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Abstract. Extraction-Transformation-Loading (ETL) tools are pieces of
software responsible for the extraction of data from several sources, their
cleansing, customization and insertion into a data warehouse. In this paper, we
propose a methodology for the earliest stages of the data warehouse design,
with the goal of tracing the analysis of the structure and content of the existing
data sources and their intentional mapping to the common conceptual data
warehouse model. The methodology comprises a set of steps that can be
summarized as follows: (@) identification of the proper data stores; (b)
candidates and active candidates for the involved data stores; (c) attribute
mapping between the providers and the consumers, and (d) annotation of the
diagram with runtime constraints.

1 Introduction

In order to facilitate and manage the data warehouse operational processes,
specialized tools are dready available in the market, under the genera title
Extraction-Transformation-Loading (ETL) tools. To give a general idea of the
functionality of these tools we mention their most prominent tasks, which include: (a)
the identification of relevant information at the source side; (b) the extraction of this
information; (c) the customization and integration of the information coming from
multiple sources into a common format; (d) the cleaning of the resulting data set, on
the basis of database and business rules, and (€) the propagation of the data to the data
warehouse and/or data marts.

In Fig.1 we abstractly describe the general framework for ETL processes. In the
bottom layer we depict the data stores that are involved in the overall process. On the
left side, we can observe the original data providers. Typically, data providers are
relational databases and files. The data from these sources are extracted (as shown in
the upper left part of Fig.1) by extraction routines, which provide either complete
snapshots or differentials of the data sources. Then, these data are propagated to the
Data Staging Area (DSA) where they are transformed and cleaned before being
loaded to the data warehouse. The data warehouse is depicted in the right part of the
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data store layer and comprises the target data stores, i.e., fact tables for the storage of
information and dimension tables with the description and the multidimensional, roll-
up hierarchies of the stored facts. The loading of the central warehouse is performed
from the loading activities depicted on the upper right part of the figure.
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Fig. 1. The environment of Extract-Transform-Load processes

In this paper, we are dealing with the earliest stages of the data warehouse design.
During this period, the data warehouse designer is concerned with two tasks that are
practically executed in paralel. The first of these tasks involves the collection of
requirements from the part of the users. The second task, which is of egual
importance for the success of the data warehousing project, involves the analysis of
the structure and content of the existing data sources and their intentional mapping to
the common data warehouse model. Related literature [14, 27] and personal
experience suggest that the design of an ETL process aims towards the production of
acrucia deliverable: the mapping of the attributes of the data sources to the attributes
of the data warehouse tables. The production of this deliverable involves several
interviews that result in the revision and redefinition of original assumptions and
mappings, thusit isimperative that a simple conceptual model is employed in order to
(a) facilitate the smooth redefinition and revision efforts and (b) serve as the means of

communication with the rest of the involved parties.

In a previous line of work [29], we have proposed a conceptual model for ETL
processes. In this paper, we complement this model in a set of design steps, which
lead to the basic target, i.e., the attribute interrelationships. These steps constitute the
methodology for the design of the conceptual part of the overall ETL process and
could be summarized as follows: (a) identification of the proper data stores; (b)
candidates and active candidates for the involved data stores; (c) attribute mapping
between the providers and the consumers, and (d) annotating the diagram with
runtime constraints (e.g., time/event based scheduling, monitoring, logging, exception
handling, and error handling).

This paper is organized as follows. In Section 2, we give a motivating example,
over which our discussion will be based. Section 3 shortly presents an overview of the
conceptual model for ETL processes. In Section 4, we demonstrate the methodol ogy

for the usage of the conceptual model. Finally, in Section 5 we present related work
and in Section 6 we conclude our resullts.
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2 Motivating example

To motivate our discussion we will introduce an example involving two source
databases S, and S, aswell as a central data warehouse DW. The scenario involves the
propagation of data from the concept PARTSUPP (PKEY, SUPPKEY, QTY, COST) Of
source S; as well as from the concept PARTSUPP (PKEY, DEPARTMENT, SUPPKEY,
DATE, QTY, COST) of source S, to the data warehouse. In the data warehouse,
DW.PARTSUPP (PKEY, SUPPKEY, DATE, QTY, COST) stores daily (PATE) information
for the available quantity (oTv) and cost (cosT) of parts (pPkEY) per supplier
(suppPkEY). We assume that the first supplier is European and the second is
American, thus the data coming from the second source need to be converted to
European values and formats. For the first supplier, we need to combine information
from two different tables in the source database, which is achieved through an outer
join of the concepts ps; and ps, respectively. In Fig. 2 we depict the full-fledged
diagram of our motivating example. Throughout al the paper, we will clarify the
introduced concepts through their application to our motivating example.
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Fig. 2. The diagram of the conceptual model for our motivating example

Bife S‘VSDmOﬁ PS1 Pkey+=PS2.PKey ﬁ

3 Conceptual Model for ETL processes

In this section, we focus on the conceptual part of the definition of the ETL process.
For a detailed presentation of our conceptual model and formal foundations for the
representation of ETL processes, we refer the interested reader to [29]. This model has
a particular focus on (a) the interrelationships of attributes and concepts, and (b) the
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necessary transformations that need to take place during the loading of the warehouse.
The latter part is directly captured in the proposed metamodel as a first class citizen;
we employ transformations as a generic term for the restructuring of schema and
values or for the selection and even transformation of data. Attribute
interrelationships are captured through provider relationships that map data provider
atributes at the sources to data consumers in the warehouse. Apart from these
fundamental relationships, the proposed model is able to capture constraints and
transformation composition, too.

concept tranlon ><:> Note

ETL_constraint

active canditate \

C ><:§ <:>_<:> candidate, —‘—N target

part of prouder provider serial
NM composition canchdate 7 {XOR;

Fig. 3. Notation for the conceptual modeling for ETL activities

In Fig. 3 we graphically depict the different entities of the proposed model. We do
not employ standard UML notation for concepts and attributes, for the simple reason
that we need to treat attributes as first class citizens of our model. We try to be
orthogonal to the conceptual models which are available for the modeling of data
warehouse star schemata; in fact, any of the proposals for the data warehouse front
end can be combined with our approach, which is specifically tailored for the back
end of the warehouse.

Attributes. A granular module of information. The role of attributes is the same as
in the standard ER/dimensional models (e.g., PKEY, DATE, SUPPKEY, €tC.).

Concepts. A concept represents an entity in a source database or in the data
warehouse (e.g., S,.PARTSUPP, S,.PARTSUPP, DW.PARTSUPP). Concept instances
are the files in the source databases, the data warehouse fact and dimension tables and
so on. A concept isformally defined by a name and afinite set of attributes.

Transformations. Transformations are abstractions that represent parts, or full
modules of code, executing a single task and include two large categories: (a) filtering
or data cleaning operations, and (b) transformation operations, during which the
schema of the incoming data is transformed (a surrogate key assignment
transformation (sx), a function application (£), a not null (nn) check, etc.). Formally,
a transformation is defined by (@) a finite set of input attributes; (b) a finite set of
output attributes, and (c) a symbol that graphically characterizes the nature of the
transformation. A transformation is graphically depicted as a hexagon tagged with its
corresponding symbol.

ETL Constraints. ETL constraints are used in several occasions when the designer
wants to express the fact that the data of a certain concept fulfill several requirements
(e.g., to impose a Pk constraint to pw. PARTSUPP for the attributes PKEY, SUPPKEY,
DATE). This is achieved through the application of ETL constraints, which are
formally defined as follows: (a) afinite set of attributes, over which the constraint is
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imposed, and (b) a single transformation, which implements the enforcement of the
constraint. Note, that despite the similarity in the name, ETL constraints are different
modeling elements from the well-known UML constraints. An ETL congtraint is
graphically depicted as a set of solid edges starting from the involved attributes and
targeting the facilitator transformation.

Notes. Exactly as in UML modeling, notes are informal tags to capture extra
comments that the designer wishes to make during the design phase or render UML
congtraints attached to an element or set of elements [3] (e.g., a runtime constraint
specifying that the overall execution time for the loading of pw.PpaRTSUPP cannot
take longer than 4 hours).

Part-of Relationships. We bring up part-of relationships, not to redefine UML part-
of relationships, but rather to emphasize the fact that a concept is composed of a set of
atributes, since we need attributes as first class citizens in the inter-attribute
mappings. In general, standard ER modeling does not treat this kind of relationship as
a first-class citizen of the metamodel; UML modeling on the other hand, hides
attributes inside classes and treats part-of relationships with a much broader meaning.
Naturally, we do not preclude the usage of the part-of relationship for other purposes,
asin standard UML modeling.

Candidate relationships. A set of candidate relationships captures the fact that a
certain data warehouse concept (e.9., S,. PARTSUPP) can be populated by more than
one candidate source concepts (e.g., AnnualPartSupp, RecentPartSupp). This
information is normally discovered quite early in the data warehouse project and
should be traced for the possibility of redesign or evolution of the warehouse.

Active candidate relationships. An active candidate relationship denotes the fact
that out of a set of candidates, a certain one (in our case, RecentPartSupp) has been
selected for the population of the target concept.

Provider relationships. A provider relationship can be used at two abstraction
levels. At the concept level, it maps provider to target concepts. At the attribute level,
it maps a set of input attributes to a set of output attributes through a relevant
transformation. Practically, a provider relationship at the concept level implies that
the target concept will be populated from the provider one. This kind of provider
relationship at the concept level can be further refined to provider relationships at the
attribute level (through simple part-of relationships). Inthe simple 1: 1 case, provider
relationships capture the fact that an input attribute in the source side populates an
output attribute in the data warehouse side. If the attributes are semantically and
physically compatible, no transformation is required. If thisis not the case though, we
pass this mapping through the appropriate transformation (e.g., European to American
data format, not null check, etc.). In general, it is possible that some form of schema
restructuring takes place; thus, the formal definition of provider relationships
comprises (@) afinite set of input attributes; (b) a finite set of output attributes, and (c)
an appropriate transformation (i.e., one whose input and output attributes can be
mapped one to one to the respective attributes of the relationship). In the case of N:M
relationships the graphical representation obscures the linkage between provider and
target attributes. To compensate for this shortcoming, we annotate the link of a
provider relationship with each of the involved attributes with atag, so that thereisno
disambiguate for the actual provider of atarget attribute.
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Transformation Serial Composition. It is used when we need to combine several
transformations in a single provider relationship (e.g., the combination of sk and v in
our motivating example).

4 Methodology for the usage of the conceptual model

In this section, we will present the proposed methodology, by giving the sequence of
steps for a designer to follow, during the construction of the data warehouse. Each
step of this methodology will be presented in terms of our motivating example (also
hoping that it clarifies the nature of the employed modeling entities). As already
mentioned, the ultimate goal of this design process is the production of inter-attribute
mappings, along with any relevant auxiliary information.

Sep 1: Identification of the proper data stores. The first thing that a designer faces
during the requirements and analysis period of the data warehouse process is the
identification of relative data sources. Assume that for a particular subset of the data
warehouse, we have identified the concept pw PARTSUPP Which is a fact table of how
parts where distributed according to their respective suppliers. Assume also that we
have decided that for completeness reasons, we need to populate the target table with
data from both sources s; and s,, i.e.,, we need the union of the data of these two
sources. Moreover, in order to populate the concept s, PARTSUPP, We need an outer
join of the data of the concepts ps, and ps,. Then, the diagram for the identified data
sources and their interrelationshipsis depicted in Fig. 4.

PS1
S1.PARTSUPP
PS2

S2.PARTSUPP

DW.PARTSUPP

Necessaty providers:
S1 and S2

Fig. 4. Identification of the proper data stores

Sep 2: Candidates and active candidates for the involved data stores. As aready
mentioned before, during the requirements and analysis stage the designer can
possibly find out that more than one data stores could be candidates to populate a
certain concept. The way the decision is taken cannot be fully automated; for
example, our personal experience suggests that, at least the size, the data quality and
the availability of the sources play a major role in this kind of decision. For the
purpose of our motivating example, let us assume that source s, has more than one
production systems (e.g., COBOL files), which are candidates for concept
S, PARTSUPP. Assume that the available sources are:

— A concept AnnualPartSupp’s (practically representing a file F1), that contains the
full annual history about part suppliers; it is used basically for reporting purposes
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and contains a superset of fields than the ones required for the purpose of the data
warehouse.

— A concept RecentPartSupp's (practically representing a file F2), containing only the
data of the last month; it used on-line by end-users for the insertion or update of
data as well as for some reporting applications.

The candidate concepts for concept s, PARTSUPP and the (eventually selected)
active candidate RecentPartSupp’ s, aong with the tracing of the decision for the

choice, are depicted in Fig. 5.

DWPartSupp
Annual
PSS - y' ‘hﬂ $2.PARTSUPP
Recent Due to acccurac -
PartSupp’s ‘R and small size Necessls igdpsnz)vldels.
(<update window)

Fig. 5. Candidates and active candidates for the motivating example

Once a decision on the active candidate has been reached, a simplified ‘working
copy’ of the scenario that hides al other candidates can be produced. There are two
ways to achieve this (a) by ignoring al the information on candidates for the target
concept (Fig. 6), or (b) by replacing the target with the active candidate (Fig. 7). In
other words, in order to avoid cluttering the diagram with information not directly
useful, the designer can choose to work in a simplified version. The hidden
candidates, are not eliminated; on the contrary, they remain part of the conceptual
model of the data warehouse, to be exploited in later stages of the warehouse lifecycle
(e.g., in the case of changes to the active candidate that may possibly lead to the
reconsideration of this choice). The only difference is that they are not shown to the
designer.
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Fig. 6. Working copy transformation: ignoring candidates

311



~
RN 4
candidate, | __ i active
i ~ (et candidate
) {XOR}
ow

Fig. 7. Working copy transformation: replace targets with active candidates

Sep 3. Attribute mapping between the providers and the consumers. The most
difficult task of the data warehouse designer is to determine the mapping of the
attributes of the sources to the ones of the data warehouse. This task involves several
discussions with the source administrators to explain the codes and implicit rules or
values, which are hidden in the data and the source programs. Moreover, it involves
quite a few ‘data preview’ attempts (in the form of sampling, or simple counting
queries) to discover the possible problems of the provided data. Naturaly, this
process is interactive and error-prone. The support that atool can provide the designer
with lies mainly in the area of inter-attribute mapping, with focus on the tracing of
transformation and cleaning operations for this mapping.

For each target attribute, a set of provider relationships must be defined. In simple
cases, the provider relationships are defined directly among source and target
atributes. In the cases where a transformation is required, we pass the mapping
through the appropriate transformation. In the cases where more than one
transformations are required, we can insert a sequence of transformations between the
involved attributes, all linked through composition relationships. ETL constraints are
aso specified in this part of the design process. An example of inter-attribute
relationship for the concepts ps;, PS,, S;.PARTSUPP, S,.PARTSUPP and
DW . PARTSUPP, isdepicted in Fig. 8.

S2.PARTSUPP

0

=

SuppKey \
‘

Co P
‘_

L4

SuppKey
Amcrican (o _ PS1.Pkey+=PS2.PKey
Date = Sys Date -

$ € ﬁ European Dateﬁ b s ()ﬁ PS1.SuppKey+=PS2.SuppKey ﬁ

Fig. 8. Attribute mapping for the population of recordset DW . PARTSUPP

Sep 4: Annotating the diagram with runtime constraints. Apart for the job
definition for an ETL scenario, which specifies how the mapping from sources to the
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data warehouse is performed, along with the appropriate transformations, there are

several other parameters that possibly need to be specified for the runtime

environment. This kind of runtime constraintsinclude:

— Time/Event based scheduling. The designer needs to determine the frequency of
the ETL process, so that data are fresh and the overall process fits within the
refreshment time window.

— Monitoring. On-line information about the progress/status of the process is
necessary, so that the administrator can be aware of what step the load is on, its
start time, duration, etc. File dumps, notification messages on the console, e-mail,
printed pages, or visual demonstration can be employed for this purpose.

— Logging. Off-line information, presented at the end of the execution of the
scenario, on the outcome of the overall process. All the relevant information (e.g.,
the previous tracing stuff) is shown, by employing the aforementioned techniques.

— Exception handling. The row-wise treatment of database/business rules violation is
necessary for the proper function of the ETL process. Information like which rows
are problematic, or how many rows are acceptable (acceptance rate, that is),
characterizes this aspect of the ETL process.

— Error handling. Crash recovery and stop/start capabilities (e.g., committing a
transaction every few rows) are absolutely necessary for the robustness and the
efficiency of the process.

{Duration<4h}

PSI

—»
S1.PARTSUPP

S
DWPartSupp
Aonual Ry
PatQupp's i l S2 PARTSUPP

Recent B Due to acccurac X
[ Necessaty providers:

PS2

PartSupp’s and smau size S] and 2
(<update window)

Fig. 9. Annotation of Fig. 5 with constraints on the runtime execution of the ETL scenario

To capture al this information, we adopt notes, tagged to the appropriate concepts,
transformations or relationships. In Fig. 9 we depict the diagram of Fig. 5, annotated
with a runtime constraint specifying that the overall execution time for the loading of
DW . PARTSUPP (that involves the loading of s, . PARTSUPP and S, . PARTSUPP) cannot
take longer than 4 hours.

5 Related Work

There have been quite a few attempts around the conceptual modeling of data
warehouses. Most of them are focused around the front-end of the data warehouse [4,
5,8, 9, 10, 13, 14, 17, 19, 23, 24, 25, 26]. A variety of commercial ETL tools exist in
the market [11, 12, 16, 20] (see also a recent review [6] for more details). Naturally,
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there also exist research efforts including [1, 2, 7, 15, 18, 21, 22, 28, 30] mostly
targeting logical modeling and implementation issues of the ETL process (like
duplicate elimination, logical modeling of ETL workflows, etc.).

[ ointo — g pg)
S2 PARTSUPP S1.PARTSUPP get Qty :
and
\ / Cogt

Surogate Key for PKe:
Amencan to European| | Sumogate Key for PKey
Date and Cost Add Sysem Date

Group over PKey, Not Null Check for Cos
SuppKey, Date

S1.PS2

PK check: PKey,SuppKey, Date
Duration < 4h

DWPARISUPP

Fig. 10. Informal conceptual model following the [14] notation

The only methodology that we know of is found in [14], mainly grouped as a set of
tips and technical guidelines; on the contrary, in our approach we try to give a more
disciplined methodology. The major deficiency of the [14] methodology is the lack of
conceptual support for the overall process. According to the [14] proposa (e.g.,
p.613), the closest thing to a conceptual model for our motivating example is the
informal description depicted in Fig. 10. As far as inter-attribute mappings are
concerned, tables of matching between source and warehouse attributes are suggested.
The spirit of [14] is more focused towards the logical design of ETL workflows; thus,
rather than systematically tracing system and user requirements, transformations and
constraints, the proposed methodology quickly turns into a description of data flows
for common cases of ETL transformations (e.g., surrogate keys, duplicate elimination
and so on).

6 Conclusions

In this paper, we have proposed a methodology for the earliest stages of the data
warehouse design, with the goal of tracing the analysis of the structure and content of
the existing data sources and their intentional mapping to the common data warehouse
model. As already suggested in previous research efforts [29] the magjor deliverable of
this effort isamodel of the attribute interrelationships. In this paper, we present a set
of design steps that constitute the methodology for the design of the conceptual part
of the overall ETL process. These steps could be summarized as follows: (a)
identification of the proper data stores; (b) candidates and active candidates for the
involved data stores; (c) attribute mapping between the providers and the consumers,
and (d) annotating the diagram with runtime constraints.

Clearly, a lot of work remains to be done for the completion of our research
approach. The main challenge is the practical application of this disciplined approach
in real world cases and its further tuning to accommodate extra practical problems.
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Moreover, a second challenge involves the linkage of our conceptual model and
methodology to alogical model for ETL workflows.
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