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AGGREGATE PROJECTION

BACKGROUND

[0001] In traditional database architectures, data is stored in database
tables. Additionally, structures such as indexes are created for improved query

performance.

[0002] When a query is received, the database tables are searched for
matching results. Instead of having to read every record in a database table to
search for matches, which can take a significant amount of time especially for
large tables, indexes may be used to reduce the search time for identifying

records matching the query.

[0003] Indexing is a way of sorting records on a field or multiple fields.
Creating an index on a field in a database table creates another data structure
which may hold, for each field value, a pointer that points to its related record.
The index is sorted, so a faster search can be performed on the index, which

typically does not require accessing every record stored in the database table.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features of the present disclosure are illustrated by way of
example and not limited in the following figure(s), in which like numerals indicate

like elements, in which:

[0005] Figure 1 shows a block diagram of a data storage system,

according to an example of the present disclosure;

[0006] Figure 2 shows a block diagram of a computer platform for the

data storage system, according to an example of the present disclosure;

[0007] Figure 3 shows examples of loading data into super projections

and aggregate projections;

[0008] Figure 4 shows a flow diagram of a method to load data into an

aggregate projection, according to an example of the present disclosure; and

[0009] Figure 5 shows a flow diagram of a method to execute a query,

according to an example of the present disclosure.
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DETAILED DESCRIPTION

[0010] For simplicity and illustrative purposes, the present disclosure is
described by referring mainly to an example thereof. In the following
description, numerous specific details are set forth in order to provide a
thorough understanding of the present disclosure. It will be readily apparent
however that the present disclosure may be practiced without limitation to these
specific details. In other instances, some methods and structures have not
been described in detail so as not to unnecessarily obscure the present

disclosure.

[0011] According to an example, a data storage system can create and
store data in aggregate projections, and run queries on aggregate projections.
The data storage system performs database functions, such as storing data,
running queries on the stored data, etc. The aggregate projections and other
projections used by database storage system facilitate optimized query
execution, and indexes may not be used in the data storage system to run

queries.

[0012] The data storage system stores data in projections. A projection is
an optimized collection of table columns that provide physical storage for data.
A projection is a data structure that can contain one, some or all of the columns
of one or more database tables and the projections contain the actual data of
the columns, which may be compressed. A projection that contains all of the
columns of a database table is called a super projection. Even though
projections are used, the database schema, e.g., identifying fields (i.e.,
columns), foreign keys, primary keys, etc., is supported by the projections.

Also, the data storage system can execute standard database commands but
the execution of the commands is performed on the projections rather than on

typical database tables.

[0013] As indicated above, a projection is an optimized collection of table
columns. Optimization refers to the improvement of performance of a database
function, such as storage, query execution, etc. For example, columns can be

selected for a projection to improve the speed of executing a query.
3



WO 2015/191032 PCT/US2014/041580

[0014] An aggregate projection is a projection that includes a column
representing results of an aggregate function executed on at least one other
column of the projection. An aggregate function summarizes values of at least
one column according to the specified function. The summarized values are
summarized over a group of rows which may be defined by a group by clause.
The data storage system supports the following functions for aggregate
projections: creating an aggregate projection; insert and copy (bulk load) data
into an aggregate projection; select data from an aggregate projection; update
data of an aggregate projection; delete data from an aggregate projection and
drop a partition of an aggregate projection; merge data of an aggregate
projection that is stored in different physical containers; refresh data for an
aggregate projection; recover data for an aggregate projection after a node of a
cluster is down and then brought back up; rebalance data of an aggregate
projection when new nodes are added to a cluster of nodes of the data storage

system; and backup and recovery of data.

[0015] An aggregate projection can store results of an aggregate function
in a column of the aggregate projection. The aggregate function may be based
on a predetermined query that is commonly executed for a user. The results of
the aggregate function can be stored in the column prior to receiving the
predetermined query. Accordingly, when a query is received that is based on
the aggregate function, the results can be quickly provided to the user from the
aggregate projection. Thus, query execution performance is improved, i.e.,

faster.

[0016] The data storage system for example may not use indexes and
traditional database tables to store data and run queries, such as in a
conventional database management system. Instead, the projections, including
the aggregate projections, are used to store data and run queries. For example,
instead of storing a database table including rows of data and indexes for the
table, the data storage system stores the data in a super projection and other
projections, and executes queries on the projections. Execution of queries on

projections may be faster than using indexes and database tables to execute

4
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the queries if the projections are optimized for the particular queries. Also, the

data storage system does not need to waste storage on indexes.

[0017] Figure 1 is an example of a data storage system 100 that uses
projections, including aggregate projections, to execute database functions,
including storing data and running queries. The data storage system 100
includes a load management module 110, a projection manager 120 and a
query engine 130. The data storage system 100 also includes data storage 150
to store projections including data 140, a projection catalog, and other
information used by the data storage system 100. The data storage 150 may

include disks, memory and/or other types of storage mediums.

[0018] Computers or users may provide data 140 (e.g., input data) for
storage in projections in the data storage system 100, provide projection input
141 for creating or modifying projections, send queries 142, and get query
results 143 from the data storage system 100. For example, the load
management module 110 receives the data 140 and stores the data in the
corresponding projections. A traditional relational database has at least one
table including columns for storing data. One or more projections may be stored
in the data storage system 100, including columns of the table, instead of
storing traditional database tables and indexes. However, information about the
database schema, tables for the schema, projections, etc., may be stored in the
data storage system 100 so the data storage system 100 can identify and store
data in the corresponding projections and run queries on the projections that

optimize query performance.

[0019] When an instruction or command is received to load the data 140
into a table, the load management module 110 stores the data in the
projections. For example, the data storage system 100 supports conventional
database languages, such as structured query language (SQL). The load
management module 110 receives a SQL load command to load data into a
table, such as INSERT (row by row) or COPY (bulk load a set of rows)
command, and loads the data in the projections. Received data is loaded into a
super projection, which includes all the columns of the database table, and is

5
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loaded into other projections. The load management module 110 also directs
the appropriate data of columns to the right target projections. For example, a
projection catalog stored in the data storage 150 stores information about each
projection in the data storage system, including the columns of each projection.
The load management module 110 directs the appropriate data of columns to
the right target projections based on descriptions of the projections in the

projection catalog.

[0020] For example, the load management module 110 performs
expression evaluation on received load commands through the operator
ExprEval to load data into the projections. For normal projections, the ExprEval
operator directs the columns to the right order. For aggregate projections, the
ExprEval operator may also compute expressions and then pass the
expressions to a group by operator, which aggregates data and passes the
aggregated data to the target aggregate projection. In one example, the
aggregation is done on the received data to be inserted or bulk-loaded into the
projections rather than aggregating on both the received data and the data
already in the projections. For example, the existing data in the aggregate
projection is not aggregated with the received data to be inserted or bulk-loaded
into the aggregate projection. Thus, the aggregate projection can store partially

aggregated data.

[0021] The query engine 130 receives queries 142 which may be in SQL
and executes the queries on the stored projections to return query results 142.
For example, a user or system submits a query to the data storage system 100.
The query engine 130 parses the query and chooses the best projection(s) for
the query by referencing the projection catalog. For example, the projection
catalog 300 stores information about the projections and their columns,
including identifier, user, schema, related database table, and other information.
A projection may be identified that already stores the query results in a column.
For example, a particular aggregate projection has a column storing results for
an aggregate function. If the query is requesting the same aggregated data

stored in the column, the query engine 130 runs the query on the aggregate

6
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projection. If no projection is optimized for the received query, the query may be
executed on the super projection. The query results are returned to the system

or end user that sent the query.

[0022] The projection manager 120 creates and manages projections and
stores information about the projections in the projection catalog. Projection
input 141 may be provided by a user or system. The projection input 141 may
include commands for creating or modifying projections. The projection
manager 120 creates or modifies the projections according to the commands,
and updates the projection catalog if needed. For example, information for a
new projection, such as an aggregate projection, is stored in the projection

catalog.

[0023] Figure 2 illustrates a block diagram of computer 200, including
hardware and a non-transitory computer readable medium that may be used as

a platform for the data storage system 100.

[0024] For example, the computer 200 includes a processor 202, a data
storage device 204, and an input/output interface 206. In one example, the
computer is a server but other types of computers may be used. Also, the
components are shown in a single computer as an example and in other
examples the components may exist on multiple computers and the
components may comprise multiple processors, data storage devices,

interfaces, etc.

[0025] The data storage device 204 may include a hard disk, memory,
etc. The data storage 204 may store any data used by the data storage system
100. The processor 202 may be a microprocessor, a micro-controller, an
application specific integrated circuit (ASIC), field programmable gate array

(FPGA), or other type of circuit to perform various processing functions.

[0026] In one example, the data storage system 100 includes machine
readable instructions stored on a non-transitory computer readable medium,
such as the data storage device 204, and executed by the processor 202 to

perform the functions of the data storage system 100. For example, the load
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management module 110, projection manager 120 and query engine 130 may
include machine readable instructions stored on the data storage device 204 as
shown in figure 2. In another example, the data storage system 100 includes a
customized circuit, such as an application-specific integrated circuit (ASIC) or
field-programmable gate array (FPGA) to perform a function or multiple
functions of the load management module 110, projection manager 120 and

query engine 130.

[0027] The input/output (I/O) interface 206 comprises a hardware and/or
a software interface. The I/O interface 206 may be a network interface
connected to a network, such as the Internet, a local area network, etc. The
data storage system 100 may receive data and user-input through the 1/0O
interface 206. The data storage system 100 may be connected to the data
storage 140, which may be provided on the computer 200 or on a separate

computer.

[0028] The computer 200 may be a node of a distributed data storage
system. For example, the computer 200 may be part of a cluster of nodes that
services queries and provide data storage for multiple users or systems, and the
nodes may communicate with each other to service queries and store data. The
computer 200 and nodes 210-213 are shown as connected via network 220.
Nodes may provide data redundancy to minimize down time in case of a node

failure.

[0029] The data storage system 100 may receive an instruction (e.g.,
SQL statement) to create a table, tab1, with columns of different data types. An
example of the statement is shown below. The columns in the table are id, f, i,

c,v,andd. The table is partitioned on the year of column d.

[0030] Table Create Statement

CREATE TABLE tab1
(id INT PRIMARY KEY,

f  FLOAT,
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i INT,
¢ CHAR,
v VARCHAR,

d TIMESTAMP not null)

PARTITION BY EXTRACT (YEAR FROM d);

[0031] The projection manager 120, shown in figure 1, creates a super
projection for the database table that includes all the columns but does not
create the database table. A user or system may set parameters for sorting,
segmenting and storing the super projection in particular nodes. Below are
examples of statements for creating two super projections, sp1 and sp2,
segmented on columns (i) and (c, i) respectively. SELECT indicates the
columns. All the columns are provided in the super projection but the order of
the columns in the projection may be specified by listing the columns. FROM
indicates the table having the columns. ORDER BY may be used to specify the
sort field for sorting the rows in the projection. Segmented rows may be
provided in their own container per segment. For example, if segmented on

year, all rows for a year may be provided in corresponding storage container.

[0032] Super Projection Create Statements

CREATE PROJECTION sp1 AS

SELECT |, ¢, v, d, f, id FROM tab1 ORDER BY id SEGMENTED
BY HASH(i) ALL NODES;

CREATE PROJECTION sp2 AS
SELECT * FROM tab1 SEGMENTED BY HASH(c, i) ALL NODES;

[0033] Examples of statements for creating aggregate projections, agg1
and agg2, are provided below. AS SELECT indicates the columns for the

aggregate projection. GROUP BY means rows are grouped by each distinct

9
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value of a specified column or grouped by each distinct combination of values if
multiple columns are specified in the group by clause. An aggregate function is

specified for one or more columns.

[0034] Aggregate Projection Create Statements

CREATE PROJECTION agg1 AS SELECT i, max(f) max_f FROM
tab1 GROUP BY i;

CREATE PROJECTION agg2 AS SELECT c, i, sum(f+i) sum_f_i,
max(v) max_v, min(v) min_v FROM tab1 GROUP BY c, i;

[0035] The aggregate function specified for agg1 includes max(f), and the
aggregate functions specified for agg2 include sum(f+i), max(v) and min(v), and
names for the functions may be specified in the statements, such as max_f,
sum_f_i, max_v and min_v. A column is created in the aggregate projection to

store the results of the aggregate function.

[0036] In an example, the aggregate projection is segmented on the
expression in the GROUP BY clause, and is always ordered by the expression
in the GROUP BY clause. Also, in an example, if the expression in the
PARTITION BY clause of the table of the projection is not included in the
aggregate projection, it will be added automatically into the aggregate projection
when the projection is created but invisible to the users. For example, table
tab1 is partitioned by the year of column d. Thus, the statement CREATE
PROJECTION agg1 AS SELECT i, max(f) max_f FROM tab1 GROUP BY i can
be considered as the following projection but the user who creates it, does not
see the column EXTRACT(YEAR FROM d) in both the SELECT clause and
GROUP BY clause: CREATE PROJECTION agg1 AS SELECT EXTRACT
(YEAR FROM d) yearPart, i, max(f) max_f FROM tab1 GROUP BY EXTRACT
(YEAR FROM d), i. This implicitly added expression does not affect the

segmentation and sort order of the aggregate projection. It is still segmented on

and ordered by column, i.

10
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[0037] Figure 3 illustrates the execution of the following insert query:
INSERT INTO tab1 VALUES (1, 10.0, 100, 'c’, 'cat’, 2014-01-20"). The columns
of input data, shown as InputData are in the order of the columns in table, tab1,
which is [id, f, i, ¢, v, d]. The ExprEval operators below the data targets of super
projections, DT(sp1) and DT(sp2), redirect data to the column order of the
projection columns of sp1 and sp2 respectively. The ExprEval operators below
the data targets of aggregate projections, DT(agg1) and DT(aggZ2), additionally
compute (f+i) and year(d), and output appropriate data to the corresponding
group by operators. The group by operators aggregate data and output them to
their DT's. The expression year(d) belongs to an implicitly added column, and
split data into its year-based partition. The root operator at the top returns

number of rows executed by the operators below it.

[0038] Table 1 below shows the InputData from figure 3 bulk-loaded into

table tab1. The InputData includes four rows in this example.

id f i c v d

| 10 100 | ¢ 'cat' | '2014-01-20"
2 11 101 | 'd" | 'dog' | 2014-01-15'
3 15 100 | ‘¢ | 'cow' | '2014-01-15"
4 17 101 | 'b" | 'bat' | 2012-11-01'

Table 1: Data for First Load

[0039] The actual data of the InputData shown in Table 1 is stored in
projections sp1 and sp2. Table 2 shows the data of sp1 and sp2 after the first
load. The columns shown in Table 2 are in the order of sp2, and sp1 has the

columns ordered as i, ¢, v, d, f, id after the ExprEval for sp1.

11
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Storage id f i c v d
Container

1 4 17 | 101 | b | 'bat' | 2012-11-01'

2 11 101 | 'd'" |'dog'| 22014-01-15'
2 1 10 | 100 | '¢' | 'cat' | '2014-01-20"

3 15 | 100 | '¢" |'cow'| 2014-01-15'

Table 2: Data of spl and sp2 after the first load
[0040] Table 2 includes two different physical storage containers, each

represents a partition of the same year of column d.

[0041]
aggregate projections agg1 and agg2 respectively after the ExprEval operators

Table 3 and Table 4 show the aggregated data of the first load for

and group by operators are executed for each aggregate projection. Even
though these two aggregate projections are grouped on columns (i) and (c, i)
respectively, their actual group by expressions are (year(d), i) and (year(d), c, i)
as explained above. All rows with the same year(d) are in the same physical

storage container.

Storage year(d) i max(f)
Container
1 2014 100 15
2014 101 11
2 2012 101 17

Table 3: Data of aggl after the first load

12
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WO 2015/191032
Storage |year(d)| ¢ i sum(f+i) | max(v)| min(v)
Container

1 2014 | '¢ 100 225 '‘cow' 'cat'

2014 | 'd' 101 112 'dog' 'dog'

2 2012 | b 101 118 bat' "bat'

Table 4: Data of agg? after the first load
[0042] For aggregate projections, according to an example, the

aggregation is done on the inserted data, and the existing data in the aggregate
projections is not aggregated with the inserted data. Table 5 shows the data set

of a second load (e.g., three rows of data).

id f i c v d

5 20 100 | ¢ ‘cat' | '2014-01-20'

6 5 101 | 'd" | 'dog' | '2014-01-15"

7 25 100 | '¢' | 'cow' | 2014-01-15'

Table 5: Data of the second load

[0043] Tables 6-8 illustrate the data stored in projections sp1, sp2, agg1
and agg?2 respectively after the second load. The boldface data is from the

second load.

13
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Storage id f i c v d
Container
1 4 17 | 101 | ' | bat' | 2012-11-01"

2 11 | 101 | 'd'" |'dog'| 2014-01-15'

1 10 | 100 | '¢' | 'cat' | 2014-01-20"

3 15 | 100 | '¢' |'cow'| 2014-01-15"

5 20 | 100 | 'c¢' | 'cat'| '2014-01-20'

6 5 |101 | 'd" |'deg'| '2014-01-15'

7 25 | 100 | 'c' ['cow'| '2014-01-15'

Table 6: Data of in spl and sp2 after the first load and second loads

Storage year(d) i max(f)
Container
2014 100 15
2014 101 11
: 2014 100 25
2014 101 5
2 2012 101 17

Table 7: Data of aggl after the first and second loads

14
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Storage |year(d)| ¢ i sum(f+i) |max(v)| min(v)
Container
2014 | '¢ 100 225 'cow' 'cat'
2014 | 'd' 101 112 'dog' 'dog'

2014 | '¢ 100 245 ‘cow' 'cat’

2014 |'d'| 101 115 | 'dog' | 'dog'

2 2012 | b 101 118 'bat' 'bat'

Table 8: Data of agg?2 after the first and second loads

[0044] As shown in tables 7-8, the data of the first and second load in the
aggregate projections are not aggregated together. One benefit of this strategy
is that the data storage system 100 does not have to read existing data while
loading new data, but the side effect is the data stored in aggregated projection
is not completely aggregated. To make the partially aggregated data invisible to
users, we aggregate data again at a SELECT step. For example, when a user
selects data from an aggregate projection, all the data in a partition of the
aggregate projection is aggregated and returned to the user. For example, if a
user issues the following command: SELECT * FROM agg1, the actually plan
executed looks like the plan of this query: SELECT i, max(max_f) FROM agg1
GROUP BY i.

[0045] When a table has an aggregate projection, users may be
disallowed from updating its data. Similar to an update command, a delete
command may not be allowed on tables with aggregate projections. However,

users can drop the whole partition of that table. As discussed above, the

15
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partition expression of the table by year may be implicitly added into the
aggregate projection. Data of different partitions is stored in different
containers. Also, when a partition is removed (e.g., SELECT
DROP_PARTITION ('tab1', 2012), all of its corresponding containers are

removed without updating or touching other containers.

[0046] According to an example, each time data is inserted into a table,
the data is loaded into new files. After a while, there are many files which can
slow down the reading process. To avoid too many files in the data storage
system 100, MERGE OUT merges data from different files of a column to one
file. For an aggregate projection, all the data is aggregated again during merge-

out to determine the final merged result with fully aggregated data.

[0047] If a projection is created for a table that already has data, a refresh
is done to copy appropriate data into the newly created projection. If the new
projection is an aggregate projection, its refreshed data is either copied from an
available aggregate projection with the same definition or recomputed from its

table's super projection.

[0048] Data recovery for an aggregate projection after a node in its
cluster is down and brought back up is similar to the refresh process. The data
can be either copied from another aggregate projection that is not affected by
the node failure or recomputed from its table's super projection. If the latter
happens, the aggregate projection is recovered after its table's super

projections.

[0049] Figure 4 shows a method 400 to load data into an aggregate
projection according to an example. The method 400 is described as being
performed by the data storage system 100 shown in figure 1 but may be

performed by other systems.

[0050] At 401, the data storage 150, shown in figure 1, stores an
aggregate projection. For example, the projection manager 120 creates an
aggregate projection according to a create statement that may be provided by a

user or another system. The aggregate projection is a data structure to store

16
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input data and aggregated values calculated according an aggregate function
associated with the aggregate projection. The aggregate function may be

specified in the create statement and includes a function and a group by clause.

[0051] The aggregate projection is associated with a database table but
the database table may be non-existent in the data storage system 100. For
example, a database schema for the table may be stored in the data storage
system 100 that identifies the columns of the database table. However, the
database table is not created. Instead, projections, including super projections
and aggregate projections, including columns of the database table are used to

store data for the database table.

[0052] At 402, the data storage system 100 receives input data to load
into a database table, and at 403, determines an aggregate projection
associated with the database table. For example, the load management
module 110 receives a SQL command to load input data into a database table.
The load management module 110 identifies projections including at least one
column for the database table (e.g., based on information in the projection
catalog), and loads the input data into the projections including an identified

aggregate projection.

[0053] At 404, the data storage system 100 aggregates the input data
according to an aggregate function for the aggregate projection, and at 405,
stores the aggregated input data and the input data for the columns of the

aggregate projection in the aggregate projection.

[0054] At 406, the data storage system 100 sorts the data (e.g., the input
data and the aggregated data) in the aggregate projection. Sorting includes
ordering the rows in the projection according to a criteria. Sorting the data in the
aggregate projection may include sorting the data as it is stored in the
aggregate projection or sorting the data after it is all stored in the aggregate
projection. The criteria for the sorting may be specified in the projection
definition which may be used to create the aggregate projection. In other
examples, the sort criteria may be predetermined or input by the user outside

the projection definition or provided by another system. In addition, the data in
17
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a particular column of the aggregate projection may be sorted with respect to
each or with respect to data in other columns. According to an example, the
data in the aggregate projection may be sorted to enhance, e.g. maximize,
performance of queries on the results data. By way of example, the data in the
aggregate projection may be sorted to enable queries to run in a minimal
amount of time. Furthermore, the data in the aggregate projection remains
sorted according to the sorting initially performed on the data when it is loaded
into the projection. For example, new data may be loaded into the aggregate
projection. But the new data may not be combined with the pre-existing data in
the aggregate projection and then sorted. Instead, the pre-existing data
remains in its previous sort order, and the new data is sorted without including
the new data with the pre-existing data in the aggregate projection. The pre-
existing data in the aggregate projection may be stored in a different physical
container than the new data to keep the data separated.

[0055] The data in the aggregate projection may be encoded. For
instance, run-length encoding may be performed on the data to compress it. In
other examples, other encoding techniques may be used. Also, the encoded
data in the aggregate projection may be segmented. Segmenting may be
based on a hash function or another function to distribute data across different
nodes. In one example, the segmenting provides substantially even distribution
of the data in the projection across some or all of the nodes in a cluster for
enhanced, e.g., optimal, query execution. Thus, the data in an aggregate
projection or any projection may be stored in one node or multiple nodes, and
one or more copies of the data may be stored to provide redundancy in case of
a failure of one of the nodes.

[0056] The aggregate function summarizes the values in each of a
plurality of groups of rows of the input data according to a function. For
example, the group by clause in the create statement for the aggregate
projection identifies the plurality of groups of rows. For example, in the example
described above where the create statement includes the aggregate function
max(f) GROUP BY i. Each row of input data that has the same value of i is
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placed into a group. Thus, a group is created for each distinct value of i, and
max(f) is computed for all the rows in the group and placed in a column of the
aggregate projection. So the values of f are summarized for all the rows in the

group according to the function max(f).

[0057] Also, as discussed above with respect to figure 3, an ExprEval
may be executed to determine the order of the columns for the aggregate
projection and to pre-compute values for the aggregate function. For example,
as shown in figure 3 for agg2, the ExprEval operator is executed to compute

(f+i) to be used as input for sum(f+i) to calculate the aggregated values for
agg2.

[0058] Also, as discussed above, new input data may not be initially
aggregated with data already stored in the aggregate projection. When a
SELECT command is received for the aggregate projection, the aggregate
function may be executed on all the data in the aggregate projection or on all
the data in a partition in the aggregate projection. Also, the data may be re-
sorted. For example, all the data identified in response to the SELECT

command may be sorted according to specified or predetermined criteria.

[0059] Figure 5 shows a method 500 to execute a query on an aggregate
projection according to an example. The method 500 is described as being
performed by the data storage system 100 shown in figure 1 but may be

performed by other systems.

[0060] At 501, the query engine 130 shown in figure 1 receives a query.
The query may be requesting aggregated search results, such as max(v) or
max(f).

[0061] At 502, the query engine 130 determines from a projection catalog

an aggregate projection that includes aggregated values associated with the
requested aggregated search results for the query. For example, the projection
catalog describes the columns of the aggregate projection and may describe the
aggregate function for the aggregate projection. The query engine 130

determines whether the query includes the same aggregate function as the
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aggregate projection or a similar aggregate function.

[0062] At 503, the query engine 130 executes the query on the identified
aggregate projection. The query results may be taken from a column of the
aggregate projection that stores the aggregate values aggregated according to
the aggregate function if the query is requesting the aggregate values. If no
aggregate projection is stored that is related to the query, the query is executed
on the super projection for the database table.

[0063] What has been described and illustrated herein are examples of
the disclosure along with some variations. The terms, descriptions and figures
used herein are set forth by way of illustration only and are not meant as
limitations. Many variations are possible within the scope of the disclosure,
which is intended to be defined by the following claims -- and their equivalents --
in which all terms are meant in their broadest reasonable sense unless

otherwise indicated.
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CLAIMS

What is claimed is:

1. A data storage system comprising:

a data storage to store a plurality of projections associated with a

database table; and
at least one processor to

receive a load command to load input data, including a

plurality of rows of values, into columns of the database table;

identify an aggregate projection in the data storage that

includes at least one column of the database table;

execute an aggregate function for the aggregate projection,
wherein the aggregate function summarizes the values in each of a plurality of

groups of the rows of the input data according to a function;

store the input data for the at least one column in the

aggregate projection in the data storage;

store results of the execution of the aggregate function in a

column of the aggregate projection; and

sort the results and the input data in the aggregate

projection.

2. The data storage system of claim 1, wherein to execute the

aggregate function, the at least one processor is to

execute an expression evaluation (ExprEval) operator to compute

results of an expression for the function of the aggregate function; and
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pass the computed results for the expression to a group by
operator, wherein the group by operator summarizes the values in each of the
plurality of groups of the rows of the input data according to the function and the

computed results of the expression used as input to the function.

3. The data storage system of claim 2, wherein the ExprEval
operator orders columns of the aggregate projection according to an order of

the columns specified for the aggregate projection.

4. The data storage system of claim 1, wherein the at least one

processor is to:

receive a second load command to load new input data into the

database table;

execute the aggregate function on the new input data and not on
data stored in the aggregate projection prior to receiving the new input data,
wherein the data stored in the aggregate projection prior to receiving the new

input data remains ordered according to the sort;

store the new input data and results of the execution of the

aggregate function on the new input data in the aggregate projection; and

sort the new input data and the results of the execution of the

aggregate function on the new input data in the aggregate projection.

5. The data storage system of claim 4, comprising:
a query engine to

receive a select command specifying data to retrieve from

the aggregate projection;
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execute the aggregate function on all the data in the
aggregate projection or on all the data in a partition in the aggregate projection;

and

return results of the execution of the aggregate function.

6. The data storage system of claim 1, wherein the aggregate
projection is partitioned by a predetermined parameter, and each partition is
stored in a different physical container in the data storage, and in response to
receiving a command to delete a selected partition, the selected partition is

deleted without affecting other partitions in the aggregate projection.

7. The data storage system of claim 1, wherein each time new input
data is loaded into the aggregate projection, the new input data is stored in a
new file, and when the input data in the files are merged, the aggregate function
is executed on the merged input data and stored in a merged file including the

merged input data.

8. The data storage system of claim 1, comprising:

a projection manager to store, in a projection catalog, information
for each projection stored in the data storage, the information including an

identifier and a schema identifying columns of the projection.

9. The data storage system of claim 8, wherein the projection

manager is to
receive a command to create the aggregate projection;

create a data structure for the aggregate projection including
23
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columns of the database table specified in the command and the column to
store the results of the aggregate function, wherein the columns of the

aggregate projection are ordered as specified in the command.

10. The data storage system of claim 8, comprising:
a query engine to
receive a query requesting aggregated search results;

determine from the projection catalog whether an aggregate

projection is stored in a data storage that includes the results for the query; and

in response to identifying the aggregate projection including the

results for the query, execute the query on the identified aggregate projection.

11. A method comprising:

storing an aggregate projection including at least one column of a
database table associated with the aggregate projection, wherein the aggregate

projection has an associated aggregate function;

receiving input data, wherein the input data is identified as for the

database table;

determining the aggregate projection is associated with the

database table;

aggregating values of the input data for the at least one column of
the aggregate projection according to the aggregate function, wherein the
aggregate function summarizes the values in each of a plurality of groups of

rows of the input data according to a function;

storing the input data for the at least one column in the projection
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without storing the input data in the database table and storing results of the

execution of the aggregate function in a column of the aggregate projection; and

sorting the results and the input data in the aggregate projection.

12. The method of claim 11, comprising:
receiving new input data for the database table;

executing the aggregate function on the new input data and not on
data stored in the aggregate projection prior to receiving the new input data,
wherein the data stored in the aggregate projection prior to receiving the new
input data remains ordered according to the sorting;

storing the new input data and results of the execution of the

aggregate function on the new input data in the aggregate projection; and

sorting the new input data and the results of the execution of the

aggregate function on the new input data in the aggregate projection.

13. The method of claim 12, comprising:

receiving a select command specifying data to retrieve from the

aggregate projection;

executing the aggregate function on all the data in the aggregate

projection or on all the data in a partition in the aggregate projection; and

returning results of the execution of the aggregate function.

14. A non-transitory computer readable medium including machine

readable instructions executable by at least one processor to:

receive a query requesting aggregated search results;
25
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determine from a projection catalog whether an aggregate
projection is stored in a data storage that includes aggregated values
associated with the requested aggregated search results for the query, wherein
the aggregate projection stores input data aggregated according to an
aggregate function for the aggregate projection and the input data is sorted
according to a sort order implemented when the input data is loaded into the

aggregate projection; and

in response to identifying the aggregate projection, execute the

query on the identified aggregate projection.

15. The non-transitory computer readable medium of claim 14,
wherein prior to receiving the query, the at least one processor is to aggregate
the input data according to the aggregate function and store the aggregated
input data in a column of the aggregate data projection, wherein the aggregate
function summarizes values in each of a plurality of groups of rows of the input

data according to a function, and

to execute the query, the at least one processor is to determine

search results for the query from the aggregated input data.

26



PCT/US2014/041580

WO 2015/191032

1/5

001 Wwalshs
abelo)s elep

\

L "Old

0G1L
abelo)s elep

0§ suibus Auenb

0Z| Jebeuew
uonosloid

0Ll s|npow
Juswsbeuew peoj

sjinsal Aianb

Z 1 seuenb

Ly Indul
uonosloid

ovl eyep




WO 2015/191032

2/5

PCT/US2014/041580

N
o

PROCESSOR
202

load management
module 110

|

INPUT/
OUTPUT
INTERFACE
206

projection manager
120

qguery engine 130

150

network

FIG. 2




WO 2015/191032 35 PCT/US2014/041580
Root
DT(agg2) DT(agg1) DT(sp2) DT(sp1)
A XA XA A A A A A A
max(v)
year(d)| i max(f) o il | . ial £ |i [c |v|d v|d|f |id
+
year(d)| | [SYm( in(v)
GroupBy GroupBy
year(d) i[f year(d)] c| i| f+i| v| v
ExprEval ExprEval ExprEval ExprEval
f[id fl il clv]d idl flifclv|d id|f]|i]c]|v]d
InputData

id:1, £:10.0, 100, c:’a’, vi'cat’, d:’2014-01-20'

FIG.

3




WO 2015/191032 4/5 PCT/US2014/041580

N
S

store an aggregate expression
401

I

receive input data to load into a database table
402

I

determine an aggregate projection associated with
the database table
403

I

aggregate the input data according to an aggregate
function for the aggregate projection
404

store the aggregated input data and the input data
for the columns of the aggregate projection in the
aggregate projection
405

l

sort the data in the aggregate projection
406

FIG. 4



WO 2015/191032 5/5 PCT/US2014/041580

(82
(el
(am)

receive a query
501

I

determine an aggregate projection that includes
aggregated values associated with requested
aggregated search results for the query
502

I

execute the query on the identified aggregate
projection
503

FIG. 5



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/041580

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 17/30(2006.01)i, GO6F 15/16(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F 17/30;, GO6F 17/00;, GO6F 15/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KTIPO internal) & Keywords:storage, database table, aggregate projection, aggregate function, sort, expression,
expression evaluation operator, query engine, projection manager, projection catalog

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2004-0172400 A1 (RONY ZAROM et al.) 02 September 2004 1-15
See paragraphs [0001], [0005], [0037], [0055], [0064], [0120]1-[0122]; and
claims 1, 5.

A US 2012-0005190 A1 (FRANZ FAERBER et al.) 05 January 2012 1-15
See paragraphs [0023], [0048], [0060], [0114]-[0115]; and claims 1-9.

A US 2007-0061318 A1 (SOUFIANE AZIZI et al.) 15 March 2007 1-15
See paragraphs [0031], [0056]-[0057], [0063]1-[0064]1, [0068]; and claims 1-7.

A US 2006-0230017 Al (PER-AKE LARSON et al.) 12 October 2006 1-15
See paragraphs [0008], [0028], [01341-[0136]; and claims 1-8.

A US 2013-0311446 Al (AUSTIN CLIFFORD et al.) 21 November 2013 1-15
See paragraphs [0004], [0032]1-[0033], [0065]; and claims 1-10.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
27 February 2015 (27.02.2015) 27 February 2015 (27.02.2015)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division

« Korean Intellectual Property Office

¥ 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. ++82 42 472 3473 Telephone No. +82-42-481-8291
Form PCT/ISA/210 (second sheet) (July 2009)

CHOI, Sang Won




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/041580
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004-0172400 Al 02/09/2004 WO 03-017136 Al 27/02/2003
US 2012-0005190 Al 05/01/2012 EP 2386965 Al 16/11/2011
US 2007-0061318 Al 15/03/2007 CA 2519001 Al 13/03/2007
CA 2553964 Al 13/03/2007
US 2006-0230017 Al 12/10/2006 US 7599925 B2 06/10/2009
US 2013-0311446 Al 21/11/2013 GB 2012-08584 DO 27/06/2012
GB 2502098 A 20/11/2013

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

