and mathematical functions.

Most spreadsheet users are not professional programmers and the number of errors in
their documents exceeds by far the allowed error-rate in other domains. As spreadsheets
hold an increasingly important role in the decision making process, errors can influence
the outcome of complex real-world processes. Out of all the type of errors, interpretation
errors stand out as an important but under-researched source of fallacy.

This thesis will tackle the issue of interpretation errors in spreadsheet documents in the
context of assessment by developing an Assessment Service that will play the role of a
decision support system while enhancing the semantic transparency of the application.
The service will be offered in the context of the Semantic Alliance Framework and will be
based on the concept of theory graphs.
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1 Introduction

A spreadsheet is a large sheet of paper that organizes business data in tables. Spread-
sheets have been used in accounting for hundreds of years, but the widespread use of
electronic spreadsheets only happened after the personal computer boom in the 1980’
and the introduction of the VisiCalc [1] software. Electronic spreadsheets are interactive
documents that are heavily employed in administration, financial forecasting, education
and science.

Spreadsheets are used to model real life scenarios and entire decision making processes
have been built around them. In order to understand the role they play as a decision
support tool and the benefits and dangers that their use brings, let us look at a concrete
decision making process, which will serve as a running example for this thesis.

Running Example

Figure 1: Running Example: A Simple Project Management System Using LibreOffice

Alin C. was the manager of a small department of a multinational company. He used the
spreadsheet in Figure 1 to model the division’s financial evolution and to make managerial
decisions based on that information. Sadly, Alin is not part of the company anymore, but
the spreadsheet he created still functions as a starting point for all the decisions regarding
the present and the future of his former division. Although the document Alin used is still
available to his successor and former superior, the rules he used to judge the evolution
of his department are not readily apparent.

John R. is a young manager that has just taken over Alin’s former department. He is in
charge of managing the project’s team, schedule, and budget. On his first day on the job,
John received the spreadsheet document in Figure 1. As an ambitious manager, John
wants to maximize resource consumption in order to maximize growth while at the same
time maintain a profit margin. His challenge lies in understanding the data contained in
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the spreadsheet document and determining if there are changes needed to the division’s
budget structure and business plan.

Robert S., John’s boss, is in charge of managing multiple divisions and redistributing
funds in order to maximize global efficiency and, at the same time, helping struggling
projects survive long enough to reach profitability. He uses the same spreadsheet doc-
ument, created by John’s predecessor, to obtain an overview of the project’s expenses
status and decide on funds distribution. He has a a general view on how a division should
evolve, how much profit it should make and how fast the profits should grow over time. If
a department’s evolution does not respect his time-tested blueprint for success, he has
to intervene in the division’s management. In essence, both users, have to make deci-
sions based on the information in the document in Figure 1, but neither of them has a full
understanding of the data in the spreadsheet.

Spreadsheets as Decision Support Systems

As we can see from John’s and Robert’s work-flows, spreadsheets play an important
role in their decision making process. The spreadsheet software gains the attributes
of a decision support system. According to [2] decision support systems (DSSs) are
”software products that help users apply analytical and scientific methods to decision
making”. By using models and algorithms from multiple disciplines, DSS products can
execute, interpret, visualize, and interactively analyze the modeled situations.

Decision support systems assist the user in deciding whether a particular aspect of a
problem is favorable, or not, to the business goal he has. In essence, it all scales down to
the simple question ”Is this good for my business?”. As spreadsheets are used to model
real life scenarios, the question above translates into ”Is this value or block good for me?”.

The problem with building a standalone DSS is that it requires significant expertise in
decision analysis, software development and user interface design. For these reasons,
the broad use of DSSs has not occurred [2]. In contrast, a great number of professionals
are using spreadsheet software in order to realize calculations, analyses and reports
necessary for the decision making process. Decision support systems that are built using
spreadsheet software can be called spreadsheet-based DSS [3]. Significant work has
been done on the topic of developing spreadsheet-based decision support systems( [4],
[3]), but they still require a complex development process and knowledge that often falls
outside the training of the average spreadsheet user [4].

In essence, decision support systems aim to provide automatic assessment of modeled
situations. As the situation is modeled by the spreadsheet document, the two managers’
work can be simplified by offering them a service that provides assessment functionality
for spreadsheet applications. Before devising such a service, it is important to understand
what assessment is and how it fits into the user’s work-flow. Assessment consists of value
and purpose judgments passed on situations modeled by the spreadsheet document or
parts of it. I will consider the spreadsheet in Figure 1 as a starting point for uncovering
the different aspects of assessment. The following can be considered typical assessment
statements:

1. ”The revenues look good.”

2. ”The profits in the years 2012-2015 look good, but not the one in 2016”.
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3. ”The values in cells B17 to E17 look good, but not the one in F17.”

4. ”The labor costs have increased faster than the revenues.”

5. ”The evolution of profits over time, doesn’t look promising.”

The first assessment refers to the fact that the values in the revenue row are positive, but
this can only be ascertained by assessing the purpose of the respective semantic item.
We can consider 2. and 3. as equivalent statements, but we must underline the fact
that they do not refer just to the numbers in cells B17:F17, but the values in the context
assigned by the author of the document, the size of the profit in the years 2012-2016. The
statements 4. and 5. refer to the whole range containing profit values, to the evolution of
a value over time. In this case, the behavior of a function is the one assessed, not the
individual values.

In essence, assessment in spreadsheet documents is just another facet of the interpreta-
tion process of tabular data with respect to the situation modeled by the electronic ledger.
A service that would provide assessment functionality would in fact enhance the user’s in-
terpretation capabilities and would have a great impact on reducing the number of errors
in the spreadsheet document. The topic of spreadsheet errors has been the subject of nu-
merous studies [5], [6], [7], [8], [9]. Interpretation is a source of errors that has been often
neglected although it is of great importance in the case of long-lived spreadsheets. As in
our example, the reader and the creator of a spreadsheet can be different individuals and
not all the knowledge of the problem domain is transferred along with the document. The
misinterpretation of data can lead to erroneous decisions and an exponential propagation
of errors in newly created documents.

One of the main causes of interpretation errors is the inherent lack of semantic trans-
parency1 of spreadsheet applications. In essence, this is a problem of knowledge man-
agement which can be tackled using knowledge management technologies, by recover-
ing the content and semantics from the document and exploiting it for automation.

This thesis aims to reduce the occurrence of interpretation errors by enhancing the
spreadsheet user’s assessment capabilities. To that end, I will develop a decision sup-
port system that combines the ease and simplicity of spreadsheet use with an assess-
ment service based on theory graphs in order to provide a tool for fast and efficient de-
cision making. Typical decision support systems are made up of four components: data
management, model management, knowledge management and user interface manage-
ment [11]. By illustrating spreadsheet documents with a semi-formal background ontol-
ogy2, we can provide the model, data, and knowledge management components. The
user interface component can be provided by the Semantic Alliance Framework [13].

The proposed service could assist decision-makers in problems involving risk manage-
ment, the allocation of scarce resources, and the need to balance conflicting objectives.
The Assessment Service will give the user access to the assessment knowledge used by
the creator of the spreadsheet while enhancing the semantic transparency of the appli-
cation and reducing the potential for error in the decision making process.

1 A user interface is ”semantically transparent, if it enables a user to access its semantic objects and their
relations via the corresponding UI objects” [10].

2An ontology formally represents knowledge as a hierarchy of concepts within a domain. [12]
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2 State of the Art

In this section, I will give an overview of the avant-garde of research performed on the
topic of improving the interpretation capabilities of spreadsheet users and on the topic
of creating spreadsheet based decision support systems. In order to understand why
assessment knowledge is essential for a better understanding of spreadsheet documents
I analyze the findings presented in Spreadsheets with a Semantic Layer by KOHLHASE

and KOHLHASE [14].

The researchers performed an interview with a DFKI3 expert on the topic of the DFKI
Controlling System with the goal of discovering what type of help a user assistance sys-
tem must offer and where it should be offered. The study found that in order to fully
understand the meaning of a knowledge item the user has to know and understand up to
six of the following seven aspects:

• Definition (Conceptual)

• Purpose (Conceptual)

• Assessment of Purpose

• Assessment of Value

• Formula

• Provenance

• History

Figure 2 portrays the distribution of occurrences according to each type. We see that
Assessment of Purpose and Assessment of Value explanations make up 28% of the
required explanation types.

Figure 2: Types of explanations [14]

Assessment of Purpose refers to the ability of a user to draw the proper conclusions or
perform the correct actions given the purpose of a knowledge item in a spreadsheet.

3German Research Center for Artificial Intelligence
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Assessment of Value refers to the ability of a user to make judgments on the data in the
spreadsheet after interpreting the concrete values.

We see that standalone spreadsheet applications are relatively semantically opaque and
there is a need for external support in the form of a user assistance system in order
to alleviate this problem. The challenge of creating a semantically transparent user as-
sistance system, that offers a level of help similar to a human, has been tackled in the
SACHS [15] and SiSsI4 [16] projects. In particular, the implemented SACHS system, to-
gether with the spreadsheet player, is able to give help for 33% of the explanations found
in the help of a human expert [14]. These two ontology-based systems are well-suited for
Definition and Purpose explanations, but there is no support whatsoever for Assessment
of Purpose and Assessment of Value explanations and functionality.

A theoretical solution for an Assessment of Value service is proposed in Spreadsheets
with a Semantic Layer. The background ontology that supports the Definition lookup
service is extended by a set of assessment theories that judge the intended functions
in the semantic blocks of the spreadsheet on their functional properties. The authors
propose that the assessments are formalized as formulas which can be evaluated by the
spreadsheet player.

The proposed solution has a few shortcomings that I have tried to overcome in my guided
research. First of all, including the assessment theory into the definition of a concept is
impractical and impure from an ontological point of view. The assessment of a semantic
block does not only depend on the concept it is associated with, but also on the com-
munity of practice, the user’s perspective and an array of other factors external to the
ontology. Second, formalizing assessments as spreadsheet formulas bears a great imple-
mentation and portability cost i.e. spreadsheet formulas are not 100% portable between
spreadsheet applications so performing the same evaluation in different environments
might give inconsistent output.

The concepts presented in Spreadsheets with a Semantic Layer will be used as a start-
ing point for the development of a value assessment service. The service will be offered
as part of the Semantic Alliance Framework, thus becoming available for multiple spread-
sheet applications and operating systems with minimal effort, and it will offer a system
independent formalization and evaluation of assessments.

Significant work has also been performed in the domain of spreadsheet-based decision
systems [4] [3], but the main focus has been on enabling spreadsheet creators to build
better models with their data. All the solutions I have found so far require major changes to
the structure of the workbook, changes, that left undocumented, will increase the opacity
of the knowledge items, and will enhance the potential for error. To the extent of my
knowledge, there is no method that allows a user to build or use a DSS around an existing
spreadsheet document without modifying its structure.

The Assessment Service I will present in the following sections offers the functionality
of a decision support system to spreadsheet creators and readers and enhances the
spreadsheet application’s semantic transparency.

4SiSsI is an instance of the Semantic Alliance Framework
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3 Preliminaries

In this section, I will present an overview of the systems and frameworks that will be used
in realizing the Assessment Service, as far as it is necessary to make this material self-
contained. The service will be offered in the context of the Semantic Alliance Framework,
but it will use multiple technology stacks and concepts to accomplish its goals.

3.1 Semantic Transparency

As stated before, one of the main goals of this thesis is to improve the semantic trans-
parency of the spreadsheet applications that will use the Assessment Service. Before
seeing how this service will improve the interaction potential of spreadsheet applications,
we first need to understand what ”semantic transparency” is.

In Linguistics the term ”semantic transparency” is defined as ”a descriptive phrase that
has been used [. . . ] to describe endocentric compounds. Endocentric compound words
are those whose whole meaning can be figured out by an analysis of its parts of mor-
phemes” [17]. In Artificial Intelligence, semantically transparent systems are described as
”ones that directly encode and exploit the kinds of information that a human agent might
consciously access when trying to solve a problem” [18]. From the Human-Computer
Interaction standpoint, the perspective from which we tackle this issue, ”semantic trans-
parency” describes user interfaces that ”allow people to interpret them properly” [19].

At this point, it is not completely clear how a user interface can be ”interpret(ed) properly”,
so let us examine this issue further. A user interface is composed of meaning carrying
objects that convey its intention, its purpose. These meaning carrying objects, which in
the case of spreadsheets are cells, formulas, functional blocks, legends etc., are called
semantic objects [19]. A user interface is semantically transparent if ”it enables a user
to access its semantic objects and their relations via the corresponding UI objects” [19].

The spreadsheet in Figure 1 seems transparent enough, but as soon as we ask:

• what is the definition of ”projected revenues”

• should the profit be negative?

• should the expenses increase faster than the revenue over time?

we realize that we are missing implicit knowledge that is necessary to properly interpret
the meaning of the semantic objects that compose spreadsheet.

By making this background knowledge explicit and using it through the Assessment Ser-
vice and other semantic services, questions similar to the ones above can be automati-
cally answered, thus exposing a higher level of semantic transparency to the user.

3.2 Semantic Illustration

In order to provide the Assessment Service and other semantic services, we need to be
able to access and use the background knowledge of the spreadsheet document. As it
is impossible to always ask the creator of the spreadsheet questions about the missing
information, we try to store this implicit knowledge into a semi-formal domain ontology.
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By using an ontology, the knowledge can be used for multiple purposes and by multiple
services at the same time.

OMDoc [20] is a markup format and data model for Open Mathematical Documents that
will be used to write the ontology. OMDoc is an XML-based, semantics-oriented format
for representing semi-formal, structured document collections. OMDoc provides a strong,
logically sound module system based on structured theories [21]. In contrast to other on-
tology modeling languages like OWL [22], the OMDoc format does not commit to a formal
logical language, and therefore lacks a native concept of inference but also does not force
the author to fully formalize the ontology and to work around the expressivity limitations
of the underlying logical system. Instead, OMDoc allows to locally formalize elements -
and thus provide partial inference - with whatever formal system is most suitable.

The implementation of the Semantic Alliance Framework that will support the Assessment
Service uses an ontology represented in OMDoc and builds semantic services on top of it.
OMDoc is an XML based format, therefore it is hard for humans to both author and read.
In order to facilitate the development of complete and complex ontologies, sTEX [20] is
used. sTEX is a collection of macro packages that allow semantic markup in TEX and
LATEX documents. Using special tools [23], the semantic TEX document is transformed
into a machine understandable format like OMDoc. In the SiSsI [16] project, the ontology
is written in sTEX and transformed into the OMDoc format.

After choosing a representation format for the ontology, the biggest challenge left is how
to integrate it with the document and make it usable by the associated semantic services.
ERIKSSON [24] suggested to combine documents and ontologies by ”adding annotations
to electronic-documents formats and including the ontologies in electronic documents”
yielding semantic documents. This approach limits the reusability of the ontology for mul-
tiple documents that contain the same concepts and poses a problem for maintaining
and enhancing the information stored in the ontology. Enhancing the spreadsheet appli-
cation with functionality to use a local ontology is prohibitively expensive. Therefore, an
external ontology that can be used by multiple services and documents seems more sen-
sible and is the approach taken by the Semantic Alliance Framework which will support
the Assessment Service. This approach was materialized as the Semantic Illustration
architecture [19].

In the Semantic Illustration architecture, semantic technology is made fruitful by ”illustrat-
ing” existing software artifacts semantically via a mapping into a structured background
ontology. This approach comes in contrast to the Semantic Web one where informa-
tion resources are enhanced into semi-formal ontologies by annotating them with formal
objects.

One of the main advantages of the Semantic Illustration approach is that it makes the
ontology reusable and it avoids the high cost of reauthoring the ontology for each usage.
Each document only needs to hold a mapping between the semantic objects and a link
to an ontology term (e.g. URI). The same ontology can be shared across multiple docu-
ments of different types and services can use the background knowledge with disregard
to application specific features or the document structure.

We will now look at the concept of Invasive Design [13], which together with Semantic
Illustration, form the basis of the Semantic Alliance Framework.
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3.3 Invasive Design

Invasive Design [13] is a new approach to software design that aims at obtaining a similar
effect on the user as Invasive Technology [15] but with a significantly smaller implemen-
tation cost. From the user’s perspective, a service ”feels” embedded into an application if
it occupies a screen area that overlaps with that of the application from which it was in-
voked. This perception is strengthened if the service information is displayed in the visual
vicinity of the object on which it was invoked. This type of embedded services are called
contextualized services.

In contrast to the Invasive Technology approach, where the framework components are
actually embedded into the application, the Invasive Design approach relies on the per-
ception of the user with regard to embedding. The document player is only invaded
through a thin client that reports the user’s actions to a physically independent frame-
work.

In the next section, we will see how Semantic Illustration and Invasive Design work to-
gether in the Semantic Alliance Framework into which the Assessment Service will be
integrated.

3.4 Semantic Alliance Framework

Figure 3: The Sally Framework [13]

The Semantic Alliance Framework is an
architecture and software framework for
semantic allies 5. It combines an inva-
sive approach that allows users to profit
from semantic technology without leaving
their accustomed work flows and tools with
an application-independent way of extend-
ing applications with knowledge manage-
ment technologies. The Semantic Alliance
Framework provides the foundation for the development of the Assessment Service. As
we will see later on, it offers functionality to tap into the user’s interactions with the docu-
ment and to provide meaningful services in the appropriate context while giving the user
the impression of (almost) perfect integration with the host application.

The Semantic Alliance Framework is based on two concepts: Semantic Illustration and In-
vasive Design. It works by mashing up the GUIs of the knowledge management systems
and applications themselves. The Semantic Alliance Framework has three big compo-
nents (see Figure 3):

• Sally: The main component of the mashup enabler, integrates the functionality
of the application A and the semantic services S into a joint user interface and
interaction model.

• Alex: The application A is extended by a slim API6 ”Alex” that reports and executes
relevant user interactions within A like cell clicks in spreadsheets to and from Sally.

5Semantic allies are semantic systems that complement existing software applications with semantic
services and interactions based on a background ontology.

6Application Programming Interface
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• Theo: A screen-area manager that enables invasive design. S supplied content is
embedded as a ”pop-up” into the GUI of A.

3.5 MMT

MMT [21] is a knowledge representation format that focuses on logic-independence and
modularity. It is designed to be foundation independent, and applicable to all base lan-
guages based on theories. MMT plays a central role in the current implementation of
the Assessment Service. It allows to formally represent assessment rules in a way that
allows automatic evaluation and inference.

MMT concepts are distinguished into four levels: the document, module, symbol and
object level. Documents act as open packages using logical identifier. They provide
namespace management and every document may refer to every other document as
long as referential cycles are not created. Documents contain modules, and MMT uses
only two kinds of module declarations: theories and views.

Theories are defined by a set of typed symbols and a set of axioms describing the
properties of the symbols. MMT uses the Curry-Howard representation to drop the
distinction between symbols and axioms, and, as a result, MMT uses only theories and
theory morphisms.

An MMT theory consists of symbol declarations. Constants represent declarations of the
base language. A constant assignment provides a T-term for an S-constant and structure
assignments provide a T-morphism for an S-structure. A signature morphism σ : S → T
that translates all the symbols and theorems of S into objects and theorems in T is called
a theory morphism. MMT represents theory morphisms as structures and views. An
MMT view from S to T consists of a list of assignments from c → ω where c is an S-
constant and ω is a T-term. An MMT structure is a named import and it can be used to
show that a theory inherits concepts from another theory. Terms form the MMT object
level.

Theories and the relations between them form graphs where theories are nodes and
theory morphisms are arrows. Theory graphs and the operations that can be performed
on them via MMT plugins, will play a central role in the development of the Assessment
Service by allowing the creation of derived theories and the evaluation of concrete views
of existing theories.

Knowledge concepts represented in MMT documents can be uniquely identified via URIs
as follows. Document identifiers doc are URIs without queries or fragments. Module iden-
tifiers, doc?mod, are formed from a document identifier and a module identifier separated
by a ”?” . Symbols are uniquely identified by a module identifier doc?mod and a symbol
identifier sym, separated by a ”?” i.e. doc?mod?sym. MMT URIs will be used to enhance
the semantic illustration by associating data items in the spreadsheet (cells, ranges) with
theories that will be used for assessment.

3.5.1 The MMT System

The MMT System provides an API that uses the small number of primitives in MMT. This
API is application-independent as it focuses on the data model of MMT in order to be
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easily integrable with specific applications. The capabilities of the MMT System can be
extended by writing small plugins that customize the behavior to one specific foundation.

The system provides a front-end in the shape of an HTTP server. This exposes all API
functionality and knowledge management services via a RESTful [25] interface.

The Assessment Service will use the MMT System and its plugins via the RESTful inter-
face to evaluate data contained in the spreadsheet in the context of corresponding MMT
theories.

3.5.2 Category Theory Pushouts

The pushout mechanism offered by MMT is the central functionality that has allowed the
creation of the Assessment Service. It allows the framing of arbitrary knowledge concepts
and associated data in terms of established assessment theories.

Category theory is defined as a formalization of mathematics and its concepts as acollection
of objects and morphisms [26].

A category C consists of four kinds of data subject to three axioms [27]:

• Data:

– Objects
C has objects A, B, C . . .

– Morphisms
For each ordered pair of objects A, B in C , there is a class of morphisms from
A to B denoted by HomC (A,B).

– Composition
For each ordered triple of objects A, B, C in C, there is a law of composition:
If f : A → B and g : B → C, then the composite of f and g is a morphisms
g ◦ f : A→ C.

– Identity
For each object A there is a designated identity morphism on A, notated as 1A,
1A : A→ A.

• Axioms:

– Unique typing
Hom(A1, B1) and Hom(A2, B2) are disjoint unless A1 = A2, B1 = B2.

– Associative Law
h ◦ (g ◦ f) = (h ◦ g) ◦ f

– Identity is a ”neutral element”
For the identity morphism 1B : B → B associated to each object B, two equa-
tions must hold for each pair of objects A and C and each pair of morphisms
f : A→ B,g : B → C: 1B ◦ f = f and g ◦ 1B = g.

Given two morphisms f : A → B and g : A → C in a given category C, a pushout is a
triple (D,α, β) with β ◦ g = α ◦ f that satisfies the following universal property: for every
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triple (Y, α′, β′) with β′ ◦ g = α′f , there exists a unique morphism θ : D → Y making the
diagram commute [28].

A

B

C

D

Y

g

f

α

β

β′

α′ θ

Figure 4: Pushout [28]

The concept of pushouts is mapped into MMT [29]. Given a view σ : Σ → Σ′ and a
structure Σ ↪→ Σ,Γ, the pushouts in MMT are defined by:

dom(σ(Σ,Γ)) = dom(Σ′) ∪ dom(Γ)

σ(Σ,Γ)(c) =

{
Σ′(c) if c ∈ dom(Σ′)

σΣ,Γ(E) if c ∈ dom(Γ)

σΣ,Γ : c→

{
σ(c) if c ∈ dom(Σ′)

c if c ∈ dom(Γ)

Given morphisms σ1, γ1 : Σ,Γ → Φ (where σ : Σ → Φ) and σ2 : Σ′ → Φ, the universal
morphism σ(Σ,Γ)→ Φ is σ2, γ1.

Σ

Σ,Γ

Σ′

α(Σ,Γ)

Φ

σ

σΣ,Γ α2

α1, γ1 u

Figure 5: Pushout in MMT [29]

At the moment we have a very abstract description of what a pushout is, but let us make it
a bit more concrete with an example. PosOrd> is the theory of positively ordered sets. N,
the set of natural numbers is a view of PosOrd>. OrdList> represents positively ordered
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lists. From the theories N and OrdList> MMT generates the pushout theory OrdList>(N).
In our generated theory we can use all the axioms from N and OrdList> as we know they
hold true.

PosOrd>

OrdList>

N

OrdList>(N)

Figure 6: Pushout over N and OrdList>

3.6 The Universal OpenMath Machine

MMT will be used to express the assessment theories, but these theories still need to be
evaluated in the context of the spreadsheet document. The evaluation will be performed
using the MMT system extension developed by Felix Mance for his bachelor thesis [30],
which integrates the Universal OpenMath Machine built by Vladimir Zamdzhiev [31].

The Universal OpenMath Machine is a software system that can execute Scala [32] im-
plementations of OpenMath [33] objects embedded in an OMDoc [34] document and
simplify OpenMath expressions.

Felix’s work gave the MMT system the attributes of a declarative, deductive and computa-
tional system. Felix’s Practical OpenMath Machine, offers the power of a proof assistant
system7 and a computer algebra system8 without any of their individual weaknesses. This
system is composed from two subsystems. The first subsystem integrates the declara-
tive and computational realms and the second subsystem integrates the declarative and
deductive realms. By using MMT as the common declarative system of the two subsys-
tems, the two components can be connected and become a complete, fully extensible
declarative, deductive and computational system with support for arbitrary logics and
programming languages.

The Universal OpenMath Machine will be used by the Assessment Service to compute
the result of applying an assessment theory in a particular context. Without the Assess-
ment Service, if John tries to decide if the profit is good or bad, he manually applies the
assessment theory ”A profit value is good if it is positive.” to the value of the cell of interest
i.e. he checks if the value of the cell is bigger than 0. But, with the help of the Universal
OpenMath Machine, we can transfer the task of evaluating the assessment theory to the
application.

In the following section I will explain how all these systems work together to realize the
current implementation of the Assessment Service.

7”A software tool to assist with the development of formal proofs by human-machine collaboration” [35]
8”A software program that allows computation over mathematical expressions” [36]
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4 The Value Assessment Service

In the first part of this section we will see how the Assessment Service is implemented,
how it is integrated in the Semantic Alliance Framework and how it interacts with the MMT
system. In the second part, we will look into what an ”assessment theory” is and how it
is represented and evaluated in MMT.

The Assessment Service will essentially support three operations from the user’s point of
view:

• Assess a cell

• Assess a functional block (a range of cells)

• Clear assessment results

4.1 Integration into the Semantic Alliance Framework

In order to understand how the Assessment Service works and how it is integrated into
the Semantic Alliance Framework I developed each of the mentioned operations and
broke down the actions of the individual components of the framework and the message
flow between them, switching from the user’s perspective to the system’s perspective as
often as it is necessary for a full comprehension.

We will use LibreOffice Calc [37] as our host spreadsheet application and the document
illustrated in Figure 1 as our running example. For this service, the Alex add-in for Libre-
Office Calc has been extended with functionality to highlight cell blocks and to lock the
editing of the document.

The Assessment Service was created in Java [38] as a sub-module of the Sally compo-
nent of the framework. The service registers itself with the framework at initialization and
will be available to the user each time he tries to assess a semantic object that is linked
to an assessment theory. A semantic object can be linked to an assessment theory by
keeping the association in the Abstract Spreadsheet Model9(ASM) associated with the
document.

Figure 7: Sally Frames

Let us first look at the process of assessing a cell.
For this purpose, we go back to our running exam-
ple and see how John might use the Assessment
Service. John will select the cell he wants to work
with and right click it. At this point he has to se-
lect ”Show Frames” from the context menu. A mes-
sage containing the position of the selected range
is sent to Sally. Sally looks through the list of reg-
istered services, selects all the services that apply
and presents the user with a list of Frames(see Figure 7) in which these services can be
used. The flow of messages between the different components can be seen in Figure 8.

9A software component that keeps information about the mapping between semantic objects and ontology
concepts and assessment theories.
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Figure 8: Value Assessment Process

Figure 9: Knowledge Base Ser-
vices

The user will now select the ”Knowledge Base”
frame and then select the ”Assessment Service”
from the list of options(see Figure 9). The assess-
ment module in Sally will now make use of informa-
tion from the Abstract Spreadsheet Model(ASM) to
decide what kind of functionality it can offer to the
user. The user will then see a list of functionality
offered by the Assessment Service for the selected
cell.

Figure 10: Assessment Service
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In order to assess the value in the selected cell, the user will click ”Assess Value of ”
(see Figure 10). Before performing the assessment, the services has to determine the
cell’s intended function. This is realized by retrieving the required information from the
concept associated with the cell. As the association is kept in the ASM as a URI, this
operation requires only accessing the ontology using the respective URI. The ASM also
holds information about the assessment theories associated with each cell. The next step
is to use the concept and the assessment theory associated with this cell to assess the
value of interest.

The service will now send a POST [39] request to the MMT system that is running in a
separate process to assess the value of the selected cell. This POST is addressed to the
URIs of the assessment theory and it contains information about the concept associated
with the cell and the value of the cell. We will take a closer look at how an assessment
theory looks and how it is evaluated in the next section.

The MMT system will perform the assessment and return a boolean value, indicating
whether the evaluation was positive or not, to the Assessment Service. Depending on
the result, the Assessment Service will send a request to the Alex add-in in LibreOffice to
color the cell of interest. The result of an assessment is shown to the user by highlighting
the assessed cells or ranges in bright green for a positive result, and in bright red for a
negative result. Although the choice of colors might pose a problem to users that suffer
from some forms of colorblindness, it is sufficient for a research prototype. At this point,
LibreOffice locks down the sheets containing the colored cells so that no modification is
possible. We can see the result of assessing the Projected Profit for the year 2016 in
Figure 11.

Figure 11: Assessed Projected Profit
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The process of assessing an entire functional block(a domain) is almost identical. After
the range is selected and the Assessment Service is invoked, the system checks if the
selected domain represents one homogeneous functional block. If there are cells in the
block that are associated with a different concept i.e. a different intended function, we
cannot assess it. After this sanity check, the process continues as in the case of the
single cell assessment.

After performing an assessment, the spreadsheet cannot be edited by the user. This
locking is performed in order to offer the user the possibility of returning the spreadsheet
document to a pre-assessment state. The option to clear the result of the last assessment
or all the assessment results is offered to the user by the Assessment Service. After
clearing all the results, the user can edit the document without any restrictions.

As we have seen, the main functionality of the service is concentrated in the MMT system,
so we will now take a closer look at its role.

4.2 MMT Assessment Theories

The MMT system sits at the core of the Assessment Service. It allows to formalize the
assessment process as a set of structured theories that can be viewed in the specific
context of the spreadsheet.

Let us return to our running example to see how assessment knowledge is formalized
and what an ”assessment theory” represents. The first spreadsheet item that John wants
to evaluate is the one of ”Profits”. Alin, our former domain expert, considered that ”A profit
value is good if it is positive.”. This is a simple and, one might say, obvious evaluation, but
it showcases the concepts behind assessment. These guidelines for evaluating an item
are laid out by the domain expert which is, in most cases, also the creator of the docu-
ment. Unfortunately, the system cannot compute if the values in the workbook respect
this informal assessment rule. It requires a formal representation of this assessment that
it can understand and process. The premise of the entire Assessment Service is that the
domain expert can easily formalize the knowledge he uses to evaluate the spreadsheet
as MMT theories. We call these formal representation of evaluation rules ”assessment
theories”.

As we have seen in the previous subsection, the user can assess an individual value or
he can assess the behavior of a function over a domain. I will first look into the process
of formalizing the theory ”A profit value is good if it is positive.” and then I will give a brief
overview of the theory graph for the assessment ”A profit should increase over time.”.

The theory graph in Figure 12 is the one used to assess if a profit value is positive or not.
It is composed of a number of generic theories which are framed according to the concept
we are evaluating. The following theories represent generic assessment components:

• Comparation contains two symbols: base and comp. base represents a point of
reference with respect to which we would like to compare another value. comp
represents a generic comparator that given two values, returns a boolean value
expressing if the values respect its rule.

• Valuation Function includes the Comparation theory and contains three symbols:
domain,params and f. f represents a function which we want to assess in a particu-
lar point, params represents the coordinates of the function value we are interested
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Figure 12: Assessment of Value Theory Graph

in and domain represents the domain over which we want to evaluate the function.
For the purpose of assessing a value, the domain symbol can be ignored.

• Assessment of Value includes the Valuation Function theory and contains one
symbol: assessment result. assessment result is the result of comparing the
value of a function in a certain point with a base reference.

• Real Numbers represents the set of real numbers and it will allow us to view our
theories from a more concrete perspective.

Profit represents the concept of profit. It contains three symbols π,t and years which
represent the profit function, the value of the year in which we want to compute the profit
and a set of years representing its domain. Profit can be substituted at runtime with any
other concept for which we want to assess a value. This setup allows us to evaluate
arbitrary functions and their values as long as we transfer all the necessary information
from the spreadsheet to the MMT system.

Having the ”theory framework” set into place, the next step is to particularize it for our
context. We realize this by generating the following views:

• Positive Good is a view from Comparation to Reals and assigns to base the value
0 and to comp the greater than operator(>). This will allow us to check if a value is
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greater than 0.

• Assessable Profit is a view from Valuation Function to Profit. The f symbol is
mapped to π,the params symbol is mapped to t and the domain symbol is mapped
to years. This view makes the profit assessable.

• Concrete Profit is a view from Profit to Real Numbers. This is the point where the
profit function and the year of interest are instantiated with concrete values. This is
the theory that is closest to our representation of profits in the document.

At this point, we have integrated our concrete values into the theory graph and all we
have to do is perform the assessment. Basically, we are interested in the value of
assessment result in the frame of Assessable Profit and Concrete Profit. The theory
Assessed Profit is generated by MMT over the two views using the push-out mechanism.
The Universal OpenMath Machine will simplify the value of the pushed-out assessment result
and the result will be returned to the Assessment Service component in Sally.

We now turn our attention to the process of assessing a function over a domain. Our
informal assessment rule says ”A profit should increase over time.”. The formalization of
this rule is represented as a theory graph in Figure 13. As you might have noticed, the
theory graph has a similar structure to the one used for assessing an individual value so
I will only highlight the most important differences.

Figure 13: Assessment of Domain Theory Graph
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The Comparation theory is replaced with the Evaluation theory. This theory contains
the symbol evaluator which, given a function and a list of input values representing a
sub-domain, will return a boolean value indicating whether the function has the expected
behavior over the given sub-domain. The last theory of importance is Assessment of
Domain. This theory contains the symbol domain assessment which is the result of
evaluating a function over a domain. As we can see from the theory graph in Figure 13,
assessing a function over a domain is very similar to assessing a single value. In fact,
the two theory graphs can be merged, but they have been kept separate for the benefit
of simplicity.

The Assessment Service I have developed provides a simple, intuitive interface that hides
the formal theory structure and the evaluation of arbitrarily complex assessment rules.
The theory graph that is the basis of the service can be easily extended with new assess-
ment rules with a minimal implementation cost while incrementally increasing the value
of the entire system.

5 Use Case

In this section we take a closer look at our running example and see how the Assessment
Service can be used in a real life scenario. We have two users of the same spreadsheet
document, John and Robert, that have a slightly different view on the ideal outcome of
the management process.

John’s Assessments

John wants to maximize resource consumption in order to maximize growth and the divi-
sion’s potential market value, while maintaining a profit margin. As John is on his first day
on the job, he has to rely on the data left behind by his predecessor. As we have already
discussed, it would be extremely difficult for our young manager to get a full picture of the
department’s status just by analyzing the data contained in the spreadsheet document.
In this fortunate case, the electronic ledger is accompanied by a background ontology
and a set of assessment theories developed by its creator, John’s predecessor.

The first step our manager takes is to analyze the current and expected profits. After
selecting the ”Actual Profit” functional block, the Assessment Service gives him two op-
tions, to assess the individual cells or to assess the functional block as a whole, the entire
domain. He decides to first assess the individual cells. After choosing the option ”Assess
Value. . . ”, the entire ”Actual Profit” block is colored in bright green, as we can see in Fig-
ure 14. This result is reassuring to John, but he still wonders why this is. Answering ”Why
the assessment is positive?” is left to a future service. After inspecting the assessment
theory, John suspicion is confirmed: An actual profit is positively assessed if it its value
is positive. Now, John assesses the entire functional block ”Actual Profit”, and again, the
whole block is colored in green, reflecting the fact that the profit has increased over time.

John turns his attention to the Projected Profit functional block and the assessment of the
individual cells returns a negative result. Projected Profit should also be positive, but for
some reason, the expected profit for the year 2016 is negative. This result forces John to
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Figure 14: Assessment Service

look deeper into the business plan of the division and determine if the decisions taken by
his predecessor were sound.

Using the Assessment Service has enabled John to enhance his decision making process
and to direct his attention into the right direction. He can now take a closer look at the
critical points of the business plan and decide if a restructuring is necessary.

Robert’s Assessments

Now, we look at assessing data in our document from Robert’s point of view. Robert,
John’s boss, is in charge of managing multiple divisions and redistributing funds in order
to maximize global efficiency and growth. Robert main source of information about John’s
division is the same spreadsheet document we have used until now.

Although both Robert and John want to make profit, they have slightly different views
on how this should be achieved. For instance, Robert has a different idea on how a
profit should grow, when it should be allowed to transform into a loss and how it should
evolve over time. This different opinion materializes as a different association between
cell ranges and assessment theories. This switch in perspectives can be easily imple-
mented by allowing users to choose and edit the mapping between cells and functional
blocks and assessment theories and by storing the mapping in a private extension of the
ASM.

Robert starts by assessing the Actual Profit expressed in percentages of the Revenues.
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He considers that a division is reaching its target if the profit grows faster than the Dow
Jones Industrial Average [40]. He selects the entire Actual Profit block and chooses
Assess Functional Block. Unfortunately, the whole block is colored in red. This makes
Robert worry that the results of this division might have a negative effect on the company’s
public appearance and stock value.

When assessing the Projected Profit block, Robert discovers another problem. Again, the
projected profit for the year 2016 raises a red flag. He decides to further investigate the
issue and talk with his new subordinate in order to create a viable future for this division.
If all the assessments would have been positive i.e. the blocks would have been colored
green, Robert would have been assured that the department John is managing is faring
well and he could have focused his attention somewhere else.

Robert and John are both worried that the division is not reaching its full potential and
they now know that something has to be done about that, but they are grateful that the
Assessment Service has helped them in taking a fast decision on what problem area
requires their interest.

6 Future Work and Conclusions

Implementation Improvements

The assessment theories we have used so far have been fairly basic, but, in real life, a
decision support system would have to support more complex assessments that factor in
data from multiple sources, inside and outside the spreadsheet application.

MMT has the power to represent arbitrary languages based on theories, so it can be used
to express powerful and complex assessment theories. At the moment, the main difficulty
in creating high-level assessment theories is providing the framework for their evaluation.
The current implementation of the Universal OpenMath Machine supports only a limited
number of primitive operations on basic data types. In order to offer a framework that
supports fast and efficient development of assessment theories, the Universal OpenMath
Machine would have to be extended to support a larger number of primitive data types
and operations.

An important challenge for the usability of the system at this point is associating assess-
ment theories with the functional blocks and individual cells. The current implementation
forces the user to create the Abstract Spreadsheet Model using its Java interface. This
seriously impairs the usability of the framework in a production environment. A solution
to this problem would be to extend the Abstract Spreadsheet Model Editor10 with func-
tionality to associate assessment theories with individual cells and functional blocks. As
an assessment theory is represented by a URI, this extension would require only a few
developer hours but it would considerably improve the work flow of the creator of the
spreadsheet document.

10A graphical user interface for editing the Abstract Spreadsheet Model
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Future Services

In the presented use case example, one question was repeatedly raised during the as-
sessment process: Why is this assessment positive/negative?. This question is multi-
faceted. One the one hand, it is concerned with how the assessment theory is defined,
but on the other hand, it is concerned with the factors that determined the assessment to
have a positive or negative result. The following two envisioned services will attempt to
tackle both issues.

Assessment Explanation

The first aspect of understanding the result of an assessment is understanding the as-
sessment theory behind it. The current implementation stores a formal representation of
the assessment theory in the MMT language which is also used in the evaluation pro-
cess. As the MMT language is constantly evolving and has a highly formal character, it is
unfeasible to ask of the average spreadsheet reader to fully understand it.

In essence, we need to combine the formal and informal aspects of the assessment
theory and present them to the user in a simple, context sensitive interface. One approach
would be to pair each assessment theory with an informal definition stored in the ontology.
When the user assesses an object, he can also choose to see the informal definition of
the assessment theory. Although this approach can be implemented with the current
technology, it would lead to a system where it would be very expensive to develop and
maintain assessment theories and definitions.

A better approach would merge the formal and informal representations of the assess-
ment theory in a single entity. The work of MIHNEA IANCU on Flexiformal Mathematics [41]
will allow documents with a variable degree of formality on which different semantic ser-
vices can be used. By leveraging computations, adaptable explanations can be offered
depending on the result of the assessment.

Assessment of Dependencies

Figure 15: Assessment of Dependencies

In this section, the interest falls on de-
termining the causes of an assessment
result as we extend on the work done
by KOHLHASE and KOHLHASE in Spread-
sheets with a Semantic Layer.

Let us consider the cell F17 in the running
example, which represents the Projected
Profit for the year 2016. The Projected
Profit is defined as Projected Revenues -
Projected Total Expenses. It makes sense
to trace the assessments through the de-
pendency tree in an attempt to gather
more insight about the assessment’s re-
sult.
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In Figure 15 we can see the definition graph for the negatively assessed cell F17 for the
Projected Profit in year 2016. The node associated with Projected Revenue for the year
2016 is colored in red, meaning that it was also negatively assessed, so the problem
might be with the revenues.

The JavaScript InfoVis Toolkit [42] provides all the necessary functionality to visualize the
dependence graph and the Assessment Service already provides functionality for assess-
ing the individual cells and functional blocks. At this point in time, the only functionality
that is required to implement this service is a Formula Parser that would transform spread-
sheet formulas into a tree structure. The development of the presented functionality is left
for further research.

Conclusion

My bachelor thesis builds on the theoretical work conducted by KOHLHASE and KOHLHASE

in Spreadsheets with a Semantic Layer in the area of assessment knowledge in spread-
sheets.

The developed Assessment Service, based on the concept of theory graphs, that given
only minimal user input in the form of associations of assessment theories and spread-
sheet items, is able to deduce and perform value judgements on the concrete workbook
data. Assessment theories can be easily created by domain experts with minimal effort
while incrementally increasing the value of the system for end users.

This service acts as a decision support system and at the same time enhances the
spreadsheet application’s semantic transparency. I believe that, integrated in the Seman-
tic Alliance Framework, the Assessment Service is an invaluable tool for spreadsheet
users.
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