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Abstract
We introduced a new class of extended aggregate functions, 
called horizontal aggregations which help preparing data sets 
for data mining and OLAP cube exploration. Specifically, 
IEEE TRANSACTIONS ON KNOWLEDGE AND DATA 
ENGINEERING This article has been accepted for publication in 
a future issue of this journal, but has not been fully edited. Content 
may change prior to final publication. 14 horizontal aggregations 
are useful to create data sets with a horizontal layout, as commonly 
required by data mining algorithms and OLAP cross-tabulation. 
Basically, a horizontal aggregation returns a set of numbers instead 
of a single number for each group, resembling a multi-dimensional 
vector. We proposed an abstract, but minimal, extension to SQL 
standard aggregate functions to compute horizontal aggregations 
which just requires specifying sub grouping columns inside the 
aggregation function call. From a query optimization perspective, 
we proposed three query evaluation methods. The first one (SPJ) 
relies on standard relational operators. The second one (CASE) 
relies on the SQL CASE construct. The third (PIVOT) Uses a built-
in operator in a commercial DBMS that is not widely available. 
The SPJ method is important from a theoretical point of view 
because it is based on select, project and joins (SPJ) queries. The 
CASE method is our most important contribution. It is in general 
the most efficient evaluation method and it has wide applicability 
since it can be programmed combining GROUP-BY and CASE 
statements. We proved the three methods produce the same 
result. We have explained it is not possible to evaluate horizontal 
aggregations using standard SQL without either joins or ”case” 
constructs using standard SQL operators. Our proposed horizontal 
aggregations can be used as a database method to automatically 
generate efficient SQL queries with three sets of parameters: 
grouping columns, sub grouping columns and aggregated column. 
The fact that the output horizontal columns are not available 
when the query is parsed (when the query plan is explored and 
chosen) makes its evaluation through standard SQL mechanisms 
infeasible. Our experiments with large tables show our proposed 
horizontal aggregations evaluated with the CASE method have 
similar performance to the built-in PIVOT operator. We believe 
this is remarkable since our proposal is based on generating SQL 
code and not on internally modifying the query optimizer. Both 
CASE and PIVOT evaluation methods are significantly faster than 
the SPJ method. Precomputing a cube on selected dimensions 
produced acceleration on all methods.
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I. Introduction
Preparing a data set for analysis is generally the most time 
consuming task in a datamining project, requiring many 
complex SQL queries, joining tables and aggregatingcolumns. 
Existing SQL aggregations have limitations to prepare data sets 
becausethey return one column per aggregated group. In general, 
a significant manual effortis required to build data sets, where a 
horizontal layout is required. We proposesimple, yet powerful, 

methods to generate SQL code to return aggregated columns in a 
horizontal tabular layout, returning a set of numbers instead of one 
number per row. This new class of functions is called horizontal 
aggregations. Horizontalaggregations build data sets with a 
horizontal denormalized layout (e.g. point-dimension, observation-
variable, instance-feature), which is the standard layoutrequired 
by most data mining algorithms. We propose three fundamental 
methods toevaluate horizontal aggregations: CASE: Exploiting 
the programming CASEconstruct; SPJ: Based on standard 
relational algebra operators (SPJ queries); PIVOT:Using the 
PIVOT operator, which is offered by some DBMSs.In a relational 
database, especially with normalized tables,a significant effort is 
required to prepare a summarydata set that can be used as input for 
a data miningor statistical algorithm. Most algorithms requireas 
input a data set with a horizontal layout, with severalrecords and 
one variable or dimension per column. That isthe case with models 
like clustering, classification, regressionand PCA; consult [10]. 
Each research discipline uses different terminology to describe the 
data set. In data mining the common terms are point-dimension. 
Statistics literature generally uses observation-variable.Machine 
learning research uses instance-feature. This article introduces a 
new class of aggregate functions that can be used to build data 
sets in a horizontal layout (denormalized with aggregations), 
automating SQL query writing and extending SQL capabilities. 
We show evaluating horizontal aggregations is a challenging and 
interesting problem and we introduce alternative methods and 
optimizations for their efficient evaluation. requires writing long 
SQL statements or customizing SQL code if it is automatically 
generated by some tool. There are two main ingredients in such 
SQL code: joins and aggregations; we focus on the second one. 
The most widely-known aggregation is the sum of a column over 
groups of rows. Some other aggregations return the average, 
maximum, minimum or row count over groups of rows. There exist 
many aggregation functions and operators in SQL. Unfortunately, 
all these aggregations have limitations to build data sets for data 
miningpurposes. The main reason is that, in general, data sets  hat 
are stored in a relational database (or a data warehouse) come from 
On-Line Transaction Processing (OLTP) systems where database 
schemas are highly normalized. But data mining, statistical or 
machine learning algorithms generally require aggregated data in 
summarized form. Based on current available functions and clauses 
in SQL, a significant effort is required to compute aggregations 
when they are desired in a crosstabular (horizontal) form, suitable 
to be used by a data mining algorithm. Such effort is due to the 
amount and complexity of SQL code that needs to be written, 
optimized and tested. There are further practical reasons to return 
aggregation results in a horizontal (cross-tabular) layout. Standard 
aggregations are hard to interpret when there are many result rows, 
especially when grouping attributes have high cardinalities. To 
perform analysis of exported tables into spreadsheets it may be 
more convenient to have aggregations on the same group in one 
row (e.g. to produce graphs or to compare data sets with repetitive 
information). OLAP tools generate SQL code to transpose results 
(sometimes called PIVOT [5]). Transposition can be more efficient 
if there are mechanisms combining aggregation and transposition 
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together. 

II. Existing System 
In this section we propose Equivalence of Methods We will now 
prove the three methods produce the same result.

III. Proposed Work
In this section we discuss SPJ method. The SPJ method is 
interesting from a theoretical point of view because it is based 
on relational operators only. The  basic idea is to create one 
table with a vertical aggregation for each result column, and 
then join all those tables to produce FH. We aggregate from F 
into d projected tables with d Select- Project-Join-Aggregation 
queries (selection, projection, join, aggregation). Each table FI 
corresponds to one subgrouping  combination and has {L1, . . ., 
Lj} as primary key and an aggregation on A as the only non-key 
column. It is necessary to introduce an additional table F0, that 
will be outer joined with projected tables to get a complete result 
set. We propose two basic sub-strategies to compute FH. The first 

one directly aggregates from F. The second one computes the 
equivalent vertical aggregation in a temporary table FV grouping 
by L1, . . ., Lj,R1, . . .,Rk. Then horizontal aggregations can be 
instead computed from FV , which is a compressed version of F, 
since standard aggregations are distributive [9]. We now introduce 
the indirect aggregation based on the intermediate table FV , that 
will be used for both the SPJ and the CASE method. Let FV be a 
table containing the vertical aggregation, based on 1, . . . , Lj,R1, 
. . . , Rk. Let V() represent the corresponding vertical aggregation 
for H(). The statement to compute FV gets a cube:

 
Fig. 3: Main Step of methods based on FV (optimized)

Then each table FI aggregates only those rows that correspond to 
the Ith unique combination of R1, . . . , Rk, given by the WHERE 
clause. A possible optimization is synchronizing table scans to 
compute the d tables in one pass. Finally, to get FH we need d 
left outer joins with the
d + 1 tables so that all individual aggregations are  roperly 
assembled as a set of d dimensions for each group. Outer joins 
set result columns to null for missing combinations for the given 
group. In general, nulls should be the default value for groups 
with missing combinations. We believe it would be incorrect to 
set the result to zero or some other number by default if there 
are no qualifying rows. Such approach should be considered on 
a per-case basis.
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This statement may look complex, but it is easy to see that each 
left outer join is based on the same columns L1, . . . , Lj. To avoid 
ambiguity in column references, L1, . . . , Lj are qualified with F0. 
Result column I is qualified with table FI. Since F0 has n rows 
each left outer join produces a partial table with n rows and one 
additional column. Then at the end, FH will have n rows and d 
aggregation columns. The statement above is equivalent to an 
update-based strategy. Table FH can be initialized inserting n 
rows with key L1, . . ., Lj and nulls on the d dimension aggregation 
columns. Then FH is iteratively updated from FI joining on L1, 
. . ., Lj. This strategy basically incurs twice I/O doing updates 
instead of insertion. Reordering the d projected tables to join 
cannot accelerate processing because each partial table has n 
rows. Another claim is that it is not possible to correctly compute 
horizontal aggregations without using outer joins. In other words, 
natural joins would produce an incomplete result set.

IV. Results

V. Conclusions 
Preparing a data set for analysis is generally the most time 
consuming task in a data mining project, requiring many complex 
SQL queries, joining tables and aggregating columns. Existing 
SQL aggregations have limitations to prepare data sets because 
they return one column per aggregated group. In general, a 
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significant manual effort is required to build data sets, where a 
horizontal layout is required. We propose simple, yet powerful, 
methods to generate SQL code to return aggregated columns in 
a horizontal tabular layout, returning a set of numbers instead 
of one number per row. This new class of functions is called 
horizontal aggregations. Horizontal aggregations build data sets 
with a horizontal denormalized layout (e.g. point-dimension, 
observation-variable, instance-feature), which is the standard 
layout required by most data mining algorithms. We propose 
three fundamental methods to evaluate horizontal aggregations: 
CASE: Exploiting the programming CASE construct; SPJ: Based 
on standard relational algebra operators (SPJ queries); PIVOT: 
Using thePIVOT operator, which is offered by some DBMSs. 
Experiments with large tables compare the proposed query 
evaluation methods. Our CASE method has similar speed to the 
PIVOT operator and it is much faster than the SPJ method. In 
general, the CASE and PIVOT methods exhibit linear scalability, 
whereas the SPJ method does not.
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